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FOREWORD 

When I was asked by Principal-V.K. Joag to 
write a foreword to this useful·and interest
ing publication, .I'_readily'ag~eed-for-what 
seemed to me t'o be two good reasons: First, 
because the publication is appearing at a very 
opportune moment, 'and second, because 'it is, 
I understand, the first book of its kind which 
has been compiled in Maharashtia'since the 
establishment of-the University of Poena. 

I - ~ "' 

In my recent Convocation address to that 
University I emphasis~d the great- ~alue-of re
search work not only for the inter~st which it 
rouses in-the'students but also for the 
national interests which it promotes. We have 
been repeatedly told that one of the gravest 
problems facing India at, present is the short
age of food, and our leaders have-by word and 
example been doing all 'that lies,within their 
power to step up the produc~ion.~f food so as 
to make our country self-sufficient in the 
near future. At such'a moment, the pu~li
cation of the result'· of 1years of research in 
problems concerning food is not .only oppor~ 
tune, but shows very ·commendable public
spirit. The vital importance of·nutrit~onal 
analysis and bio·chemical research cannot be 
overestimated. ' ' 

!_congratulate. those students of the Now
rosjee Wadia College, Poena, who have, under 
the able guidance of, Dr.D.L. Sahasrabuddhe and 
Dr. N.V. Bhide, contributed their thought and 
their talent to this valuable work. A meed of 
praise is also due to·- the authorities of the 
College on their encouragement and assistance, 
without which this contribution would have 
remained unknown to the public. 

GOVERNMENT HOUSE 
Gane shkhind, 

September 12, 1949. 

MAHARAJ SINGH 
Governor of Bombay. 



encouraged his students to undertake research on problems 
relating to food. 

During these 12 years, Dr. s-ahasrabnddhe and Lis students 
have worked on many such problems and have produced Yaln
able results. ThO? student:; have receind recognition from the 
University of Bombay for their work. They have been award
ed the ll.Sc. and Ph.D. de~rees. 

The theses submitted by these -students for their degrees 
are now being published by the College at its own cost. Some 
of them were onginally published in the Bombay rniversity 
Journal and similar other periodicals. They haYe been reYised, 
col!densed, and made suitable for inclusion in this fJUblication. 

We are happy that within a few months of the establishmf:nt 
of the University of Poona we haYe been able to bring out this 
vol~me of research papers. ~e believe, that this is a happy 
augury-forth~ new "C'niversity. , We have no doubt that the 
t:niversity will encourage its constituent Colleges to continue 
~ncb work and thus supplement its own efforts for the promotion 
of research and advancement of learning. 

We thought ·tha& .it would be very appropriate that we 
should have for the Yolnme a foreword from the Chancellor of 
the new t:Tniversity, H. E. Raja Sir Maharaj Singh, the 
Governor of Bombay and so we approached him and we are 
happy to state that he readily agreed and sent his foreword. 
We take this opportunity to convey to H. E. our grateful 
thanks. - · 

Our thanks are also doe to the authorities of the Bombay 
tniversity and the Editors of the Journals in which some of 
the papers were first published for permission to publish 
these papers in this -volume. 

-

The provision of an excel1ent building for housing our 
Science Laboratories was made pOi;sible by the generous 
donation of Rs. 80,000/- given by the late Mr. Vicaji 
D. B. Taraporevala towards ita cost. Without a suitable 
building it would not have been easy for the College to nndt'r-
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take such research work., We have, therefore, thought it 
appropriate that· this first publication of its kind undertaken by 
our_ College should be dedicated to the memory of Mr. Tara pore· 
vala. It is to us a matter of deep regret that Mr. Taraporevala 
is not alive to see this publication. 

We cannot close this preface without expressing our thanks 
to Mr. M. M. Thatte, 1\I.Sc. and Mr. V. S. Kulkarni, M.Sc. for 
the valuable help they gave in preparing the papers for the 
Press and rflading the proofs. _Thanks are also due to the 
Proprietor and the Managers of the Israelite Press for the 
readiness with which they undertook and the thoroughness 
with which they carried out the printing work of this volume. 
But for their ready help it wonld have been difficult for the 
College to produce the book in snch an attractive f01·m, 

NOWBOSJ:&E W ADIA COU.EG:& l 
15th September 1949. 5 V. K. JO.AG. 
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INTRODUCTION 

BY 

BA.o BAHADUR n:a.:·n:L-. s.Aru.swunnHE, ·D:s'c._ 

f From the analysis of th!3 'ani~al bodies it has b'een ascer
tained that the organs consist chiefly of· carbon;_~ydrogen~ 
oxygen, nitrogen -and mineral matter._ The-bon~s -and teeth -
contain, in addition, calcinm_and phosphorus in large quantities 
while the blood also 'con tabs iron; sodium and- chlorine. The 
object of foo•l eaten. is to supply all these elements to the body 
in a suitable fo'rm.- -

· There are four chief grO"nps of ehemical e~mponnds which 
can supply the reqnir~:ments of the anim11.l body and• therefore 
constitute the bulk of the body. Three of these 'groups are 
{1) carbohydrates, (2) fats, and (3). proteids fro~ which the 
supply of carbon; hydrogen and• nitrogen is chiefly derived 
while the fourth_ group consisting of mineral matter provides 
calcium, phosphorus, 'sodium, chlorin~, iron a~d a few 'other 
elements. It is the -proportion of each of these constituents 
in the food·stnJf that is more i'mportant than the _actual 
presence of these and this is what an analyst attempts to 
ascertain, since every food·Etnff contains at least a smafl 
quantity of each of these. A better judgement of the value of 
a food·stuff can be obtained if the proportion of the digestt· 
bility of the constituents i~ ~nown, 

The object of food is n.ot only to supply material for 
g1•owth and to replace the waste of the-body but' the· object is 
also to supply body heat and energy for internal and external 
work. The energy supplied by the food can be calculated by 
adding the energy supplit~d by all the constituents in the food. 
By actnalJy burning purified constituents in calorimeter the 
heat-giving or the energy-giving value of each constituent hae 
bt:t:u dt:termined in calories per gram. 
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An example may explain this as follows £
Small 

calories 
One gram of carbohydrate 4,100 
One gram of protein 4,100 
One gram of fat 9,300 

Large 
calories. 

4.1 
4.1 
9.3 

If we take wheat-bran we can find out the heat 
suprlied by one hundred grams of the material. 

energy 

Moisture 
Ether extract (fat) 
Albuminoids 
Digestible Cax bohyd-

rates. 
Fibre 

TABLE Yo. 1 

'Vheat-bran. 
per cent. 

7.90 
4.00 

14.43 
57.02 

11.85 

Large calories 
in 1 gram of 
constituent. 

X 9.3 
X 4.1 
X 4.1 

X 4.1 

Total energy in 10J grams of wheat bran 

Total 
large 

calories. 

37.20 
59.16 

233.78 

48.58 

378.72 

The whole of the total energy shown is not u.;efu] to the 
body as part of the constituent is voided in dung undigested. 
The energy which is utilised in the body is determined from 
the digestible material and is ealle1l "available energy". In 
most of the papers included in this publication, this availa
bility percentage of the various food-stuffs studied bas been 
indicated. In Europe and U. s: A. they go even stili further 
and make allowance for that part of the available energy which 
is utilised in digesting the food itself. We have, however, not 
gone to that extent and have only determined the availability. 

The International League of }1ood Experts has given that 
In temperate climate 24,00 large calories of heat and ·50 to 70 
grams of proteids should be made available to every average 
man per daj·. But if the individual is doing work he should 
get an extra allowance of 150 calories. In India which is a hot 
country 2200 to 2300 calories of heat are sufficient for an 
o1·dinnry individual. The usual food·btnffs in common use are 



(1) Jowar ( Andropogon sorghum) 
(2) Bajri (Pennisetum typhoideum) 

(3) Wheat (Triticum sativum) 
(4) ~ice (Oryza satitJa). 

Some pulses are also used along with these food-stuffs. 
If we take one pound of any of theee grains we can obtain 

1575 calories. This means that in order to obtain 2200 to 2300 
calories of heat H pounds of grains is a sufficient quantity of 
food-stuffs. The quantity of food-stuffs mentioned can supply 
67 grams of proteid material; If the grains supplied contain 
less of proteid material, this deficiency can be made up by the 
addition of a small quantity of rice-polish or a small quantity 
of ground-nut cake. 

Functions of important constituents:- · ' 
• (1) Proteids or albu'iniaoids :-Proteids or albuminoids 

occurring iu grains, roots and other forms of vegetable food are 
similar in general composition to those in milk; blood and 
rtesh. From the albuminoids of the blood are formed not only 
the albuminoids of the animal frame but also the gelatinoids, 
hair, wool, horn et<.>., a;d under- some circumstances the fat. 
By the combustion of albuminoids in the body heat and 
mechanical force will also be developed. One gram of albu
minoids yields 4.1 _large calories. Albuminoids thus supply in 
themselves most of the requirements of the animals-a state· 
ment which can be made of no other constituent. The albu· 
minoids of food are frequently described as ''Flesh formers". 

An animal even wh~n not increasing in weight, will always 
require a certain constant supply of albuminoids in its food to 
replace the waste of nitrogenous tissues which is always going 
on even during rest. \\Then the nitrogenous tissues of the 
animal or the albuminoids consumed as food are oxidised 
in the body, the nitrogen they contain is not burnt but'excreted 
in the form of a nitrogenous substance-urea. 

' {2) Fat :-Fats contained in the food are similar to those 
found in the animal body. An animal is apparently capable 
of selecting certain fats in the food for storing o.p and even of 
tt·ausfol"Uliug one kind of fat into another. The fat iu the food 
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is either burnt in the animal syst~m or it i:! stored up as 
reserved matter. Fat has a greater value as a heat producer 
than any other ingredient. Its calori1ie value i:! 9.3. 

(3) Carbohydrates :-The carbohydrates of food are chiefly 
starches, sugars, cellnlosE-s etc. Carbohydrates f~rm the largest 
part of every vegetable food. Carbohydrates are not per
manently :stored in the animal body but serve for the produc
tion of heat and mechanical work. "When consumed in excess 
of normal requirements, they may be converted into fat. 1 
gram of carbohydrate gives 4.llarge calories. 

(!) Mineral matter:-The ash constituents present in the 
food are the same as those found in the animal body. All that 
is accomplished by the animal is to select from the digested 
constituents those of which it is in want. The fact that the 
ash of feeding stuffs is of great importance to animals is shown 
by feeding them on mineral-free food~ in which ease they die 
of mineral starvation. During such starvation nervous system 
suffers first. Mineral matter is present in all vital parts. 
Xuclei of the cells are rich in phosphorus. Bones contain 70 
per cent. of calcium phosphate. BlQod serum contains sodium 
chloride and other sodium salts while blood corpuscles contain 
potassium and iron salts. 

(5) Vitamins :-In a general way if a human being or 
any animal is provided with the necessary proteins, mineral 
matter and calories of heat in the form of carbohydrates and 
fats he should be able to get along but in the feeding experi
ments carried on by feeding pure constituents of food to 
guinea-pigs or rats it was found that the animals suffered in 
health and they recovered their condition when fed on the 
quantities of food constituents in the form of ordinary food· 
stuffs (not purified). For a long time this difference could 
not be explained but it has now been disco>ered that the 
deficiency of vit.amins in the purified constituents is at the 
bottom of the trouble. The vitamins are known as "A", "B", 
"C", ••n" etc. for want of better names. :X ow a large num
ber of vitamins have eome to light and ha>e joined the family 
and we cannot predict to what extent the number will increase. 
The vitamins hue compelled us to refunn our ideas on nutri-



t1on of adnlts and babies and we must now pick out our foods 
with a new angle of vision. 

In 1937, a plan was made to start some investigation work 
on food-stuffs in the chemical laboratory of the Nowrosjee 
Wadia College. The idea in starting investigation work was 
to help students going up for the 1\I.Sc. and Ph. D. examina· 
tions of the Bombay University by thesis and seeondly also 
to carry on some investigation in which members of the 
chemistry staff can take part and spend their spare time use
fully. It was not possible for each worker to take over full 
problem and carry it out himself. It was therefore decided to 
take one problem and mi'rry it· out as a team work. The -old 
idea of one man one problem is going in the background and 
team·w01·k is coming into vogue in most of the laboratories 
doing research work. In the Wadia College Laboratory the 
investigation of the proportion of the constituents in the usual 
food-stuffs consumed iri. the Bombay Deccan and a relative 
capacity of these constituents to break down into simpler com
pounds were considered as important and int~esting. It is 
these simpler compounds that can be absorbed into the human_' 
body and the animal body in general, through the valves of 
the alimentary canal and this is exactly what happens during 
digestion. 

. 
Usually breaking down of the constituents' is brought 

about hy hydrolysis. Digestibility of food-stuffs is found out 
by actually feeding the animals with the food-stuffs to be 
studied. In Wadia College the investigation work was not 
conducted in•vivo but in-vitro. ' There are advantages and 
disadvantages of the lllvitro system. 'The advantages of the 
in-vivo experiments are that the digestibility is studied by 
actually feeding animals and determining the prl)portion of 
food digested. 8ince it is done on the living animals there is 
no reason to doubt in any way the t·esults obtained. Ox: the 
other hand the expenments done iuvitro can be carried on 
under any suitable condition. The temperature, the propor· 
tion of 1·eagents, and other conditions can be controlled 
and the results obtained are always comparable. It was there· 
fore deeided to carry on experimenti under controlled conditions 
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in vitro. It would have been better if the results would have 
been confirmed by experiments in vivo. It is therefore that 
the results as obtained in the laboratory are placed before the 
public in the form in which they were obtained. 

The following materials werl:l studied. They can be 
divided into separate groups -as:-( i) Cereals ( ii) Pulses 
(Hi ) Oil • seeds ( iv ) Materials known as -dry fruits ( v) 
Ghees-natural and artificial and (vi) Edible oils. Besides 
these some enzymes also, were studied. 

The work can be divided according to the reacting agents 
such as acids, enzymes and so on. The work on enzymes has 
been dealt with in separate papers. In the a:~.imal body it is 
the enzymes that act as reagents to break down highly complex 
compounds into simpler ones by their spe<.>ial powe-r of 
hydrolysis. 

In the human body all the enzymes bring about breaking 
of complex compounds at the body temperature which is about 
37°C. and hence all the reactions of the various agents have 
been worked at 37 degrees centigrade temperature. -

The following were the materials (with their botanical 
names) which were studied in this laboratory :- -

(1) Cereals-(i) 
(ii) 

(iii) 
(iv) 
(v) 

(vi) 
(vii) 

{viii) 

(2) Pulses- (i) 
(ii) 

(3) Oil seeds:-

Bajri-( Pennisetum typhoideum). 
Vari-( Panicum miliac'eum). 
Wheat-( 1'riticum sativum). 
Jowar-Andropogon sorghum). 
Rajgira-( Amaranthus paniculatus). 
Nachani-( Eleusine coracana). 
Rala-( Sataria italica). 
Harik-( Paspalum scrobiculatum). 
Gram-( Oicet'_ arietinum). 
Black-gram-( Phaseol·tts radiatus). 

(Udid) 

(i) Linseed-( Linum usitatisimum). 
(ii) Ground-nut-( Arach1s hypogaea). , 

(iii) Safflower-( Oarthamus tinctori-us). 
(iv) Cocoanut-(Oocos nuotfera). 

i 
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(4) Materials known a~;~ dry fruits :_: 

(i) Cashew nut-( .Anacardium oceidefltale)· 
(ii) Almond-(Prunus amygdalus) 

(iii) Pistachio-nnt-(Pistacia tJera) 

(5) Roots and Tubers:-

(i) Carrot-Daucus ~arota). 
{ii) Sweet Potato-(Ipomea batata) 
tiii) Yarn-(Dioscorea alata). 
{iv) .Suran-( .Amorphophallus campanulatt~s)L 
(v) Potato-(Solanum tu~erosum) 

Taking each group and- comparing materials in that group' 
with one another we are able ·to find out their gradation of 
breaking down. We can al'3o then compare different groups 
with one another. In ·order to explain this treatment more· 
thoroughly we might say that taking the group oj. c,ereals w~ 
can find out whether rice starch breaks down more easily than 
bajri starch or jou:ar starch and arrange them in order of theii
power to breaking down. This will be a comparison in the 
materials in the same group. But now if we take two groups 
such as cereals and pulses in groups and compare the power 
of breaking down of the cereals with the power of breaking 
down of the pulses we can obtain the comparative breaking
down of the starches in these two groups. 

Along with the food grains a study was made of the 
hydrolysis of the starches of the materials known as dry fruits. 
It may be mentioned that edible roots and tubers were also 
studied as they form an important section of human food 
materials. 

Amongst the various reagents used for the study of starch
hydrolysis hydrochloric-acid is the one that is able to break 
the whole of the starch material and all sorts of cubohydrates 
into a simple monosaccharose viz. glucose. This gives us the 
proportion of the total carbohydrates in each material while the 
action of enzyme gives us the actual amount of carbohydrates 
available for absorptiott in the body. The following table 
~ives us the general analysis of the materials studied. 
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TABLE No. 2 

Moisture 
Ether 

Proteins Cat·bo- Crude Ash• Material %_ 
extract 

% 
hydrate fibre 

% % @ 
% % 

Bajri ... 7.44 5.66 9.60 74.74 0.92 1.70 
~ 

Vari ... 10.10 4 36 7,53 I 70.69 4.62 2.70 

Wheat ••• 9.97 2.05 11.25 -73.66 1.38 1.70 
- --

Jowar ... 7.98 3.25 7.83 76.64 1.25 3.05 

Rajgira ... 9.35 -5.03. 15.01 65.72 2.83 2.05 
-

Nachani ... 8.55 1.75 5.71 78.27 2.88 2.84 

Gram ... 8.24 4.52 20.03 61.22 3.89 2.10 

Black-gram) 7.23 ~.20 23.21 59.16 3.93 4.27 

Cashew-nut 6.00 44.70 2.1.30 22.40 2.10 8.50 
-~ 

Almond ... 5.90 53.50 20.70 13.40 2.70 8.80 
' I 

P1stachio ... 5.70 50.70 19.60 18.10 2.80 3.10 

Carrot ... 7.70 1.72 4.30 73.20 6.56 6.52 
' 

Sweet-potato 7.50 3.90 4 50 78.85 1.75 3 50 

Yam ... 8.12 0.27 3.88 82.21 1.48 4.04 
\ 

Buran ... 8.02 0.31 3.98 77.55 4.10 6.04 
I ~ 

Potato ... 7.62 0.11 4.68 7.9.51 2.88 5.20 

Rala ... 9.51 3.64 9.58 74.48 1.36 1.43 
-

Harik ... 9.92 1.87 6.22 80.14 0.75 1.10 

-
@ Proteins are determined by finding out nitrogen and multiply

ing the figure by 6.25. 
* Ash includes sand also. 
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TABLE No.3 

Disintegration of starches as in flours by 1 per cent. 
diastase in 3 hours (expressed on the basis of total ,hydro• 
bsable starch) : · 

Material Starch hydrolysed Total hydrolys. 
per cent. able starch Z 

Cereals:-
Bajri 45.56 59.82 

Vari 49.18' 56.23 

Wheat 29.81 71.29 

Jowar 30.57 77.13 

Rajg1ra ... 33.52 59.67 

NachanJ 84.57 71.67 

Rata ... S9.2S 66.83 

Hank 35.48 70.52 

Pulses:-
Gram 88.64. 42.3.2 

Black-gram 36.60 GO.S7 

Materials known as dry frnits : • 
Cashew nut 30.59 17.34 

Almond .23.17 7.78 

Pistachio-nut ... 19.7' 6.53 -

TABLE No.4 

Disintegration of starehea as in flours by one per cent. 
pancreatin in three hours (expressed on the basis of total 
hydrolysable starch)-

Material Starch hydrolysed Total hydrolya .. 
per.cent. able starch % 

Cereals:-
B.7Jri 55.113 59.8.2 
VarJ 50.16 56.23 
Wheat U.58 H.!9 e 

JOffl1ar .. , ~5.66 77.18 ,y 
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Rajgira 33.60 59.67 

Nachani ... 30.16 71.67 

Rala 53.54 66.83 

Har'~ 43.28 70.52 

Pnlses :-
Gram 50.16 42.32 

Bl&ck-gram ... 46.U 50.37 

Materials known as dry frnits :-
Cashew-nnl; 33.98 17.34 

Almond 27.12 '1.78 

Pistachio-nut 21.72 6.53 

In nsing food materials hnman beings take certain salts 
into their body. It was therefore considered interesting to see. 
whether the salts had any effect on the hydrolysis of food 
materials. 

TABLE No.5 

Effect of common salt on the disintegration of starches 
by one per cent. diastase in three hours. 

Starch hydrolysed Starch hydro- Total hydroly-Material lysed (with (without salt) % salt 0.15 :M) % sable starch% 

Jowar / 30.57 32.49 77.13 

Baj,.i 33.51 33.51 59.67 

Nachani 34.56 33.92 71.67 

Wheat ···I 29.86 31.09 74.29 
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It is seen from these figures that the disintegration of 
starches is favourably affected in the case ~I wheat and jowar 
and adversely affected in the case of nachani and _no effect 
on bajri. 

TABLE No.6 

Effect of common salt on the disintegration of starches 
br pancreatin one per cent. in three hours. 

Starch Starch Total 

Material hydrolysed hydrolysed hydrolysable 
(without salt) fwi_th salt 0.15 M) starch 

ia - % ia 

-
Wheat ... 12.15 9.87 74.29 

Jowar ... 21.38 . ·26.68 77.13 
\ 

' 

It is l!een from these ftgures that the disintegration of 
starches is favourably affected in the case of Jowar adversely_ 
affected in the case of Wheat. 

Milk is intended for the nonrishmeut of newly born animals. 
(f milk is to serve exclusively for nourishing the young, it must 
of course contain all the nutrients required for the animal 
organism for its maintenance a~d growth and there are pro
teins, fats, carbohydrates and inorganic salts. In addition to 
these, milk also contains small quantities of various substances 
known as. vitamins which although they possess no dhect 
feeding value have nevertheless an important physiological 
effect. The milk of all species of animals contains all the 
constituents mentioned above but the quantities in which they 
are present vary in different cases. 
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Ass1s milk was studied' becaus~ it is used for feeding 
-children and is considered to be medicinally good. Its im· 
portancle to children is dne to the fact that it contains a high 
percentage of sugar and a very low p_ercentage of fat. Children 
therefore, can easily digest it. 

1 

TABLE No.7. 

Composition oE milk of difEerent animals. 

jo · . I Total I F t ~- Milk- -~ Pioteidsi Ash I Density ngm sohds 1 sugar 

Godbole& Buffalo 18.0 3.75 5.0 5.3 0.7011.0320 
Sad go pal- -%2.5 -6.50 -5.4 -6.0 -0.9.} -1.0~20 

(Benares) 
Cow 12.9 3.00 ~.5 3.4 0.45 1.0260 

-14.5 -3.81> -5.2 -4.0 -0.65 -1.0350 

Cbem.Lab, Sheep 14.08 4.7 3.40 4.55 0.67 
N. Wadia -19.28 -8.6 -3.83 -5.38 -1.10 

College 

112.94 
" 

Goat 2.94 3.313 3.82 
-18.28 -8.15 -4.606 •lUI 

" 
A liS ... I 0.10 5.61 1,83 0.38 unns. 

-10:26 -1.481 -6.58 .2.15 -0.5% -l.OB4:4 

Work on hydrolysis of fats was also carried out. The fats 
are broken into simple fatty acids. 
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TABLE No.8 

Hydrolysis of ghees, edible oils, and vegetable ghees 
with eDZ)'me lipase. 

Sample. I M 1 'n Pt I l Hydrolysis 
(d egtl g C) Iodine value after48honrs e rees . - % 

Buffalo ghee 37.2 28.08 53.20 

Sheep ghee 29.9 34.75 20.00 

Goat ghee 23.8 25.87 44.53 

Cow ghee 39.1 36.64 41.66 
' Linseed oil ... solidifies at 165.5~ 70.00 

-20 . 

Saffi.ower oil ... solidifies at 141.50 23.98 
- 18 

Cocoanut oil ... 25.3 9.96 26.48 

Vogetable ghee (A) ·1 - B9.50 65.49 17.99 

do. (B) ... 40.2 57.94 17.66 

do. (C) ... - 39.2 61.10 29.96 

If the conditions under which the hydrolysis of fat is 
carried out are changed then the percentage of hydrolysis is 
considerably changed. 

Proteids :-Proteids are hydrolysed chiefly by two enzymes, 
namely, pepsin and trypsin. Pepsin acts in acid medium 
while trypsin acts in alkaline medium. These enzymes do not 
act on different substances equally well but act more quickly 
on some than on others. When the seeds of cashew nut, 
almond, pistachio nut were acted upon by pepsin in acid 
medium it was found that pistachio nut was acted upon the 
most while the cashew nut was acted upon the least. While 
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almond stood between the two. This order of disintegration 
remained the same when trypsin was used to superimpose 
pepsin. 

Enzymes:-Study of the enzymes was done by- different 
workers in connection with those enzymes with which they hail 
to deal. They studied first of all the proper temperature, pH 
value, strength and time required for the reaction. The 
enzymes have a specific action on definite constituents and 
although two enzymes may act on one and the same constituent 
yet the conditions under which they work .are different such as 
pepsin and trypsin, although pepsi!! and trypsin both hydrolyse 
proteid substance yet pepsin works in an acid medium while 
trypsin works in an alkaline medium. 

-- - . ...... 

Starch is hydrolysed and broken down by amylase. We 
however find that there are. two kbds of enzymes- alpha and 
beta. The beta amylase works well up to a temperature of 
70 degrees centigrade while the alpha amylase 'works well 
above this temperature. But it is also found that at a temper
.ature a little below 70 degrees Centigrade and a little above 
70 degrees Centigrade, both beta and alpha show some activity 
and therefore overlap the work of each other.~ .--

A general study of the Ricinus lipase from castor seed 
was carried out with a special reference to the nature of the 
different buffers on the activity and the optimum pH 'of the 
Ricinus lipase. It was found that optimum pH does not change 
much but the activity is the highest in acetate buffer. Since 
the activity of the lipase changes with time, an investigation 
was carried out in order to find out a modifie.d form of lipase 
which will keep its activity constant for a fairly long time: 
It was found that acetone dried lipase keeps the activity 
constant for a long time and hence it was used for other 
experiments. 

The synthesis and hydrolysis of aliphatic esters of 
homologous series starting from methyl to amyl butyrate, 
were carried out. It was found that synthesis increases from 
~ethyl to amyl whereas it is reversed in case of hydrolysis. A 
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I 
distinction was also found between normal and iso forms. It 
was found that the- percentage synthesis or the hydrolysis only 
depends upon the number of carbon atoms in alcoholic group 
but not in the acidic group. 

The action of different salts was studied on the synthesis 
and hvdrolysis of esters and th~ salts were divided into three 
grou;s as' accelerators,, retarders and poisons. No definite 
result had been found as regards the- effect of nature of the 

1ions- on the synthesis and hydrolysis of esters. _ 

It is a well known fact that the phosphates in the soils 
form an importan_t plant food material. But the phosphoric 
acid in the soil is not always available to the plants or it may 
be available in different degrees. It is therefore important to 
kaow what proportion of phosphoric acid in the soil is available 
to plants. There are different methods by which this can be 
judged. But there is no method which can be nsed to give a 
correct idea of their availability. An attempt was made in the 
N. Wadia college laboratory to ascertain this. Some typical 
soils of Bombay Province were obtained and comparative 
methods of phosphoric acid availability were tried to find out 
which method gives consistent results and which is yet easily 
worked out in a laboratory. 

Nitrogen is obtained generally from organic materials and 
only in a few cases from sulphate of ammonia and sodium 
nitrate. The organic materials which have been tried in the 
Bombay Province are farm-yard manures, oil cakes, fish 
and bone-manures. There are substances other than these which 
are all derived from animals' remnants such as horns, bone-grit 
and other waste which can be used with advantage as fertilisers 
but about which nothing definitely is known as to bow long 
they take in disintegrating and making the nitrogen avail· 
able for plants. An attempt was therefore made by submit· 
ting these substances of animal origin mixed with different 
soils to ascertain as to how long it takes to mak~ the nitrogen 
available to plants when mixed with difft>rent soils of the 
pombay Province. -



PAPER I 

COMPARATIVE DISINTEGRATION OF FLOURS 
AND STARCHES WITH 1HYDROCHLORIC 

ACID, DIASTASE AND ·PANCREATIN. 

BY 

DR. N. v. BRIDE, .lll.ISO., PD. J), 

(With the kind permission of the authorities of Bombay University 
' and also of the .Agri. College, Poona, Magazine). ' 

In all civilised countries where scientific work is carried 
out there are laboratories which are special!y deYoted to the 
study of digestibilities of important foodstuffs. In lLdia a large 
:!mount of work on nutrition is being carried out at Coonoor, 
Bangalore, Madras, Calcutta, etc. The nutritive values of 
foodstuffs depend upon two factors, firstly the quantity of the 
essential constituents such as carbohydrates, proteins, fats, 
etc., which the foodstuffs contain and eecondly on the digestibi· , 
lity of the constituents. 

The earliest investigation about the disintegration of the 
foodstuffs made with a view to find the digestibility, dates 
back to the year 1895. Among the various wot·kers in this 
field who studied the disintegration of the starches, the names ~ 
of Stonlil {1) Barnetzky (2) and Langsworthy and Deuel (3) must_ 
be mentioned. 

Stone (loc., cit.) carried out work with a view to study the 
degree of susceptibility of different starches to the action of 
different enzymes. Langsworthy and Deul (loc. cit.) carried 
out.an interesting work on the digestibilities of certain raw 
starches like those of wheat and potato on human subjects. 
Rockwood (4) studied the action of pancreatin, ptylin and 
diastase on the starch from bleached a:~.d unbleached wheat 
tloure. 

Similarly the study of proteins from the '\"arious grains 
has been carried out by using enzymes in t!ifro or in t!ivo by 
feeding the an1mals w\th the foodstuffs. In India some of the 
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workers in the study or proteins are Bhagwat and Shrininsan 
(5), Neogi, Xarayana and Desai {6), Damodharan and Krishna
swami {7), etc., while among the workers in the foreign countries 
the names of Conn and White{~) and Watermann and Johns 
(9) may be mentioned. 

It will be seen from the abo¥e renew that some of the 
foodgrains han been studied by pam i. e. the starches and 
the proteins is~lated from them. An in¥estigation of this type 
although of great importance as it indicates the nntrih¥e ¥alne 
of the different parts of the grains is not adequate enough 
in as mnch as it does not gi¥e any comparati¥e idea of the 
utility of the flours as a whol~. 

The digestibility of the starch which is found in the 
absence of the other constituents of the flours may differ from 
one obtained in the presence of the other constituents such as 
proteins, fats etc-.; Sahasrabnddhe and K1be (10) hne shown 
that the ¥arions constituents of flour have a mutual positi¥e 
or negati\'e effect on the course of the disintegration. So the 
yalnes obtained for the pure starches or isolated proteins will 
not be the same as those which may be obtained when these 
substances are taken together with the other constituents of 
the flours. And it is the flours that are actually eaten and not 
the isolated constituents of the flours and hence a study of the 
flours as such must be done in order to get an exact idea of 
their comparati¥e ¥alnes. 

It is necessary, if the general idea of the comparative 
utility of the food-grains is to be obtained, to subject them to 
the action of as many disintergrating reagents as possible with 
time ¥ariation to include a large number of stages of hydrolysis. 
From the results of the disintegration of the constituents 
the comparati¥e dige~tibility of the different grains and hence 
their comparati¥e yalne can easily be judged. As it has 
already been mentioned tnat the different constituents of the 
grains have some effect on the disintegration of each other, it 
is necessary to study them separately and also together so that 
some definite idea of-such mntnal effects may be obtained. In 
the present paper the disintegration of fionrs and starches has 



been studied by using hydrochloric acid, diastase, and 
pancreatin on Bajt·i (Pennisetum_ typlioideum), Vari (Pan.i~wm 
miliacium), Gram (Oicer arietinum) and Black Gram( Phaseolus 
radtatus). -

- The disintegration of the proteins from the flours of the 
same graiu with_ proteolytic enzymes has beP.n alr11ady 
published by the authors (11). - 1 

/ Preparation of the. £lours and starches 
These were prepared from the grains by first removing the 

impurities. The grains were washed with water, cleaned and 
-dried. These were then crushed to flour~ in a h~nd-mill,. 
steeped in a solution of 0.4 per cent. NaOHr filtered through 
muslin cloth. and kept overnight., The supernatant- liquid 
was then removed next day and the bulk was'acidified with 
HCI and repeatedly washed with distilled water till it was 
free from chlorides. It was then filtered through filter paper , 
and dried. It was powdered and passed through 200 mesh 
sieve and preserved with some quantity of toluene: The flours 
prepared f1:om cleaned grains wet·e similarly made in a hand· 
mill and passed through 200 mesh sieve. The grains were 
obtained from the local market. 

The general analysis of the flours which were used -for 
the disintegration is given in Table 1. · 

Reducing sugars were determined by Bertrand's method 
and the other constituents such as starch, proteins, crude 
fibre, etc. were determined according to the A. o. A· CA 
methods {12)· 

TABLE 1 
General analysis of the flours. 

Bajri Vari Gram Black gram 
per cent per cent per cent per cent 

Moisture 7·44: 10.10 8·24 7·23 
Ether extracts 5 60 4·36 4 52 2,·20 
Proteins 9 60 7·53 2003 23 21 
Carbohydrates 74:·74 7069 6122 59·16 
Crude fibt•e 0·92 462 3 89 3·93 
Ash· 1·70 2·70 2·10 4·27 
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Disintegration of starches with hydrochloric acid 

Although it is of great importance to study the dis~ 

integration of flours, as it is the nsnal form in which the grains 
are used, still the study of the disintegration of the pure 
starches is of no less importance• In the study of the dis
integration of the flours it is quite likely that the constituents 
of the grains other than the starches may exhibit a certain 
amount of influence on the values of disintegration. Effront 
(13) in his studies bas 'made a similar observation· £o 
the result5 obtained may be too high or too low but if the 
disintegration of the pure starches is known the amount of the 
influence exerted by the other constituents of the grains may be 
judged· Moreover the r•roblem is interesting from another 
point of view· A large amount of work bas been done by 
many workers on similar lines as mentioned before, and they 
have found that the- starches_ from different origins differ 
considerably in their susceptibility to the different ferme::~.ts

Althougb it is a fact that the susceptibilities .of the different 
starches were found with respect to different enzymes it is 
not found with hydrochloric acid· As hydrochlorie acid can 
hydrolyse the starches to give rise to reducing sugars it was 
thought interesting to study the action of hydrochloric acid on 
different btarchts-

Half a gram of each of the starches was exactly weighed 
out in a conical flask and made into a thin paste with 10 C· c of 
water and 10 c- c- of HCI were then added to it- The flasks 
were kept for definite periods at room temperature which varied 

-from 21' to 30~C- After the fixed period the excess of hydro
cblolic acid was nentralised with sodium carbonate• clarified 
with a small amount of zinc oxide and the volume made to 100 
C• C• It wal! then filtered on a dry filter paper and 10 c- C• of the 
filtrate used for the determination of reducing sugars by the 
Bertrand method- The reducing sugars thus obtained were 
multiplied by 0.93, the conversion factor for the starch and the 
percentage of hydrolysis calculated· The strengths of the acid 
were 25. per cent-, 37-5 per cent- and 50 per cent-; and the 
periods were 24 hours, 48 hours and 72 hours· The results 
obtained in each case are given in Table 2-



TABLE- 2 
Disintegration of different starches with hydrochloric acid· 
Expressed on the basis of the total hydrolysable starch· 

2a per cent 3 7.5 per cent 50 per cent ...= 
HCl HCl HCl 0 .. .... CIS = ~ 

Ill ... 
em_.,..~ • ~ ....... ....... ...... !!! ... ID_.. ... .... ID .... 0 
... Cl .... Cl .. = ~ = .. " .. " .. Cl .. = .... .. cs.,cs., Cl ., 

Cl "' Cl "' Cl = ~ ., Cl ., Cl ., ID 
0 g 0 C) 0 .. 0 ... 0 0 0 "' 0 C> 0 0 .... p, -= .. -= .. -= .. .= .. ... ... .gO .gC> ..... .c .. 0 ., 

oo8, 
.. 

~:;; Col"' ~ ~OOOCD Col "' ~p.. ~ CD oo .. 
"" P..j~ t:. .,.c::>- 7'f ~ r-ot:. INP, ~p.. ""'p.. 

B111ri starch 3.04: 3.4:7 4:.62 4.95 13.64 24:,7[1 25.80 49.90,62.81 90.31 
' 

Van starch 1.65 3.31 4.4:1 4.62 13.09 23.21 20~13 35.31 50.05 92.0 

Gram starch 2.95 5.31 3.04 5.83 16.'12 23 98 26.73 U.3S 65.77 88.60 

Black gram ' 

22.11 27.801U.ll 60~06 89.13 starr:h 2.34: 2.95 !.97 4.69 U.74 

From the figures from 2S per cent· HOI it is seen that 
there is little difference in the values for bajri and tJari after 
72 hours. Between gram stare:h and black gram starch• gram 
starch is more easily attacked than black gram sbuch· Of all 
the four starches gram starch gives the maximum hydrolysis 
value while black gram starch gives the minimum value·- With 
an increase in the strength of the acid to 37·5 per cent·, the 
values for the hydrolysis in all cases are very much increased. 
The values after 24 hours in this case are nearly equal to the 
values obtained after72 hours in the case of 25 per cent. HUI· 
The differences in the various values of hydrolysis with 37-5 
per ceu t· HCl for all the starches are very nearly equal which was 
not so when the hydrolysis was carried out with 25 per cent. 
llCl· It is interesting to note that values obtained after 
24 hours of hydrolysis with 50 per cent. HCl/are nearly equal 
to the values which are obtained with 37·5 per cent. HOI after 
72 hours. It is observed in general that between starches from 
the two cereals, bajri starch is more easily attacked, while 
between the starches from the pulses, gram starch is more 
e&$ily hydrolysed. In general it is observed that of the four 
starches gram starch is more easily attacked with 50 per cent. 



HCl. and 25 per cent. HCl. while black gram starch is least 
attacked by 37.5 per cent. HCl., 

Disintegration of the starchy material of the flours 
with hydrochloric acid 

After having studied the disintegration of the starches 
extracted from the different grains, the :flours themselves were 
taken and experiments were carried ont with a view to find out 
if there was any influence of the non~starchy material of the 
grains, especially the proteins, on the disintegration of starch. 
The experimental details were exactly the same as described 
above. Except that one gram of the flour was used in each 
case. The results were calculated on the basis of the total 
hydrolysable starch. The results are given in Table 3. 

TABLE 3 
Hydrolysis of the :flours with HCl. 

Expressed on the basis of the total hydro[ljsable starch 

25 per cent HCl 
24 hours 48 hours 72 hours Total 
per cent per cent per cent 

Bajri :flour 5-64 7-58 12 95 59 82 
Vari :flour 2-20 4-22 620 56.23 
Gram :flour 13-82 1481 1817 42 32 
Black gram :flour 16 72 18-96 19 52 50 37 

31 5 per cent HCl 
per cent per cent per cent per cent 

Bajri :flour 19-21' 31·96 3808 59-82 
Vari :flour 18-62 3116 37·81 56-23 
Gram :flour 20-93 3335 3! 50 42 32 
Black gram :flour 21-20 34-60 3840 50 37 

50 per cent HCl 
per cent per cent per cent per cent 

Bajri :flour 4012 69·19 78 23 59 82 
Vari :flour 27·93 67·03 78 ~3 59 82 
Gram :flour 40·71 70·15 - 86-74 42 32 
Black !r!am flour 38-08 69.77 8041 50 37 

For all the strengths of the acid bajri flour is more easily 
hydrolysed than tJari :flour. The differences between the nines 
go on decreasing with increasing strengths of the acid. Between 
gram :fiolll' and black gram :flour, black gram :flour gives higher 



'Valnes for the 25 per cent and 87.5 per cent HOI, while gram 
.flour gives highel' values only with JJO per cent HCL Consider
ing the values for all the flours in general it is seen that black 
gram flonris most,easily attacked whereas vari flour js attacked 
with difficulty. In all cases the values for the cereal grains 
are lower than the values for the pulses. When these .figures 
are compared with those obtained for the hydrolysis of the 
diffet·ent starches it is noted_that for every corresponding period 
and every'corresponding strength, each value of the flour is 
considerably more than that for the starch from tbe same 
grain, For instance the values for-the bajt•t starch with 37.5 
per cent HOI are 4.95, 13.69 and 24.75 whereas the correspond
ing values for the flour are 19·21, 31.9() and 38.08. The obser
vation in the case of other gratns is quite similar to this. ~his 
observation is supported by the observation of Effront 
(loc. cit.) who has found that -the proteins of the flours have 
a decided beneficial effect upon the conrse of the hydrolysis 
of the starchy material. The observation was made with 
special reference to diastase, but here 've find that it is repeated 
even in the case of disintegration of the starches with HCl. 
The greater difference in the values for the pulse flours and 
pulse-starches 1is obviously due to the greater quantity of the 
proteins in the pulse grains than the eereals. This shows that 
the non-starchy bodies in the grains have a good deal of 
influence on the rate of hydrolysis of the starchy material. 
A similar observation in the case of rice was made by Sahasra• 
bnddhe and Kibe (loc, cit). 

Disintegration of starches with 1iiastase. 

In order to find out the amount of influence exerted by the 
non-carbohydrate material, it is necessary to get the values of 
hydrolysis of the pure starches with -the same ferment and 
nuder similar conditions of experimel)t, so that the difference 
between the values of disintegration for the floure expressed as 
the percentages on the basis of the total hydrolysable starch 
contained by the grains ·and those for the pure starch of the 
grain may be regarded as the total amount of the influence of 
the non-carbohydrate bodies, and hence tbe study of the c.iastase 
h1drolysis of the starch was followed. 



One-fourth of a gram of the oven dry starch qf each kind 
was exactly. weighed into a conical :flask and made into a thin 
paste by adding 10 c. c. of water. To this paste 50 c. c. of 
boiling water were added and the :flask was kept in the roiling 
water bath for three minutes. It was then cooled and 30 c. c.· 
of the acetate buffer of pH 4·8 together with 10 c. c. of diastase 
solution of different strengths were added. It was then in· 
cubated at 37° for the fixed period, at the end of which the 
enzyme was killed by a few drops of 10 per cent NaOH and 
the solution was clarified with zinc oxide (14). The volume was 
made to 100 c. c. and filtered on a dry filter paper and 10 c. c. 
of the filtrate were used for the estimation of the reducing 
sugar by Bertrand's method. The digestibilities were calculated 
on the basis of the total hydrolysable starch. The results are 
given in Table 4. 

TABLE 4 
Disintegration of starches with diastase 

Expressed on the basis of the total hydrolpsable starch. 
( Soarc hes ) ' 

0.2 per cent 0.5 per cent I 1.0 per cent 

... ..pI a:!~ ...... ... ~ ... , ~ ... ... Ill ... "'"" ::I II: .. 1:1 .. Cl .. Cl ;;il ;;~ ... Q .. Cl ... &:l ., C7 ., ::I ., "' ., ::I "' ::1 ., C7 ., 
_g<>,OC> Q ., 0 ., Oe> OC> 0 ., 0 ., 0 ., 

... ..&:l .... ..r:::..., .&:l ... ..&:l ... ..&:l .... ..&:l .. ..&:l .... ..&:l,... 

1'-f~~~ ~~ ..... ~ ~ ~~~ ~ ..... ~ c:-1 ~ ~~ 

... 
-; ... 

Q 
E-1 

BaJri olatob 21.12
1
22.6 6/28.28

123 98 31.02 31.90131.0 2135.20~85. 64190.3 1 
I I 

Vari starch 22.66 23.65 23.98 29.4o 32.0132.98 36.9835.64 37.62 92.0 

I I I 
Gram starch 26.84 27.72 28.16 31.02 32.U 33.00 31.02 31.02 35.42 88.6 

I I I 
Black gram I I l 

sta1·ch 26.62 27.50 27.94 29.9 2 30.03,31. 79 30.25
1
3 ).25 33.22 89.1 

4 

0 

3 

Bajri flour 
-~ (Flours) I I \ I 

28.56 31.96 35.02130.60 35.19 37.70 35.02 39.4445.561()9.8 

Vari flour 
I I I 

29.64 34.20136.48131.92 34.48 39.14 38.38143.58 49.1y6. 

Gram flour 34.12 34.27135.19 34.27 34.73 36.57 34.50 85.85 38.6~142. 

Black gram 
I I I I 

30.60 31.80,82.40 31.20 81.6olss. 2ols6.oo]36.40 36. sol 5o. iour 

2 

23 

32 

S7 
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Between bajri and vari starches there is little difference in. 
the values 0.2 per cent. diastase. The values of hydrolysis 
for the same strength in the case of the puis& starches are 
higher than those for the cereal starches. As the strength of 
the enzyme is increased the difference in the various values for 
the starches goes on decreasing.- For' 1 per cent. diastase 
bajti starch and gram starch are equally attacked. Between 
bajri and vari starch, vari starch is more easily attacked than 
the bajri starch and between gram starch and black gram 
starch, gram starch is more easily disintegrated than the black 
gram starch. ' 

Disintegration of flours with diastase. 

The disintegration of the flours was studied with diastase 
with the·e.ame object in view as in the last case i.e. to find out 
if there was any influence of the non-starchy bodies on the 
amount of the hydrolysis of the starchy material. The 
experimental details were the same as in -the , case · of the 
starches. The results'are given in Table 4, 

-
"The values of hydrolysis for the various flours in general 

are higher than the corresponding values· for the starches. 
Between bajri 1lour and vari flour, vari 1lour is more easily 
attacked by the enzyme than bajri 1lour, ·and between gram· 
1lour and black gram, gr~m 1lour is more easily attacked by the 
lower strength of the enzyme, i. e. 0.2 and 0.5 per cent, 
diastase, while for 1 per cent diastase black gram 1lonr gives 
very nearly the same value. Among the various 1lours vati is 
most easily attacked while gram 1lour is least easily attacked. 

Here again the observation similar to the previous one was 
made l'egarding the in1lnence of the- non-starchy material on 
the hydrolysis of the starchy material. The difference in the 
values for the starches and 1lours is higher in the case of the 
cereal grains than in the case of the pulses. 

Disintegration of' starches and flours with pancreatin. 

Pancreatin is a fermer.t which resembles diastase in 
giving similar end prodqcts of the stat·ch hrdrolysis, In tho 
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hydrolysis of the starches the end product is the reducing sugar 
which may have been formed by varying stages of "hydrolysis 
the number and nature of which may differ from ferment to 
ferment. It is, however, essential to find out their compara
tive diastatic powers so that we may be enabled to compare the 
values for the two ferments, after bringing them to the 
common basis. The diastatic power for pancreatin was 
therefore compared with that of the standard diastase which 
was used in the foregoing work. 

For comparing the diastatic powers of the di:fiere11t 
enzymes, various methods based on the Fehling solution were 
used. Shermann (15) had developed a method to compare the 
diastatic values of different enzymes which could be expressed 
on the Linthar scale. The following procedure was followed 
in the present case. 

A 2 per cent. solution of the soluble potato starch was 
Jlrepared in the usual way by JlOnring boiling water over the 
paste and boiling it for 10 minutes in a boiling water-bath. 
50 c. c. of the solution thus prepared were taken in diffefent 
flasks and to one wa~:~ added 10 c. c. of 0.5 per cent. solution of 
diastase and to another 10 c. c. of pancreatin together with 40 c. c. 
of the acetate buffer solution of pH 4.8. The flasks were incubated 
at 37°C for one hour, the enzymes were killed by a few drops 
of 10 per cent. NaOH and the volume was made to 250 c. c. 
It was clarified with zinc oxide and filtered on a dry filter paper. 
10 c. C· of the filterate were used for the determination of the 
reducing sugars by the Bertrand method. The ratio of the 
reducing sugars produced was taken as the ratio of the diastatic 
powers of the enzymes. This ratio was found to be 6 : 5 which 
was therefore taken as the ratio of the enzyme powers· The 
diastatic power of pancreatin was therefore 5/6th of the diastase. 

So in order to make the results obtained with pancreatin 
comparable with those of the diastase, all the values were 
multiplied by 6/5. The experimental procedure was exactly 
similar to the procedure as. in the ease of the diaE.tase. T:!::.e 
results are calculated on the basis of the total hydrolysable 
etarch (oven dry). 
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In all, three 'strengths of pancreat~n were chosen, viz 0.2, 
0·5 and 1 per cent., as in the case of the diastase. The p-:!riods 
of hydrolysis were one hour, two hours and three. hours, the 
temperature being £17"0. The results are given in Table 5. 

TABLE 5 I 

' Disintegration of starches and flours with pancreatin 
Expressed on the basis of the -total hydrolysable starch 

(st~rches) 

I I I l . I I 
Bajri stareb 19.58 20.46 21.~2 20.13 2~.36 23.98

1
21.12 26.84 S0.5y0.38 

V •ri •tauD 21.1"1. 89 22.66 20.27:22.§6;2>.66 18 48 27.28,Sl.91

1
88.04 

Gram st.areb 19.9! 22.1~ 24.42 21.1229.&829 59 22.56 2&.28 32 sys.so 

Black gram ~ - I \ I l I 
atareb 119.69

1
2!.66 21.46 21.19j26.84

1
28.S8 22:67128 16jS2.23r~.lS 

I , I (Floors) I I 
Btrjri fionr 22.4027.71 S2.64134.Hl36.72j89.~0 4:.84

1

48.1155.93 59.82 

V~rri flour 24.32 28;69 33.06!33.16 37.54!S7.8y1.92 34.77 50 16 56.23 

::c: ;:~: 27 .S Sl29.90 87 .t YG.84 89.56 46.2y8. 61 U.5r0.16 4>.82 

fionr 24.40 25.60 S2.70jSS.84136.96137.40ISS.80jS9.70j46. U 50.37 

From the figures it is seen that all the flours are better 
digested by pancreatin than the diastase, while all the starches 
in general are better digested by the diastase than the 
pancreatin. The catalytic effect of the non-carbohydrate bodies 
was better seen in the ease of the pancreatin than in the ease 
of diastase. " In the ease of the diastase the difference in the 
values of the eereals and the pulses was greater than in tho 
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ea.se of the pancreatin. The pancreatin therefore attacks the 
cereals more easily than the diastase, but it attacks the pulses 
far better·than the diastase. 

Conclusion~ 

1. From the results of all the experiments described so far 
it has been found that with the increasing strengths of the 
hydrolysing agents the values of disintegration gradually 
increase. 

2. The values of the disintegration both for the starches 
and flours are found to increase when the period of reaction is 
increased, although the increase is not exactly proportional to 
the time. 

~ 3. It is noticed in many cases the vari flour requires a 
little more time to start the reaction· But once the reaction 
starts it proceeds with the increasing periods of reaction. 

4. In the case of the diastase hydrolysis of the flours, 
v£wi flour is more easily disintegrated than bajri flour while in 
the case of pancreation and hydrochloric acid bajri :tlour is more 
easily di~integrated than the vari flour. , 

5. With diastase and the pancreatin as hydrolysing agents 
gram flour is more easily disintegrated than black gram flour. 

6. The values of disintegration of the flours are in general 
higher in the case of pancreatin than in the case of diastase. 

~ 

7. 'l'he values of the disintegration of the cereal flours for 
hydrochloric acid are nearly equal to those of the pulse flours 

'While tor diastase and panereatin the values for cereal flours 
are greater than those for the pulse flom;s. 

8. In the hydrolysis of the starches it has been observed 
that there is very little difference in the values for hydrolysis 
. with different reagents, for any particular strength of the 
:hydrolysing agents or the period of the reaction. -The values 
of disintegration, however, go on increasing with.the period of 
the reaction or the strength of the hydrolysing agent. 

I - , 
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9. The values of disintegration for the :flours are in all 
cases higher than those for the starches ~rom the same grains 
under-similar conditions of experiment. ·This shows that there 
iil a good deal of effect of non-carbohydrate bodies on the 
course of the hydrolysis. The maximum difference between 
the values for the :flours and starches and hence the maximum 
effect is found in the case . of the hydrochloric acid 
disintegration~ while minimum difference is noticed in the case 
of diastase hydrolysis. - In the case of pancreatin as the 
hydrolysing agent the difference in the values for the :flours 
and starches is intermediate of the two mentioned above. 

10. As regards the disintegrating capacity of -the various 
reagents hydrochloric acid is found to be the best while 
pancreatin is of the third order, as far as the :flours are 
concerned. 
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PAPER ll 

A STUDY IN THE HYDROLYSIS OF THE 
STARCHES OF SO~IE _IMPORTANT CEREALS 

By D. N. GonBOLE, M. Sc. 
(lrith the kind permission of the authorities of Bombay C"nirersitg) 

SECTIOX I 

Introduction 

The work described in this pape!' forms a part of the series 
of investigations-undertaken at the Biochemistry laboratory 
of the Xowrosjee Wadia College, Poona-Viz. Disintegration 
of the different food-stuffs. The present work, however, is 
restricted to the study of the hydrolysis of the starches in 
different grains, especially the cereals. 

It has been definitely established -that the nutritive value 
of the food-stuffs depends upon the quantity of the essential 
constituents of the food-stnfu, such as carbohydrates, prQteins, 
fats etc. which the food-stnfu contain, and also on how much 
of each of the constituents is broken down. 

The cereali are rich in carbohydrates, particularly in starch, 
while they contain less albnminoids than the pulses. Wheat, 
howe>er, contains more albuminoids than the other cereals. 
(Bull. Xo. 12i, 1925, Dept. of Agri . .Bombay. The chemical 
composition of food grains, vegetables and fruits of 'Yestern 
India by Dr. D. L. Sahasrabnddhe.) 

The work described in the following pages is mainly 
restricted to the study of the carbohydrates or starchy portion 
of the food grains, and to what extent it is available when acted 
upon by the enzymes which are present in the alimentary 
canal, and which hydrolyse the carbohydrates into simpler 
material. 

While studying the disintegration of the food grains we 
must know, not only the percentages of the different ingredient.! 
in them but we must also know how much of each is available 
and in what way it is available. We mnl!t also know the limits 
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of disintegrations of the grains during their passage through 
the alimentary canaL W.E. Stone (U.S.A. Dept. Agri, 1896, 
Bull 34 • Barnetzky (quoted by Stone L.C.), C. F. Langsworthy 
(J. Bioi· Chem. LII-1920) and H. J. Deual (J.Biol. l:hem. 1920) 
stndied the disintegration' of starches_ with the same view to 
find their digestibilities while the chemical transformaticm, as 
such, was studied by C. T. Lahther (J.C.S. 1895 LXVII)
Brown IJ.C.S. 1890, LVII, p. 458), Morris (J.C.S. 1890 LVII, 
p. 45S)· and others_,_ W. E. Stone (L.C.) established an order 
of decreasing susceptibility of various starches to the action of 
the ferments be had used. Bernetzsky and Lenberg (quoted 
by Stone L.C.) and Hammerstein (Ber. 1883 quoted by Stone} 
however, working on the same line had, each of them got 
difl'erent order of sacharification. No explanation is given. 
The only thing we can say that the nature of susceptibility of 
the starches depends upon the types of ferments and the types 
of starches. 

In 1920 the biological part of starch digestion was studied 
by C.F. Langsworthy (L.C.) and H. J. Dueul (L.C.) and the:r 
found that raw starches, like those of wheat, corn and potato 
were completely assimilated. Potato starch caused some 
physiological disturbance. 

Rockwood (J. Bioi.- Chem. 1910 P. 32) found by starch 
iodine reaction that Pancreatin, Ptylin, and diastase hydrolyse 
the starches from bleached and unbleached wheat flours at 
equal speeds. The chemical study of the products of hydrolysis 
of starch has been carded out by a number of workers such as 
Brown and Morris (L.C.) Baker and Lind (J.C.S. 1895 LXVII 
p. 702 to 708) while the conditions of the action the ferments 
of starch have been studied by Detmar (Z. Physiol. Chem. VII 
1882) Effont (Comptes Rendus 1892 CXV) Kjeldhal (Z. Gas, 
Brauw 1880) and others. 

Patwardhan and Norris (J. Indian Inst. Sci. 1923. 11 A 
127) found activation in starch hydrolysis with melted cholam 
diastase and inactivation with unmelted cholam diastase at 
high salt concentration. Eadie (Bio. Chem. J. 1926, 20, 1016) 
Qbserved slight activation at salt concent1·ations of about 
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i. 62 N, Sherman Caldwell and Adams (J. Am. Chern. Soc., 
50,2538, 1928) found the effect of neutral salts on Pancreatic 
amylase in starch hydrolyEis. Neutral salts are necessary to 
the activity of pancreatic amylase. Anions are more influential 
than cations, so the values obtained for the pure starches, or 
isolated proteins will not b~ the same as those which may be 
obtained when these substances are taken together with the 
other constituents as found in the grains. Sahasrabuddhe and 
Bhide (Agri. College :Yag. Dec. 19-13. Vol. XXXV So. 1 and 
2) studied, with the same idea, the hydrolysis of the starches 
in grains without separating starches from them and compared 
with the hydrolysis of their starches separated from the other 
constituents and found a definite effect of the other constituent 
on starch hydrolysis. EY"en the origin and nature of starch 
have definite effect on their hydrolysis. It is generally recog
nised that the starch consists of two components amylose and 
amylopectin. The investigation of Semec and his collaborators 
have shown that the ratio of amylose to amylopectin varies 
with the origin of the starch. So the starches from various 
origin have different nature of enzymic hydrolysis. 

Since it is customary to eat flours or grains as such and 
not the starches or proteins in isolated form the study, of the 
disintegration of flours of grains as such, must be done in order 
to get an exact idea of their usefulness. This utility can be 
studied in two ways. One with the aid of animals by feeding 
them and studying the changes. The other is a laboratory 
methQd. The laboratory method consists of imitating as far 
as possible the process, which takes place in the alimentary 
canal. Even if we are unable to copy out the exact pocess, 
we can' study the nature of reactions that take place and 
thereby find out the relative values. Thus in the in vitro 
method we get better comparable results. Another great 
advantage in choosing this method is that we can study the 
reactions by stages. However it is always desirable to confirm 
the results thus obtained in the in vitro experiments, by 
verifying them on the animals. 

From the above discussion it will be seen that the in vitro 
expe~e11.ts would give us a true comparative picture of the 
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.disintegration of the constituents of the various grains: On 
tbiflline a number of workers have attempted at different times 

'to judge the food values. All these attempts were made in a 
scattered manner and the results they have obtained were of 
conflicting nature. But with the help of the recent findings 
many of the discrepa-ncies can be explained. The two-enzyme 
theory, first proposed by Wijman (Reo. Tran. Chem. 1890) 
shows that the diastase consists of two enzymes1 one hydrolyses 
starch to maltose and erythrogranulose and the other converts 
this erythrogranulose ~to leuco-dextrin arid starch to. malto
dextron. 'But Chrzaszes ·(Biol. Chern. Z. 1923,142, 417; Ibid 
1924, 150, 60) considers three distinct stages of starch hydro
lysis (1) Liquebction· (2) Dextria formation and {3) sugar 
formation •. In the light of the above findings we can say that 
some workers have gone up to ll certain stage of hydrolysis and 
drawn their oonelusions while the others have gone to some 
different stage of hydrolysis and formed their conclusions. So 
it is necessary to try as many hydrolysing agents as possible in 
order to get a general idea about the utility of the food-stuff 
from the digestion point of view. We must also study the 
hydrolysis at different stages. 

As we have restricted ourselves to the study of th~ hydr~ 
lysis of the starchy portion . of the food grain we have chosen 
the cereals for our investigations. The flours we have studied 
are:- wheat, jowar, rajgira and nachani. All these flours were 
subjected to the action of byd1·ochloric acid, diastase and 
pancreatin. 

In the case of hydrochloric acid hydrolysis we have select. 
ed three strengths-25%, 37.5% and 50%-and the periods were 24 
hours, 48 hours and 72 hours. All the reactions were studied 
at the room temperature that is at 26 to 28°0. In the case of 
diastatic and pancreatic reaction@, we have chosen three stren. 
gths 0.5%, l.Oi.: and 1.5% and th6 periods we1·e 1 hour, two 
hours and three hours. The temperature of the reaction mix
ture was kept at 37°C in all experiments which is the normal 
temperature of the human body. 

Material:-
li'onr varieties of food grain were chosen for the study of the 
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starch hydrolysis. They are wheat, jowar, rajgira and nachani. 
All of them are cereals. All of these grains are grown 
and consumed by the-people of Bombay Presidency. 

Wheat: -Botanical name-Triticum sativum. 2. Jowar:
Botanical name-Andropogon sorghum. 3. Rajgira:-Botanical 
name-Amaranthus panioulatns. 

Preparation of the Material : 

The grains were first washed with water, dried in the sun 
and turned into flour by a hand mill. The fl.our~as passed 
through 200 mesh screen and stored in the stoppered bottles 
with a few drops of toluene. The following is the general 
analysis of investigation. 

'rABLE No.1 

Wheat Jowar Rajgira Nachani 

Moisture 9.97 7.98 9.35 8.55 

Ether extract 2.05 3.25 5.03 1.75 

Proteins 11.25 7.83 15.01 571 

Carbohydrates 73.66 76.64 • 65.72 78.27 

Crude fibre 1.36 1.25 2.83 2.88 

Ash 1.70 3.05 2.05 2.84 

Reducing sugars were determined by Bertrand's method, 
the other constituents, such as total hydrolysable starch, 
proteins, crude fibre etc., have been determined according to 
the methods of analysis of the Association of the Official Agri· 
cultural Chemists of U. S. A. 1926. 

'!'he buffer solutions were prepared according to the 
Snell's colorimetric estimation. For pH: 4.8 acetate bn.ffer wa~; 
used. When the reactions were carried out at various pH 
disodium and citric acid buffers were used as these solutions 
give a wide range of pH. Diastase used was E. Merk's 1.60. 
Pancreatin used was E. Merck 1.40. 

-
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SECTION II. 

THE DISINTEGRATION OF STARCHES IN 
DIFFERENT FLOURS BY HYDROCHLORIC ACID. 

In order to get the general idea of,disintegration of the 
starches,-hydrochloric acid the common reagent for the hydro
lysis of starches, was used in· these experiments. This gave 
the general nature of disintegration of the starches in different 
flours. · 

Procedure: 
1 gram of the flour under study (oven dry) was taken in a 

conical flask and 100 c. cs. of distilled water were added and 
heated on water bath for 3 minutes in order to gelatinise the 
flour. Then 10 c.cs. of each of 25%, 37.5% and 50% of hydro
chloriC! acid were added to the flask llnd kept at room tempera· 
ture for 24 hours, 48 hours and 72, hours. At the end of the 
fixed periods the reaction mixture was neutralised with ,sodium 
Cllrbonate and was clarified with zinc oxide. The volume was 
made up to 100 c.cs. an~ filtered on dry filter paper. 10 c.cs. 
of the filtrate were taken for-the estimation of the reducing 
sugars by Bertrand method. The figures thus obtained were 
multiplied by 0.83 the conversion factor for starch and the 
percentage hydrolysis was calculated on the basis of total 
hydrolysable starch (oven dry). 

TABL_E No.2 

Per cent. disintegration of the flours with 10 c.cs. of 25% 
hydrochloric acid, expressed on the basis of the total hydro· 
lysable starch (oven dry). 

'24 hours 48 hours 72 hours Total starch 
hydrolysable 

Whea1i ... 22.05 23.95 25.72 74.29 

Jowar 6.53 10.19 13.63 77.13 

Rajgira ... 17.64 23.11 26.89 59.67 

Nachani ... 6.45 9.18 11.37 71.67 
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TABLE No. 3-

Per cent. disintegration of the flours with 10 c.cs. of 37.5% 
hydrochloric acid, expressed 011 the basis of hydrolysable 
starch (oven dry). 

24 hours. 48 hours. 72 homs. T<>tal starch 
hydrolysable 

Wheat 24.75 27.68 "29.61 74.29 
Jowar 8.44 11.63 14.68 '77.13 
Rajgha 22.23 25.74 28.07 59.67 
Nachani ... 7.54 11.37 13.03 71.67 -TABLE No.4 

Per ·cent. disintegration of the flours with 10 c.cs. of 50% 
hydrochloric acid expressed on the basis of hydrolysable 
starch (oven dry). 

Wheat 
Jowar 
Rajgira 
Naehani ... 

24 hours. 48 hours. 72 hours. 

28.66 
] 1.62 
23.11 
9.56 

31.60 
14.75 
31.22 
13 56 

33.83 
17.10 
31.71 
17.99 

'l'otal starch 
hydrolysable 

74.29 
77.13 
59.67 
71.67 

From the above tables we see that Wheat flour is the most 
su·3ceptible to the action of hydrochloric acid while Jowa~ and 
Nachani are the least susceptible to the action. Practically 
there is very slight difference between the figures of Jowar and 
Nachani flours. Both are hydrolysed the least during the 
three periods and witl:a three strengths. 

Rajgira flour shows a ptculiar mode of reaction. With 
25% acid within 24 hours it is hydrolysed to the extent of 17% 
but on increasing the strength to 37.5% or period up to 48 
hours the figure rises to 23% which is nearly equal to that of 
wheat flour at that period and at that strength and on further 
~ncreasing the strength and_ period the rate of hydrolysis is 
found to be nearly the same as that of Wheat flour. So 
Rajgira flour is a bit more difficult to disintegrate than wheat 
flour in the beginning and then it is hydrqlysed with equal ease 
as the wheat flour, ' -
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It is noticed that flours containing more proteins are more 
susceptible to the action of hydrochloric acid than the flours 
which contain less proteins. Here Wheat and Rajgira contain 
11. 2 per cent. and 15% proteins respectively and in their flours 
we see more disintegration than Jowar and Nachani flours 
which contain 7.8% and 5.7% proteins res;>flctively. Bhide and 
Saha;;rabuddhe (Ph. D. thesis 194:2, University of Bombay) 
made a similar observation. Pulses which contain more pro· 
teins are more easily attacked by hydrochloric acid than cereals 
which contain less proteins. This observation is in accordance 
with the observation made by Efft·out (comptes Rendus 1892 
6 XV) who has found that the pt•oteins of the -flours have 
decided beneficial effect upon the course of hydrolysis. This 
observation was made with Fpecial reference to the action of' 
diastase but here we find a similar type of behaviour in the 
case of disintegt·ation by hydrochloric acid also. 

I SECTION III A 

DETERMlNATION OF OPTIMUM 
pH FOR DIASTASE. 

lntroductio_n 
I 

Modern workers have found the importance of the 
pH in the enzyme reactions. Different enzymes work 
at different pH values and temperatures for their maximum 
effect. ' The optimum pH for diastase is found to be 4.8 
by the workers such as Sherman (J. A. C. S. 1919, 41, 231), 
Maslow (1926 J. Bio. Chern. 68, 81J, 0), Core (1925 J. A. Chemr 
Soc. 47, 28). This value of the optimum pH was deter· 
mined by various workers by nsing pure starch as the sub· 
strate. As we are going to use the flours as such as the sub· 
strate it was thought desirable to find whether there is any 
effect on the optimum pH value due to the constituents othe1• 
than the starch in the grains. 
De.terminatirm of optimum pH. 

Experiment:· 1 gram of the flour was taken in conical 
flask of 150 c. cs. capacity. 10 c. cs. of distilled water were 
added and heated on a water bath for 3 minutes to gelatinise 
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the flour. Then 10 c. cs. of buffer solutio~s (phosphate) 
of different pH were added together with 10 c. cs. of 1% 
diastas; - solution and kept in an incubator at 37°0. .At the 
end of an hom the flasks wera taken out and 10 drops of 
10% caustic soda solution were added to check the fnrther reac
tion. The reaction - mixture was clarified with zinc oxide. 
The volume was made up to 100 c. cs. and filtered on dry filter 
paper. 10 c. cs. of the filtrate were taken for the estimation of 
reducing sngars by Bertrand's method. 

TABLE No.5. 

Following are the quantities in c.cs. of KMn04% (0.1 N) 
required for 10 c.cs. of the filtrate. 

pH Wheat Jowar Nacbani Rajgira 
2.2 2.2 1.50 
4.3 6.85 6.50 3.90 4.2 
4.8 7.60 8.50 7.40 5.1 
5.4 7.0 6.80 5.40 4.8 
5.7 2.6 5.30 3.0 
6.5 6.2 4..60 4.40 4.1 
6.9 6.09 5.20 4.50 4.9 
7.2 6.00 5.9 5.00 4.5 
8.0 5.85 4.60 3.4 
8.3 5.70 4.4 

From table No. 5 and graph No. 4 it is seen that there are 
two optimum valnes for all the fl.onrs used. One is at 4.8 in all 
fl.onrs, which is greater than in the other. 

COMPARATIVE DISINTEGRATION OF THE FLOURS 
MADE WITH THE HELP OF DIASTASE 

Now in the present section a study of comparative disin
tegration of the flours is made with the help of diastase. 

1 gram of the flour (oven dry) of each type was accurately 
weighed on a conical .flask and 20 c.cs. of distilled water were 
added and heated in water bath for 3 minutes to gelatinise. 
It was then cooled and 10 c.cs. of acetate buffer solution of 
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4.8 p.H were added (the optimum pH for diastase found in the 
last-section) 10 c.cs of the diastase solution (0 .5%,1.0%,1.5%) 
were added. A few drops of toluene were added to prevent 
any bacterial action. At the end of the fixed period, 5 drops 
of 10% NaOH were added to check the further reaction. 

The reaction mixture was clarified with zinc oxide. The 
volume made np to 100 c.cs. and filtered on a dry fi!ter paper. 
10 c. cs. of filtrate were taken for the estimation of the reducing 
sugars by Bertrand's method. The figures thus obtained were 
multiplied by 0. 93, the conversi()n factor for the starch and 
·the percentage hydrolysis was calculated on the basis of the 
total hydrolysable starch (oven dryJ. 

ln all three stre~gths CO. 5%. 1% and 1.5%) of the du;stase 
were used-10 c.es. of each strength were taken at a time-:and 
the periods allowed were one hour, two hours and three hours. 
The diastase used was E. _ :Merk 60/100. For every strength 
and period a blank experiment was made and the reading of 
the blank was subtracted from the readings obtained. 

The results obtained i? various trials are given below. 

TABLENo. 6 

Per cent. hydrolysis of the flours with 10 c.cs.' of 0 5% dias. 
tilse expressed on the basis of total hydrolysable starch 
(oven dry). 

Name of the ftour. 1 hour. 2 hours. 3 hours. Total starch 
hydrolysable. 

Wheat 20.85 23.61 27.62 74.29 
- Jowar 24:.94 26.85 21i.74 77.13 

Rajgira 21.74 29.49 31.92 59.67 
Nachani 27.91 31.34 32.00 71.67 

I 
The action of 0.5% diastase appears to be almost equal 

on all the flours. Nearly 30% of the total hydrolysable starch 
of the flours is hydrolysed at the end of 3rd hour. The Wheat 
and Jowar flours were hydrolysed a bit less than 30% of their 
total hydrolysable starches while Rajgira and Nacbani flours 
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were hydrolysed more than 30'k of their total hydrolysable 
starches. During the 1st hour Wheat and Rajgira flours are 
disintegrated up to 21% while .Jowar and Xachani flvnrs are 
hydrolysed to the extent of 25'k and 28'/c respectively. 

If the difference between the- figures of first and second 
hours, be taken as the rate of hydrolyEis, during the second 
hour, the rate of hydroly:.is of Jowar flour is only 1.6% while 
that of Rajgira flours is 7-75% and in the case of Wheat and 
Xachani it is 2·76% and 3.43'k respectively. The Rajgira flour 
is more easily attaeked by the enzyme during 2nd period. 

At the 3rd hour the rate of hydrolysis (the difference be
tween the figures of second and third hour) is more i. e. 4.01'-lo 
in the case of wheat flour. and in the case cf Xachani flour it is 
the least i. e. 0.66'/t-. The rates of Jowar and Rajgira flours 
are 2.1!:1% and 2.13'lo respectiv-ely which are intermediate 
between Wheat and Xachani flours. 

Considering the figures for ·wheat flour, it is seen that 
during the first hour 20.8.5% of the total hydrolysable starch is 
hydrolysed and during serond and third hour the rate drops 
down considerably. The rise in the second hour is only 2.8 
and the difference between second and third hour is 4.0. 

The percentage distribution of hydrolysis over the various 
periods was 20.85% during the first hour 2.08% during the 
second hour, and 4% during the last hour. If these figures are 
looked upon as the rate of hydrolysis during the various periods 
then it may be said that the reaction proceed~ with a great 
velocity during the first period, it then falls to about 1, 9 of the 
original rate which again increases to about 1/6 of the original 
rate, in the last peliod. 

Similar obser\""ation is made in tbe case of Jowar flour. 
The percentage distribution, during the first ptriod was 24.9%, 
1.6 %, and 2.2'lo during the second and the third periodi!. The 
rate of hydrolysis shows that it is 25% during the first period 
and drops down to 1115 and again increases to 1/10 of tbt:l 
original rate. \ 

I, 
I 
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In the case of Rajgh·a the percentage distribution iS 22% 
in the first'hour, then the rate drops down to 7.5% and 2.5% in 
the second and third periods. Comparing the figures of hydro~ 
lysis of the other flours we find that Rajgira_ flour which is 
hydrolysed more easily than wheat flour but -less than Jowar · 
and Nachani flours in the first hour, is disintegrated more 
easily than Wheat and Jowar flours in the second hour and in 
the third hour. ' 

. / 
As regards Nachani flour it is disintegrated more-easily in 

all the periods. The percentage distribution is 28% in the 
first hour and then the t"ate' drops down to 2.5% and 7% in the 
second and third houra. 

So in t!te first hour the order of increasing susceptibility 
is Wheat, Rajgira, Jowar and Nachani. In the second hour 
the order is Wheat, Jowar, Rajgira and Nachani and the same 
is maintained in the third hour. This shows that the periods 
ot the reaction mixture affect th~ exte_nt of hydrolysis of the 
different flours. · · 

Now, it would be interesting to sea whether changes in the 
strength of the enzyme has any effect on the alteration of the 
orders ol susceptibility. So experiments were carried out with 
similar experimental details with a change of the strength 9f 
the diastase. 

TABLE No.7 

Percentage hydrolysis of the flours with 10 c.cs. of diastase 
1%, expressed on the basis of total hydrolysable starch 
(oven dry). 

Name of the flour lhonr. 2 hours. a hours. Total starch 
hydrolysable 

Wheat flour 26.92 28.17 22.81 74.29 
Jowar .. 27.78 29.54 30.57 77.13 
Rajgira .. 26.76 31.93 aa:s2 59.67 
Naehani ., 29.01 33.11 34:.57 71.67 
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On increasing the strength of the diastase there is little 
difference in hydrolysis of flours of Jowar and Nachani. The 
rise is of about 2% in the case of Wheat flour while in the case 
of Rajgira flour the rise is more i.e • .5% during the first hour all 
compared with the figures of 0.5% diastase in -the same honr. 
In the case of Wheat the rise in the figure is nearly constant 
i.e. 1.3 between 1st and 2nd hour and 1.7% between 2nd and 
3rd hour. climilar is the case of Jowar. 

In the case of Rajgira and Nachani the difference between 
1st and 2nd hour is 5.67 in the case of Rajgira and 4.1 in the 
case of Nachani. But the rate during the -third hour drops to 
only 1.4%. 

Comparing all these figures, Wheat and Jowar are hydro
lysed more easily dunng the first hour and there is very slow 
reaction after that i e. 1/20 and 1/15th of that in the first hour 
respectively. In the case of Na.chani and Rajgira the same 
effect is observed but the reaction between first and second 
houris also appreciable i.e. 1/5th aud l/7th of that of first 
hour respectively. Here also in the case of Rnjgira which 
stood second in the order of increasing susceptibility (Wheat, 
Rajgira, Jowar and Nachani) iu the first hour is changed in 
order as Wheat, Jowar, Rajgira and Nachani as in_ the case of 
0,5% diastase. 

TABLE No.8 

Percentage hydrolysis of the flours with 10 c.cs. of 1.5% 
diastase expressed on the basis of total hydrolysable starch 
(oven dry). 

Name of the flour 1 hour. 2 hours. 3 hours. Total star~h 
hydrolysable 

Wheat flour ', 28.17 31.09 33.01 74.29 
Jowar' 

" 
28.94 31.52 33.15 77.13 

Rajgira 
" 

29.66 82.98 84.57 59.57 
Nachani ., 33.11 34.99 38.09 71.67 

On further increasing the strength of the diastase (1.5%) 
there is not an app1·eciable change a,s compared to l% dia!)tase, 
,_ .. -- ~- - - - .. 
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Only the figures are slightly higher. Wheat and Jowar show 
the same way of reaction, while in the case of Rajg\ra and 
Nachani, th.e diff':lrence which was appreciable dnring first and 
secand hour is lowered down. -In the case of ·1.5% diastase 
the order of increasing snsceptibility does not change during 
the three periods as in the case of 0.5 and 1.0% diastase. The 
order is Wheat, Jowar and Nachani during the three periods. 
U we. compare all the tab1es of 0.5%, 1% and 1.5% diastase, we 
find that major portion' of the hydrolysable starch, is disin-
tegrated during the first h_onr and the reaction drops down 
during the subsequent periods. This may be due to the accu
mulation of the- reaction product, which perhaps checks the 
further reaction and also to the removal of tbe large amount 
of substrate during the first hour and also due t() the weakening 
of the -enzyme. ' 

Now eomparing the floor among themselves, we, can see 
their order of decreasing susceptibility as follows:-

Nachani, Rajgira, Jowar and Wheat. 

SECTIOYIV 

COMPARATIVE DISINTEGRATION OF FLOURS 
AS JUDGED BY THE HYDROLYSIS WITH THE 

HELP UF PANCREATIN. 

In the last section we considered the effect of the hydro· 
iysing actio11 of Diastase using different strengths for different 
periods. Now in this section it is proposed to study the hydro
lysis of the ftours by using Pancreatin amylase. 

Standardiaation of the pancreatin for its diastatic power:-

Fancreatin is a ferment which resembles the diastase in 
giving end producta of hydrolysis of starches. In the hydro· 
lyeis of starch the end product is the reducing sugar, which 
ynay have been formed by various stages of hydrolysis, the 
quqtity and .natn.re of which may differ... from ferment to 
ferment. The object of the pl'esent investigation is to study 
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the comparative digestibility of the flours. It is necessary 
therefore to study the values of hydrolysis obtained with 
different hydrolysing agents in a comparative way. Since we 
are using other fel'ment it is but. natural and essential to find 
out their ~omparative diastatic powers, so that we may be able 
to compare the values for the two ferments after bringing them 
to common basis. The diastatic power of the pancreatin was 
therefore, compared with that of the standard diastase, which 
was used by us in the foregoing work. 

Comparison of the diastase and the Pancreatin 

For comparing the diastatic powers of the different reagents 
various methods based on the use of Fehling solution are in 
use. Sherman (1910, J. A. Chern. Sc. 32, 1082) had develop
ed a method to compare the diastatic values of different 
agents which could be expressed on the Lintherd scale. The 
following procedure was followed in the present case. 

Experimental:-.A 2 per cent. solution of the soluble potato 
starch was prepared in the usual way by pouring boiling water 
over a paste and boiling it for 10 minutes on a water bath. 
50 c.cs. of the solution thus prepared were taken in different 
flasks and to one was added 10 c.cs. of the 0.5% soluv.on of 
diastase and to the other 10 c.cs. of the 0.5% solution of Pancre
atin together with 40 c.~s. of the acetate buffer solution of 
4.8 pH. The flasks were incubated at 37°0 for an hour. The 
enzyme was killed by a few drops of 10% XaOH and the volnme 
made to 250 c.-cs. The reducing sugars were estimated after 
clarification etc. in the usual way by Bertrand's method. The 
ratio of the amc,unts of the reducing sugars produced was taken 
as the diastatic ratio. The d1astatic power of the Pancreatin 
was found to be 5/6th of the diastase. In order to compare 
the results obtained with Pancreatin to that of diastase we have 
to multiply the figures by 6f5 or 1.2. All values obtained for 
pancreatin were multiplied by the factor 1.2. 

The experimental procedure is exactly similar to that 'lf 
the last section. 'fhe results are also calculated on the basis 
of the total hydrolysable starch (oven dry). 



TABLE No.9' 

Pet·centage hydrolysis of the flours with 10 c.cs. of 0.5% 
pancreatin calculated on the basis of the total _ hydrolysable 

( ) / ' . 
starch oven dry . · 

Name of the flour. 1 hour 2 hours 3 hours Total starch 
hydrolysable 

Wheat ... 6. 816 - 7. 716 9. 996 74.29 
Jowar 11. 292 12. 996 22. 32 .77. 13 
Rajgira ... 14. 504 14. 476 25. 704 59. 67 
Nachani ... 13. 368 14-.712 25. 572 71.67 

TABLE No.10 

Percentage hydrolysis of the flours with 10 c.cs. of -1% 
Pancreatin calculated on the basis of total hydrolysable starch 
(oven dry) · 

-
Name -of the flour. 1hour. 2 hours 8 hours Total starch 

hydrolysable 
Wheat· . 7. 88 12. 38 14. S8 74.29 
Jowar 13. 34 22.94 25.66 77. 13 
Rajgira 16. 49 29. 57 33.60 59. 67 
Nachani ... 15. 68 27. 26 . ' 30. 16 71.67 

TABLE No.ll 

Percentage hydrolysis of the flours with 10 c.cs of· 1.5% 
pancreatin calculated on the basis of total hydrolysable starch 
(oven dry L 

Name. of the flour. 1 hour 2 hours 3 hOUl'S Total starch 
hydrolysable 

Wheat J0.67 16.87 19.26 74.29 
Jowar ... 18.52 27.49 30.72 77.13 
Rajgira 20.49 30.84: 38.44 59.67 
Nacbani 20.40 33.76 35.70 71.67 

0.5% Pancreatin (10 c.cs of 0.5% pancreatin) attacked 
Rajgira and Nacbaui flours more easily than Wheat. an.d Jowar 



ftours. During the first hour the order of decreasing susceptibi-. 
lity is Rajgira, Nachani, Jowar and Wheat and the same order 
is maintained in the second and third hour. 

In the case of Wheat flonr the velocity of the reaction is 
very slow. It is 6.8 per cent. during the first hour and 0.9% 
and 2.28% during the second and the third hour. But in the 
ease of Jowar, Rajgira and Nacbani flours the pancreatin attacks 
more than 10% in the first hour, then the rate drop~ down to 
1% during the second hour, and during third hour the rate again 
increases to more than 10%. Looking to all these values we can 
say the value of the Wheat flour is considerably lower than 
other flours. Wheat is least attacked by 0.5% Pancreatin. 

Now with increased strength of the Pancreatin (i.e. 1.0%) 
we observed the same mode of reaction. Only the values are 
a bit more in all the periods and with all the flours. The same 
order of susceptibility is maintained. 

On further increasing the strength of the ferment to 1.5% 
we find the same order of susceptibility and the values are 
increased by about 5% in all periods and for all flours except 
the Wheat flour which shows the rise of 2.8% in the nlue 
during the first hour and Rajgira flour which shows the differ
ence of 1.3% in the values during the second hour. Doring 
second hour the order of decreasing susceptibility is Nachani, 
Rajgira, Jowar and Wheat. However the order is changed to 
Rajgira~ Nachani, Jowar and W.heat dnring the third hour. · 

Comparing these values with that of Diastase it is found 
that more than 20~ of the starch of the flours is hydrolysed by 
Diastase during the first honr, while Pancreatin attacks abont 
12"/o of the starch during the first hour, with 0.5% strength-. 
With higher strengths more hydrolysis is observed in the case 
of dtastase, but during the third hour the values both in the 
case of Diastase and Pancreatin, approach each other very 
nearlY, e~cept the Wheat flour which is little susceptible to the 
a.etioll of Pancreatin. 

In the- ease of Diastase the order of decreasing suscep
tibility is Naebani, Jowar, Rajgira and Wheat, but. bere in 



the' case of Pancreatin we find the ord~r is Nach:mi, Rajgira, 
Jowar and Wheat. In the case of hydrolysis with hydrochlom 
acid the order is Wheat,· Rajgira, Jowat and Nachani. "This 
1h.ows that tbe course of reaetion considerably depends. upon 
the nature of the ferment. 

The observation which we have just now made regarding 
the differenc'es in the order of sus )eptibility of different 
tiours with various enzymes, is of the nature of the observll~ 
tion made by Stone ( Loe. Cit. ) with special reference to 
the digestion of the pure starches. His observation appears 
to have been made on studying the action of the differen' 
ferments on the various starches for any one fixed period. We 
have seen that by using the same ferment but with different 
strengths the order of susceptibility can be changed. We 
hne also seen that the order can be changed by the use of the 
aame ferment aud. the same strength but dUferent p.eriod. 
Thir. nature of the reaction was observed by Sahasrab\lddhe and 
Bhide (Loc. Cit.) with reference to starches and 11oars also. 

It is seetJ, therefore, that it is not on1y the change of the 
ferment that is responsible for the change of order of suscep· 
tibility but the strength of the ferment as well as the period 
ot reaction are equally responsible for the change in the order· 
ot susceptibility of the different grains. 

Conclusions 

1. From the results ~f all the experiments described ao 
far, it bas been found that with the increasing strength of the 
hydrolysing agent, the values of the disintegration ot the 
carbohydrates of the ftours of Wheat, Jowar, Rajgira and 
Nachani gradually increase. 

2. The values of the disintegration of starches in the 
fl.ours are found to increase when the period of the reaction is 
increased, although the increaae i$ not eJ;:actly proportional to 
the time, 
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3. When hydrochloric acid is nsed as a hydrolysing 
agent the following o1der of decreasing susceptibility is 
observed-Wheat, Rajgira, Jowar and Nachani. 

4. In the case of the diastatic hydrolysis of the starches 
in the flours the order of decreasing susceptibility is Nachani, 
Rajgira, Jowar and Wheat. 

5. Pancreatin when used as a hydrolysing agent the 
following order of Nachani, Rajgira, Jowar and Wheat is found 
as the order of decreasing susceptibility. 

6. It is· noticed in many cases that the starch in the 
Rajgira flour requires a little more time than starches in the 
other flours, to statt the reaction but once the reaction starts it 
proceeds with increasing rates with the inf!reasing period of 
reaction. 

7. The values of the disintegration of starches in the 
flours are, in general, higher in the case of diastase than in 
the case of pancreatin and hydrochloric acid. 

8. .Af3 mentioned in the introduction W. E. Stones, 
Bernetzsky Lenberg and Hammerstein had worked on the 
disintegration of the starches from different grains. They had 
found different order of susceptibility to the different 
enzymes. In the present investigation similar results are 
obtained. It is further demonstrated by the experiments that as 
!!~on as hydrolysing agent is changed the order of susceptibili· 
ty also changes. This is in agreement with the observation 
made by above-mentioned authors. Moreover it is also found 
that the order of susceptibility changes with the duration of 
the hydrolysis. 
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PAPER III 

A SrUDY OF COMPARATIVE DISINTEGRATION 
OF THE CONSTIT OENTS OF THE GRAINS OF 

RALA AND H.ARIK 

BY 

M. V. SATHE, M.sc. 

(With the kind permission of the authorities of the Bombay 
- lT~iversity) 

. ' 

Introduction 

The work described in this paper forms a part of a series 
of investigations undertaken in the Biochemistry Laboratory 
of the Nowrosjee Wadia College, Poona, viz. the disintegration 
of different food-grains. The present work, however, is 
restricted to the study of comparative disintegration 'of the 
flours of some food-grains. 

For studying the disintegration, two millets Rala (Setaria 
Italics) and Harik (Paspalnm Scrobicnlatum) were chosen. To 
get the idea of comparative disintegration both of them were 
subjected to the action' of different enzymes of· different 
strengths and for different periods of reactions. 

Description of the grains:-
(i) Rala or Italian millet:- This is recognised in the 

Bombay Province by the name Kangli, Rale, Rala, Kang, 
Chenna and Vavari. '!'his millet is largely cultivated in India 
in plains and bills. It is both wild and cultivated in India and 
other warm countries. The word Kang indicates its antiquity 
as cultivated in India. It is always sown as a Kbarip. Bot the 
same land is sown twice. Grains are yellowish in colour. In 
Bombay Province the crop is becoming more popnlar and the 
area of cultivation has increased considerably. Ahmednagar, 
Sa tara and Karnatak collectorate are chief centres of cultivation. 

The grains are much esteemed as articles of food in many 
parts of India. It is eaten in the fot·m of cakes, porl'id~:es in 



North West Provinces. In Madras Province it is considered to 
be excellent material for making pastry. Boiled with milk it 
is nsed as a pleasant meal for the invalids. 

(ii) Harik-Kodra or Kodo millet:-This is a native of 
India and extensively cultivated in many parts of India during 
the rainy seasons. In North West Provinces it is grown far 
extensively than other millets. It is chiefly cultivated in 
Districts south of Jnmna, .Allahabad and Lalitpnr. It is 
sown at the beginning of rains. Careful weeding is needed to 
secnre good onttnrn which is estimated from 10 to 12 mannds 
per acre. In Bombay Province- it takes the seventh place 
among the cereals. Gnjrat and Konkan claim as largest 
cultivating areas. 

In Bombay Province several varieties are recognized by 
the natives, the difference being due to the nature of the soil 
and method of cultivation. The grains contain in some seasons 
a poisonous narcotic principle which is due to an alkaloi!l 
development nuder certain conditions of climate and seasons. 
A damp cloudy weather towards the harvest time, a damp 
season and a damped undrained soil are apt to produce 
poisonous Kodra. 

General Analgsis:-The gen;ral analysis of the flours. which 
are used for the present investigation is as follows:-

Rala Harik 

Moisture 9.51% 9.92% 
Ether extract 3.64% -1.87% 
Prot~ ins 9.58% 6 22% 
Carbohydrates 74.48% 80.14% 
Crude fibre 1.36% 0.75% 
.Ash 1.43% 1.1/. 

The other constituents such as total hydrolysable starch 
..etc. have been determined according to the methods of analysis 
of the Association for Official Agricultural Chemists of U.S.A. 
(1926 and 1945.) 
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Total Hydrol:vsable-atarch 

-
The Rala Flour as such 
The Harik flour as such 
Starch (from Rala flour) 
Starch (from Harik flour) 

... 
66.83%_ oven dry basis 
70.52% " 
94.12% " 
98.23% ,, 

'SECTION 1 

A. The comparative disintegration .of the flours as 
such by hydrochloric ecid. 

The percentage hydrolysis of the flom'S by 10 c. cs. of 
25%, 37.5% and 50% hydrochloric acid, expressed on total 
hydrolysable starch basis. (oven-dry). 

TABLE No.1 

Strength , Name Total 
Hours Houri'! Hours starch of of the 24 48 72 hydrolys-HCl. flour. able. 

25% Rala 1.623% 2.2581.: 2.978% 66.83% 
257. Harik 1.051% 2.21% 2.46% 70.52% 
87.57. - Rala 2.562% 3.462% 4.43% 66.83% 
37.5% Harik 2.138% 3.223% 3.7781.: 70.521.: 
50% Rala 3.294% 4.48% 6.218% 66.83% 
50% Harik 2.452% 3.66% 6.02% 70.92% 

So from the above results it is observed that the Rala 
flour is, iu general. more .easily acted upon than th~ Harik 
flour by hydrochloric acid. 

B. Comparative disintegration of the isolated 
starches of the flours by Hydrochloric acid. 

The percentage hydrolysis of the isolated starches of the 
flours by 10 e. o. of 25%, 37.5% and 507., hydrochloric acid 
expressed on total hydrolvaable sta1ch basis (oven dry). 
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TABLE No. 2 

Strength Name Total 

of· of the Hours Hours -Hours Hydrolys 

HOI. Starch. 24 48 72 able 
starch. 

25% Rala 0.939/. 1.381% 1.823% 94.12/. 
25% Harik 0.712% 1.121% 1.642/. 98.23/. 
37.5% Rala 1.742% 2.322% 2.992% 94.12% 
37.5% Harik 1.452% 2.198% 2.623% 98.23% 
50% Rala 2.175% 3.037% 4.246% !14.12% 
50% Harik 1.648% 2.682% 3.75% 98.23/. 

From the above results it is observed that the isolated 
starch from the Rala- flour, in general is more easily acted 
upon than the isolated starch from the llarik flour by hydro
chloric acid. 

In case of both the flours the presence of ingredients other 
than the carbohydrates exhibit some influence on the process 
of hydrolysis by hydrochloric acid. 

SECTION II 

A STUDY OF COMPARATIVE DISINTEGRATION 
OF 'fHE FLOURS AS SUCH .AND THEIR 
ISOLATED STARCH~S WITH DIASTASE. 

A. Comparative disintegration of the flours as such 
judged by hydrolysis with diastase:-

The percentage hydrolysis of the flours by 10 ~. cs. of 
(0.2%. 0.5% and 1.0%) diastase at pH 4.8 expressed on 
the total hydrolysable starch basis (oven dry). 

TABLE No.3. 

Strength Name Hour Hours Hours Total 
of the of the Hydrolys• 
enzyme flour 1 2 3 able starch 

0.2% Rala £4.36% 28.21% 31.43% 66.83% 
0.2% Harik 27.92% 31.33% 33.52% 70.52% 
0.5% Rala 30.43% 33.72% - 36.13% 66.83% 
0.5% Harik 29.35% 32.47% 34.53% 70.52% 
1.0% Rala 32.33% 36.85~ 39.23~ 66.83% 
1.0% Harik 30.82% 33.84% 35.48% 70.52% 
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From the above results it is observed th~t the major 
portion of the total hydrolysable starch is hydrolysed during 
the first interval and there is no considerable difference in the 
values of the percentage hydrulysis of the first and the second 
interval. This shows that the enzyme must be losing its 
strength after the first interval or the concentration of the 
mass falls· down. The·yalnes of percentage hydrolysis for 
different strengths of diastase -are different from those for 
hydrochloric acid of different strengths. It seems therefore 
that the manner in which a particular hydrolysing agent acts is 
different from that in which another hydrolysing agent acts~ 

.-In order to explain such differences in the hydrolysing actions 
of different hydrolysing agents Eome definite knowledge of the 
structure, of the starch of the grain is essential. _ It is also 
observed that the susceptibility of the flours is changed by a· 
change in the concentration of the hydrolysing agent~- In 
addition to this it is observed that according to the nature of the 
starch the rate of hydrolysis may be different at different inter· 
vals i. e. in some cases it may be greater in the first interval 
or in some cases it may take time to start and the rate may 
be greater in the second interval. }j'inally it is noted that 
the carbohydrate constitnen.ts of the Rala flour in general, are 
more easily acted upon than those of the Harik flour by 
diastase. t• 

SECTION II 
B. Comparative disintegrfttion of the isolated starch 

from each of the flours as judged bJ the Hydrolysis with 
diastase. 

TABLE No.4 
The percentage hydrolysis of the isolated starch of the 

doors by 10 c.c. of (0.2%, 0.5% and 1.0%), diastase at pH 4.8 
expressed on total hydrolysable starch basis (oven dry). 

Stt·ength Name of Total 
of the the Hour Hours Hours bydroly· 

enzyme. starch. 1 2 8 sable· 
Starch 

0.2% Rala 19.6% 20.232 27.77% 94.12% 
0.2% Harik 16.8~% 18.43; )9.76%. 98.232 
0.5% Rala 19.12% 24:.22% 2~.1% 94,12u., 
0.5% Harik 20.8% 22.12% 24.87% 98.23Z 
1.0% Rala 28. 72;~ 30.76% 31.62% 94.12% 
1.0% Harik 22.28% 25.45Z 27.43% 98.23l; 
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From the above results It is ascertained that the values of 
the percentage hydrolysis of the flours as such are higher than 
those for the isolated starch of each of the flours when acted 
upon by diastase. This means that the removal of the non· 
carbohydrate bodies have some effect on the hydrolysis of the 
isolated starch of each of the flours. The isolated starch from 
the Rala flour is more easily acted upon than the isolated 
starch from the Harik flour by diastase. 

SECTION III 

A STUDY OF COMPARATIVE DISISTEGRATION 
OF THE FLOURS AS SUCH AND THEIR 

ISOLATED STARCHES 'VITH PANCREATIN. , 

A. The comparative disintegration of the flours as 
suc:h as judged by the use of pancreatin:-

Percentage hydrolysis of the flours as such at pH 6.8 by 
10 c.c. of (0.2 percent, 0.5 percent and 1.0 percent) pancreatin 
expressed on total hydrolysable starch basis (oven dryi. 

TABLE No.~ 

(The values in the following table are ()btained by multi. 
plying the values of perMntage hydrolysis with pancreatin by 
the factor 6/5 to make them comparable with diastase). 

Strength ~a me Total 
Hour Hours Hours Hydroly· of the of the 1 2 3 ' sable enzyme flour starch. 

0.2% Rala 10.8% 19.48% 24.71% 66.83% 
0.2% Harik 9.7% 14.52% 17.82% 70.52% 
0.5% Rala 30.56% 39.61% - 47.52% 66.83% 
0.5% Harik 24.86% 30.24% 33.12% 70.52% 
1.0% RaJa 47.51% 51.26% 53.54% 66.83% 
1.0% Harik 39.58% 41.84% 43.28% -o ~?% I .D .. 
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From the above Table and results-it is observed that the 
values of percentage hydrolysis obtained in case of pancreatin 
·are more than those for diastase. This means that. the manner 
in which a pa'rticulat• hydrolysing agent acts is different from 
that in which the other hydrolysing agent acts: It is observed 
from the hydrolysis by_diastaee and pancreatin that not' only 
the susceptibility of the flours to the ferment changes according 
to the strength of the hydrolysing agent but• also due to the 
change of the disintegrating agent. The Rala flour is more 
easily acted upon than the Harik flour. In case of the Rala 
flour the percentage hydrolysis has reached to 53%. The Harik 
dour is acted upon nearly equally well by diastase and 
pancreatin. The extent of percentage hydrolysis of Harik 
flour has reached to 43 per cent by hydrolysis with pan
creatin. 

B. Comparative disintegration of the isolated starch 
of each of the flou~s by pancreatin:-

In the previous sections the comparative disintegration 
of the flours as such is studied and it is found that the' non
carbohydrate constituent!" of the flours have a considerable 
effect on the course of hydrolysis. In order to see whether 
such obsen•ation can be made with pancreatin as hydrolysing 
agent it was thought interesting to carry the experiments with 
pancreatin. 

The percentage hydrolysis of the isolated starch of eat'h 
of the flours at pH 6.8 by 10 c. cs, of (0.2%, 0.5% and 1.0%) 
panct·eatin expressed on total h~drolysable starch basis 
(oven dry). -

TABLE No.6. 
(The values in the table are obtained by multiplying the· 

values obtained with pancreatin by the factor 6/5 to make them 
comparable with diastase). 

Strength Name Hour Hours Houl'S Total 

of the of the 1 2 3 Hydrolys-

enzyme starch able 
Starch. 

0.2% Rala R.13% 14.17~ 16.192 94.12% ' 
o.~z Harik 5.72% 8.76% 11.4u 98.23% 
0.5% Rala 20.11% 28.12% 33.522 94.12% 
0.5% Harik 18.24% 22.18% 25.88% 98.23% 
1.0~ Rala 37.63% 40.56% 41.54:2 94.12~ 
1.0% Harik 34 85% 36.'t6% 38.46 98.234 
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From the above result~ it is observed that both the flours 
and the isolated starches are more easily acted upon by pan
creatin than by diastase under similar experimental conditions. 
The effeet of the removal of the non-carbohydrate bodies is 
seen better in the case of the hydrolysis by Pancreatin than 
by Diastase. The isolated starch from the Rala flour is more 
easily acted upon than the isolated starch from the Rarik flour 
by different strengths of pancreatin. 

SECTIOX IV 

A STUDY OF C011PARTIVE DISINTEGRATION 
OF THE PROTEIN PART OF THE FLOURS 

AS SUCH WITH PEPSIN ALONE AND PEPSIN 
SUPERtMPOSED WITH TRYPSIN. 

A. Disintegration of the protein part of the flours as 
such by Pepsin:-

Experimental:-2 grams of each sample (oven dry) were 
suspended into 25 c. c. of decinormal hydrochloric acid and 
25 c. c. of 0.2% pepsin prepared in decinormal hydro
chloric acid were added to the suspension. The reaction was 
carried out at (temperature) 3IC and pH 3.8 -4.for required 
time i.e. 1, 2 and 3 hours. 

After incubating for the fixed period 5 c. c. of normal 
sodium hydroxide were added to neutralise the acid and 2 c.c. 
of colloidal iron were added to coagulate the proteins. 5 c. c. 
of magnesium sulphate solution (5 per cent.) were added to help 
coagulation. Clarification was hastened by adding drop by 
drop basic lead acetate solution. The volume was then made 
to 100 c. e. and filtered. 5 c. c. of the filtrate were taken for 
the estimation of the amino-nitrogen by the Van Slyke's 
method (1912, Jr. Biol. Chern. 12, 399). The amount of nitro
gen obtained was changed to normal temperature and pres
sure and then the disintegration was expressed as milligrams 
of nitrogen for 100 grams of the sample. (A blank experiment 
was run side by side for every period and strength of pepiin. 
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The results of the blank experiments were subtracted from 
the final values obtained). 

Disintegration of the Protein part of the flours as such 
as judged by Pepsin:- .J 

Hydrolysis of the protein piut of the flourS' as sucb by 
10 c. c. of 0.2 per cent., 0.5 per cent. and 1.0 per cent. pepsin 
expressed as milligrams of nitrogen per 100 gram's of the 
flours (oven dry). -

TABLE No._ 7 

-_strength Name Hour Hours Hours Total 
of the of the 1 2, •9 Proteins. 

enzyme. flour. 

0.2% Rala 62.51mg. 173.33 mg.193.74mg. 9.58% 
0.2% Hacik 43.2i: " 95.56 .. 12L23 , 6.22% 
0.5% Rala- 132.85 " 182.89 " 210.28 " 9.58% 
0.5% Harik 73.78 " 116.27 It 154.12 " 6.22% 
1.0% Rala 151.17 " 191.27 " 224.67 " 9.58% 
1.0% Barik 90.81 " 146.26 •• 170.93 .. 6.22% 

In case of the hydrolysis by 0.2%, 0.5% and 1% pepsin the 
Rala flour is more easily acted upon than the Harik flour as 
the protein part of the flour is concerned. In·both the cases 
the reaction is slow in the first interval. 

B. The effect of superimposed trypsin on the hydro· 
lysis of the protein part of the Elours:-

Experimental:-The hydrolysis of the flours was carried 
ont as before. 50 c. e. of decinormal hydrochloric acid 
were neutralised by 5 e. c. of normal £odium hydroxide 
and 5 c. c. of 6 per cent. trypsin prepared in decinormal 
solution of sodium hydroxide were added. The resulting 
60 c.c. contained 0.5 per cent. trypsin and hydroxyl concentra. 
tion was 1/20. The activity of the enzyme was killed 
by heating it to 80 degrees centigrade for 5 minutes. Then on 
cooling, 5 c.c. of colloidal iron and 2 c.c. of magnesium sulphate 
solution (5 per cent.) were added to hasten clluitication, The 
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volume was made to 100 c.c. and 5 e.c. of the filtrate were 
taken for the estimation of amino-nitrogen by the Van Slyke~s 
method. The re:mlts are expressed as milligrams of nitrogen 
pe~ 100 grams of the sample. Digestion by 0.5 per cent. pepsin 
was allowed,for one hour and the same was used for trypsin 
hydrolysis. 

TABLE No. 8 

Hydrolysis of the protein part of the flours as such with 
0.5 per cent. pepsin for one hour- and then with superimposed 
trypsin (6 per cent.) for one hour expressed as milligrams of 
nitrogen per 100 grams of the flours (oven dry). 

Name of the 
flour. 

Rala 
Harik ' 

Nitrogen for 
pepsin. 

132.3,5 mg. 
73.78 " ------

Nit1·ogen for -
pepsin super
imposed by

Trypsin. 
187.41 mg. 
101.28 " 

Total 
pro.teins. 

9.58% 
6 22% 

From the above table it is observed that there is a con
siderable difference in the values of peptic and trypsic diges
tion. The difference in the case of the Ra!a flour is more than 
that in the case of the Harik flour. So from all the above 
discussion it is observed that the Rala flour is more easily acted 
upon than the Harik flour by proteolytic en_zymes. 

SEUTION_V 

CONCLUSIONS AND SUMMARY 

1. From the tesults ot all the experiments so far described 
it has been observed that when there is an increase in the 
strengths of the hydrolysing agent the values of disintegration 
gradually increaEe. 

2. The values of disintegration of both the flours as such 
and of the isolated starch of each of the flours are found to 
increase when the period of reaction is increased. How
ever the increase is not proportion-al to the time. 

, I 



3. It is found that in the case -Of t4.e hydrolysis "Of the 
flours by pancreatin and the isolated starch -of each_ of the 
fl.ours by pancreatin, the hydrolysis is rather slow in the first 
interval i. e. the reaction takes some time for starting. 

4. In the case of the hydrolysis of the Jlonrs as such by 
diastase the Rala flour is more easily acted upon than the 
Harik flour. SimiJaHy the Rala flour is more easily acted 
upon than the Harik flour bt hydrochloric acid and ]>an• 
creatin. 

5. 'The values of percentage hydrolysis of the Ral~ 'tiottt 
by pancreatin are in general higher than those in the case of 
the hydrolysis by diastase. - -

6. In the ease of the hydrolysis of the isolated starch of 
each of tbe tlours, the Rala starch is more easily acted upon 
than the Harik starch: ~he values of percentage hydrolysis 
go on increasing with increase in the periods of reaction and 
concentrations of th; different hydrolysing agents. However 
the increase in the values is neither proportional to the time 
nor to the concentrations of the hydrolysing agents. 

7. The values of percentage hydrolysis for the flours~ , 
such in all the eases are higher than those for the isolat(r' 
starch from the same grain, under similar experimental eondi· 
tions. This means that there is some effect of non·carbo
hydrate bodies of the flours on the course of hydrolysis. There 
is in general maximum differet:ee in the valnes of percentage 
hydrolysis of the flours as such and the isolated starch of th., 
same tlonr in case of the hydrolysis by panereatin. Th., 
minimum effect is observed in the case of their hydrolysis by 
hydrochloric acid. In the case of diastase as the hydrolys
ing agent the difference in the _values of pel"Centage hydro· 
lysis of the flours as such and the isolated starch of the same 
grain is more than that existing in the case of the hydrolysis 
by hydrochloric acid. 

8. The pure isolated starch of each of the flours is more 
easily acted upon by pancreatin 'than by diastase and hydro· 
cblorio acid. 
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, - 9. As regards the disintegration capacity of each of the 
disintegrating agents pancreatin is found to be the best while 
diastase of the second order and hydrochloric acid of the third 
order. 

- 10. ·rn the case of the hydrolysis of the protein part ot 
the flours as such pepsin acts more easily upon the Rala flour 
than the Harik flour. In the case of these flours there is 
distinct difference between the figures obtained by pepsin and 
pepsin superimposed by trypsin. 

Comparison of the grains among themselves:-

The utility of the grains can be judged from the amount 
of its material which is available to the body system. This 
can be found out from the quantities of disintegration which 
have been given in the various tables. All these values 
have been calculated on the basis of the total hydrolysable 
starch. .These figures are more useful as they will give some 
idea of the comparative disintegration by the various disin
tegrating agents on a similar basis. As the utili~y of the grain 
from the percentage hydrolysis of the flour useful for the body 
aystem all the figures are not to be converted to the basis of total 

)J!drolysable starch bnt to the basis of flours as it is the flour 
J.,hich is nsed and consumed and not the starches. It has 
been also found ont that the order of the values of the disin
tegration changes from enzyme to enzyme. Hence compar· 
ison should be considered under the same experimental 
conditions. For instance in the case of the Rala flour the 
value of percentage hydrolysis for 1 per cent. diastase and three 
hours as the period of reaction comes to be 39.23 expressed on 
total hydrolysable starch basis which is 66.83. This means 
that out of 100 grams of the total hydrolysable starch only 
89.23 grams are capable of being absorbed. Now in 100 
grams of Rala flour the total hydrolysable starch is 66.83. So 
if yon want to calculate the quantity of the material which 
may be useful to the body system from 100 g;:ams of the Rala 
flour we have to calculate the quantity of the available sub
stance in 66.83. So that in 100 grams of the Rala flour the 
quantity available is 39.23. The corresponding quantity for 
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39.23 comes to be as 26.18. This means that if 100 grams 
of Rala flour are taken only 26.18 grams of the carbohydrates 
are useful for the body system strictly under the conditions 
mentioned above. Similarly the figure for the Harik flour 
is 24.927. The order of_ntil_ity among the gt·ains themselves 
comes to be as:· · 

' 
Rala flour ••• • 26.18 per cent. 
Harik flour •·· 24.927 per cent. 

las far as carbohydrates are concerned). 

Similar order can be found ont for other disintegratn;g 
agents of different concentrations and for different period of 
reactions. . U a comparison is to be made among themselves 
by 1 per cent. pancreatin and for three hours as time of reactiOn 
the order of utility comes to be as:-

R'lla flour . ... 35.47 per cent~ 
Harik flour - ••• 30.456 per cent • • (as far as carbohydrates are concerned). 

,This brings about more clearly the difference in the flours 
as regards the order of susceptibility to the hydrolysing 
agent. 

If we want to compare the flours from the point of break· 
ing down the protein part of the flours as such we get the 
following order if the strength of pepsin is 1 per cent. and 
period of reaction is three ho_urs:-

Rala flour 
Harik flour 

132.35 
73.78 

(the figures are for amino-nitrogen in milligrams per , 100 
grams of the flour}. 

, . 
Taking the condition of •the experiment as 0.5 per cent. 

pepsin and superimposed by 0.5 per cent. trypsin (one hour for 
pepsin digestion and one hour for trypsin digestion) the order 
comes to be as follows:-

Rala flour 
Harik flour 

••• 187.41 
••• 101.28 

(the figures are of amino-nitrogen in milligrams per 100 grams 
of the ftour). 
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From the above discussion it is observed that the Rala 
flour is more easily aeted upon than the Har1k flour by diastase 
and pancreatin as far as disintegration of the protein part of 
the flours as such is concerned. RaJa flour is more easily acted 
upon than the Har1k flour by Pepsin alone and pepsin superim
posed by Trypsin. 

PAPER IV 

.A STUDY OF COMPARATIVE DISINTEGRATION 
OF THE CARBOHYDRATES FROM DRY FRUITS 

BY 

DR. R. S. KALE, Ph.D. 

Introduction 

With the recent advances in the science of Biochemistry 
the subject of nutrition has been the favourite field for many 
research workers all over the world. All the food stuffs depend 
upon the quantity and quality of th-e various constituents such 
as carbohydrates, proteins, fats, vitamins and mineral matters 
which the food stuff:;; contain and secondly how much of these 
constituents become available to and assimilated by the human 
beings for their upkeep. 

A large number of Indians are purely vegetarians; but 
even with the so called non-vegetarian population of the world, 
vegetables and articles of vegetable origin, form the major 
portion of their every-day dish. Fruits, in particular, are 
cherished by all. 

For studying the comparative disintegration, all three 
varieties of dried fruits-IMstly containing a large percentage 
of oil-were selected. Viz. 

Materials. 

Cashew nut 
Almond 
Pistachio nut 

(..Anacardium oceidentale) 
•(Prunus amygdalus) 
(Pistacia vera) 
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To call them fruits is a misnomer. According to botaa.ical 
nomenclature these are seeds and not fruits, but in a layman~s 
terminology they are universally called as ''dried fruits" and. 
this has been maintained throughout the present work for the.. 
sake of convenience. 

The general analysis of th~ food stuffs used for the present 
investigation is as follows :-

Cashew 
Almond 
Pistachio 

OHO 
22.4 
13.4 
18.1 

Proteins 
21.3 
20.7 
19.6 

Fats Moisture .Ash 
44.7 6.0. 3.5 
53.5 5.9 '3.8 
50.7 5.7 3.1 

Fibre 
2.1 
2.7 
2.8 

100} 
100/ 
100/ 

The othe: constituents such as the total hydrolysable starch 
etc, have been determined aceording to the methC~ds of analysis 
of the Associatioa of the Official .Agricultural Chemists "t 
U.S.A. 1926.' 

Total Hydrolysab!e starch : 
Cashew nut' 17. 34% , oven dry ftour basi& 
Almond -- 7.777% " ' " Pistachio nut 6.531% ... 

" \" 
SECTION I 

A study of the comparative disintegration of carbohydrates 
from the three dry fruits with hydrochloric acid: · 

The strengths of the acid used were 25%, 37.5% and 50% 
and the periods allowed for hydrolysis were 24, 48 and 72 
hours. Temperature of the reaction was 37.5°0-; 

Percentage hydrolysis of the carbohydrate constituents 
wilh 25% HCL 
TABLE No.1 

Name of the 24 48 72 Total hydroly· 
sample hrs. hrs. hrs. sable starch 

Cashew nut ' 7.27 7.36 7.84 17.34 
41.95 42.47 45.25 

Almond _ 4.04 4.84: 5.5 7.777 
51.99 62.35 70.78 

fistacbio nut 3 42 4.04 4.27 6.531 
52.32 61.81 65,4 
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Figures in the nominator denote the percentage hydrolysis 
of the carbohydrate material on the oven dry flour basis while 
those in the denominator denote the percentage hydrolysis on 
the total hydrolysable starch basis. 

Percentage hydrolysis of the Carbohydrate 

constituents with 37.5 % HCL 
TABLE No. 2. 

Name of the sample. 24 48 72 Total 
hours. hours. hours. hydrolysable 

starch 
Cashew nut 7.36 8.17 8.74 17.34: 

42.47 47.14 50.43 
Almond 4.56 5.22 5.5 7.777 

58.78 67.18 70.78 
Pistachio nut 3.7 4.27 4.27 6.531 

56.68 65.40 65.4 

Percentage Hydrolysis of the Carbohydrate 
constituents with 50 % HCJ. 

TABLE No.3. 

Name of the sample 24 48 72 Total 
hours. hours. hours. hydrolysable 

. starch 
Cashew nut 8.44 10.64 11.4 17.34 

48.7 61.38 65.78 
Almond 5.22 5.5 5.5 7.777 

67.18 70.78 70.78 
Pistachio nut 4.04 4.27 4.27 6.531 

61.81 65.40 65.40 

Comparing the three fruits among themselves we find 
thnt:· 

1. Cashew nut, Almond and Pistachio nut stand in the 
deicending order for h;rdrolysis on the flour basis. While 
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the order is changed tc. Almond, C.uhew and- Pistachio on the 
total hydrolysable .starch basis, the ordt-r of Cashew and 
Pistachio nut being almost equal.- -

2. The rate of hydr~lysis falls as the hydrolysis proceeds 
in all cases. The maximum limit of hydrolysis is· 'reached 
in the second interval in the c.ue of -Almond~ and Pistachio· 
nuts. 

3. Comparing the velocities we find that in all intervals 
the dsscendiug order is Cashew nut, Almonds and Pistachio 
nut on flour basis, while on the total hydrolysable starch basis 
the order in the 1st interval is Almond, Pistachio and Cashew. 
In the 2nd and 3rd intervals it is Cashew, Almond a nil Pistachio, 
the amount of Pistachio and Almond hydrolysed being the 
same in the 2nd and Brd intervals. -

4·. With the increase in the strengths of the hydrolysing -
agent there is also an increase in the total amounts of the sub· 
strates hydrolysed .. 

5. Major portion of the- total hydrolysaL16 starch is hydro. 
lysed in the 1st interval alone, the rate then suddenly falls in 
the following intervals. 

SECTION II.·, 

Comparative disintegration of the carbohydrates from 
the drJ' fruits with diastase : 

In the present section, a further study of the com par· 
ntive disintegration of the carbohydrates from the dry fruits 
is made by using the amylolytic enzyme 'Diastase'. .A study of 
this nature is more important because it resembles the natural 
process of splitting up of food stnffs occurring in the body 
t.> a certain extent. Many workers such as Stone ( loo. cit.) 
and Langsworthy ( loc. cit.) have studied the action. of dif· 
ferent ferments on pure starches and not on the whole meal. 
Naturally, the results obtained with flours would be ,more 
significant-since the foodstuffs are consumed as a whole and 
not as isolated starch or protein. 
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'Percentage hydrolysis of the carbohydrates ' 
with 0.5 per cent. Diastase. ' 

TABLE No.4. 

Name of th,e sampler 1 hour. 2 hours. 3 hours. 

Cashew nut 2.85 3.42 4.27 
16.45 19.73 24.64 

Almond 0.59 . 0.72 1.04 
' 

7.59 \. 9.27. 13.38 

Pistachio nut 0.29 0.43 __ 0.72 
4.41:! 6.5B 11.02 

I 

Percentage hydrolysis of the carbohydrates with 
1 per cent. Diastase. 

1 TABLE No.-5 

Name of the sample. 1 hour. 2 hours. 3 hours. 

Cashew nut 3.23 4.08 5.32 
18.65 21:!.54 30.59 

Almond ... 0.88 1.29 1.8 ---
11.33 16.60 !!3.17 

Pistachio nut 0.59 0.88 1.29 
9.03 13.46 19.74 

Percentage hydrolysis, of -the- carbohydrates with 
1.5 per cent. Diastase. 

TABLE No.6 
~ 

. Name of the sample. 1 hour. 2 hours. 3 hours . 

Cashew nut - 4.09 5.22 6.84 
''' 23.70 30.12 39.46 

Almond 1.29 1.8 2.38 
-16.60 23.17 30.63 

Pistachio nut ].04 1.43 1.9 
15.9l 21.72 29.07 
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Figures in the nominator denote the percentage hydrolysis 
llf the carbohydrate ma.terial on the oven dry flour basis while 
figures in the denominator denote the percentage hydrolysis 
on the total bydrolysable starch basis. -

Comparing the fruits among themselves we find th_at:_:

' 1. The order of susceptibility is stiiJ maintained as Cashew 
nut, Almond and Pistachio nut _on the flour basis and 
total hydrolysable starch basis. , ~ ~ 

2. The vel()city is maximum in~ the .lst~ millimum in' the 
2nd and intermediate· in the 3rd interval. 

3. Comparing the velocities we notice that in 1st and 3rd 
interval the order is:(jashew nut, Almond and Pistachio 
nut on both flour basis as well as total hydrolysable 
starch basis. But in the 2nd interval the order is
Cashew nut, Almond aod Pistachio nut on the flour· 
basis and Almond, Pistachio and Cashew on the total 
hydrolysable starch baRis. · · ' 

4. With the increase in the stt·ength of the hydrolysing 
agent the amount of subst1·ates hydrolysed are also 
increased. 

I 

5. Major portion· of the starch is hydrolysed in the lst 
interval. ·Percentages of starch hydrolysed in the 
ease of Almond and Pistachio nut from time to tim~ 
are almost equal. 

' 

SECTIO'S III 

COMPARATIVE DISINTEGRATION OF THE 
CARBOHYDRATES FROM DRY FRUITS _ 

WITH PANCREATIN. 

Percentage hydrolysis of the c:arbohydralee from the dry 
. fruits with 0.54 pancreatin 
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'TABLE No.7 . ,,- ~ 

•!"'ame of the sampJe 1 hour 2 hours 3 hours / 

Cashew nut 3.16 3.92 4.98 
18.23 - 22.62 28.73 

-Almond 0.72 0.88 1.21 
9.27 11.33 15.57 

· Pistachio nut 0.43 0.59 0.88 
6.58 9.03 13.46 

Percentage Hydrolysis of the carbohydrates from the 
dry fruits with 1 %Pancreatin. -

TABLE No.8 

. Name of the sample 1 hour 2 hours 3 hours 
Cashew nut 3.8 4.83 5.89 -

21.93 27.87 33.98 
Almond 1.04: 1.51 2.11 

13.38 19.43 - 27.12 
Pistachio nut 0.72 1.0:1: 1.4:2 

11.02 15.91 21.72 

Percentage Hydrolysis of the Carbohydrates in the 
dry fruits with 1.5 %Pancreatin. 

TABLE No.9. 

Name of the sample 1 hour 2 honrs 3 hour;; 
Cashew nut ... 4.66 5.89 7.55 

26.89 33.98 43.56 
Almond 1.66 2.27 3 02 

21.36 28.77 38.87 
Pistachio nut 1.29 - 1.81 2.41 

19.74 27.69 38.87 

Fignres in the nominator denote the percentage hydrolysis 
of the carbohydrate material on the oven dry flour basis, while 
the_ figures in the denominator 'denote the percentage 
hydrolysis on the total hydrolysable starch basis. 
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Comparing the dry fruits among themselves we find 
that:-

1. Cashew nut, Almond and Pistachio nut is the descend
ing order of susceptibility on flour basis. That on total 
hydrolysable starch basis Cashew stande first and Al
mond and Pi.Etachio are hydrolysed to the same extent; 

2. The velocity is maximUDl in the 1st, falls to the mini
mum in 'the 2nd and rises again in the third i!ltervai. · 
Major portion of the starch is hydrolysed in the 1st 
interval. ' 

3. Comparing the velocities- Cashew nut. Almond and 
Pistachio nut is the descending order in all intervals 
on the flour basis. It is the same in the 1st inte:rval 
on total hydrolysable &tat·ch basis but in the 2nd and Brd 
interval the order changes to Pistachio nut, Almond 
and Cashew nut. 

4. With the increase in the strength of the hydl'olysing 
agent there is also an increase in the amounts of the , 
starch hydrolysed. 

5. Comparing the figures with that of 1.5% diastase we find 
that the figures for Pancreatin are higher than those 
for diastase. The descending order for divergency is 
Cashew nut, Almond and Pistachio nut-the difference_ 
is highest in the third interval-thus increasing as the 
hydrolysis proceeds. 

SECTION IV 

Effect of removing fat from the dry fruita on the 
enzymic hydrolysis of carbohydrates. 

The dey fruits under consideration contain a large pel'cen· 
tage of oil. It was therefore thought to study how these oils 
affect the disintegration of the non-fatty material in the dry 
fruits by the enzymes. Food material is often mbed with a 
foreign fat of animal or vegetable origin i.e. ghee, butter or 
many vegetable oils as sweet oil, coconut oil etc. They make 
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the food delicious, at the same time supply the fatty contents 
necessary for the growth and also wear and tear of the body. 
The dry fruits under consideration are often fried in Ghee and 
ingested with addition of salt, pepper etc. Of course the added 
fat is of foreign origin. Many workers have studied the action 
of such foreign fats on the hydrolysis of different food stuffs. 

In the present chapter we intend to study how the fa~ty 
material of the same origin affect the digestion of the non-falty 
material in the ~arne food stuff by different enzymes. 

Preparation of the sample: 
Dried fruits were pounded in a mortar with pestle to a 

sufficiently uniform consistency. The powders· were then put 
in the soxhlet and were run over by ether for a day or two till 
all the fatty material was extracted by ether. The fat free 
powders were then subjected to the action of diastase and 
pancreatin. as before. 

Comparative disintegration of the carbohydrates from 
the fat-free material with 1% Diastase. 

TABLE No. 10. 

Xame of the sample 1 hour 2 honrs 3 hours 
Cashew nut ... 2.87 3.92 4.83 

16.56 22.62 27.87 
Almond 0.59 1.21 1.66 

7.59 15.57 21.36 

Pistachio nut 0.43 0.72 0.88 
6.58 11.02 13.46 

Comparative disintegration of the carbohydrates from 
the fat-free material with 1% Pancreatio. 

TABLENo.ll 
Xame of the sample 1 hour 2 hours 3 hours 
Cashew nut 3.16 4.09 4.98 

18.23 23.70 28.73 
Almond 0.72 1.29 1.81 

9.27 16.60 23.29 
Pistachio nut 0.59 0.88 l.OJ. 

9.03 13.46 15.91 
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Figures in the deno>minator denote the percentage hydro· 
lysis on the total hydrolysable starch basis and those in the 
nominator denote the percentage hydrolysis on ' the floor 
basis.· 

4. Comparing the figures with those corresponding 
figures-in the table of fat containing sample we 
notice that the figures in the 'fat-free' table at·e 
lower than those of 'fat containing' sample showing 
thereby that the fatty material aids the hydrolysis of 
non-fatty material with the enzyme. 

' 
Th~ in conclusion we see that the prese:u.ce of fats 
helps the hydrolysis - of carbohydrates with the 
enzymes-Diastase and Pancreatin. 

PAPER V 
, 

STUDY OF THE HYDROLYSIS OF STARCHE3 
CONTAINED IN SOME EDIBLE ROOTS/ 

AND TUBERS 

BY 
DR. U. A. SANT, M.sc., Ph. n. 

(ll"ith the kind permiuior~ of the authorities of the Bombay 
University}. 

Introduction 

Much work on the disintegration of starches by means of 
enzyme in case of grains has been carried out, bot little in for• 
mation is available regarding roots and tubers, as compared 
with that of grain. An attempt is therefore made to study the 
hydrolysation of the constituents in some roots and tubers, and 
the material selected for the purpose is Carrot (Daucus Carota), 
Sweet Potato {Ipomea Batata), Yam (Dioscoreaalata), Elephant 
Foot or Snran (Amorphophallns Campannlatus), and Potato 
(Solanum TuiJerosum), etc.-Sahasrabndhe and Kibe (Govt. 
Memo. Imp. Conn. New Delhi, 1935), have shown that tht' 
various constituents of tbe graio have a mutual positive or 
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negative effect on tne course of the reaction. So the values 
obtained for the pure starches which will be in absence of 
other constituents of the grain, will not be the same as those 
which may be obtained when these substances are taken 
together with the other constituents of the grain. Disintegration 
was therefore carried out in the presence of disintegrating 
reagents such as hydrochloric acid, Diastase, Pancreatin in the 
case· of roots and tubers by using dried flours as such of these 
materials. In the presence of Pancreatin, salts such as sodium 
chloride, calcium phosphate (mono), and an organic salt like 
potassium tartrate was also used in order to get a comparative 
ide~ of their disintegration in the presence of these salts. 

SECTION 1 

Materials and methods of Analysis 

For studying the comparative disintegration in roots and 
tubers, the following were selected:-

(1) Carrot 
(2) Sweet Potato 
(3) Yam 
(4) Elephant foot 

or Snran 
(5) Potato 

(Daucus Carota) 
(Ipomea Batata) 
(Dioscoreaalata) 
(Amorphophallns Campannlatns) 

(Solanum Tuberosnm) 

Description of material:

Carrot:-
It is cultivated throughout India. The carrot appears to 

bave been used in India from fairly ancient times. The proper 
time for sowing carrot seeds is from the month of September 
to October. They take three months to mature. The so-called 
root constitutes an important vegetable in the market. Carrot
tops afford a useful fodder. It is abo used for human consump
tion as a vegetable. 

Sweet Potato:-

Presumably a native of America, but is extensively culti
vated in India. Two forms are met with, one with red, the 



other witb white tubers~ The area under the sweet Potato in 
India cannot be definitely ascertained. It is grown all over the 
eonntry. Taking Indi.a as a whple, ii is planted from August 
to November and reaped from December to May. The crop does 
not thl"ive unless the laod be naturally dry,· The sweet potato 
eontains more dt·y, Ftarchy and snga1·y matter than ordinar1 
potato, bnt less nitrogenous substance. · 

YaPl:-
Yam produces tubers of good quality. but so deeply situat• 

ed in the soil as to render harvesting e~ceedingly difficult. It 
is a common article -of food as vegetable~ There appears to be 
a di.ffereBce of opinion as to whether the tuberous organ is a 
true tuber or tnberom; root. Commonly it is referred to as a 
tuber, but certain characteristics .arH more impottant in keep• 
ing with a tuberous root. Yams are starchy like potatoes. 

' 
Elephant foot or Suran :-. 

'It is cultivated more abundantly in Bombay Province. In 
medic.in.e the corms are used as external jrritants to relieve 
rheumatic swellings. The cultivated corms are cooked _and 
form a common article ot food. They are boileJ like potatoes. 
The tubers are usually planted, out in May to June and in 
twel-ve months they are fit to be dug up. 

Potato:-
Since its introduction in Europe from the highlands of 

Sicily and Peru towards the clo.se of the sixteenth century, 
potato has bad a profound influence on the civilization of, 
temperate regions. A great number of varieties have bee!J. 
produced by breeding and cultivation. The chief points of 
difference are-size, form, depth of t>yes, colour and starch· 
content&. So a pat·ticular type of potato called "Hahabalesb
wari Potato" was selected. 

I • 

Preparation of the material :-
Disintegration of the cubohydrates prlsent in the crop 

was studied on the itarches contained in the flours. Tbe 
disintegration was judged from the amount of nducing sugar 
formt>d by using various hydrolysing agt>nts. 
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The Flours :-

The vegetables were firet of all cleaned by washing with 
water. The skin was l'emoved by rasping except in the case . . 
of carrots from all sides and then cut into thin slices. In the 
case of carrot the middle portion was removed instead of the 
oute1: layer and then cut into thin slices. After the slices were_ 
dried under shade, all these dried materials were then ground 
to flours in a band-mill and passed through two-hundred mesh 
sieve and preserved with a sufficient quantity of toluene in 
glass stoppered bottles. 

The general analysis of the flours which are used for the 
present investigation is given in the following Table: 

Figures given in Table No. 1 represent percentages of 
Proteins, fats, etc. 

TABLE No.-1 

Analysis of the Flours. 

Name of the fluur Carrot Sweet- Yam Suran Potato potato 

Moisture 7.70 7.50 8.12 8.02 7.62 

Ether extract 1.72 3.90 0.27 0.31 0.11 

Proteins 4.30 4.50 3.88 3.98 4.6~ 

Digestible Carbohydrates 73.20 78.85 82.21 77.55 79.51 

Crude fibre 6.56 1.75 1.48 4.10 2.88 

Ash 6.52 3.50 4.04 6.04 5.20 

Analytical procedure was followed according to A.O.A.C. 
methods. 

Methods of Sugar Estimation :-
-

Out of the various methods suggested in the literature for 
the purpose, Bertrand's Method was followed for the esti
mation of sugal' formed during hydrolysis of starch, 
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Determination of Reducing and Non-reducing 
su~:us initially present in the flours. 

Among carbohydrates, starch is the chief material, but 
along with it, in certain materials, sugars ()f various types are 
also present. They may be c~assified in genenl as reducing 
and non-reducing sugars. Before studying the hydrolysis 
of starches from the ilonrs by means of , hydrolysing agents, 
it was thought necessary to determine the -amount of reducing 
and non:redncing sugars initially present in the flours. 

Experimental :· 

To obtain sugars in solution, material was extracted with 
water. To the knowb am'onnt of the flour was added a 
known volume of distilled water for. extracting sugar from the 
flour. The experimental procedure was carried out accor
ding to A. 0. A. C. methods. Total hydrolysable starch con· 
tained in the ilonrs was also determined according to the A. 0. 
A. 0. methods. , 

TABLE N(). 2 -

Reducing and Non-reducing Sugars and Starch 
contained in flours. ' 

Name of the Reducing Non-reducing Total starch 
flour sugar sugar contained in 

% % flonrs. 
% 

Carrot 25.200 16.537 8.223 
Sweet Potato 4.880 6.120 59.875 
Yam 4.724 4.410 63.316 
Snran 4.576 3.150 58.424 

, Potato 0.620 1.260 72.170 

Taking into consideration the percentage of different 
ngat·s present in the flours, it is found that carrot contains 

highest percentage of sugar. Next to carrot is sweet potato, 
followed by yam, snran a~d potato. 

Comparing the amount of starches present in the different 
1\ours, potato contains highest percentage of starch. 
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From the results obtained it is observed that all these 
flours contain both reducing and non-reducing sugar, and 
these flours also contain a large proportion of starch. Car· 
rot flour contains too .:!mall a proportion of starch. Sweet 
potato contains- approximately 60% starch, while yam flour 
contains approximately 63%; and snran flour 58% approxi
tnately. 

SECTIO~ II 

DISIN'fEGRATION OF DIFFERENT FLOURS BY 
MEANS OF HYDROCHLORIC ACID. 

The obJect of using Hydrochloric acid was to find ont the 
total hydrolysable starch in the flours. In the preliminary trials 
the acid strength3 used were different; and it was found that 
some of them attacked the flonrs immediately, while others 
were found to he too weak. So the strengths whieh were 
selected, were 25%; an%; and 50%. The periods allowed for 
hydrolysis were 24, 48, and 72 hours. The temperature varied 
from 28~0 to 30°C. 

Procedure :-

One gramme of the air-dry flour was exactly weighed in a 
conical flask and 10 c. c. of water were added to make a paste 
of the flour. Exactiy 10 c. c. of Hydrochloric acid of different 
strengths were added to each flask and shaken for some time. 
After allowing the hydrolysis to proceed for the fixed period, 
the excess of hydrochloric acid, was neutralised with alkali, 
and clarified with zinc oxide, and tbe volume was m!lde np to 
100 c. c. The solution was then filtered on a dry filter paper 
and 20 c. c. of the filtrate were then used for the determination 
of the reducing sugar by Bertrand's method. .After making 
the necessary corrections the amount of starch hydrolysed was 
calculated. 

TABLE No.3 

Hydrolysis of the flours by means of 25% Hydrochloric 
ac:id expressed on the basis of the hydrobsable 1tarch 
(oven dry). 
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Name of the flour time in starch_ Total 
hours hydrolysed starch eon-

% tabed in 
flours. 

% 
Carrot 24 2.363 8.223 

" 
4g 2.778 '! 

" 
72 3.143 , 

,_ 

Sweet Potato 24 0.020 59.875 

" - -, 48 0.064 - ,, 
" " 

72 0.108. 
" 

Yam 24 04087 63.316 

u 48 0.316 " ,, 72 0.552 .. 
Suran 24 0.306 58.~4 

- .. 48 ·- -0.385 
" 

n 72 0.465 ' " 
Potato 24 2.427 72.170 

" 48 2.978 " ' 
" 

72 3.075 .. 
F'rom the fignres in the aboYe table it is observed that 

between _carrot and sweet potato, carrot is more easily disinte-
grated t}lan sweet potato. / 

Now considering the figures for yam and snran fionrs,, it is 
seen that the yam flour is slightly more disintegrated than 
suran flour. 

In reneral, among these floars, potato starch for this 
strength of hydrochloric acid suffers more disintPgration than 
other flours. Starch present iu carrot alld potato tlonr Is more 
disintegrated, white starch present in sweet potato tlonr is 
much less disintegrated. The order of snsceptibUity Is found 
as mentioned below:-

Carrot, potato, yam, aurao &Del sweet potato. 
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In order to see whether the observations made above are 
repeated with increase in strength of Hydrochloric acid, 
hydrolysis was carded out with 3H% Hydrochloric acid. The 
results obtained with 37t% Hydrochloric acid are given in 
Table No.4. 

TABLE No.4. 

Hydrolysis of the flours by means of oH% Hydrochloric 
acid expressed on the basis of the total hydrolysable starch 
(oven dry). 

Name of the flour time in starch Total 
hours hydrolysed starch con-

% tained in 
flours. 

% 
Canot 24 3.623. 8.223 

" 
48 3.780 

" 
" 

72 3.888 " 
Sweet Potato 24: 0.103 59.875 

" " 
48 0.18~ 

" 
" " 

72 0.221' "· 
Yam 24 0.316 63.316 

" 
48 1.103 

" 
" 

72 1.497 
" 

Snran 24: 0.621 58.424 

" 
48 0.700 

" 
" 

. 72 0.780 
" 

Potato· 24 2.506 72.170 

" 48 3.215 
" 

" 72 3.372 . " 

From the values of hydrolysis it is seen that with 37!% 
hydrochloric acid strength, the following is the order of 
susceptibility:-

Carrot, potato, yam, snran and sweet potato. 
disintegration remains the same as before. 

The ordet· of 



- Hydrolysis was then carried out with 50% strength o! 
Hydrochloric acid and- the t·esults obtained are given in Table 
No.5. 

TABLE No.5 

Hydrolysis of the flours_by means of 50% Hydrochloric 
acid expressed on the basis of the total ~ydrolysable starch 
(oven dry), 

Name of_the time in Stareh I To-al starch 
flour hours " hydrolysed contained in 

- % flours. 
% 

Carrot 24 4.568 8.223 

" 48 4.961 -,, 
" 

72 5.906 .. 
Sweet potato_ 24 0.182 59.875 

" " 
48 I 0,261 

" 
" " 72 Q.339 

" Yam 24 0.709 63 316 .. 48 1.891 " 
" 

72 2.678 ... 
Suran 24 0.936 58.424 

•• 48 1.094 .. ,, 72 1·172' " Potato 24 2.585 - 72.170 

" 
48 3.603 

" 
" 

72 - 3.923 " 
From the results obtained in Table No. 5, it is seen that 

for further increase iu. stt·ength of Hydrochloric acid, the rate 
of hydrolysis is also increased. The increase in the rate of 
hydrolysis ig some cases appears to be more. From the 
values of hydrolysis obtained, it will be seen that out of the 
whole lot, the most easily disintegrated is star~h present in 
carrot donr, followed by potato, yam, sur au and sweet potato.· 
With increased strength of Hydrochloric acid, the order of 
snsceptibility remains the t>ame as before. 

In general it is found that even with 50% strength of 
Hydrochloric acid, the starch present in different flours is not 
nrr much hydrolysed except in the case of carrot flour. 
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SECTION III 

HYDROLYSIS OF THE FLOURS WITH DIASTASE 

It has been generally believed that raw starches are only 
digested a little if at all by the human body. Thorpe (Diet. of 
'.Appl. Chern. Lond.) quoting from Rob_erts says, "Starch in raw 
state is to man an almost indigestible substance". He further 
states~ "Diastase has only comparatively feeble action on the 
unbroken starch granule, ev'Em at the temperature of the body/' 
Fofanow (Z. Klin. Med. 1911, LXXii257) conducted a series of 
experiments on human subject with small quantities of J"aw 
wheat, oat, rice and potato starches. He found that thre~ 
starches were practically completely assimilated, while raw 
potato starch was from two and one half to four times less well 
digested. -· 

Among roots and tubers much wo)'k seems to have been 
carried out in the case of potato. Diastase is an enzyme which 
acts on starch breaking it down to reducing sugars. It is there· 
fore a good reagent to measure the saccharogenic values of 
disintegration. The strength of the Diastase used was 0.25%, 
0.5%, and 1/o. The action was tried for one, two and three 
hours at a constant temperature of 37°0. The object in selecting 
37°0 as the temperature was to study the disintegration of 
starches by the enzyme at the body temperature. 

In the present work study 'of the hydrolysis of the 
:flours of carrot, sweet potato, yam, snran and potato has been 
made with Diastase (a starch splitting enzyme;. Many workers 
have studied the action of Diastase on the starches, but the 
action of Diastase does not seem to have been carried out on 
the :flours. 

Experimental:-

0.25 gm. of the dry :flour of each type was accurately 
weighed into a conical :flask and made into a thin paste by 
adding 10 c.c. of water. To this paste 50 c.c. of boiling water 
were added and the flask was kept in a boiling water-bath for 
three minutes. It was then cooled_ to the room temperature and 
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30 c.c. of Acetate Buffer solution of pH 4.8-which is the 
optimum pH of Diastase, were added. Flasks were then kept 
in an incubator and when the required temperature ·was reached 
10 c.c. of the Diastase solution of different strengths were 
added, which had also attain~d the desired temperature, and 
the .flasks were kept at 37°0 for the .fixed period,;. A few drops 
of tol"Qene were added to prevent any bacteria} action. At the 
end of the fixed period, the enzyme was killed by a few drops 
of 10% alkali. It was then clarified with' zinc oxide. The 
volume was made up to 100 c.e. and filtered. 20 e.c. of the ,.. 
filtrate. were used for the estimation of reducing sugar, and the 
percentage of starch hydrolysed was calculated. Blank experi· 
ment was carried out with Diastase to ascertain if any quantity 

. of reducing sugar was produced by the enzyme, and to mak~ 
necessary corrections in the result~ obtained. ' 

' The results obtained with Diastase in 'the case of different 
flours in the various trials are given in Table No. 6. 

TABLE No.6 . / 

Hydrolysis of the flours with 0.25% Diastase. expressed on 
the basis of the total hydrolysable starch (oven dry). 

·Name of the Time in Starch Total starch 
flour hours hydrolysed contained in 

% flours 
% 

Carrot 1 1.561 8.22:! .., 
2.209 " -- .. 

" 3 2.720 " Sweet potato· 1 9.882 59.875 

" •• 2 11.080 " 
" " 3 12.24:6 , 

Yam 1 9.680 63.316 .. 2 11.0-1:2 
" 

" 3 12.160 •• 
Suran · 1 5.821 58.424 

" 2 • 6.239 " 
" 3 8.161 " 

Potato 1 )0.171 72.170 

" 2 11.460 " 
" 3 12.540 " 
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From the values of hydrolysis obtained it is clear that the 
order of susceptibility is as follows:-

Potato, sweet potato, yam, snran and carrot. 

Hydrolysis was then carried out with 0.5% Diastase, and 
the .results obtained are given in Tal>le ~o. 7. 

TABLE ~o. 7 

Hydrolysis of the flours with 0 5% Diastase expressed on 
the basis of the total hydrolysable starch 'o\"'en dry). 

Total starch 
~ame of the -Time in Starch contained 

flour hours hydrolysed in flours. 
% 0/ 

lo 

Carrot 1 2.20:) 8.223 

" 
2 2.834' .. 

" 
3 3.070 

" 
Sweet potato 1 18.320 59.875 

" " 
2 21.786 

" 
" " 

3 25.460 
" 

Yam "1 16.230 6.3.316 

" 
2 18.261 

" 
" 3 20.804 

" 
Snran 1 ll.'i90 58.424 

" 2 12.637 
" 

" 3 14:.115 , 

Potato 1 19.410 72.170 

" 2 22.210 
" ,. 3 26.320 
" 

Although by increasing twice the strength the nines of 
hydrolysis are doubled in the ease of potato and sweet potato, 
yet the order of susceptibility so far as the flours are 
concerned remains the same ~s before. Taking into considera
tion the aJ:J?onnt of ~tarcb hydrolysed at the end of the third 



period and the- amount o{stareh initially present, the order of 
the susceptibility is as follows:-

Sweet potato, carrot, potato, ya~ and suran. ~ \}Tith 0.25% 
strength the order was as follows:-

Carrot, sweeli potato, yam, potato a:nd suran. 

TABLE No.8 

Hydrolysis of th~ 1l~urs with 1% Di~stase expressed on the 
basis of the total hydrolysable starch {oven dry). ' 

Total starch 
Name of the - Time in Starch -. contained in 

flour h'lurS hydrolysed flours 
% % 

Carrot -1 3.470 8.223 
2 4.095 ' " " 

" 
3 5.040 

" 
Sweet potato 1 26.460 59.875 

" .. 2 29.204 ., 
" . " 3 32.035 . 

" 
Yam 1 26.160 63.316 

" 
2 28.213 " 

" 
3 -30.133 II 

Surau 1 18.114 58.424 

" 
2 20.660 .. 

" 
a· 23.418 ., 

Potato 1 - 28.101 - 72.170 

" 2 30.050 
" 

" 
8 33.010 

" 

From the results obtained although in general it appears 
that carrot starch undergoes lowest hydrolysis, yet taking into 
consideration the amount of starch initially present in these 
1lom1s, and the starch hydrolysed at the end of the third period, 
the order ia as fol1ows : -

Carrot, sweet potato, yam, potato and snran. 
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SEOTIO~ IV 

HYDROLYSIS OF THE FLCJURS WITH , 
PANCREATIN. 

Pancreatin is another enzyme which acts on starch, and 
hence tbe action of this also was. tried. Rockwood (J. Bioi. 
Ohem. 1910,32) studied the action of Pancreatin on the starch 
from bleached and unbleached wheat flours. Many workers 
have studied the action of Pancreatin on starches, but similar 
action does not seem to have been studied ia the case of the 
flours. It was thought desirable to study the action, of Pancrea· 
tin on the flours to see if any similar effect was noticed. As 
in the last case three strengths of Pancreatin were chosen. 
These were 0.25%, 0.5%, and 1%, periods and temperature were 
the same as in the case of Diastase. Sugar formed from time 
to time was estimated and percentage hydrolysis was calculated, 
and the results obtained were compared-A blank experiment 
was also rnn side by side. Experimental procedure followed 
was the same as before. Buffer used was 6.8 (pH 6.8). 

TABLE No. 9 

Hydrolysis of the flours with 0.25% PancrP-atin expressed 
on the basis of the total hydrolysable starch (oven dry). 

Name of the flour Time in hours Starch Total star ~h 
hydrolysed contained in 

% flours. 
% 

Carrot 1 1.260 8.2~3 

" 
2 1.575 

" 
" 

3 1.890 ., 
Sweet potato 1 8.560 59.875 

" " 
2 10.502 

" 
" " 

3 10.989 
" Yam 1 8.44:0 63.316 

" 
2• 9.840 

" 
" 

3 10.432 
" Sur an 1 5.190 58.424 

" 
2 6.183 

" 
" 

B 7.210 .. 
fotato 1 8.130 72.170 

" 
2 9.820 

" 
" 

3 11.160 •• 
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In order to study further the effect of increasing th~, 
strength of Pancreatin, the reaction was -carried out 
further by employing 0.5% as the strength of Pancreatin, and 
the results obtained are given in the following Table.' 

T.ABLE No. 10 
I 

Hydrolysis of the flours with 0.5% Pancreatin e.x:pressed 
on the basis of the total hydrolysable starch (oyen dry). 

Name of the flour Time in ·starch Total starch 
hours hydrolysed contained in - % - flours. 

% 

Carrot 1 1.890 8.223 

" 
2 2.205 " 

" 
3 

' 
2J~34 ,. 

Sweet potato -1 '15.124 59.875 

" .. 2 17.007 , 
" " 

·a 20.824 
" '. 

Yam 1 13.227 63.816 

" 
'2 14.220. .. .. ~ 17.001 

" 
Snran- 1 10.452 58.424 

" 
-2 11.566 ,• 

" 
3 13.234 

" 
Potato 1 16.108 72.170 

., 2 18.518 ; 
" 

" 
3 21.925 .. 

TABLE No. 11 

Hydrolysis of the flours with 1% Panct·eatin expressed. on 
the basis of the total bydrolysable starch (oven dry). 
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Name of the flour Time in Starch Total starch 
hours hydrolysed contained in 

% flours. 
% 

Carrot 1 3.150 8.223 

" 
2 3.470 , 

, 3 4.095- , 

Sweet potato .J. 21.735 59.875 

" 
, 2 24.629 , 

, , 3 26.827 , 

Yam 1 19.900 63.316 

" 
2 23.620 , 

" 
3 25.120 . ' , -

Sm·an 1 16.520 .)8.424 
, 2 18.060 " 
" 

3 21.115 " 
Potato 1 23.435 72.170 

, 2 25.380 _, 

" 
3 27.121 

" 
From the results of the experiments with Diastase and 

Pancreatin, it has been found that with increasing strengths of 
the hydrolysing agents, the values of disintegration also 
increase. 

The values of hydrolysis are found to increase when the 
period of the reaction is also increased, although the increase 
is not exactly proportional to the time. - ' 

Values of hydrolysis obtained with Diastase are higher 
than those obtained with Pancreatin. 

If the values of hydrolysis of the flours as such are con· 
sidered, carrot undergoes much less hydrolysis than other 
flour~. 

' Taking into consideration the total amount of starch 
initially present and th~ starch hydrolysed at the end of the 
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third hour, carrot undergoes ,more hydrolysis than the other 
flours. 

Order of susceptibility so Jar as the flours are concerned, 
does not alter. 

By an increase in strength order of susceptibility in some 
of the floors also cbang~s, when hydrolysis is considered in 
relation to starch originally contained in the flour. 

SECTION V 

HYDROLYSIS QF THE FLOURS WITH PANCRE
ATIN IN THE PRESENCE OF SALTS 

Human food consists 'of ~ variety of substances d~rived 
from animal and vegetable kingdom. · They are classified ac· 
cording to their chemical nD.tnre eonsisting of proteins, fats, 
carbohydcatei', inorganic salts', etc. Along with the cooked or 
uncooked matet·ial, salts a,re also consumed. Enzymes act on 
cooked as w~lliUI ou uncooked starch. 

It is well known that many enzyme reactions are accele· 
rated or retarded by salt~. A. lot of controversy exists regard
ing the action of neutral salts. In some eases the influence of 
the salts has been stu~ied on soluble starches in presence of 
Diastase or Pancreatin with a view to determine the effect 
which influences enzyme activity. The present investigation 
was undertaken to study the effect produced by Pancreatin in 
presence of salts on l!tareh contained in the flours and not on 
merely separated starches in some edible l'OOts and tubers such 
as, sweet potato, yam and suran. The object is to judge 
whether salts are helpful to' the disintegration of the starch 
contained in the flour as such. As much work on potato bas 
been carried out in presence of salts in case of potato, and as 
carrot contains a small proportion of starch, experiments were 
carried out jn the case of &wet>t potato, yam and suran flours . 

• 
Exprrimental :· 

0.25 gm. of the tlour was made into a thin paste by adding 
JO c.c, of distilled Wllter in a conical fiask. 40 c.c. of boiling 
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water were then added to the flask and the- flask was held in a 
boiling water bath for exactly three minutes t" gelatinise 
starch contained in the flonr. It was then cooled and was kept 
in/ an incubator. 20 c.c. of the bnffer solution were then added. 
which were also kept in an incubator to· attain the desired 
temperature (37° C). Phosphate buffer having pH 6.8 (being 
the optimum pH of Pancreatin) was used as this was found to 
be suitable for the purpose. Phosphate· buffer produced no 
measurable difference in the hydrolysis of starch. Then 20 c.c. 
of the salt solution containing known- amounts of E>odium 
chloride were added. When the temperature of the mixture 
was 37° C, lO c.c. of the solution of Pancreatin which had also 
attained the required temperature, were added. The strength 
of the solution of Pancreatm was 0.5%. The total volume of 
the mixture was 100 c c. The reaetion mixtures prepared ac
cordingly were then kept for 1 and 2 Lours respectively. Few 
drops of toluene were also added to the mixture. The flasks were 
removed at an interval of one hour. The reaction was then 
stopped by adding a few drops of alkali and the sugar formed 
was then estimated as usual. A blank experiment was run 
side by side containing no salt, so that activation due to salt 
could be very well determined. As no appreciable influence is 
produl!ed by the Phosphate buffer during the first two hours, 
the reaction is studied for two hours only. 

-
TABLE No. 12. 

Hydrolysil! of sweet potato flour with Pancreatin in presence 
of sodium chloride. 

Con centra- rime Starch Starch Total 
Name of tion of salt in, bydroly- hydrolysed starch 
the flour employed sis with- in presence contained 

(%) hODlS out salt. of salt. in flours 
% % % 

Sweet 0.5 1 15.124: 16.482 59.875 
potato 

" " 
- 2 17.007 18.845 

" 
From these results it is clearly observed that salt bas an 

influence in accelerating the starch hydrolysis. 
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The results obtained show that the activity of Pancreatin is 
slightly affected with this concentration of the salt employed. 
As 0 5% concentration of sodium chloride, facilitated the hydro. 
lysis of Pancreatin slightly more, it was therefore thought that 
by employing a higher concentration of the salt, whether the 
hydrolysis produced is diminished or increased as before, tl:le 
reaction was thuefore carried out further. With a view to see 
if the concentration of the ..salt is increased five to six, times 
more, whether the salt bas a remarkable accelerating or re .. 
tarding influence upon the hydrolysis of the starch contained 
in the flours, the reaction was therefore carried out further at 
a ealt concentration of 3%, other conditions of the experiment' 
remaining unaltered. -Experimental procedure 

1 
adopted was 

-· the same as before. ' -

The results obtained are given in the following Table :-

TABLE No .. 13 

Hydrolysis of sweet potato flour with Pancreatin in 
presence of aodium chloride. 

Con centra- Time Starch Starch Total 
Name of tion of salt in hydroly- hydrolysed starch 
the flour employed hours sed with--In presence I contained 

(%) out salt. of salt. in flours 
% % kl 

Sweet 
potato a 1 15.124 18.882 59.875 

" 
2 17.007 '21.562 ' 

" 
From the results thus obtained it is seen that with increas· 

ed concentration of salt, the nines of hydrolysis are also in· 
creased. It is observed that in the case of sodium chloride 
at a salt concentration of 3%, the hydrolysis is more than in 
the case of 0.5%, and the activity of Pancreatin is greater in 
the presence of ~%sodium chloride than iQ the case of 0.5% 
sodium chloride, 

It is well known that H ion concentration has also an in
fluence upon enzymic hydrolysis of starch in presence of salt. 
Acc~le1·ation or retardation by natural salts depends upon tho 



H ion concentration of the medium. In the case of sodium 
chloride, Sherman (Loc. Cit.) has determined an Optimum pH 
7.1-7.2 for particular concentration of sodium chloride, who 
carried out investigations on Pancreatin amylase. The 
results obtained with the concentration of the salt employed 
by him were found out by him in the case of starches. But 
the Optimum pH determined fur starch, may or-may not differ 
from the Optimum pH in the. oose of the flour. That is it 
may or may not accelerate or Tetard the action. It was 
therefore thought to find out first the Optimum pH for the 
flour in the presence of salt and then to determine the values 
of disintegration of the starches contained in the flours. 

In the case of sodium chloride the activity of Pancreatin 
was studied in tb'e presenCE! of 0.5% concentration of sodium 
chloride at closely graded H ion acti.vities viz. pH 6.8, 7.1, 7.4 
and 8.0. The results obtained are givep. in Table No. 14. 
The 1·eaction was allowed to proceed for one honr. 

TABLE No. 14. 

Hydrolysis of sweet potato flour with Pancreatin in 
presence of sodium chloride at varying pH. 

Name of the Concentration Buffer Starch Total starch 
four of salt used hydro- contained in 

employed(%) (pH) lysed flours 
o/o % 

Sweet potato 0.5 6.8 16.482 59.875 

" " " 
7.1 16.691 

" 
" " '' 

7.4 16.610 
" ~ 

" " " 
8.0 16.101 

" 
l!\·om the results obtainE."d it is seen that the Optimum pH 

for the flour is 7.1. , When the salt concentration is 0.5%, 
the Optimum pH is 7.1. By suitably varJing the salt con
centration to 3%, it was found that the Optimum pH was also 
found to be 7.1. The reactions were therefore, carried out 
further at pH 7.1, other experimental conditions, remaining 
unaltered, ill the case of sweet potato, yam and lilUran flonrs 1 
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TABLE No. 15 

Hydrolysis of different flours with Pancreatin in 
presence of sodium 'Chloride. 

Name of Concen- Time in Starch Starch Total 
the flour tratiou hours hydrolysed hydrolysed starch 

of salt without in presence contain-
employed salt of salt ed in 

(%) (pH6.8) % flours 
% % 

Sweet potato 0.5 1 15.124 16.691 59.875 

" " - - .. 2 17.007 19.102 H 

Yam " 1 13.227 13.826 63.316 

" 
, ~ 2 14."-20 14.329 

" Snran .. 1 10.452 10.657 58.424 

" " 
2 11.£66 1L765 .. 

From the figures obtained in the above table, it is evident 
that if the values of hydrolysis obtained due to_ Pancreatin 
alone are deducted from these, the difference will account for 
the increase in the values of hydrolysis, and from the in
crease in the values, it will be possible to judge more definite• 
ly, which of these starc1Jes contained in different flours under
go more or less disintegration. 

The values of hydrolysis are slightly greater in presence 
of salt than those obtained without the addition of sodium 
chloride in case of Pancreatin indicating thereby that 0.5% 
sodium chloride slightly accelerates the disintegntion of 
starches contained in the different flours. .Among these flours 
with this strength of sodium e!hloride, starch contained in the 
flour of sweet potato "is more hydrolysed than the starch con
tained in the flour of yam and snran. In this case it was also 
noticed that if the values of hydrolysis obtained · due to 
Pancreatin after two hours are deducted from the · values 
obtained at the end of the second hour with Pancreatin in the 
presence of salt, from the increase in the values of hydrolysis 
it is also found that yam flour is more attacked than snran flonr, 
and sweet potato_flonr is more hydrolysed than these two flours• 
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ln order to see whether with slightly more increase in the 
concentration of sodium chloride similar types of result;; 
are obtai,ned, or whether tilere is any vanation in the values 
of hydrolysis, experiments were carried out by employing 
1% concentration of sodium chloride. The results obtained are 
given in Table No. 16. 

TABLE No. 16 

Hydrolysis of different flours with Pancreatin in pre· 
sence of sodium chloride. 

Concentra· T' 
Starch Starch Total 

hydroly- hydrolysed starch 
Name of tion of salt ;:e sed with· in presence contain-
the flour employed boti:rs -out salt of salt ed in % (pH 6.8) % flours 

% % 
Sweet potato 1 1 13.12± 17.542 59.875 

" " 
2 17.007 20.301 

" 
Yam " 

1 13.227 14.242 63.316 

" " 
2 14.220 14.939 

" 
Suran " 

1 10.452 10.946 58.424 

" " 
2 11.566 12.027 , 

From the increase in tile values it is found that sweet 
potato flour does not undergo much hydrolysis as is observed 
in the case of yam and suran flour. Of course the total :alue 
of hydrolysis in the case of sweet potato flour IS more with 0 3% 
and 1% salt concentration than with other flours. From the 
total increase 1n the values of hydrolysis the order of suscepti
bility is the same as was found. in the case of 0 5% sodium 
chloride. But taking into consideration two time~ mcrease in 
the salt concentration of sodium chloride, the increase in the 
case of sweet potato flour is not much. The presence of sodium 
chloride has au accelerating effect when starch is hydrolysed 
with Pan'creatin. In 'this case also if the values of hydrolysis 
obtained with Pancreatin alone at the end of the second hour 
are deducted from the results obtained at the end of the second 
period from the increase in the valuefl of hJ drol~ sis also it 
wi}l be -observed that sweet potato flour is more attacked than 
yam and suran flour respective!~. 
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The values· of hydrolysis in two· cases that is either by 
employing a concentration of 0.5% or by employing a ::oncen~ 
tration of 1%, the values of hydrolyFis obtained /are not 
proportional to the concentration of the salt empl<Jyed. Simi
larly, the hydrolysis produced is also not proportional to time. 
This was observed in the case of sweet potllto, yam and snran 
flours. In order- to -see whether by employing three times 
mot'e j, e. 3% concentration of sodium chloride, the latter 
bas a marked, accelerating influence~ the reaction was 
carried out in_ the presence of 3% sodium chloride. The 
results obtained with Pancreatin by employing 3% concentra
tion of sodium chloride are givE!n in Table No. 17. 

TABLE- No. 17. 1 

Hydrolysis of different flours with _Pancreatin in 
presence of sodium chloride. 

Name of the Concentra- Time Starch Starch Total 
flour tion of salt in.. hydrolysed hydroly- starch con-

employe~ hours without sed in tained in 
( % ) salt presence ' flours 

(pH 6.8) of salt % 
% ' % 

Sweet potat'l 3 1 1;j.l24: 19.098 59.87.> 

" 17.007, 22.039 
" " 

., oJ 

" Yam 
" 

1 13.227 15.256 63.316 

" " 
2 - 14.220 16.238 

" Snran 
" 

1 10.452 11.307 58.424 

" " 
2 11.566 12.662 

" 

From the values of hydrolysis it is clear that the 'values of 
hydrolysis also increase with an increase in the concentration 
of sodium chloride. 

From the results obtained it is observed that sodium 
chloride accelerates the action of Pancreatin on starch. The 
acceler.ating effect of sodium chloride on enzymic hydrolysis of 
starch is also influenced by the concentration of the salt 
employed. From the concentration of sodium chloride employ~ 
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ed, it wns found that with increa!!e in the concentration of 
the salt, hydrolysis also increa~es, but the increase in the 
values of hydrolysis was not found to be proportional to the 
concentration of the salt employed. 

The order of susceptibility was as follows : :.._ 

Sweet potato, yam and suran. 

It was also observed that H ion concentration containing 
varying concentratiou -of sodium chloride, the reaction of the 
medium was not altered by the presence of salt in the con· 
centration employed. 

Sodium chloride is capable of accelerating the velocity of 
hydrolysis of starch depending upon the pH of the medium. 
At pH 7.1 the reaction was accelerated, and further retarded 
at pH 8.0. 

It is likely that the salts accelerate the hydrolysis of 
starch by protecting the enzyme against inactivation or from 
inhibiting substances produced during the rea<'tion. 

Hydrolysis of different flours with Pancreatin in 
presence of Calciunl Phosphate (mono). 

Raving studied the effect of sodium chloride on the acce· 
leration of enzymic hydrolysis of starch contained in different 
flours, the next salt used for studying the reaction was calcium 
phosphate (mono). As no measurable effect was found with 
I% calcium phosphate, results obta!Ded with 3% concentration 
have been given. 

Experimental Procedure.-

0.25 gm. of thP. flour was maue into a thin J:aste by 
adding 10 c. c. of water. 40 c. c. of boiling water were then 
added to the flask and the flask was held in a boiling waterbath 
for three minutes to gelatinise sta1·ch contained in the flolll'. 
It was then cooled and was kept in an incubator. 20 c. c. of 
the buffer solution were then added, whieh had also attained 
the required temperature. Phosphate buffer having pH 7.1 



was used. Then weighed amount of salt was added and also 
20 c. c. of distilled water were added. When the required 
temperature (37'? was reached, 10 c. c. of the solution of 
pancreatin (having 0.5% rtrength) were added. It had already 
attained the desir_ed temperature. The total volume of the 
mixture was 100 c. c. The reaction mixtures prepared accord~ 
ingly were then kept for 1 and 2 hours respectively. A few 
drops of toluene were added, sugar formed was estimated as 
usual.· As in the ca~e of sodium ,chloride, a controlled experi· 
ment was also run side by side. The results i>btained are 
given in the following Table. 

TABLE No. 18. 
' I 

HydrQiysis of different flours with Pancreatin in presence 
of Calc:ium Phosphate. 

Name of the Concentra· Time Starch Starch Total 
flour tion of salt in hydrolysed hydro· starch con· 

employed hours without · lysed tained 
(%J salt pH in in 

6.8 presence flours 
% of salt % 

% 
Sweet IJotato 3 1 15.124 15.160 59.875 

" " " 
2 17.007 17.044 

" Yam 
" 

1 13.227 13.240 63.316 

" " 2 14.220 14.235 -
" Suran 

" 
.1 10.452 10.460 58.424 

" " 
2 -- 11.566 11.572 

" 

FrCitn the results obtained it will be 'observed that calcium 
phosphate has a slight effect in accelerating the enzymic 
hydrolysis of starch contained in flours. 

If these results are compared with those obtained in the 
presen(!e of 3% sodium chloride, it is found that calcium phos
phate has a slight effect in acceleratin~ the enzymic hydrolysis 
c;>f staroh, 
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Hydrolysis of different flours with Pancreatin in 
presence of Potassium Tartrate. 

The next salt med was potassium tartrate. The experi
mental procedure adopted was the same as was followed in the 
case of calcium phospha!e. 

As no measurable effect was found with 0.5% potassium 
tartrate, in the ease of yam and suran flours, the result 
obtained with 0.~% salt concentration in the ease of sweet potato 
has been given in Table Xo. 19. 

TABLE No. 19 

Hydrolysis of the flours with Pancreatin in presence 
of Potassium Tartrate.' 

Xame of the Concen· Time Starch Starch Total 
flour tration of in hydro- hydro- starch 

salt hours lysed lysed contained 
employed without in in 

(%) salt presence flours 
pH6.8 of salt % 

I. % 
' 

Sweet potato 0.5 1 15.124 15.930 59.875 

" " " 
2 17.007 17.816 

" 

From the results it is observed that the results obtained 
with 0.5% sodium chloride are much higher than those olJtained 
with 0.5% potassium tartrate. 

Experiments were then carried ont by employing 3% 
concentration of potas'lium ~al trate, and the results obtained 
are given below. 
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TABLE No. 20 

Hydrol,sis of the flours with Pancreatin in presence 
of Potassium Tartrate. 

Name of the Concen- Time Starch Starch Total 
dour - tration of in hydro- hydro- starch 

salt honrs lysed lysed contained 
employed without in in flours 

(/::) salt presence % 
pH6.8 of salt 

% % 
Sweet potato 3 1 15.124 16.540 59.875 

" " .. 2 17.007 19.434 " Yam ., 1 13.227 13.340 63.316 

" " -2 14.220 14.335 .. 
Sur au 

" 
1 10.452- 10.539 58.424 

" " 2 11.566 11.651 
" 

From the results obtained in Table No. 18 and 20, it is seen 
that potassium tartrate has a gt·eater·acceleratiog eJfect than 
calcium phosphate. Howevl(r, among the three salts used, it is 
found that sodium chloride bas an appreciable effect in accele
rating the hydrolysis of starch contained in different flours. 

SUMMARY AND CONCLUSION 

The object of this paper was to study the hydrolysis of star
ches from typical roots and tubers,' and the reagents used were 
BCl, Diastase, Pancreatin. In order to determine the total hyd· 
l'olysable starch contained in the flour, reactions with hydro
chloric _acid were studied. It was found that with increase in 
strength, the values of disintegration inl!rease very slowly 1 

and the increase was not proportional to the time. allotted. 

As these substances were rich in starch, starch-splitting 
enzymes were used namely Diastase and Pancreatin under 
varying conditions of time and with different strengths. From 
the results of the experiments with Diastase and Pancreatin, 
the following observations were made;-
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with incr'ease of strength of Diastase or Pan ~rea tin, the 
values of disintegration also increased. -The values of hydro
lysis were found to increase when the period of the r~aeiion 

was also increased, although the increase was not proportional 
to the time. 

Values of hydrolysis obtained with Diastase were higher 
than those obtained with Pancreatin. 

If the values of hydrolysis of the flours as such were con
sidered, carrot flour bad undergone much less hydrolysis than 
other ilont·s.. However, taking into consideration the total 
amount of starch initially present and the starch hydrolysed 
at the end of the third period, carrot had undergone much 
more hydrolysis than the flours. 

Order of susceptibility so far as the flours were concerned, 
did not alter. By an increase in strength there was Jl change 
in order of susceptibility in some of the flome, when hydrolysis 
was considered in relation to starch originally contained in 
the flour. 

In order to study whether addition of salts had any influ
ence on enzyme activity, experiments were carried out in the 
case of three salts, namely sodium chloride, calcium phosphate 
(mono), and potassium tartrate upon the flours of sweet 
potato, yam and snran with Pancreatin. 

The values of hydrolysis were slightly higher than those 
obtained in the case of Pancreatin alone indicating thereby 
that salts facilitate hydrolysis ~f flours with Pancreatin. 

Enzyme showed greater activity in presence of so«linm 
chloride than with other salt~. 

It was found that with increase in the concentration Of 
sodium chloride, hydrolysis ah:o increased, but the increase 
in the values of hydrolysis was t::ot found to be proportional 
to the concentration of the salt employed. 

The order of the susceptibility was as follows:- Sweet 
potato, yam and snran. 

It is likely that the salt accelerates the hydrolYsis o~ 
~tarch by protecting the enzyme against inactivation. 
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PAPER VI 

THE \INFLUENCE OF , SOME' ADDED SUB-. 
STANCES ON THE HYDROLYSIS OF, THE 

STARCHES IN DIFFERENT FLOURS ,, 

By 
' ' 

D. N. GoDBOI,E, M. Sc. 
' ' 

(With the kind permission of the authorities of the Bombay 
University.) 

Introduction : 

When we take some starchy food such as cooked ric~, we 
find that the addition of the common salt increases the .palat
ability. The object of this work is to find out whether the 
addition of common salt inct·eases the' palatability of the 
stuff and thereby increases the secretions in thEj body, or it 
actually helps in breaking down the material in the alimentary 
canal, and if it helps, to what extent it helps, and this can be 
judged in-vitro by studying the hydrolysis of the flours when 
acted upon by the enzymes in the presence of sodium chloride: 

Nasse (Ptlugers Arch 1875, 11, 138) first observed that the 
animal amylase becomes more active in the presence of the 
neutral salts, but Sherman, Caldwell and Cleaveland ( J. A. 
Chem. Hoc. 62, 2436, 1930) have shown that for the activity of 
the malt amylase ,neutral salts are not eAEential. Sherman, 
Caldwell and Adwans (J. Am. Chem. Soc. 1928, 2538, .50) found 
that the effect of neutral salt on the activity of the pancreatin 
amylase does not depend on the purity of the enzyme. Neutral 
salts are necessary to the activity of the pancreatin amylase. 
Sherman and co-workers (J. A. Chem. Soc. 1927, 49, 2596, 
192t!, 60, 2539, 2535, 2538) and Willstatter, Waldschmidt, Leitz 
Hesse, (Z. Physical. Chem. 1923, 136, 143) investigated the 
activating effect of the neutral salts on the activation of sali• 
vary amylase. Michaelis and Pecbastein ( Bio. Chem. Z, 1914, 
59, 77) observed th~t the diasta~te is inactive in the absence 

\ 
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of the salts. Myreack ( Z. Physiol. Chern. 1926, 159, 1) how
ever observed that salivary amylase is active even in absence 
of salts. 

As regards effect of salts on vegetable amylase, Eadie tBio. 
Chern. J. 1926, 20, 1016) observed activat\on with barley malt 
amylase. So also Patwardhan and Norris (J. Ind.. Inst. Sci. 
1928, llA, 63) with colum _malt diastase, Narayanmurty (Ibid, 
1930, 13A, 63) with colum malt amylase and Sherman, Caldwell 
and Cleaveland (J. Am. Chern. Soc. 1930, 52, 2406) with barley 
malt amylase, and Lisbonne (Soc. Biol. 1912, 72, 936) with 
electrodialysed malt amylase found the activation by the 
presence of salts. 

Fricke and Kaja (Ber. 1925,57, 310, 313), Narayanmurty 
and NorriE (J. Ind. Inst. Sci. 1928, llA, 104) observed inactiv
ation with electrolysed barley malt amylase and colum malt 
diastase respectively. Karmarkar and Patwardhan (Ibid. 

' 1930, 13A, 159) found no effect with wheat amylase. James 
and Cattle ( Bio. Chern. J. 1933, 27, 1805) found that !n potato 
amylase the part responsible for breaking down the starchy 
molecule to dextrins was capable of activation. Heen and 
Schweigart (Bio-Chem. Z. 1923, 143, 516) separated free -and .... 
active amylase from potato amylase. 

A quantitative study of the influen·ce of sodium acetate, 
sodium borate, sodium citrate, sodium phosphate was made by 
Sherman, Caldwell and Dale (J. Am. Chern. Soc. 1927,49, 2596). 
The influence of neutral salt on the ~nzyme hydrolysis of· 

starch-under controlled conditions of buffer strengths and salt 
strengths was studied by Giri and Shrikhande (J. Ind. Chern. 

_ ~oc. Vol. XII, 273, 1935) and it was found that the accelerating 
effect of neutral salt increased with the increase in concen
tration of the salt to a certain extent, but on further increase 
of salt concentration the effect was less. The buffer salt 
concentration has also influence on. the hydrolysis of starch 
in enzyme reaction ( Giri and Shrikhande ). 

With all these findings we see that there is a lot of con· 
troversy as regards the effect of neutral salts, In this section 
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we are going to study to what extent sodium chloride influences 
the hydrolysis of the starches in the flours both at optimum 
·JJH and at different pH values. 

SECTION I 

THE EFFECT OF EODIUMCHLORIDEON THE 
HYDROLYSIS OF THE FLOURS BY DIASTASE 

AT THE OPTJMUMpH 4.8. 

In the first paper we have studied the pydrolysis of starches 
in flours with the aid of diastase. But the salts have definite 
effect on the hydrolysis of starches by diastase. Here we want 
to find out to what extent the common salt activates the hydro
lysis of starches in the flours by diastase. For this we have 
cliosen three periods namel) one hour, two hours, and three 
hours and the salt conceJJ.trations are 0.05 :M, 0.15 :M and 0.3 :M. 
1.0% diastase solution is used in these experiments. 

Experimental: 

1 gram of flour was gelatinised with 10 c. cs. of distilled 
water by heating on water bath for three minutes. Then 10 
c. cs. of the acetate buffer of 4.8 pH were added. Then after 
putting in the required c. cs. of sod_ium chloride s~lution and 
10 c. cs. of 1.0% diastase solution, the final volume was made 
up to 60 c. cs. ~'inal molar concentration of the salt was 0.05, 
0.1, 0.15 and 0.3. 1i'inal concentration of buffer solution in the 
reaction mixture was 0.004 mol. acetate. Pew drops of toluene 
were added as an autistptic. The flasks were kept at 37°0 for 
one hour. After keeping the flasks for the required period few 
c. cs. of 10% NaOH werp added to check the reaction. The 
clarification was d4lne by zinc oxide and estimation of reducing 
sugars was carried out according to Bertrand's method as givell 
in the first part. 

TABLE No.1 
-

Hydrolysis of the wheat flour with 10 c:. ca. of 1.0% 
diastase and with the different salt concentrations (NaCI)' 
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expressed ou- the basis of total hydroly-.able starch (oven 
dry) pH 4.8. _ 

lBr. 2 Hrs. 3 Hrs. Total starch 
hydrolysable 

Without salt 26.92 28.17 29.86 
with NaCl 0.05 M · 27.62 31.09 31.09 

" ". 0.1 M 26:92 29.91 31.09 14.2!) 

" " 
0.15 M 25.66 27.89 31.09 

We have seen that in the case of bydrolysisi>f wheat by 
1.0% diastase, the rate of hydrolysis is 27% during the first hour 
and then the rate falls' down to 1.28% during the second llonr 
and again rises slightly to 1.69% during the third hour. On 
addition of 0.05 mol. sodium chloride the rate during the first 
hour now becomes 27.62% as against 26J/2% which is without 
the use of common salt. Similarly the rate corresponding to 
the nte of hydi"olysis during the second period is 3.5% while in 
the last period there is practicalJy no difference. This indicates 
that almost the whole of the disintegration is completed by the 
end of the second honr in the presence of 0.03 M salt 
concentration, whereas in its absence the reaction proeeeds 
further and attains its maximum value at the end of the third 
honr. Comparing these figures we obse:rye the activation effect, 
and this can be expressed by the difference between the figures 
obtained with and without salt at that particular period. Thus 
the activation l:iy 0_05 M is 0.7 during the first hour 2.9 during 
the second hour and 1.2 during the third honr. The effect is 
maximum during the second hour. 

On increasing the salt concentration to 0.1 M the 1·ate of 
hydrolysis is 26.92% during the fust hour, 2.!:!9% during t11e 
second hour and 1S8% during the third 'bour as against 26.92%, 
1.25% and 1.69% during the first, second and third hour with
out salt. Now if we consider the activating effect, it is zero 
during the first honr, 1.64 during the second hour and 1.23 
during the third hour. With higher salt concentration of 0.15 
Mol, there is a drop in the value of hydrolysis during the first 
hour (25.66% against 28.17%). Ent during the third hour we 
observe the activation. 
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It we consider the values obtained during the· first hour, 
the addition of 0.05 Mol. sodium -chloride increases the rate of 
hydrolysis~ then on further addition of the salt (O.l.M) we see 
no activation bnt a retardation in the rate of hydrolysis4 The 
same effect of retardation is also observ-ed with more eoncen
tration of salt (0.15 l\1~. During the secoud hour, as in the case 
of the first hour, 0.5 l\1 sait concentration sh~ws the maximum 
activating effect and further addition of salt shows a drop in 
the value of hydrolysis. The only difference is that with 0.1 M 
salt eoncentl·atio; the va!ne is a bit higher'than that without 
addition of salt. Da.ring the- third- hour the addition 
of salt favours the disintegration. During this period 
we observe only 31.09% hydrolysis with all the con
.centrations of the salt (0.05 :M,O.l M and 0.15 M). Th]s snows · 
that the reaction is practically complete, when only 31.09% of the 
total hydrolysable starch is disintegrated. This may perhaps 
be .due to the 11.ceumulation of rea!)tion products which ch.eck 
further aetion. Similarly weakening of the enzyme and 
lessening of tbe substrate .may Jlrrest the further reaction. 

From these observations we find that the optimum salt 
concentratfon for wheat flour is 0.05 M and the reaction is 
practically stopped at the end~ of second hour. Further 
increase of salt concentration ~etaros the velocity of reaction. 

TABLE No.2 . 
Hydrolysis of Jowar flour by 10 e.cs. of' 1.0% diastase 

and with different aalt conceotrationa expressed on the 
basis of the total hydrolysable starch oven dry. 

1 Hr. 2 Hrs. .3 Hrs. Total starch 
hydrolysable 

without salt 27.78 29.54 30.57 
NaCl. 0.05 M. 29.54 30.40 31.98 71.13 

,. 0.10 M 3016 30.52 .32.42 

" 
0.15 :M 30.57 31.06 32.49 .. 0.30M 27.55 28.17 82.49 
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With the salt concentration of 0.05 M, the activation of 
the diastase hydrolysis is observed during all periods. If we 
compare the values obtained with 0.05 M salt concentration to 
those obtained without addition of the salt it is observed that 
during the first hour the velocity of the hydrolysis is increased 
to 29.54% from 27.78%. The activation is 1.76 during the first 
hour, 0.86 during the second hour and 1.41 dnring the third 
hour. With 6.10 M salt concentration the activation is 2.36 
during the first hour, 0.98 during the second hour and 1.85 
during the third hour. With 0.15 M concentration the activa
tion is 2.79 during the first hour, 1.52 during the second hour 
and 1.92 during the third hour. 

But with higher salt concentration of 0.3 M we observe 
the retardation during the first and second hour, while during 
the third hour there is an activation of 1.9.3. 

Comparing all these values we find that the optimum salt 
concentration for Jowar :flour to be hydrolysed by diastase is 
0.15 M and the period three hours. The maximum value of 
hydrolysis is 32.49% which is attained at the end of the third 
hour. 

TABLE No.3 

Hydrolysis of the Rajgira flour with 10 c.cs. of 1% 
diastase and with different salt concentrations. 

1 Hr. 2 Hrs. 3 Hrs. Total starch 
hydrolysable 

without salt 26.76 31.92 33.51 

NaCl 0,05 M 26.76 29.88 33.51 59.67 

" 
0.10 M 25.54 29.61 33.51 

" 0.15 M 24.51 29.51 33.51 
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TABLE No.4 

Hydrobsia of the Nachani Flour with 10 c. cs. of 1% 
Diastase and with Different Salt Concentrations. 

lHr. 2 Hrs. 3 Hrs- Total 
starch 

hydroly· 
sable. -

without salt 29.0 33.11 34.56 
I , 

with NaCl 0.05 M 31.15 31.92 35.18 71.67 .. " 0.10 .M 30.67 32.47- 33.92 

" " 0.15 .M 30.14 31.15 33.92 

In ease of Rajgira no increase ls observed in the velocity 
of tlle reaction at the·salt concentration of 0.05 .M, during all ' 
the three' periods •. Even at higher salt concentrations we 
observe the retardation in the velocity of the hydrolysis. ,The 
salt has got a negative effect on the hydrolysis of the Rajgira 
flour by diastase. At the end of third hour, there is no 

' difference in the values of hydrolysis with or witb<tnt salt. 
Tt.i~ shows that the salt has no effect in the third hour on the 
hydrolysis of starch in the Rajgira flour by diastase. 

In the ease of N11ehani flour, we get higher values with 
salt concentrations of 0.05 M, 0.10 M and 0.15 M, than those 
obtained without salt; bnt maximum value is observed at the 
salt concentration of 0.05 M. During all the three hours the 
values at salt concentration of 0.111 and 0.15 M are lower 
than those without salt. Bnt the values at 0.05 M are higher. 
Thus the aeti\'Btion iu the hdrolysis of the Nachani flour is 
observed at the salt concentration 0.05 M and the period of 
three boors. 

Comparing all these tables we find that for wheat flour 
hydrolysis, the optimum salt roncentration is 0.05 .M sodium 
chloride, for Juwar flour 0.15 M, for Naehani flour it is 0.05 M. 
For Rajgira flour, however, addition of salt retards the hydrolysis 
by diastase. Among all the Jl&>urs Rajgira has the least quantity 



of the total hydrolysable starch and addition of salt has retard~ 
ing effect on its hydrolysis. -

In the case of Jowar :flonr which contains maximum amount 
of total hydrolysable starch, the activation of salt in the 
enzymic hydrolysis is observed up to the salt concentration of 
0.15 Mol. A larger quantity of salt is required to give 
maximum activation. This may perhaps be due to tl.le larger 
quantity of the hydrolysable starch in the .Jowar :flour. 

SECTION II 

EFFECT OF ADDITION OF SODIUM CHLORIDE 
ON THE HYDROLYSIS OF THE FLOURS BY 

PANCREATIN AT 4.8 pH. 

In Section I of this papei" we have studied the activating 
effect of the salt on the hydrolysis of the :flours by diastase and 
found the optimum salt concentration and optimum period. 
Now it is to be seen whether the change of the hydrolysing 
agent will affect the effects of salt concentration observed in 
the :flours hydrolysed by diastase. For this two :flours, namely 
of Wheat and Jowar were selected. Experimental procedure 
was the same as in 1st section. The strength of the Pancreatin 
used was 1% and the quantity used for each experiment was 
10 e. cs. 

TABLE No.5. 

Hydrolysis of the Wheat flour with 10 c. cs. of 1% Pan· 
creatin with and without addition ~of Sodium Chloride, 
calculated on the basis of total bydrolysable starch 
(oven dry). 

1 Hr. 2 Hrs. 3 Hrs. Total starch 
hydrolys-

able. 
without salt 6.57 10.32 12.15 
with NaCl. 0.05 ll 7.05 10.32 12.15 74.29 

" 0.10 M 5.64 9.40 11.90 

" " 
0.15 M 4.70 8.46 9.87 
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TABLE No.6 

Hydrolysis of the J owar, flour wilh 10 c.cs of 1% 
Pancreatin with and without addition of Sodium Chloride, 
calculated on the basis of total hydroi:Jsable slarc:h (oven 
dry). 

1 Hr. 2 Hrs. 3 Hrs. Total starch 
/ 

hydrolysable 
without salt 11.12 19.12 21.38 

with NaCI .05 M 17.04: 19.27 26.24 77.13 

" " .10M 20.75 20.75 26.68 .. .. .15M 20.75 20.75 26.68 .. .. .30M 19.27 20.01 24.45 

With 1% pancreatin (10 c. cs. of 1% pancreatin solution) 
the rate of hydrolysis of the wheat 1lour is 6.57% .during the 
drd hour then it falls to 3.75Y. and 1.83% during the second 
and third hours without addition of salt. In presence of 
sodium chloride (0.05 l\1) the rate of hydrolysis is increased to 
7.05% and during second and third hour there is 'no change in 
the figures of disintegration obtained with or without salt. 
Thus the activating effect of salt is obsened during the first 
hour only. 

Now ~·ith higher concentration of 0.1 M and 0.15 M we 
ftnd no increase in the velocity of reaction but on the contrary 
there is a retardation in the disintegration of the flour. The 
rate is changed to 5.64% and 4:.7% with the salt concentration 
of 0.1 M and 0.15 M respectively, as against 6.57% during thtf 
first hour and 10.32 during the second hour. During the third 
hour also, a drop in the rate of reaction is observed. Thns 
with tncrease in the salt concentration the wheat 1lour disin· 
tegration decreases. Thus the optimum salt concentration is 
0.05 M and the activation is observed during the first hour 
only. 

If we compare these figures of disintegration with the 
help of pancreatin, with those of diastase, we find the optimum 
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salt concentration is 0.05 M in the case of both the hydrolys 
ing agents. Bnt with the diaEtatic hydrolysis -±be activating 
effect of salt is found during the second and third hour, 
while in the ease of pancreatin hydrolysis no activation is ob
served during second and third hours. With higher salt con
centration of 0.1 M and 0.15 M there is retardation in the 
hydrolysis with the help of diastase and pancreatin. 

Jowar:- Without addition of salt the rate of disintegration 
of thfl jowar flour by pancreatin is 11.12% during the first 
honr, 8% during the second and 2.26% during the third hour. 

With the salt concentration of 0.05 M the rate- becomes 
17 4% during the first hour, 2.23-% and 6.97% during the 
second and the third hour. Thus the activating effe~t of salt 
is 5.92 during the first hour, 0.15 and 4.86 douring the second 
and the third hour. With salt concentration of 0.1 M and 0.15 
M the activation by the s'alt in the hydrolysis of the flour is 
maximum. It is 9.63 during the first hour, 1.63 and 3.30 
during the second and the third hour. The activating effect 
with both the salt concentrations of 0.1 M and 0.15 is the same 
for all the three periods. It is maximum during the first 
hour and minimum during the second hour. 

If we increase the salt concentration to 0.3 l'tf we observe 
the activating effeet, but the values are lower than those with 
0.1 M and 0.151\1 salt concentrations. This shows that if we 
increase the Ealt concentration the activating effect is lowered 
down. Thus the optimum salt concentration is 0.1 M 
to 0.15 M. 

Comparing these figures with those of diastase we find that 
in the d1astatjc hydrolysis the optimum salt concentration is 
0.15 M and the peliod is the third hour, but in the case of 
pancrtatin hydrolysis the range of optimum concentration is 
increased. It is 0.10 M to 0.15 M and maximum hydrolysis 
takes place during the third hour. Thus the effect of salt 
concentration on the hydrolysis of starches in flours changes 
with change in hydrolysing agent. 



93 

SECTION III 

EFFECT OF ADDED OIL AND PEPTONE ON THE 
DISINTEGRATION OF THE FLOURS WHEN 

ACTED UPON BY DIASTASE AND 
PANCRE·\TIN 

Sahasrabuddhe and Kibe (M. Sc. thesis) have shown that 
the various constituents of the grains have a mutual positive 
or negative effect on the coms.e of hydrolysis. Basn and 
Sarkar (Jour. Ind. Med. Res. 1935, 22, 759) have investigated 
the digestibility of rice starch and suggested that the uniformly 
bigher contents of fat and prote~n characterising the 'aman' 
type varieties of rice are responsible for their difficult digesti· 
bility.- Similarly Bhide and. Sahasrabnddhe (Agri. College 
Mag. 1943, Vol. XXXV No. 1 and 2) studied the hydrolysis of 
the starches isolated ft·om the flours and the flours as such. 
They have shown that the ingredients in the flours other than 
starches have a good deal of effect on the enzyme hydrolysis 
of the starch. It will be, therefore, of some use if we study 
the effect of added oils or fats, and proteins on the course of 
hydrolysis of the flours. So two flours, namely Wheat flour and 
Jowar flour were selected for the study. The hydrolysing agents 
were diastase and pancreatin. The oil selected was pure 
ground-nut oil and pure peptone for proteinous material. 

Experimental procedure was the same as in the last 
section. The pH of the mixture was 4.8 and the hydrolysis 
was carried for one hour at the temperature of 37°C. 10 c. cs 
of 1% diastase and pancreat:n were used. The buffer concen· 
tration was 0.04 M phosphate. 

TABLE No.7 

Percentage hydrolysis of lhe flours with 10 c. cs. of 
1 i. diastase solution and with different oil concentrations, 
expressed on the basis of total hydrolysable starch. 

----------------------------------------------Flour 

Wheat 
Jowar 

with'out oil added oil. 

26.92 
27.78 

.0295 gru. .059 gm 
28.17 29.81 
2H.36 28.36 

.0885 gm. .118 gm 
31.09 30.43 
28.36 
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In the case of wheat flour hydrolysis the effect of added 
oil is appreciable. The hydrolysis -value goes on increasing 
np to the oil concentration of 0.0885 grams. Further additwn 
of the oil has retarding effect. 

As regards Jowar flour the addition of oil favours the 
disintegration but no change in the value is observed with 
increase in oil concentration. Thus the addition of oil has 
got some activating effect on the hydrolysis of the flours by 
diastase. 

TABLE No.8. 

Percentage hydrolysis of the Elours with 10 c. cs. of 
pancreatin solution and with different oil concentrations 
expressed on the basis of the total hydrolysable starch. 

Flour without oil 

Wheat 6.57 

Jowar 11.12 

with oil added . 
. 0295 gm .. 059 gm. .088 gm. 

5.68 

11.31 

5.68 

11.12 

4.42 

10.87 

In the case o£ the hydrolysis of the wheat flour by pan• 
creatin the oil has no activating effect, but it retards the 
hydrolysis. The more oil we add the more hydrolysis is 
checked. But in the case of the hydrolysis of the Jowar flour 
0.0295 gram of the oil increases the rate of hydrolysis, but on 
further increasing the oil concentration the velocity of 
reaction decreases. 

Comparing tables 23 and 24, it is observed that the effect 
of oil is different in different enzymic hydrolysis and on 
different flours. 
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TA13LE No. 9. 

Percentage hydrolysis of the Elours with 10 c:. 1:1. of 1% 
diastase •olution and with different peptone concentration• 
expressed on the basis of total hydrolysable starch. 

Flour 

Wheat 
Jowar 

without peptone 

26.92 
27.78 

with peptone added. 
0.05 gm. 0.1 gm. 0.15 gm: 

26.65 25.95 19.73 
27.20 26.04 24 38 

TABLE No. 10. 

Percentage hydrolysis of the flours with 10 c. ~s. of 1% 
pancreatin •olution and different salt concentration• ex• 
pressed on the bAsis of the total hydrolysable etarch. 

Wheat 
Jowar 

witb.ont 
peptone 

6.57 
11.12 

with 
0.05gm. 
6.43 

11.27 

peptone 
0.1gm. 
5.68' 

11.27 

aided 
0.15gm. 
5.10 

11.27 

Comparing tables 25 and 26, it is observed that peptone 
has no effect ou the wheat flonr ny_drolysis both in the ease of 
diastase and pancreatin. The rate of hydrolysis drops down as 
the concentration of the peptone increases. 

In the ease of the hydrolysis of the dour by dia1>tase the 
addition of peptone is found to have a retarding effect ou the 
oonrse of h:rdrolysis. But in' the case of ptnereatin as a 
hydrolysing arent the value of hydrolysis is increased with the 
addition of peptone but the rate of hydrolysis is found to lie 
independent of the Quantity of the peptone added. 

Co Delusions 
1. Sodium chloride shows a strong indnenee on the 

hydrolysis of the starches in the t\ours studied with the help of 
diastase and pancreatin. 

2. In the enr.) mic hydrolysis of the Etarches in the 
diffe1·ent f\onrs at the optiwum pH of 4.8 it is <>bsen·ed that the 



optimum salt concentration varies from flour to flour. 0.05 Mol. 
concentration is required for the maximum hydrolysis of the 
starches in the flours of Wheat and Nachani i.e. 0.05 Mol. is the 
optimum salt concentration for wheat and Nachani flour. 
Similarly ·for Jowar flour the optimum salt concentration is 
0.15 M. But the salt has got no activating effect on the 
hydrolysis of the starch in the Rajgira flour. 

3. Change of hydrolysing agent changes the range of 
optimum salt concentration. 

' 4. It is observed that d1fftrent durations of reaction have 
different optimum salt concentrations. 

5. In the case of starch in the Wheat flour the maximum 
value of hydrolysis by diastase is obtained at the end of two 
hours With 0.05 M salt concentration. Fnrth"er increase in the 
salt concentration retards the velocity of reaction. So the 
optimum salt concentration for tbe Wheat flour is 0.05 M. 

6. The optimum salt concentration for the Jowar flour 
to 'be hydrolysed by diastase is 0.15 M and the period three 
hours. · 

'i. The salt has no effect or rather has a retarding effect 
on the hydrolysis of Rajgira flour by diastase. 

8. When pancreatin is used as an hydrolysing agent it 
is observed in the case of the Wheat flour that optimum salt 
concentration is 0.05 M which is the same as that for diastase. 
But in the case of hydrolysis by diastase the activating effect 
of the salt is also observed in the second and third hour, while 
in the case of Pancreatin hydrolysis no activation is marked in 
second and third hour. 

9. In the case of the hydrolysi~ of the Jowar flour by 
pancreatin the optimum salt concentration is from 0.1 M to 
0.15 l\L Thus the range of optimum salt concentration is 
widened in the case of pancreatic hydrolysis. 

I 
10. The salt concentration has different effects at dif-

ferent hydrogen ion concentrations on the hydrolysis of star
ches in the flours by diastase. 
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10. In the case of bydrolysil of the wheat dour by diae· 
tase tbe optimum salt concentration is 0.1 M near the optimum 
pH. At other pH values the optimum salt concentration is 
0.05 M. Similarly in the case ot the jowar flour the opti
mum salt concentration is 0.15 M near the optimum pH 
values and 0.1 Mat other pH values. So also in the case of 
naobani tlour it is 0.05 .M near the optimuiQ pH and 0,1 Mat 
other H ion concentrations. 

11. Oat of the two optima of pH observed in the case 
of diastase, the optimum pH of 4.8 is common for all flours 
with di.tferent salt ooncentration; but the second optimum pH 
changes from flour to flour and from eoneentratiou to concen· 
tration. 

12. With regard to the effect of the presence of vege• 
table oil on the hydrolysis of the starches only ground-nut oil 
was tried and in the case of two flours namely, wheat and 
jowar. Diastase and pancreatiu were the hydrolysi•g agents 
used. In the case of wheat flour hydrolysis with diastase the 
values of hydr'llysis goes on increasing up to the concentration 
of 0.0883 gm. of oil. A further increase in the concentration of 
the oil shows a tendency of retarding effect. In the case of 
pancreatin reagent the oil baa a retarding effect. -

In the case of jowar floor the addition of the oil favonrs 
the bych-olysi~t by diastase. But tbe effect does not increase 
with the increase in the concentrlltion. In the case of hydro· 
lysis of Jowar flour with pancreatin the presence of oil shows 
but very little effect. 

The presence of peptone in the disintegration of the 
wheat floor with diastase bas no effect. The same is observed 
even wttb pancreatin used as an hydrolysing ageDt. In hydro· 
lysing jowar .ftoar peptone has retarding effect with diastase 
and has bnt very little effeet with pancreatin aa the hydrolysing 
agent. 

A number of workers snell as Shet·man, Caldwell and 
Adman, Eadie ' Patwardhan and Norris; Narayanmnrty. Girl 
and Shrilthaode have studied the effect of sal* concentration 



on the hydrolysis of ·starches. Here the effect of sodium 
chloride on the hydrolysis of starchy material in- the different 
flours by diastase and pancreatin is studied and the observ· 
ntions made above are similar to their observations. Giri 
and Shrikhande (J. Ind. Chern. Soc. 1935,Vol.12,p.273) studied 
the activating effect of sodium chloride on the hydrolysis of 
starch by sweet potato amylase_ and they have F<hown that 
sodium chloride doeR not a!lCelf'l'ate the activity of the enzyme 
at the optimum 1JH of 6.0. In the pre~ E>nt work we ,have 
studied the f'ffect of salt on the hydrolysis of the flours as such 
at different pH values. It is howf'ver observed that tht>re is 
a definite activating effect at different pH values inclu.Ung 
the optimum pH. This may be due to the fact that Gn·i and 
Shrikbande have useo pnre soluble starch as _substrate and 
sweet potato amylase as hydrolysing agent, while in the fJre· 
sent investigation the flours a~ such were used as substrate and 
the enzyme chosen were diastase and pancreatin. 

It is seen that non-carboh~ drate bodies in the grain have 
a good _deal of effect on the course of hydrolysis. This ob
servation is in agreemf'nt with the one r~corded by Sahasra• 
bnddhe ,and Kibe, Sahasrabuddhe and Bhide, and Ba!!u and 
Sarkar. ' , 

. ..---

PAPER VII 
I 

THE EFFECT OF AD ~'JTION OF POTASSIUM 
CHLORIDE AND ~ODIUM CHLORIDE ON THE 

HYDROLYSIS OF THE FLOURS OF RALA 
AND HARIK WllH DIASTASE-ATpH 4.8 

AND PANCREATIN AT pH 6.8 
BY 

M. V. SATHE, M.Sc. 

(With the kind permission of the authorities of the Bombay 

Introduction 
University) 

Common salt is one of the most essential requirements of 
the living tissues~ It is mostly digested with every kind of 
food-stuff to which it is added as adjunct in order to make j~ 
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tas\y and palatable. Common salt as it is known canses an 
increased secretion of saliva and the gastric juices, and there
by brings about into action an additional quantity of enzymes 
to react with the food-stuffs. Naturally there is bound to be 
an increasP.d hydrolysis -of the food constituents. The object 
of the present work is to find out to what extent the addition of 
Rodium chloride and potassium chloride helps the digestion of 
the material in the alimentary canal. In vitro experiments 
would give some idea about the effect of the addition of sodium 
chloride and potassium chloride on the hydrolysis of the flour 
by the enzymes .. 

' In this part it is intended to study to what extent sodium 
chloride and potassium chloride influence the hydrolysis 
of the flours as such by diastase and pancnatin at optimum pH 
values.' · 

SECTION I. 

THE EFFECT ·oF ADDITION OF SODIUM CHLO· 
RIDE ASD PuT.\SSll'l\1 CHLORIDE ON TH~ 

HYDROLYSIS OF THE RALA AND HARIK 
FLOURS BY DIASTASE AT pH 4 8. 

A. Effect of addition of sodium chloride on the hydro• 
lysis of Rala flour by diastase at ,.H 4.8. 

In the previous part the hydrolysis of the flours as such 
by diastase is studied. Now we want to 'find out to what 
extent the addition uf sodium chloride and potassium chloride 
affects the hyd1·olysis. For this purpose three pel'iods 1, 2 
and 3 hours were chosen. The salt c~ncentrations were 0.05 
molar, 0.1 molar, 0 15 molar, 0.2 molar and 0.3 molar. In 
these experiments 0.5 per cent. diastase solution was used. 

Experimental :-1 gram of the Rala dour (oven dryj was 
gelatinised with 20 e. e. of water by heating it on a hot water 
bath for 8 minutes. On cooling it, 10 e. c. of the buffer solu
tion of pH 4.8 were added. After adding the required c. cs. 
of sodium chloride 10 e. c. of 0.5 per cent. diastase were added. 
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The final volume was 50 c. c. and the final molar concentration 
of the salts were 0.05 M, 0.1 M, 0.15 M, 0.2 M, and 0.3 M. 
Then a few drops of toluene were added to prevent bacterial 
reactions. It was then incubated at 37°0 for fixed periods at 
the end of which the enzyme was ,killed by a few drops of 10 
per cent. sodium hydroxide. It was then clarified by zinc oxide 
and the volume was made to 100 c. c. and filtered through a 
dry filtered paper. 10 c. c. of the filtrate were used for the 
estimation of the reducing ~ugar by Bertrand's mttbod. The 
figures obtained were multiplied by 0.93 (conversion factor for 
starch) and then the percentage hydrolysis was calculated on 
the basis of total hydrolysable starch (oven dry). 

TABLE No.1 

Percentage hydrolysis of the RaJa flour at pH 4.8 by 
10 c. c. of 0.5 per cent. diastase and with different salt 
(sodium chloride) concentrations expressed on total 
hydrolysable starch basis (oven dry). 

Hour Honrs Hours * 
1 2 3 

without salt - 28.43% 32.82% 34.21% 

with 0.05 M NaCI 31.1% 36.41% 36.58% 
-

with 0.1 M NaCI 34.21% 38.21% 49.83% 

with 0.2 M NaCl 30.57% 34.23% 36.62% 

with 0.3 :M NaCl 29.45% 33.84% 34.88% 

• (Total hydrolysable starch ···66.83%). 

It is noticed that the beneficial effect of this salt (NaCl) is 
the1·e up to the extent of 0.05 l\I and 0.1 M (NaCl). On 
increasing the salt concentration the beneficial effects are not 
increased correspondingly bnt there is retardations. However 
this is not harmful as the value.! at these concentrations are not 
less than those in the ease of the hydrolysis without using 
the salt. 
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B. Effect of the addition of potassium chloride on 
the hydrolysis of the Rala flour by diastase at pH 4 & 

It was thought interesting to study what change takes place 
d11riog the hydrolysis of the rala flour if the-salt is changed. 
Hence experiments were carried out with different ~oncentra
tions of potassium chloride and the results obtained are as 
follows:-

TABLE No.2 
, ' 

Percentage hydrolysis of the rala flour at pH 4.8 by 10 c.c. 
of 0.5 per cent. diastase and with salt concentrations (KCI) ex· 
pressed on total hydrolysable starcb basis (oven dry). ' 

Hour Hours Hour a. .. 
1 2 3 

Without salt I 28,4:8% 82.82% 84:.21% 

Without 0.05 M KCl 34.92% 37.23% 89.82% 

With 0.1 M KCl 87.41%. 42.17% 42.41% 

With 0.2 M KCI 32.65% - 35.58% 37.38% 

With 0.3 M KCI 30.21% '33.96% 36.61% 

.. (Total hydrolysable starch 66.83%) • 
' 

It is noticed that the benelleial effects of the sa1t (KCl) 
are there up to the extent of 0.05 M and 0.1 M tJrcn. On 
increasing the salt concentration to 0.2 or 0.3 M (KCl) the 
beneficial effects do not increase correspondingly. However 
the values obtained for these concentrations are not less than 
those in the case of the hydrolrsis wilhout using the salt. This 
means that there will not be at least any harm if the eoneen tra• 
tiona are increased. 

The optimum salt concentl'ation (KCl) for rala flour is 
0.11\1 (KCl) when hydrolysed by 10 c.o. of 0.5% diastase at pH 
4.8. . 
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C. Effect of addition of sodium chloride on hydrolysis 
of the harik flour by diastase at pH 4·8· 

It was thought interesting to study the effects of addition 
of sodium chloride if the substrate is changed. For this pur
pose harik flour was chosen as a substrate and the experi
mental procedure followed was similar to that of the rala 
flour. 

TABLE No.3. 

Percentage hydrolysis of the harik flour at pH 4.8 by 10 
c.c. of 0.5 per cent. diastase and with different salt concentra
tions 1.NaCI) expressed on total hydrolysable starch basis 
(oven dry). 

Hour Hours Hours. .. 
1 2 3 

Without salt 27.35% 31.45% 33.51% 

With 0.05 M (NaCl) 34.51% 36.78% 37.98% 

With. 15M (NaCO 37.23% 39.81% 40.24% 

With 0.2 M (NaCI) 3J.12% 35.43% 37.21% 

With 0.3 .M (NaCI) 29.97% 32.61% 35.64% 

.. (Total hydrol;sable starch 70.52%) . 

Beneficial effects of NaCl are there up to the extent of 
0.05 M and_0.15 .M (NaCl'. If the concentrations are incrt-ased 
more the beneficial effects do not increase con-espondingly. 
However the values for these higher concentrations of the salt 
are not less than those in the case of the hydrolysis without 
using the salt. This means if the concentrations are more, the 
beneficial effects are reduced but they are not harmful. The 
optimum salt con::entration (NaCl) for the hydrolysis of the 
harik flour by 10 c.c. of 0.5 per cent. diastase at pH 4.8 is 0.15 
:M (NaCI). 
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D. The effect of addition of potassium chloride on 
the hydrolysis of the_harik flour by diastase at pH 4.8. 

TABLE No.4. 

The percentage hydrolysis of the harik .flour at pH 4.8 by 
10 c.c. of 0.5 per cent. diastase and with different salt con
centrations (KClJ P-Xpressed on total hydrolysable starch basis 
(oven dry). 

Hour Hours Hours. • 
1- 2 3 

Without salt. 27.3!>% 31."a% 33.51% 

With 0.05 M (KCI) 29.22% 32.93% 35.12% 

With 0.15 M (KCl) 30.!>8% 35.12% 36.81% 

With 0.2 M (KCl) 28.4:2% 33.63% 34.48% 

-With 0.3 M(KCl) 27.78% 31.58% 33.81% 

• (Total hydrolysable_starch ••• 70.52%). 

On comparing tl1e results for NaCl and KCI, it is observed 
that the effect of addition of NaCl is more than that of KCl in 
case of the hydro I.) sis of the harik .flour by 0.5 per cent. diastase 
at pH 4.8. In case of the harik .flour the beneficial effects of 
KCI ~re there to the extent of 0 05 M. and 0.15 M KCI. When 
the concentrations are increased more the beneficial effects do 
not increase correspondingly however the values at these co&
centrations are more than those in the case of the hydrolysis 
without using the salt. This means that the beneficial effects 
are reduced at these concentrations but there is no harm with 
these increased c<>ncentrations. The optimum salt concentra
tions of KCl for the hydrolysis of the harik .flour by 10 e. c. of 
0.5 per cent. diastase at pH 4.8 is 0.15 M KCl. This shows that 
when a substrate is changed there is a change in the optimum 
molar concentration of the salts. 
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SECTION II 

THE EFFECT OF ADDITION OF SODIUM 
CHLORIDE AND POTASSIUM CHLORIDE 0~ 
THE HYDROLYSIS OF THE FLOURS OF RALA. 
AND HAR[K WITH PANCdEATIN AT pH 6.8 

A. Effect of addition of sodium chloride on the hydro· 
lysis of the rala flour by pancreatin at pJ-16.8. 

From the previous section it was thought interesting to 
see what effect would be observed if the hydrolysing agent is 
changed. In this case pancreatin was used as the hydrolysing 
agent and the procedure followed was similar to that in the 
previous section. 

TABLE No.5 

Percentage hydrolysis of the rala flour at pH 6.8 by 
10 c. c. of 0.5 per cent. pancreatin and with addition of salts 
of different strengths (NaCI) expressed on total hydrolys· 
able starch basis (oven dry). 

Without salt 
With 0.05 M (NaCl) 
With 0.15 M (NaCl) 
With 0.2 .M (NaCl) 
With 0,3 .M (NaCl) 

Hour 
1 

30.56% 
33.67% 
36.83% 
32.63% 
31.15% 

• (Total hydrolysable starch 66.83%). 

Hours 
2 

39.61% 
44.23% 
46.92% 
41.38% 
40.92%_ 

Hours * 
0 

47.52% 
50.73% 
51.82% 
49.22% 
49.11% 

It is noticed that the beneficial effects of NaCl are there up 
to 0.15 M NaCI. When the concentration is increased further 
there is a retardation with respect to 0,05 M and 0.15 .M NaCl. 
However there is activation with respect to the values obtain· 
ed for the hydrolysis without using t.he ~alt. Even though the 
salt concentl·ation is six times of 0.05 ):1 NaCl the beueficial 
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effects are not iucreased correspondingly, but there is retarda
tion. However these concentrations are not harmful as the 
values obtained are more than those of_ the hydrolysis without 
using the salt. The optimum salt concentration (NaCl) for the 
hydrolysis of rala dour by 0.5 per cent. pancreatin at pH 6.8 is 
0.15 }[ NaCl. If the effect of sodium ehloride on hydrolysis 
of rala donr by diastase and pancreatin is compared it is 
nearly the same. However the optimum molar salt coJ)centta:. 
tions are different which might be due to the change of 
hydrolysing agent. 

B. Effect of addition of potassium chloride on the 
hydrolysis of Rala flour by Pancreatin at pH 6.8. -

TABLE No.6 

Percentage hydrolysis of the rala dour at pH 6.8 by 
10 c.c. of 0.5 per cent. pancreatin and with addition of salt 
concentrations (KCl) of different strengths expressed on t~tal 
hydrolysable starch-basis (oven dry). 

Without Salt 
With 0.05 M KCI 
With 0.15 M KCl 
With 0.2 M KCl 
With 0.3 M KCl 

Hour 
1 

30.56/:: 
33.78/:: 
34.62/:: 
31.87% 
31.17/:: 

Hours 
2 

39.61% 
43.17/:: 
45.93/:: 
42.27% 
40.27% 

• (Total hydrolysable starch 66.83%) 

Hours • 
3 

47.52% 
49.81/:: 
51.43% 
50.12/:: 
48.0 1:: 

The beneficial effects of adding KCl are there up to the 
extent of 0.15 M KCJ. When the concentration is increased 
further even up to six: times of 0.05 M KCl, there is retardation. 
These higher concentrations are not harmful even though the 
beneficial effects are reduced as the values at these concentra
tiou are more than those for the hydrolysis without using 
the salt. If we compare the effect of addition of potassium 
chloride on the hydroly-sis of the> ralo dour:.,.by diastase. !lnd 
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-pancreatin the efrect is comparatively more during the 
hydrolysis by diastase. This effect might be due to change of 
hydrolysing agent. - The optimum salt concentration ( KOl) 
for maximnm hydrolysis of the rala fionr by 0.5 per cent. 
pancreatin at pH 6.8, is 0.15 M KCI. 

C. Effect of addition ~of sodiu111 chloride on the 
hydrolysis of the Harik flour by Pancreatin at pH 6.8. 

TABLE No.7 

: Percentage hydrolysis of the harik flour at pH 6.8 by 
10 c.c. of 0.5 per cent. pancreatin and with salt (NaO) of 
different concentrations expressed on total hydrolysable 
starch basis (oven dry) 

Hour Hours Honrs. .. 
1 2 3 

Without salt 2;!.86% 30.24% 33.12% 

With 0.05 M KaCI 27.43% 35.12% 38.23% 

With 0.1 MNaCI 30.13% 35.31% 38.43% 

With 0.2 MXaCI 26.97% 33.52% 35.43% 

With 0.3 MNaCI 25.23% 31.52% 33.19% 

• (Total hydrolysable starch ... 70.52%). 

From the above resnlta it is observed that the beneficial 
effects of NaCI are there up to the extent of 0.1 M XaCl. On 
increasing the salt concentration to 0.3 M NaCl i.e. six times 
that of 0.05 M NaGI the effects are not increased correspon
dingly, but they are reduced. The values of percentage 
hydrolysis at these higher concentrations are more than those 
obtained for the hydrolysis without using the salt. This shows 
that the beneficial effect of addition of sodium chloride are 
-reduced at these concentrations yet these concentrations are 
not quite harmful. The optimum salt concentration (XaCl) for 
the hydrolysis of the harik flour by 10 c.e. of 0.5{. pancreatin 
.at pH 6.~ is O.l.M !\aCI. 
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D. Effect of addition of potassium chloride on the 
hydrolysis of the harik flour by pancreatin at pH 6.8. 

TABLE No.8 
, -

Percentage hydrolysis of the harik flour at -,H 6.8 b,. 
10 c.c. of O.S per cent. pancreatin and with different salt 
c:onc:entrationa (K.Cl) expressed_ on total bydrolysable 
starch basis (oven drJ) . 

Without salt 
With 0.05 M KCl 
With 0.1 M KCl 
With 0.2 M KCl 
With 0.3 :M KCl 

Hour 
1 

24.86% 
26.21% 
28.82% 
25.93% 

25.14% 

Hours 
2 

30.24% 
33.12% 
33.87% 
a2.1a% 

30.98% 

• (Total hydrolysable starch 70.52%). 

Hours. • 
3 

33.12/o 
34.4~%-
36.23% 
35.31% 

33.91% 

It is observed. that the beneficial effects of addition of 
potassium· chloride are there up to the extent of 0.1 M KCl. 

However if the concentrations are increased more, the beneficial 
effects do not increase correspondingly. These salt concentra· 
tions are not harmful as the values of percentage hydrolysis at 
these concentrations are more than those of the hyd~olysis 
without using the salt. The optimum salt concentration (KCI) 
for the hydrolysis of the harik flour at pH 6.8 by pancreatin is 
0.1 :M KCI. 

CONCLUSIONS AND SUMMARY. 

1. Thtt addition of sodium chloride and potassium ehlo· 
ride shows considerable effect on the hydrolysis of the doors 
by diastase and pancreatin. · 

2. In the case of the hydrolysis of the dours by diastase 
at pH 4.8, the optimum salt concentrations change from dour 
to dour. 0.1 M KCI and 0.1 M ~aCl are optimum salt eon· 
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centrations for the maximum hydrolysis or the -iala fld'nr 
whereas for the maximum hydrolysis of the harik: flonr the 
optimum salt concentrations are 0.15 M XaCI and 0.15 M: KCJ. 

3. It seems that change of hydrolysing agent brings 
about a change in the optimum salt concentration. In ease of 
the hydrolysis of the flours by pancreatin at pH 6.8 the 
optimum salt concentrations for the maximum hydrolysis of 
the rala flour are 0.15 :M NaCl and 0.15 :M KCl, whereas for 
the harik: :flour they are 0.1 M K(;l. ana 0.1 :M NaCI. 

4. It is observed that at optimum salt concentration the 
time of reaction is different for maximum activation. 

-

5. During the hydrolysis of the rala :flour by diastase 
at pH 4.8 the activ-ation effect at optimum sodium chloride 
concentration is l10ss than that at optimum potassium chloride 
concentration. In the ease of the hydrolysis of the harik 
:flour by diastase at pH 4.8 the actintion at optimum sodium 
chloride concentration is more than that at optimum potassium 
chloride concentration. 

6. Dur4:lg the hydrolysis of toe rala :flonr by pancreatin 
at pH 6.8, the optimum sodium chloride concentration. is more 
tluin that at optimum potassium chloride concentration. In 
case of the hydrolysis of the harik :flonr by pancreatin at 
pH 6.8 the actintion at potassium chloride concentration is 
less than that 3t optimum sodium chloride concentration. 

7. Even though the salt concentrations are increased 
twice or thnce of the optimum salt concentration the beneficial 
effects are comparatively reduced, but there is no harm due to 
this increased concentration. 

8. The addition of the salts of different molar concentra
tions helps the hydrolysis of the :flours and the effects are 
beneficial at the optimum salt concentration which varies from 
fionr to :flour and also from enzyme to enzyme. 
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PAPER VIII 

A STUDY OF COMPARATIVE DISIN'lEGRATION 
OF PROTEINS OF THE DRY FRUITS 

BY 
DR. R. s. KALE, Ph. D. 

-
( With the kind permission of the authorities of the Bombay 

University) 

Introduction : -

In the present section we intend to study the comparative 
disintegration of the proteins from the dry fruits with different 
enzymes mainly occurring in the animal intestinal canal. 

The nutritional value of' any protein depends upon the 
following facts:- ( i) its disintegration into amino acids 
which will determine the proportion which will be absorbed 
in the blood ( ii) its assimilability i.e, the extent to which 
it is able to produce -for growth and repair -this factor, 
known as the biological value of protein-will depend upon 
the nature of its amino acid contents. The pl'Ocedure that has 
been followed is similar with some alterations-to that used by 
Waterman and John (l. c.). The disintegration of the proteins 
is expressed as milligrams of amino-nitrogen by Van Slyke's 
method for 100 grams of the sample u.:ed. 

SECTIO~ I 

Disintegration of proteins of dry fruits with pepsin. 

Ezperimental :-2 grams of each sample were suspended 
in 25 c.cs. of 0.1 N HCl and 25 c.cs. of 0.5 io pepsin prepared 
in 0.1 N HCI were added to the suspension. It was then 
incubated at 37°0 for the required period i.e. 1, 2, 3 hours. 
After the incubation for fixed periods 5 e.es. of 1 N NaOH were 
added to neutralise acid and 5 c.cs. of the colloidal iron were 
added to coagulate the proteins. 

1 e.c. of magnesiun sulphate solution (5%) was added when 
complete coagulation took place. Clarification was hastened 
by adding few drops of basic lead acetate solution. The 
volume was made to 100 e. cs. and filtered. 5 e. es. of the 
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filtrate were used for the estimation of amino nitrogen by Van 
Slyke method (1912, J. Bioi. Chern. 12, 399). The disintegra
tion was expressed as milligrams of nitrogen for 100 grams of 
the sample. A blank -experiment was run side by side for 
every period and for every strength of the pepsin used and the 
results of the blank experiment together with error for the 
apparatus were subtracted from the value obtained. 

Hydrolysis of the proteins from the dry fruits with 0.5% 
pepsin expressed as mgms. of nitrogen per 100 gms. of 
the flour. 

TABLE No.1 

Name of the sample 1 \OUr 2 hours 3 hours. 
Cashew nut 112.2 157.08 224.4 

Almond 145.86 213.18 269.28 

Pistachio nut 168.30 266.~8 334.20 

Hydrolysis of the proteins from the dry fruits with 1% 
pepsin expresed. as mgms. of nitrogen per 100 grams of 
the flour. 

TABLE No. 2 

Name of the sample ... 1 hour 2 hours 3 hours. 
Cashew nut ... 190.74 246.84 314.16 

Almond 258.06 347.82 426.36 

Pistachio nut 336.6 493.68 583.44 

Hydrolysis of proteins from the dry fruits with 1.5% 
pepsin expressed as mgms. of nitrogen per 100 grams or 
the flour. 

Name of the sample 
Cashew nut 
Almond. 
Pistachio nut 

TABLE No.3 

1 hour 
1159.0! 
504.90 

••• 729.3 

2 hours 
561.0 
661.98 
841.5 

3 hours. 
684.42 
807.84 
908.82 
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H.ere in this case we find that (i) the descending order of 
susceptibility is pistachio nnt, almond, and cashew nut {ii) the 
velocity of reaction in all the cases falls gradually as the 
hydrolysis proceeds. (iii) major portion of the hydrolysis takes 
place in the 1st interval (iv) with the increase in the strength 
of the hydrolysing agent and the time' of reaction there is also 
an increase in the total amounts of proteins split np. (v) 
The sudden drop in the rates of hydrolysis may be due to the 
fact that the hydrolysis takes place in two stages; during the 
first there is a rapid hydrolysis of the proteins to proteases and 

'peptones while during the second stage the primary degrada· 
tion products undergo a slow hydrolysis to similar products. 
An observation of this type has been made by McFartare 
(1927, J. Gen. Physio. 10, 437) Similarly Miller and Calvery (J. 
Biol. Chem. 1936, 116, 393) have shown that the hydrolysis of 
lactalbumin by pepsin proceeds rapidly for first few hours. 

'SECTION II 

The Effec:t of superimposed trypsin:' 

The end prod octo of the pepteio digestion of the proteins 
are mainly peptides of varying degrees of oomplexity (Calcery 
and Schock 1936, J. Biol. Chem. 113, 5) although free amino 
acids may be liberated. Complete digestion of the proteins 
does not take place in one stage but in a series. The end pro· 
dnots' of the pepteic digestion mainly occurring in the start
are further carried out into simpler units by the enzymes of 
the alimentary canal which are secreted by the pancreas and 
the intestines. 

Trypsin is able to effect hydrolysis of high molecular 
weight protamines. Calvery (1933, J. Biol. Chem. 102,73) 
has found that the enzyme is unable to bring about hydrolysis 
in Klbnmin solutions in which pepsin digestion bas been pre· 
vionsly allowed to proceed to its maximum. Miller and Calvery 
(1936, J. Bioi. Chem. 116, 393) have found that trypsin is able 
to effect a slight fn1-ther bydralysis although the final degree 
pf hrdrolysis was approximately the same as when pepsin was 
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allowed to react to its limit. So the pure pancreatic proteinase 
brings about the same amount of hydrolysis as pepsin in some 
cases. 

In the light of the observations made by various workers 
it was thought interesting to see this. 

Name of the sample. 
Cashew nut 

Almond 

Pistachio nut 

TABLE No.4 

Pepsin. 
112.2 

145.86 

168.30 

Superimposed- Trypsin. 
572.22 

695.64-

785.40 

Comparing the figures in the ai?ove table we find that the 
pistachio nut sample is most easily attacked by superimposed 
trypsin, while cashew _nut is the least attacked of all the three. 
Differenc~ in the case of pistachio nut is 617.10, in the case of 
almond 549.78 and in the case of cashew nut it is 460.02. 
Comparing the figures of the pepteic digestion and tho10e of 
superimposed trypsin-we see that in all the cases-trypteic 
digestion is qnick and predominant. 

SECTION III 

Effect of removing fats on the hydrolysis of proteins 
of the dry fruits. 

We have studied the effect of removing fat from the 
dry fruits on the hydrolysis of carbohydrates with different 
amylolytic enzymes. In the present section we intend to 
study similarly the effect of removing fat on the disintegration 
of proteins by the enzymes. 

The fat-free sample (as pl"epared before) was similarly 
subjected to the a~tion of pepsin and p~psin superimposed by 
trypsin. The results are as given below in table No. 5. · 
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Hydrolysis of the proteins from the fat-free material 
of the dry fruits with 0.5% pepsin expressed as mgms. of 
uitrogen per 100 gma -of the flour .. 

TABLE No. 5 

Name of the sample. 1 hour. 2 hours. 3 hours. 
Cashew nut 78.54 134.64 179.52 
Almond '123.42 168.30 224:.4 
Pistachio nut 134.64 201.96 • '246.84 ·-

.Effect of superimposed Trypsin on the disi.;-tegration 
of the proteins from the fat-free material :-

Name of the sample. 
Cashew nut 
Almond 
Pistachio nut 

TABLE No.6 

Pepsin. 
78.54 

123.42 
13-1.64 

Snperimposed Trypsin 
516.12 
639.54 
729.3 

3 :: 1.5 :: 1. The ratio of the total proteins split up from 
time to time is 1 :: 1.5 :: 1.8. • 

Comparing the figures with the corresponding figures in 
the table-where the whole 'fat containing' material-was 
disintegrated by 0.5 % pepsin we see that-

The total amount of }lroteins split up from time to time 
are much less in the case of • fat-free material ' than in the 
ease of 'fat containing' sample- showing thereby that the 
fats in the dry fruits have definitely an accelerating effect on 
the disintegration of the proteins. Table No. 6 shows the 
hydrolysis of the proteins from the fat-free material of the 
dry fruits with 0.5i., pepsin ·ror one bo'l.r and then with super· 
imposed trypsin 67. for one hour-eipressed as mgms of 
nitrogen per 100 grams of the flour. 

The total amount of proteins split up in fat-free material 
is much less than that in th~ whole fat containing material. 
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PAPER IX 

INFLUENCE OF COMMON SALT {SODIUM CHLO.. 
RIDE AND VITAMI~S ON THE ENZYMIC 

HYDROLYSIS OF FATS ~ND PROTEINS) 

BY 

DR. R. s. KALE, Ph. :& • . 
(lVith the kind permission of the authorities of the Bombay 

University) 

SECTION 1 

Common salt is one of the most essential requirements of 
living tissues. It is mostly ingested with every kind of food
stnff to which it is added as an adjuvant in order to make the 
stuff tasty and palatable. Dry fruits are often roasted and 
salted before use. Common salt as we know, causes an 
increased secretion of saliva and gastric juice thereby bring
itl.g' into action an additional quantity of enzyme to react with 
the food-stuffs. Naturally there is bound -to be an increased 
hydrolysis of the food constituents. Leaving aside this pro· 
perty, it is intended to study in this section, whether the addi
tion of salt itself, has any influence on the digestibility of the 
dry fruits. 

Procedure:· 

2 c.cs. of olive oil were taken in a conical flask and to it 
were added- 5 c.cs. of phosphate buffer solutions of pH 3 i.e. 
acidic side of optimum pH-, 4.8 - i.e. the optimum pH of 
castor bean lipase and 6- i.e. alkaline side of optimum pH. 
0.5. gram of the castor bean lipase was then put in each reac· 
Uon mixture. , Lastly 5 c.cs. of sodium chloride stock solutions 
of strengths 0.1 M and 0.5 M were added. The reaction was 
allowed to proceed for 24 hours. A blank experiment was run 
side by side in each case. The extent of hydrolysis -was then 
determined at the end of reaction period by adding neutral 
alcohol and titrating against 0.1 N N~OH. The extent of 
hydrolysis is expressed in terms of c.c$. of 0.1 N NaOH, 
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ReactioQ Mixture :· 

2 e.cs. of olive -oil and .0.~ gram .lipase powder with 5 c.es, . 
buffer solution and 6 e.c11. ~alt solntwn. 

. pH. 
Without salt 
With 0.1 M salt 
W~th 0.5 M salt 

TABLE No.1. . ' ' 

3 
3.5 
4.2 
3.8 

From the above table we find that:• 

4.8 
4.9 
4.9 
4.8 

6 
4.4 
4.4 
4.1 

.• -
1. At the optimum pH, the salt has practically _no effect 

. on the hydrolysis of the oil. 

2. . On the a~idic side of ~he optimu~ pH, the addition of 
salt causes incl'eased hydrolysis of the oil ... An 
increase with concentration -of the salt, however, 
causes a diminution,in the accelerating effect of the 
salt. 

3. On the alkaline .sided the optimum pH. addition Of 
.salt solution of 0.1 M streJJgtb h1111 .PO elfect but a more 
concentrated solution of 0.5 M strength in:W.bits the 
enzyme action. 

SEOTIONII. 

Influence of· common salt (sodium chloride) on the 
enzyme hydrolysis of the proteins. 

In the last section, the indl'lence.of adding common salt on 
tbe enzym~ h..vdrolysis of fats was studied .. In the present 
section lt is intended to study the effect of addin~ common 
salt on the hydrolysis of proteins. 

Procedure. 

20 e.cs. of o% solution of peptone were taken in a conical 
ft.ask. :ro it were fldded 10 e.es. of acetate buffer of pH 1.2, 
1.8, & ,,7 together witb 0.6 grami of pepsin. Lastly 10 e.es. 
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of NaCl stock solution of strength 0.1 M and 0.5 M were added. 
The reaction mixture_ was kept in an inf!nbator at 37°0 and the 
reaction was allowed to proceed for 24 hours. The extent of 
hydrolysis was finally determined with the Sorensen's 
formaldehyde titration method and the results are expressed 
in terms of N/10 NaOH. 'A blank experiment was rnn side by 
side in each case. ' 

TABLE No.2 

pH. 1.2 1.8 4.7 

Without salt 5.3 6.5 4.9 

With 0.1 M salt 5.9 6.5 4.9 
With 0.5 M salt 5.5 64 4.7 

Here again we fini that:-

1. At the optimum pH (1.8), the salt has practically no 
effect on the hydrolysis of the proteins by pepsin. 

2. On the acidic si~e of the optimnm.PH, the addition of 
salt causes increased hydrolysis of the proteins; how
ever an increase in the concentration of the salt 
causes a diminution in the accelerating effect of the 
salt. 

3. On the alkaline side of the optimum pH,, addition of 
salt solution of strength 0.1 M bas no effect, but a more 
concentrated solution of 0.5 M strength inhibits the 
enzyme action. 

SECTION Ill 

Influence of Vitamins on the Enzymic Hydrolysis of 
Fats and Proteins. 

Until the t-arly years of the twentieth century it was 
customary to consider a perfect diet as made up of a mixture, in 
tairly definite proportions, of proteins, fats, carbohydrates and 
W!lter. Although it was realised that sodium chloride appeared 
to be absoln.tely necessary it could be included under none of 
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these groups. Experiments to maintain normal life on a such a 
mixture, however, utterly failed. It was, therefore, concluded . ' that there must be stlll au unknown substance or substances of 
vital importance to normal life. Several groups of investi4 
gators tried to make advances towards a complete and definite 
knowledge of these food factors called 'Vitamins.' 

. The vitamins can be broadly separated into two groups· 
one of which is soluble in water ~and the other is soluble in 
fats and fat-solvents. 

Fat soluble 

Water soluble 

Vitamin A, D, E, K. 

Vitamins B (complex), C. 

None of these vitamins is affected by digestion. They are 
absocl>ed as such from the intestinal canal and utilised in the 
systems for growth and repair of t)le tissues. However, their 
presence affects the digestibility of the other food constituents. 

Thus the effect of the following Vitamins on the enzymic 
hydrolysis of proteins and fats is studied. 

1. ThJ.amin chloride 

2. Nicotinic acid 

3. ·Ascorbic acid 

4. Vitamin D. 

5. Vitamin E. 

6. Vitamin K 

Vitamin B, Antineuritic or 
Antiberi • beri Vitamin. , 

Vitamin B, (complex, P. P. 
factor), Antipellagra vitamin 
factor. ' 

Vitamin 0, Antiscorbutic 
Vitamin. 

Antirachitic vitamin. 

••• Antisterility or Fertility 
Vitamin., 

••• Antihemorrhagic or Coagula• 
tion Vitamin. 

A. Effect of Vitamins on the hydrolysis of fals :-

Procedure : -TJle procedure adopted was the same as in 
the case of "Common salt" (vide last chapter)-except that 
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' instead .of common salt the necessary amount of Vitamin was 

~dded. Initial acidity of the vitamin products was determined 
by dissolving them either in water or neutral alcohol. Strengt.lls 
of vitamins used were 20 mgms and 50 mgms. 

Reaction Mixture :-

, 2 c.cs. of olive oil, 0.5 g1·ams lipase, powder, 5 c.cs. 
pb.osphate buffer of pH 4.8 and 20 mgms or 50 mgms of vitamin 
kept in an incubator at 37°0 for 24 hours. The extent of 
hydrolysis is expressed in terms of c.cs.,of N/10 NaOH. 

TABLE No.8 

Blank expt. (without vitamin) ...... 4.9 c.cs. N/10 NaOH. 

With Vitamins 
(after deducting the 
initial acidity), 

1. Thiamin chloride 

2.. .Nic9tinie aeid 

3. Ascorbic acid 
4. Vitami1,1 D. 

, 5. Vitamin E. 
6. Vitamin K. 

20 mgtns. 

5.3 
!)?4 

... ~.-6 

5.1 
4.9 
4.9 

From the above .table -we find that :-

50 mgms 

5.5 
5.7 
5.8 

"·2 
4.9 
4.9 

Thiamin chloride, Nicotinic acid, Ascorbic acid and 
Vitamin D have an accelerating effect on the hydrolysis of the 
oil by castor bean lipase and that Vitamin D, thiamin chloride, 
Nicotinic acid and Ascorbic acid stand in the ascendipg se.rial 
order as far as the accelerating effect is concerned. 

Vitamin E and K have n-o effect on the hydrolysis. 

B. Effect of Vita111ins on the enzymic Hydrolysis of 
Proteins. 

Procedute :-

The procedure .adopted was the same as tJ:tat in the case o £ 
commo:Q. ealt. 
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Reaction Mizture :-
... I -• 

20 c.cs. of 5% peptone solution a&ullO e..ea. of acetate buffer 
of pH 1.8, 0.5 gratn of pepein, 2cr mgms. or 50; mgms. of 
vitamin product, - 1 

The reaction mixtllre wu kept in ·an incubator at 37°0 for 
24 honrs.~ Extent of hydrolysis is expressed in terms of c.cs. 
of N/10 NaOll as determined by Sore·uen formaldehyde 
titration method. -

I 

i'ABLENo.4 

Blank Expt (witbont Vitamin) .... -6.5 N/10 NpOIL 

With Vitamins 
(after deductinl( the 
i.nftial acidity) 

t. Thiamin chloride 

2. Nicotinic acid 

8. Ascorbie acid 

4. Vitamin D. 

5. Vitamin E .. 

G. Vitamiu. K. 

20 mgms. 

1.0 

7.1 

.... 7.3 

6.5 

• •• 6.5 

... 6.5 

From the above table we find that-

50mgms. 

7.3 

7.4 

7.5. 

6.5 

6.5 

6.6 

1. Thiamin chloride, nicotinic acid and ascorbic acid 
have an accelerating effect on the hydrolysis of peptone by 
pepsin and stand in the ascending 'serial order as far as the 
accelerating effect is concerned. 

2. Vitamins D, E and K baTe no effeot on the hydrolysis. 

--· 
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PAPER X 

':A STUDY OF GOAT-MILK" 

BY 

M. M. THATTE, M. Sc. 

_ (ll ith the kind permission-of the authorities of the Bo-mbay 
University) 

SECTIO~ I 

A study of a few samples of milk · from goats al 
random. 

In every civilized country of the --world an adequate 
national food policy presupposes an abundant snpply of milk 
to foster the healthy growth of every individual in the nation. 
Taking into consideration this importance of milk as a neces
sary factor of food material, much of the !!cientific study on 
milk has been done from the physiological and biological 
points of view. The importance of milk is, moreover, due to 
the easily assimilable fat-contents in it. 

Milk is naturally intended for the nourishment of newly
hom animals. [f milk is to Ferre exclusively for nourishing 
the young, it mmt, of conrse, contain all the nutrients required 
by the I!Dimal organism for its mainttnance and growth 
and these are proteins. fats,_ carbohydrates and inorganic 
salts. In addition to these, milk also contains small quantities 
of varions substances which, although they possess no direct 
feeding-value have nevertheless an important physiological 
effect. Milk of all species of animals contains the whole of 
the constituents mentioned abo¥e, but the quantities in which 
they are present vary in different cases. 

As cows and _bnffaloes are the common milking animals 
importance is given to the analytical stndy of milk and its 
products obtained from these two species, and consequently 
that branch is developed in details. 
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/ The composition of milk secreted by an animal does not 
remain constant ovtlr the whole lactation period. .Moreover 
there are many factors which affect the amount and the 
composition of milk secreted by an animaL The three factors 
namely the feeding stuff, the seasonal change and the stage of 
the lactation period are comparatively important. The feed
ing- stuff and the seasonal change-have an important bearing 
on the yield of milk_. The stage of lactation period is the most 
important factor affecting the composition of milk. The 
percentage of fat and the percentage of nitrogenous compounds 
s~ch as casein, albumin etc., are very high in the milk samples 
during the first few days of lactation period as these compon 
ents are essP.ntial for the growth of newly • born young ones. 
As the stage of lactation period advances, the proportion of 
carbohydrates increases while fat and nitrogen compounds 
lower down and these then become almost constant. These 
changes in the components of milk during the lactation period 
of an animal are very interesting to study. In the case of cow 
and buffalo the study has been very much adv~nced, bot a few 
people had done wotk on goat- milk and it is for this purpose 
goat - milk was taken for study. 

Goat- milk is used for human consumption through both
choice and neceesity in many parts of the world. It is used 
either without consideration of any special ..,characteristic it 
may possess or because of its specific properties. Some per
sons who manifest allergic reactions to the ingestion of cow 
milk have no such difficulty with goat· milk. There is a 
prevailing opinion that goat- milk is more easily digested than 
milk of some other species, particularly cow· milk. The 
foreign literature contains clinical evidence to support this 
opinion. Its value is high in the treatment of intestinal 
troubles because of its ease of digestion. The use of it is made 
by a sanatorium in the treatment of digestive troubles. It is 
reported that curds formed in the stomachs of infants ted on 
goat-milk are smaller and more flocculent than in those fed 
on cow-milk. The curd of goat-milk differs from that of cow· 
milk in that it is granular rather than a robbery type and 
undoubtedly forms sm•ller particles in the infant's stomach, · 
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It is for this reason considered that goat • milk is desirable for 
infant feeding. ' 

General analysis of a few samples of goat-milk was carried 
out with a view to find out the proportion of differt-nt constitu· 
ents and the possibility of any simple relationship _between 
the different substances that are commonly present in goat· 
milk. Every possible care was taken to get a ·sample of 
genuine goat-milk. The analysis of the samples was carried 
out by the methods mostly f';lken from "The -association of 
official agricultural chemists" and "The methods used in the 
examination of milk and dairy products" ~Y C. Barthel. 

In taking a sample of milk for the purpose of analysis 
certain precautions must be observed owing to the fact that 
the larger fat globules immediately begin to rise to the surface 
even when the milk has stood only for a short time. 

Preparation of sample :-

The animal is completely milked and from the total 
amount of milk, 100-110 c.c. are withdrawn after pouring the 
whole amount of milk from one clean dry vessel into another 
clean dry vessel 4 or 5 times. Before the time of actual 
experiment the sample is again well mixed by pouring from 
one clean dry bottle into another clean dry bottle 4 or 5 times. 
If cream is formed on the milk, mixing should be continued 
until all cream is detached from the sides of the vessel and 
evenly emulsified throughout the liquid. The necessary 
amount of milk is pipetted for analysis. If the same ~ample 
is to be kept for analysis for next day a suitable preservative 
is to be added. Potassium dichromate is used for the preser
vation of milk samples. About 0.5 gm. to one litre of milk is 
sufficient to preserve the sample. · 

For general analysis of goat-milk samples, nine goats 
were selected locally at random. None of the~e goats was 
specially fed and all of them used to be out for the whole day. 
Samples of milk were collected when every goat had come to 
the normal lactation stage. These samples were collected trotQ 
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morning milk dnring the same season. Table No.1 gives the 
analytical results of-ditf,erent samples of goat-milk. 

The above samples are .arranged according to the ascend
ing -order of their fat content.- Among 'the samples studi~d 
the percentage of fat as low as 2.5 and as high as 8.15 was 
found out. But the figure-total solids-not fat-is practically 
the same. It does not depend upon the percentage of fat in 
normal milk. The average value- of total solids-not fat
seems to be about 9.93. Tocher ("variations in the composi• 
tion of milk". p.p . .58) states that average values of percentage 
of .. total solids-not fat in cow-milk associated with the 

- particular values of percentage of butter fat are linear in 
· -character. There is a positive correlation between butter fat 

and solids-not fat; In our present work no such relationship 
. was found out in goat-milk. _ 

The greater the percentage of butter fat the greater the 
percentage of total nitrogen. This, conclusion is borne 
out by a few samples. In some cases it is seen that if 
the percentage of laeto~e is higher then the percentage 
of total nitrogen is lower. There is p'ractically no relation· 
ship between the percentage of casein and the pereentage 
of lactose. The above conclusions are ratJJer rough and 
qualitative. , The definite relationship without any varia· 
tion is not found ont. 

E. B. Bailey found. lactose content from 35 samples of 
milk. It ranged from 2. 74 to 4.46 (chemical abstract. 32; 
p.p. 7147; 1938). In our experiments lactose eontent was 
fonnd ranging from 8.31 to 4.60. The ratio of casein to 
albumin, as shown by Table No.3, is. not constant. The 
minimum and maximum ratios are 2.84 : 1 and 4:.40 : 1 and 
the average ratio is 8.50 : 1. 



ilample I 
No. 

1 . 

2 

s 
4 

6 

6 

7 

8 

9 

Average 

Fat 

Ia 

2.95 

8 2:> 

4.2 

5.0 

IUa 

6.6 

5.9 

7.5 

8.11S 

IS.f9 

TABLE No.1 

Analysis of a few samples of goat·milk. 

I Iota~1nsolidsl Watez·1 Total solids~ 
In /o Dot-fat in 

Lactose 

in I 
Total- I 

Proteids 1o 
Casein 

% 

18.12 86.88 10.17 4.606 8.819 2.958 

18.68 86.42 10.8 8.729 4.249 8.207 

12.94 87.06 8.74 8 9G7 8.884 2.564 
~ 

15.12 84.88 10.12 4.458 t.941 8.214 
' 

15.12 8i 88 9.97 8.685 4.278 8.811 

16.81 84.19 10.21 8.938 4.608 8.407 

16.19 88.81 10.29 8.818 IS.UO 4.088 

16.78 88 22 9.28 8.789 8.8Ui 8.107 

18.28 81.72 10.18 8.567 4.882 1 8,664 

liS.U 84.78 9.98 8.882 4.282 8.276 
\ 

1 

I 

Albumin 
o/o 

0.861 

1042 

0.820 

0.727 

0.967 

1.201 

1.072 

0 708 

1.218 

0.957 

' 

• 

Casein/ 
Albumin 

8.44 1 

3.08 1 

S.IS 1 

4.40 1 

8.48 1 

2.8!1 1 

8.77 1 

4.89 1 

8.00 1 

S.ISO 1 
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SECTION II 

A study of milk of two goats during the lactation 
period. 

The composition of milk secreted by- an animal does not 
remain constant over the whole lactation period. Moreover 
there are many factors which affect the amount and the 
composition of milk secreted b_y an an~mal. Dwight Espe 
("Secretion of Milk") states the following important faetora 
affe:!ting the amonnt.and the composition of milk. 

. - {I) Intra and interbreed difference • 
(2) Change in food-stuff. 
(3) Condition and dry period. 
(4) The stage of lactation. 
(5). Effect of pregnancy. 
{6) Season of the year. -
(7) Estrus. 

18) Interval between milking. 

(9J .Age, size and exercise. 
(10) Diseases etc. 

Even within the same individual considerable variation 
may occnr in the production of milk from season to season as 
well as in the percentage of fat; from _milking to milking and 
even between quarters or halves -of the same ndder. These 
variations occnr in spite of every effort to keep physiological 
and environmental factors constant. 

Following parturition the daily production of milk tends 
to increase to become maximum. The time required to reach 
ma:rimum production with high producing animals is usually 
longer than that required for low producing animals. Toward; 
the end of the lactation period the pro1lnction of milk begins 
to decline gradually. Factors besides individuality and breed 
which affect the decline in milk production are frequency of 
milking, age, seasonal changes, state of nutrition, pregnancy, 
general management, etc. 
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fhe three factors, namely the feeding stuff, the seasonal 
change and the stage of lactation are comparatively more impor· 
tant than the rest. The feeding stnff and the seasonal change 
affect the yield of milk rather than its composition. The per
centage of fat in milk is dne to inhented characteristics, which 
cannot be greatly changed by any method of feeding. The 
stage of lactation is the most important factor affecting the 
composition of milk. 

A study of the lactation period of bnfl'aloes and cows has 
been done by a number of chemists. This branch has developed 
in details in India and outside. ComJ)aratively a little work 
has been done on the complete lactation period of goats. In 
our work the study of lactation period of two goats was carried 
out. An attempt was made to secure goats from the Government 
Live-stock Department, Poona. It was found that the farm 
does not maintain goats. Hence only two goats were selected 
from local men. -It became a troubleSQme job to eonvince 
these men to give the first milk for analysis. Two or three 
goats which were selected for this work had been given np as 
no first milk was obtained. Finally a successful attempt was 
made in securing the first milk in one case and that_ goat was 
selected for the study of lactation period. In another ease the 
study was started from ninth day after the delivery of the 
kids. 

The two goats selected were named as 'A' and 'B' goat. 
Both of them were from the breed generally found on Deccan 
land. The lactation period' was studied dUI"ing the fourth 
lactation of 'A' goat and during the third lactation of 'B' goat. 
These goats used to be oat for grazing for the whole day 
and they were fed on a daily ration of half a ponnd mixture of 
Jawar and Bajri. 

As the changes iu the composition of milk during the early 
days of lactation period, particularly in the first week, are very 
rapid, the milk samples of 'A' goat were analysed every day. 
The first milk, colostrum, and the morning milk in the next four 
days were analysed. After that the milk sample was analysed 
at intervals of about 15 days during the normal period of 
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lactation. In the case of 'B' goat the analysis of milk samples 
was started after a week from the delivery of kids. 

The first milk after kidding, known as colostrum, was very 
di1ferent from normal milk. Its eolour was yellowish, the con
sistency was sticky and the taste was saltish. Table No. 2 
gives the composition of the first few milk-samples from •A' 
goat. 

TABLE No.2 

Compositiou of the first ~ew milk samples. 

Percentage First Second Third Fourth Fifth 
day day day day day 

Fat 7.3 5.7 5.3 ~ 5.1 5.9 
Water 72.30 8L75 81.10 82.48 81.63 
Total solids 27.70 18.25 18.90 17.52 18.37 
Total solids 

not-fat 20.40 12.55 13.60 12.42 12.47 

Ash 0.9088. 0-904 0.9122 0.7627 0.7244 
Lactose 2.84:6 3.578 3. •. 'l19 4.064 3.904: 
Proteids 14.65 7.12 6.819 5.94:6 6.401 

Table No.2 shows that:-

Ft~C:- The fat pereentage is very high i.e. 7.3 in the first 
milk. It then rapidly falls to 5. 7 on the next day and in the 
next two days it slowly oomes down after which there is a 
slight rise. · 

Total •olid1-aot fat:- In the first milk it is abnormal i.e. 
20.40% and on the next day there is a rapid fall to 12.55%. 
Then in the next three days there is little nriation. 

Proteids:- The total proteids contents in the first milk are 
found to be U.65%. On the ned day there is a rapid fall to 
7.12% i.e. in the first milk the proteid eon tents are more than 
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twice that present in the next day's sample. In the next two 
days they slowly fall down after which there is a little rise. 

Lactose:- The lactose percentage in the first milk is 
2.846. On the next day it comes to 3.578 and then there is a 
little rise in the next two samples after which it slightly falls 
down! 

From the figures we can say that colostrum or the first 
milk is abnormal in all its constituents. The second milk 
sample shows wide variations from the first milk, especially in 
the proteid contents. The second milk and the subsequent 
milk samples show little variations and the general trend of 
these samples is to become normal in all its constituents. 

Bnt on the fifth day there is a rise in fat percentage and 
proteid content and a slight fall in lactose1 

Dr. D. L. Sahasrabuddhe in his note on "Variation in the 
composition of milk of individual buffaloes" (Poona Agricul
tural College reprint No. 17) gives the results of his experi
ments on the milk of buffaloes. The figures given _by him 
show that all the constituents in the first milk are very abnormal 
when compared with normal milk; the greatest difference 
being in albumin which is ten times higher than that present 
in normal milk. 

The lactation period of 'A' goat continued for 109 days 
and that of 'B' goat for 174 days. Table No. 3 gives the com
positio:q of milk samples from 'A' goat collected at intervaJs of 
about 15 days during the normal period df lactation and the 
period towards the end of lactation. Table No. 4 gives the 
composition of !milk samples -from 'B' goat collected as in 
the case of 'N goat. 

In the first 3 or 4 days of lactation period and towards the 
end of lactation, percentage values of different constituents are 
diffe~ent from those found in milk samples in normal period. 
Unlike the first milk the final milk is not obtained at the end 
of any definite period as the animal usually does not go dry all 



TABLE No.3· 

Compoeitioa of milk·•ample• durinl the lactation period of 'A' 10at. 

-

' \ 5 I u n 82 ~~ an Ob~o DaJI 1 2 8 79 98 109 

No. ' 
- ----_..........__ ___ - _____;, 

1 F•'% 7.8 6.7 6.3 6.1 6.9 8 0 8.4 4.26 8.8 4.26 8.6 8.2 6.2 
I 

! Water% 72.80 81.76 81.10 82.84 81.68 86.99 86.26 86.60 86.86 86.70 86.80 86.83 81.76 
I 

a Total 
eotid•% 27.70 18.U 18.90 17.62 18.87 U.Ol ia.u UZ!O u.u U.80 18.20 18.80 u.u 

' Total I . 
totlda 

20.&0 112.~5 
, 

llOt 

18.80 ,12.12 
' 

6 fat% 12.47 11.01 10.85 ).0.26 10.85 10.05 9.@0 10.415 I U.04 
I . 

6 Ath% o.go8s o.904o o.9U2 0.7627 0.7244 0.7821 0.7276 0.7907 0.8141 0.6758 0.7096 ,0.7798 0.5478 

' '7 Lacto•% 2.816 8 578 8.719 4.0G4 8.90& 4,122 1',977 4:.820 4.189 4.180 8.842 8.969 2.062 
' . . I 

Proteide% 14.66 7.120 6.819 5.9&6 6.401 4.0U 8.788 S,GU 8.6l8 S.7U 8.519 4.45&' 7.658 



TABLE No.4 

Composition of milk-samples during the lactation period of 'B' goat. 

I 
167 174 9 ,28 89 68 67 I 81 

1

95 112 128 180 146 104 

-- -- -- ----- ---- -----
1 Fat% 8.4: 1.70 1.751 1.95 2.25 1.9 2.2 2.75 4 85 8 85 4,2 5,95 4.4 5.95 

' 
2 Water% 85.16 89.22 88.81 88.29 88.20 88.67 88.81 87.84 85.97 87.47 86.48 84.80 85 02 82.92 

8 Total- 14.84 10;'18 11.19 11.71 11.80 11.88 11.69 12.16 14.08 ~2.68 13.52 15.70 14.98 17.08 ""' 
~w~ ! 

4 Total ll.H 9.03 9.44 9.76 9.65 
BOhds-

not
fat% 

9.48 9.4:9 9.41 9.68 9.18 9.82 9.75 10.~8 11.18 

Aeh% 07524 0.7802 0.7950 0.881~ o.8;8o 0.8845 0.7178 0.9296 o 85610.8174 0.6980 0.6165 ••• 0.7567 
6 

Lactose% 4.14814.148 8 961 8.782 4 009 8.619 8.478 8:612 4.985 8.961 8.812 8,775 5.642 8.840 
7 

Proteide% 8 289 8.289 8.212 8.588 8.404 8.654 8.699 8.609 4.015 4.116 4.028 4.816 5.6Sa 6.469 

--~-------------~~--~--~--~~--~--~--~ ____ ._ __ _. __ ~----~--_. __ __ 
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at once. The result of the analysis of milk sampLe in the last 
week shows marked variations in the constituents of milk and 
hence the last sample of milk may show abnormal vari11tions 
in its constituents like the first·milk. 

Dr. D. L. Sahasnbuddhe in his note on "Variatiol\ in the 
composition of milk of individual buffaloes" (Poona Agricul
tural College reprint No. 17) states that fat rcgularly,-though 
slowly, increases up to the end of lactation period and the 
solids-not-fat are fairly constant. The total proteids and 
casein increase slightly with the advance of lactation period, 

·' The variations in the composition of cow·milk during the 
lactation period have been studied by differen't workers in 
foreign countries. Similar changes in the constituents of milk 
during the lactation period were obtained in the case of cows. 

The daily yield of milk from 'A' goat during the normal 
perioq of lactation was about three pounds and that from 'B' 
goat was about one and a half pounds. The yield of milk went 
on increasing during the early stages and then in second or 
third week it became nearly constant. The decrease in the 
yield of milk was gradual in the last month of lactation /period 
and in the last week the decrease in the yield of milk was con
sideraule. W. Tayler and A.D. Husband {quoted from 'varia
tions in the composition of milk' p.p. 63 Tocher) found that 
for 13 days in the beginning of the lactation period of a goat 
there was an upward trend for the percentage of lactose accom
panied by an upward trend in the daily volume of milk. They 
also found that towards the end of lactation period there was a 
distinct fall in the daily volume of milk accompanied by a 
slight fall in the percentage of lactose. In our experiments 
also the percentage of lactose increased accompanied by the 
volume of milk in the early stages of lactation period. There 
was also a slight fall in lactose along with the fall in daily 

' volume of milk towards the end of lactation period. 
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PAPER XI 

UA STUDY OF SHEEP-:MlLK" 

BY 
P. G. TULPULE, M. Sc. 

r n ith tli.t kind prrmission of the authorities of the 
Bombay University) 

Introduction 

Milk is an indispensable article of human diet and for the 
healthy growth of every individual abundant supply of milk is 
necesEary. Taking into consideration this importance of milk 
as a necessary factor o.f the food material, much of the s-eientifie 
study of milk has been done from the physiological and 
biochemical points of view. As cow and buffalo are the common 
milking animals, the analytical study of the milk and milk 
products obtained from these two species is given muck im
portance and consequently that_ branch is developed in details. 

There are milking animals, other than cows and buffaloes, 
which secrete milk from milk glands from the time of the 'Dirtk 
of the young, ones. These are -sheep, goat, mare, camel, 
elephant, human being, etc. The milk obtained from any of 
these species is made up of the same constituents snell as:-

(1) Water. 

(2) Fat. 
' 

(3) l\lilk-sugar or Lactose. 

(41 Albnminoids eonsisting of easein, laetalbnmin and 
globulin. 

(5) Salts consisting of phosphates, eitrates and chlorides 
of metals like calcium, potassium and sodium and 
traces of some other metals. 

In addition to these, there are also some enzymes, 
like oxidase and catalase, and vitamins. 
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Bnt these constituents are eontained ~ difi'erent propot•
tions in different milks. The variation in constituents depends 
upon the nature of the animal and its requirements for the 
growth of its roung ones. Again i11 the ease of the same 
animal, it has been found that the constituents vary in their 
percentage contents, according to the requi-rements of its 
ronng ones at dift'erent periods of its growth. -

The composition Gf milk secreted by an animal does net 
remain constant over the whole lactation period. Moreover 
there are number of factors which affeet the amount and- the 
~omposition of milk secreted by aa animal .. , 

These .factors are as follows_;-

(From "Secretion of Milk" by Dwight Espe) 

(1) Intra and interbreed di.ffet'eDce. 

(2) Dne to the c!Langes in the feeding stulr whieh i& 
supplied to the animal. -- . 

3) Condition and dry period .. 

(4) The stage of laetatiou. 

(5) Effect of pregnancy. 

{6) Season ot the year.-

(7) Internl between milkiftg. 

(8) Estrus. 

(9) Age, size, exercise, diEease, ~tc. 

The composition of milk of cow and buffalo has been 
studied in detail and much light is thrown on the nature of 
variation in the composition of milk dae tct the fa·etors men• 
tioned above. 

The three factor~ namely the feeding-stWf, the seasonal 
change and the stage of lactation are comparatively more 
important than the rest. The feeding·stufr and the seasonal 
change have an important bearing on the yield of milk or milk 
prodnction and therefore, these two factora affect the yield of 
the milk more than its composition. 
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The stage of lactation is the most important factor affect
ing the composition of milk. The percentages of fat and 
nitrogenous compounds, snch as casein, albumin etc., are very 
high during the earlier days of lactation as these components 
are essential for the growth of the ;pew born young ones. As 
the period of lactation advances the proportion of carbohydrate 
contents is increased while the proportion of fat and nitrogen 
compounds is lowered down and then remain almost constant 
during the normal period of lactation. These changes in _the 
components of milk, during the lactation period of an animal, 
are very interesting to study.- In the case of common milking 
animals like cows and buffaloes this stndy is much advanced, 
but very few people in India have done any work on sheep 
milk and it was for this purpose the study of Sheep-Milk was 
taken up. 

The study of sheep milk was undertaken with the follow
ing two main objects:-

The first object was to study the effect of the stage of 
lactation on the composition of sheep milk with a special 
reference to the colostrum and the milk during the first week 
of the lactation period. 

The second object was to see whether the differences in 
breed of the animal have any effect on the mode of valiation 
of different constituents of milk during the lactation period. 

With these two objects the composition of milk during the 
whole lactation periods of three sheep of different breeds was 
studied. 

In the work so far done in different countries the atten• 
tion is mainly concentrated on the yield of the milk and its 
relation to the growth of lambs. Especially the study of 
colostrum and the milk during the first few days of lactation 
period is not thoroughly done. This study is inttresting' as 
the changes in the composition of milk during this period of 
lactation are very rapid. Also it struck to our mind that we 
have contributed very little information about the study of 
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milk and milk products of Indian sheep though the sheep milk 
and sheep-ghee are consumed in some Indian villages in con· 
siderable quantities. • 

These facts will clearly indicate that the study of the com
position of milk during the _complete lactation period of sheep 
of different breeds will eontributS' a great deal to this branch. 
From this point of view three sheep of clliierent breeds grazing 
on De~can lands, were selected for milk study. During the 
etudy of the lactation period particular importance was given 
to colostrum and the milk during the first few days of lactation 
.period. · · 

The three s~eep selected for the study of milk were:

(1) Deecani Sheep 

(2) Back cross sheep 

(3) First Cross of Deceani & Merino 

SECTION I 

A Study of Six Samples of Sheep-mUk with reference to 
the ratio of Casein to Albumin &: Globulin. -

Before studying the lactation period, complete analysis of 
six samples of sheep milk was carried out with a view to 
establish some relationship between dift'er,.nt constituents. 
The milk samples were studied during the normal period of 
lactation of the animals. The six sheep were under the same 
conditions of feeding. The nitrogen of casein and total pro
teids was determined for each sample and from the results the 
percentages of casein and proteids were calculated. The per· 
centages of albumin plus globulin was derived by the method 
of difference. The analytjcal _results of the composition of 
milk samples are giveu in TaLle No. 1. The percentages of 
casein and albumin and also the ratio of east>in to albumin 
are 10entioned in Table No. 2. 
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TABLE No.1 

Composition of six milk samples obtained from 
six different sheep. 

Constituents. 
Sheep. 

1 2 3 4 5 6 

Total Solids 19.28 16.31 14.08 16.90 - 18.17 .. 15.38 

Water 80.7'2 83.69 85.92 83.10 81.83 84.62 

Fat 8.6 5.8 4.7 5.7 7.5 5.1 

Proteids 5.03 4.55 4.97 5.38 5.37 5.24 

Lactose 3.54 3.82 3.44 3.83 3.50 3.40 

Ash 0.68 0.67 0.93 0.98 1.1 . 0.99 

Solids-not-fat 9.25 9.04 9.21 10.20 9.97 9.63 

TABLE No.2 

Ratio of Casein to Albumin in Sheep·JDUk. 

Sheep Proteids 
N "'lo 0. /o 

Casein Albumin + Ratio of Casein : 
7a Globulin 7a Albumin +Glo. 

1 .5.033 3."801 1.232 a : 1 

2 4.55 3.548 1.002 3.:5 : 1 

a 4.977 3.913 1.064 3.9 : 1 

4 5.383 4.104 1.284 3.4 : 1 

5 5.370 4.032 1.338 3 : 1 

6 5.243 4.127 1.116 3.7 : 1 
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_ Among the s~mples studied the percentage of fat, as low 
as 4:.7 and as high as 8.6 was found. ·Bnt solids-not-fat were 
practically constant aud the mean of the six samples was 9.71. 
Thns the figure solids..-not-fat was independent of the fat con
tents of the milk samples. ·A .stndl' of the ash obtained by 
incinerating the solids and thns removing the organic matter 
is very interesting. The percentage of ash ia milk indicates 
the presence of the salts of metals like calcinm, magnesium, 
potassium, sodium, iron and also ehloriD.e, phosphorus and 
sulphur in combined form. The average percentage of ash- in 
sheep milk is 0.88. · · ' 

The nitt·ogen distribution in terms of casein, albumin and 
globulin was studied for the six samples of normal milk. The 
results are given in Table No. 2. The ratio of casein to albu
min pins globulin showed a slight variation from sample to 
sample.' 

The first an4 tlie fifth sheep showed the ratio as 3:1 while 
the third sheep secreted milk containing casein in higher pro
portion. The ratio of casein to albumin in that case was 3.9:1. 
The average ratio for the six samples was 3.5:1. Dr. N. N. 
Godbole and Sadgopal quoted 2.8:1 as the average ratio for 
sheep milk. 

Out of the three main constituents of milk viz. fat, pro· 
teids aud sugar the former two were found in different propor
tions in samples of milk from different animals while the milk 
sugar was the least variable fac~r. The maximum and the 
minimum percentages of milk sugar were found to be 3.837 
and 3.404:: This proved that the carbohydrate contents in 
sheep milk were comparatively low and in no case the lactose 
eontents were greater than the percentage of proteids or fat. · 
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SECTION' IT 

A STUDY OF MILK OF TWO -SHEEP DURING 
THE LACTATION PERIOD. 

Three sheep of different breeds were selected for the 
study of milk by the kind permission of the Superintendent 
of Sheep Breeding Research Station, Poona, working under 
the supervision of the Imperial Control of Agricntural 
Research. 

The breeds of the three sheep were as follow~: 
(1) Deccani Sheep-Pure line selection. 
(2) Back Cross Sheep-Gross breed sheep holding 3/4 

Deccani blood and 1/4 Merino. ' -
(3) First Cross Sheep-Deccani X Merino. 

A special precaution was taken to keep constant the factors 
which change the _composition Q_f milk of an animal. These
factors are particularly the food stuff and the seasonal change. 
The intervals between the two successive milkings were also 
kept constant. The three sheep were fed on similar diet 
and also the material was kept constant quantitatively for the 
whole lactation period. 'Ihe animals under experimental COD• 

ditions were studied in the same season, that is winter. 
Therefore, these factors did not interfere with the changes in 
the composition of milk of the individual sheep, and the 
variation in the constituents of milk was only due to the stage 
of lactation and hence the results of the three breeds were 
comparable. 

General Conditions on the Farm. 

There are three lambing seasons in Deccan. First is 
August or Shrawani, as called by the Shepherds, second is 
Divali or winter lambing and the third is summer lambing. 
Winter lambing is favoured by -all shepherds. Summer lamb
ing is a calamity as there is no- green food and maJority of 
lambs die for want of milk. The Aug-ust lambing season is 
only useful to the shepherds in dry areas. The milk analysis 
of winter lambing was undertaken as it represented the major 
season of the Deccan. 
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Food-stuff:-The docks of sheep on the research station 
subsisted mainly on grazing available on hill-sides, which 
was termed as Forest Knran. This area was representative of 
the typical grass-land of the transition tract of -the Deccan. 
This grazing was available for six months of the year i.e. from 
July to December and for the remaining period the docks 
moved on the ~nltivated areas, grazing on the after-maths of 
the kharif crops. The grazing mostly consisted of weeds and 
particularly Haraly (Sanidon Dactilon). Thus during the 
first part of the observations of milk samples the sheep were 
grazing on the hill-sides and from January to March their 
main food was weeds in the field. 

-
These sheep received snpplimentary food in the farm. It 

-eonsisted of three ozs. of ground-nut cake, from the time of 
the1r lambing. All th& animals under trial received the same 
treatment. The supply ~f the ground-nut cake varied slight· 
ly from month to month as given in the table No. 3. - This 
increase or decrease in the quantity of gro11nd-nnt cake was 
dependent on the change of grazing. 

TABLE No.3 

Ground-nut Nov. Dee. Jan. Feb. March. 
cake 

Ozs. per • 
sheep per ·2 3.25 4 4 4 

day. 

Daily snpplimentary ration to the sheep during the lacta· 
tion period. 

Occasionally the dock was given a salt mixture consisting 
of common salt, iron enlphate, snlphnr, and traces of copper
sulphate. Besides the common-salt the rest of the ingredients 
were added as authdmintic and also they helped towards the 
growth of wool. 
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The lactation periods of three different sheep were 
studied. 

The information about the three sheep is tabulated in 
table No.4. 

TABLE No.4 

Breed of Age Lambing No. of Lactation period 
Sheep. turn Lambs. in days. 

Deccani 3! 4 1 92 
Back Cross 3 3 2 79 

l!'irst Cross 2! 2 1 70 

The quantity of milk obtained from an individual sheep 
was very scanty and just sufficient for tl1e lambs. For this 
reason the study of the changes in the yield of milk during the 
lactation period of an individual sheep was not possibie. The 
lambs; would have starved if all the quantity of milk available 
at a time was taken as a sample. To overcome this difficulty, 
small quantity of milk, just sufficient for analysis, was hand
milked and used as a sample. 

From the observations we could conclude that 

(I) The quantity of •milk Jielded by the Deccani sheep 
is more than that of Merino or the cross of Merino and 
Deccani under the circumstances and the climate of Deccan 
Land. 

(2) The lactation period of the Deccani sheep is longer
than that of the Merino or the cross of Deccani and Merino. 

(b) Methods adopted for sampli.Dg and analysis of 
sheep-milk. 

The methods l'ecommended by the .Assvciation of Official 
..!gricultural Chemists of U. S. A. 1946 were mostly adopted 
for all determinations. 
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In this section we propose to give the account of the study 
of sheep's milk from three different pointS of 'riew. · 

(1) Variations in different_ constituents of milk during 
the lae~tion periods of thr~e sheep belon:lng to different 
bree~. · -

(2} Comparison of the mode of nriation in the eonsti
- tuents of milk dur~g the lactation period ~f three sheep. 

(3) Comparison of the lactation period of sheep' to the 
lactation period of buffalo. 

,.. AB mentioned in the previous section three sheep of 
different bree~ were selected for the stndy of milk during 
their lactation periods._ 

These sheep were l!elected in such a way that their bree~ 
held the Deceani sheep blood in different proportions and the 
Deceani breed characteristics are reduced from Sheep No. (1) 
to ~beep No. \3). . · 

-

Sheep No. ·(1) Deceani Sheep. 

Sheep' No~ (2) Back Cross Sheep. 
Sheep No. l3) First Cross sheep of Deecani &:; Merino. 

I 

By studying the composition of milk during the Jaetation 
period of three sheep we have to see whether definite relation 
lies between the characteristics of the breed and the milk 
obtained from the animal 'in Lhe breed. 

The results of the composition of milk during the Jaeta
tion period of three sheep are given in Table Nos. 5. 6 and 7. 
As the changes in the composition of milk during the urlier 
days of lactation, particularly in the first week, were very 
rapid, the milk sample11 of the indhidnal sheep were ualysed 
every day till the figures showed that the eomposition had 
become normal and nd more rapid variations could be marked. 
'When once the milk was normal the changes were consider
ably 11low and for this reason the milk was aulysed at the 
intenal of one week during the normal period of lactation. 
This procedure was followed for the three sheep under 
experimental eouditiona. 



TABLE No.5 

Composition of Milk during the Lactation Period of Deccani Sheep 

DAYS. 
Composition. 

Colostrum 2 8 4 5 11 19 80 89 47 68 82 92 

".l'otal Solids % ••• 28.88 20.16 16.87 15.91 15.15 14.4.2 14.59 16.lH 16.70 18.01 21.72 20.9} 18 58 

Water io 71.62 79.84 88.13 84.09 84.85 8Ui8 83.51 88.4& 88.30 81.99 78.28 79 04 81.42 .... 
lfOo 

Fat % 9.Z 8.8 5.8 5.4 6.1 4.2 4.8 5.8~ 5.65 7.4 9.7 9.1 
t-:1 

Lactose io ... 2.832 2.61 8.147 8.859 8.98 4:.12 8.648 8.772 8.757 8.77 8 864 4.822 4.261 

Proteids % 16.07 8.11 6.728 5U 4.98 D.07 4.706 4.78 4.83 4 72 4.401 5.265 

' 
Ash% 0.71 0.77 0.772 0.989 0.91 0.87 0.85 0.88 0.84 0.88 0.90 0.81 

Total Solid ... 19.11 11.49 !0.64 10.28 9.82 10.1 
-not fat % 

9.82 lj,367 9.14 9.412 9.628 10.886 



TABLE No.6 

Compoaition of Milk durln1 the Lactation Pedod of Bac:k·Croaa Sheep. 

DAY~. 
Compoahloo. 

Ooloe. t '8 ' u 20 18 88 ·GO 67 u 79 tram 
I 

total l!ollda % ... 2U8 19.77 18.8G 16.04. 14..87 18,76 1t.98 16.17 18.68 18.94. 18.U 18.89 

= ' w 
Water% ... ~4..07 eo.ta 88.U 88.98 86.18 88,!4. 87.02 86.88 81.47 81.06 88.69 81.81 

Fa&% ... 8.9 8.1 8.4 6.9 4.8 8.4 2.7 4.8 8.8 8.4 ' 8.7 7.7 
' 

Laot.o•• % ... t.U8 8.on 8.170 8.222 8.C77 8.997 8.94.0 4.082 4.127 . 8.887 4.808 8.698 

Proteide % ... 12.82 0.888 6.8U 6.808 6.U8 4.774 4.981 4.910 4.:l14. ... 6.!86 4.921 

A•b% ... 1.1 0.98 0.91 .0.78 1.06 0.9 0.69 0.77 1.08 0.79 0.93 1.1 

Total Solid • not fat • % "' 18.68 10.88 9.724. 9,810 9.83 9.871 9.661 9.711 9.U1 .. , . 10.628 9.719 



TABLE No. 7 

Compoaition of Milk during the Lactation Period of Firat-Crosa Sheep. 

<Jomposit.lon 
DAYS. 

..L.-

Oolostrum 2 s 11 18 27 M 42 49 63 70 

total solids i. ... 26.72 21.03 18.9' 18.82 17.81 17.28 18,72 19.23 21.44 21.07 20.60 20.0!:) 

water% ... 78.28 79.97 81.06 81.18 82.19 92.?2 81.28 80,77 7lUO 78.93 79.84 79.95 
...... 

fat % 9.4 8.9 8.4 8,, 6.8 o.o 7.1 8.0~ 9.4 9.1 8,, 8.'1 :t: ... 
lactose % ... 2.292 2.611 ~.llSB 2.909 8.590 8.404 8.440 B.MG 8 203 8.872 4.10' 4.2U 

rrotoids,% ... U.l7 8.81 5.47 5.218 6.022 l'>.161 6.181 1'>.188 li 802 6.716 4.610 4.880 , 

Ash% ••• 0.98 (\90 0.91 0,81 0.70 0.77 0,70 0.02 0.68 0.71 0.68 0,71 

Total Solid-not fat ia ... 17.892 u.en 9.su 9.022 9.112 0.88~ 0.821 IJ.SU 9.18G 1).2!18 0.894 9.284 
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The colostrum was very much different from the normal 
milk. It was thick and tasted saltish. All the constituents 
except Lactose were very high. If we study the composition 
of colostrum !lnd that of the first normal milk sample, side by 
side, we find that the composition of colostrum does not show 
any relation to the breed of the ·animal. It is moreover au 
individual factor. The percentages of total solids and fat ill 
colostrum of deccani sheep are identical with th& percentages 
of these two constituents of colostrum of first-cross-sheep. On 
the other hand the results of' the first normal milk ~amples 
show a definite relationship in the breeds. -

The figures in these tables show the rapid change in the 
composition of milk in first few days. 

During the normal period of lactation no -~apid variations 
could be marked in the milk samples. A few samples at the 
end of the lactation period were somewhat abnormal. Fat 
and sugar varied irregularly during the last 15 days of lacta· 
tion. In the" deccani and first cross sheep the fat contents 
were decre"ased at the end of the lactation period and in back· 
cross sheep both fat and lactose showed the same tendency: 

These results make it clear that the mode of variation of 
.different constituents of milk during' the lactation periods of 
sheep, belonging to different breeds, is identical. The results 
also prove that the ifst merino cross gave the richest milk, 
then in decreasing order are ranked the back-cross sheep and 
the deccani sheep. The average fat contents in the three 
cases were respectively 8.25, 6.43 and 6.4%. In the deccani 
sheep the percentage of fat in colostrum was 9.2, while in 
back-cross sheep and first cross sheep the percentages were 
fouud to be 8.9 and 9.4 respectively. The fat contents in the 
first normal milk samples of three sheep were 5.4%. 6.4% 
and 8.4% respectively. Thus, in the normal period of lactation 
the tendency of secreting milk rich in fat contents was 
increased from deccani to merino breed though the daily yield 
of milk of mtrido cross sheep was less than that of deccani 
sheep. · 
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The percenta~ of fat in milk varied from.sheep to eheep 
and this variation was fairly regulu thronghout the lactation 
eyele. It was higherl in eoneentration in eolos~ then the 
concentration bad fallen to a minimnm in about three weeks, 
rising later to a figure intermediate betw£-en this minimum and 
the colostrum value. :U showed some signs of increase towards 
the end of the lactation pt;riod. 

Similarly the mode of variation of other two constituents 
of milk, namely sugar and protei&, in the three varieties of 
sheep, was identical. Percentage of lactose increased gradually 
throughout the lactation period and in the three eases -the 
minimum and the maximum percentages are respectively 

( i ) 2.332 and 4.3 in deeeani sheep. 
(ii) 2.613 and 4.308 in back cross sheep. 
[ill) 2.292 and 4.2-H! in :first cross sheep. 

The figures indicated that the breed differences of sheep 
had no effect on the lactose contents of milk.. 

We can summarise the study of variation in the composi
tion of milk during the lactation period ofthe three sheep as :-

(1) The mode of variation of different eonstituent3 of 
milk during the lactation period is independent of the breed 
of the sheep. 

(2) In general, sheep milk is rich in fat contents but it i.i 
especially so in merino cross breeds. 

(3) Colostrum or the :first milk after lambing is nry 
different from the normal milk. .All the constituents except 
milk sugar or lactose are very high in eowstrum, as compared 
to the normal milk. 

(4) In all the three eases milk becomes normal in 3 or 4 
days. 

(5) Solids-not-fat are practically constant over the normal 
period of lactation and the average values in the three breed3 
of sheep are almost identical. 
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(6) Percentage of laetose inereases throughout the lacta
tion period. The increase during the first few days is com
paratively rapid. The breed ditfere~s of sheep hne no 
effect on the lactose contents of milk. 

(7) During the nermal period of lactatio~. an inverse 
relationship, exists between proteids and lactose. 

(8) The total proteids when once become normal are • 
found to be the leaSt variable constituents. · 

(9) The percentage of ash is greater during the early 
·days of lactation than the later days. • 

-
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PAPER XII 

"A STUDY OF MILK OF ASS" 
BY 

- RAJADHYAKSHYA, M. Sc. 

(_With the kind permission of the authorities of the Bombay 
Univ~rsity) 

(A) Introduction. 

It is common knowledge that ass's milk is generally 
given to children who are suffering from rickets and whooping 
cough and other similar diseases and where cow's milk is not 
tolerated. Some fantastic and queer notions exist regarding 
the ass's milk. Ass is generally looked upon as an animal 
deYoid of b1·ain and the milk from that animal is taken rather 
with suspicion. There is also a strong belitf even to day 
among the illiterate as well as some literate r;eople that the 
milk if it is to be taken should be taken as soon as the animal 
is milked as otherwise on keeping the mil}>: vessel even for a 
short time on the ground it gets full of insects. This is a 
wrong belief as we ourselves have observed no insects present 
of any kind what~oever even though the milk is kept for days 
under normal atmospheric condition. The milk merely gets 
fermented as expected but no insects are observed. In fact 
the preservative qualities of the n1ilk appear to be superior as 
it was observed in the laboratory that when fresh samples of 
buffalo's aqd ass's milk were kept in the refrigerator (temper
ature about 9°0.) the former curdled earlier than the latter. 

Taking into consideration the food value of the ass's 'Dlilk 
and some strange ideas associated with it we decided to 
investigate the ass's milk in detail. 

Before proceeding to give out the detailed procedure and 
the working methods by which we tackled the problem it will 
be worth while to s:1y something about the workers and 
their study in this branch. A reference to the Analyst 1896, 
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Vol. 21, page 88, reveals the mean composition of ass's milk 
given by H. D. Richmond as total solids-10.23%. fat 1.18%. 
sugar 6.86%, proteins 1.74% and ash 0.45%, while in 189~, 
A. Schlossmann examined 16 samples of asses' milk and found 
the specific gravity to vary from 1.031 to 1.036. The mean 
percentage results of the total solids were 11.5, of ash 0.40, 
and of sugar 4.94. The fat varied from 0.15% to 0.60% and 
the proteins from 1.4% to 1.72%. In 1907 Wagner gave the 
average results of five years of the amount of fat found in the 
milk of a herd of asses. The analyses were made in the 
snmm_er months, the animals only giving milk from May to 
September and of the 30 animals constituting' the herd nine 
6r ten were giving milk at the same time. In· all 392 deter
minations were made the average percentage quantities of fat 
found being 1902, 0.23; 1903, 0.14; 1904, 0.10; 1905, 0.11; 
1906, 0.10. The average for 5 years 0.125%. The actual 
quantities found varied from nothing to 0.70%. The majority 
of the results, however, approached the above given average. 
Other workers like G. D. Elsdon, G. H. Walker, Teichert, 
Konig have also made valuable contribution in this field. 
Table No. 1, will show the mean composition of as's milk 
given by different above mentioned analysts. 

TABLE No.1. 

Composition of As's Milk. 

-
Authority Water Fat Sugar Total Proteins Ash 

% % 7o Solids % % 
% 

' 

Elsdon and 
·walker. ... 1.00 6.80 9.95 1.70 0.45 

Teichert ... 89.70 1.50 6.00 10.30 2.40 0.40 

Teichert ... ~0.12 1.37 6.19 9.88 1.85 0.47 

Konig ... 89.64 i.641 5.99 ... 2.22 0.51 
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In India Godbole & Sadgopal and 0. P . .Antharakrishnan 
of Department of Biochemistry, Indian 'Institute of Science, 
Bangalore have done work on ass's milk. Table No.2, will 
show the analysis carried out by Godbole 'and Sadgopal on a 
few samples of ass's milk. 

TABLE No. 2 

Specific 'l'otal Fat. Proteins. Lactose .Ash. 
Gravity. Solids. %. %. %- %. %. 

1.023 9.16 1.3 I.u 6.28 0.40 
1.035. 9.53 1.5 2.0 6.80 0.48 

The only somewhat systematic study of ass's milk appears 
to have been undertaken recently by C. P . .Anthrakrisbnan of 
Department of Biochemistry, Indian Institute of Science, 
Bangalore in his paper published in the Journal of Dairy 
Research 1941, Volume 12, Page 119, in which he gives the 
percentage composition of ass's milk as followF:-

TABLE No.8 

Total .l!'at. Lactose . Ash. Sample No. Solids. % % % % 

1. 8.47 0.68 6.23 0.40 
2. 8.91 0.63 6.06 0.37 
3. 8.42 0.59 -6.20 0.38 
4. 8.51 0.71' 6.50 0.47 
5. 8.46 ' 0.64 6.23 0.38 
6. 9.10 0.60 5.98 0.40 
7. 7.80 0.66 5.85· 0.42 
8. 8.46 0.54 6.00 0.37 
9. 8.75 0.63 6.24 0.40 
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From above it can be seen that though there are not a few 
workers who have studied the composition of ass's milk, yet it 
appears that the study of variation of the composition of each 
of the constituents of the milk during the whole lactation 
period has not been undertaken by any of the above workers. 
It need hardly be said that the stage of lactation has some 
influence upon th& composition of milk,_ particnlar1y upon the 
fat content. The Solids-not-fat content is higher for the first 
week or two ;f the lactation and then falls rapidly for about a
month to a level which is maintained almost eonstant nntil2 
or a months from the end of the lactation (Vide 'i'oo~' Septem·· 
her 1946). 

It was therefore thought proper that it would be an 
interesting problem to s'tndy the variations ol each of the con
stituents of ass's milk during- the lactation. period and a<-'~ 
eordingly the work was taken._in hand. ' 



TABLE No.4 

Composition of milk-samples during the lactation period of Sample No. 1 

Obs.l 
No. Date , ....... 113-·-··/· o .•.•• ,., ·····1 ....... ,,. .•.•• ,.7 ..... ·I··· •.• ·I··· .... !·····" 16-10-45 

1 Specific 11.0270 1.0800 1.0880 1.068[1 1.0387 1.0387 1.0301 1.0338 1.0332 1.0305 1.0821 
Gravity 

2 Total 10.22 10.89 8.76 12.07 1 (1,0 6 9.81 11.46 9.67 9 88 11.17 9.50 
Solids% 

I 
I 

8 Fat% 1.40 1.70 0.20 8.30 1.40 1.00 2.40 i.O) 0.70 2.40 0.80 

4 Solids- 8.82 8.69 , .... 8.77 8.66 8 81 9.06 8.67 9.13 8.77 8.70 
not-fat % I 

5 Prott~ins% 1.97 1.85 1.70 1.69 1.69 1.91 1.79 1.79 2.03 1.93 1.79 

6 Lactose% 6.60 6.48 6.61 6.90 I 6.77 6.57 6.61 6.46 6.96 6.43 6.20 
' 7 Ash% 0.88 0.41 0.87 0.39 
' 

0.32 0.39 0.39 0.40 0.40 (l,40 0.86 
' 

8 Casein% o.r2 0.60 0.51 0.55 ! 0.70 0.83 0.80 0.79 0.89 0.79 0.~5 
I 

11.16 9 Albumin & 1 62 1.59 1.56 1.00 • 1.21 1.14 1.14 1.42 1.00 1.34 
Globulin % I 

l 



TABLE No.6 

Compoaitiou of milk-aamplea duriaa the lactatiou period of Sample No. 3 

Ob•·i Date 1 2.6-8-461 7-9·46111-10-46116-10-46121-10-4612~10-46 · •-u • •\u-u-••1••-u-••l••-u-.. J•-u-<•19-12-<sl•s.••-• No. 
6 

1 Specific 1.0480 1.0400 1.0846 1.0890 1.0861 l.Ot60 1.0236 1.0820 1.0280 1 030. J 1.0280 1.0860 1.088 
Gravity 

.2 Total 9.89 9.87 9.10 D.oa 9.58 D.U 7.18 7.61 9.0') 8.fi7 7.a6 9.19 9.49 
Solids % 

0 

8 }'at% Dil ail 0.10 ail 010 0.10 O.jO 0.10 0.10 0.10 Dil ail 0.40 

- I 4 Solids- 9.89 9.87 9.80 9.05 9.48 9.04 6.98 7.61 6.90 8.52 7.1)6 9.19 9.09 
not-fat~~ . 

I) r·· ... ··% 
2.94 8.80 2.70 2.91 

I 
!.6! 2.86 1.70 1.61 1.61 1.61 1.62 1.70 1.62 

6 6.78 6.97 I LactMe% 6.98 6.74 6.08 6.71 t.ll 4.48 6.80 5.¥1) 4.69 6.10 6.2r. 

7 Ash% 0.66 0.62 0.68 0.68 0.65 O.M 0.49 0.52 I 
0.45 0.54 0.59 0.40 0.14 



TABLE No.5 

Composition of mil~ .... mples during the lactation period of Sample No. 2 

Obs. \ Date 19-11-··1 ~ 8-11-1~ I S-12-•6110-12.. ··1·7 -12-<5127 -12-1+1-12-·517 _,_., 14-1-46,21-_1-46,28-1-461 4-2-46 11-2-46,18-2-4:6 14-3-46119-3-46!26-3-461 1-4-46 

No. 

1.08181 1.03251 1.034:2 
I 

1 Specific 1.0290 1.0300 1.0314 1.0818 1.0318 1.0319 1.0367 1.0331 1.0844 ].0332 1.0351 1.0334: 1.03H> 1.0340 1.0334 

Gravit.y 

I 2 'fotal 7.33 9.06 9.96 11.29 u.oo 11.64 10.23 9.94: 11.8i 9.84 9.U 9.15 9.08 8.96 8.&7 8.97 8.79 8.70 

Solids % I 
Fat% 0.80 

I 
0.40 0.90 2.60 I 2.30 8.10 1.50 0.90 2.10 1.20 0.30 0.20 nil 0.20 0.80 0.20 0.20 0.20 

3 I J 

4 SolidF- !7.69 8.65 9.05 8.79 8.70 8.4;4 8.78 9.04 9.71 8.64 8.81 8.95 9.08 8.76 8.87 8.77 8.5!> 8.50 

not-fat % 

b Prdeins % 12.14 1.92 1.92 1.90 1.85 1.77' 1.76 1.87 1.96 1.96 1.96 1.98 1.98 2.06 1,90 1.94 1.90 2.08 

6 6.44 6.56 6.53 6.86 6.24 6.59 6.31 6.71 6.44' 6.40 

I 
6.14 6.18 6.06. 6.36 6.47 6.05 6.31 

Lactose % 
1 

6.38 

6 0.37 0.38 0.44 0,38 0.37 0.34 It ~~~9 0.39 0.43 0.38 0.36 0.42 0.38 0.84 0.35 0.45 0.45 
Asb Ia 0,38 l .. 

8 Casein Ia 0.54 ... ... ... 0.67 .. . ... 0.81 ... ... .. . O.li9 . .. .. . ... . .. 1.06 

9 Albumin & 0.90· ... ... ... 1.08 . .. . .. ... 1.34 ... ... ... 1.33 . . . .. . .. . .. 1.27 

Globulin % J I 
.··~ -



TABLE No.7 

, Composition of milk-samples during the lactation period of Sample No. 4 

Date I Specific Total Fat Solids- Proteins Lactose Ash I c ...... Albumin & 
Gravity% Solids% % not-fat% % % % % Globulin% 

I 

9-10-45 1.0346 12.22 3.29 9.02 2.71 6.78 0.68 0.98 2.0£ 

15-10-45 1.0872 9.85 0,10 9.75 2.60 6.28 . 0.61 1.24 1.61 
I I 

22-10-&5 1.0845 9.86 0.70 9.16 ... 6.22 0.58 1.18 1.84 
' 

29-10-15 1.0351 11.16 1.10 10.06 ... 6.87 0.60 ••• . .. 
7-11-45 1.0850 I 9.84 I 0.10 9.24 2.19 6.89 0.55 I ' .... . .. 

TABLE No. 8 · , . 
I • 

Composition of milk-samples during the lactation period 1of Sample No. 5 

12-11-45 1.0898 9.96 1.40 R.58 1.82 6.20 o.u 
I 

O.l!S 1.83 

28-11-45 1.0392 10.54 1.70 8.84: 2.21 6.28 0.45 ... ... 
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(B) A Study of the variation of each constituent of 
ass's milk with the lactation period. 

Each sample was analysed week after week with a view to 
study the variation of each constituent of the milk during the 
animal's lactation period. A general view of the Table No. 4 
will show that there i.s too much variation in the :lase of total 
solids and fat. The specific gravity bas a tend-ency of increas· 
ing gradually with the lactation period for about eight weeks 
the rise being from 1.0270 to l.Oc37 The specific gravity 
afterwards falls gradually, the maximum and minimum figures 
for the specific gravity are 1.0270 and 1.0337 respectively, the 
average being 1.0318. 

Too much variation in the fat has been observed, in sample 
No. 1, the minimum and maximum limits in this sample being 
0.2%-and 3.3% respectively. The average fat for the whole 
lactation period is 1.48%. In all milking animals there is a 
tendency for the fat percentage to vary according to the kind of 
food supplied and the mood of the animal. If the oil cake and 
cotton seed are regularly supplied in food the fat percentage 
naturally increases but in the absence of these the fat goes 
down and if the animal does not get any concentrate, the fat 
percentage may decrease severely. As the ass is not fed with 
any care for its milk the variation is great and excepting the 
extreme limits nothing can be said about the weekly changes 
found in the table. The average fat recorded in no way 
represents the correct average of the fat due. to its great 
variability. The fact that on some- occasions either the fore 
milk or the strippings had to be analysed should also be taken 
into consideration. The figures for the Solids-not fat-remain 
practically constant with a slight variation from week to week. 
The minimum and maximum figures obtained during the lacta
tion period are 8.56 and 9.13, the average being 8.79. 
Although the variation in the fat is great still the figures for 
solids-not fat-remain practically constant. The protein figure 
in general remains more or less constant throughout the lacta
tion period, decreasing gradually for a few weeks then remain
ing constant for sometime and then slowly rising till the end 
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of the lactation period with a slight variation from week to 
week. -1.8% is an average figure for the proteins in ass's 
milk. The other constituent besides solids-not fat-which 
remains practically constituent throughout the whole lactation 
period is the lactose of asl!'s milk. The variations-in the 
lactose are -very~mall, the minimum and maximum figures 
obtained are 6.20 and 6.96 respectively. In general the ass's 
milk should safely be said to'con-tain 6.6% of the lactose .The 
high percentage of lactose and its consistency in' proportion 
th.i:'onghont the animal's lactation period are perhaps the chief 
characteristics of the ass's milk. 'l'he ass's milk can readily 
p_e distinguished from the milks of other commo-n milking 
animals dne to its large percentage of lactose. Some con~ 
sistency is also exhibited by the ash of the ass's milk there 
being very little variation as the lactation period advances. 
The average percentage of ash of ass's milk may be taken as 
0.38, the minimum and maximum figures being 0.32 to 0.41 
respectively. 

Casein and Albumin and Globulin:-

UnliS:e the casein of cow's or bnlialo's milk the casein of 
as:l's milk is not readily cnrdled on which account it is some
times nsed as a snbstitnt~ for h'lman milk. Table No. 4, will 
show that the albumin and glonnlin percentages are higher 
than casein percentage'. Godbole_ and Sadgopal give tbe limits 
of percentages of casein and albumin and globulin in ass's milk 
as 1.2 - 1.3, and 0.4- 0. 7 respectively while Leach quotes 0.67% 
and 1.55% as the contents of casein and albumin. Bung also -
gives 0. 7 and 1.6 as the percentages for casein and albumin. 
We have recorded 0.69% and 1.29% as the average figures for 
casein and albumin respectively. Taking separately casein on 
one hand and albumin and globulin on the other the latter 
are higher than the former, the variation in albumin being 
from 1.00% to 1.56% while the variation in casein is from 0.51% 
to 0.89%. In the figures obtained by Godbole and Sadgopal 
for casein and albumin the percentage of casein is htgher than 
that of globulin. The samples analysed by ns are therefore 
more in agreement with the foreign samples and differ in this 
respect from the samples analysed by Godbole and Sadgopal. 
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Sample No. 2. 

As in sample No.1, the specific gravity increases gradually 
for about 10 weeks the actual figures recorded being 1.0290 
and 1.0381. It then slowly falls down till the end of the 
lactation period, the minimum and maximum figures obtained 
throughout the whole lactation -period are 1.0290 and 1.0381, 
the average being 1.0326. 

In this sample also variations in the tolal solids and fat 
are observed. The total solids increase gradually as the 
lactation period advances and at the end of the lactation 
period they have the tendency to decrease slowly.' The maxi
mum and minimum figures obtained are 11.81% and 7.83%, the 
average being 9.66%. The figures for solids-not fat,- as in the 
previous sample, remain fairly constant throughout the 
animal's lactation period. The maximum and minimum 
figures recorded are 9. 71 and 7 .6~. Though in this sample the 
range between the extreme limits is high the average figure 
for the solids-not fat-e. g. 8.73 approaches closely to that of 
the first sample. 

Fat, like total solids showing a great variation, remains 
practically constant until :fivi:P weeks from the end of the 
lactation period. On 11-2·1946 no fat was detected in the milk 
of the animal. This confirms the results obtained by Wagner 
as quoted by Richmond in his book where Wagner has recorded 
0.00% and 0. 70% as the extreme :figures for the fat of ass's 
milk. Proteins, lactose and ash as in the previous sample 
remain more or less constant throughout the E(ntire lactation 
period. The protein in this case also has the tendency of 
decreasing gradually with the lactation period remaining 
practically constant for about 2 weeks and then slowly rising 
till the end of the lactation period, the minimum and maximum 
:figures obtained in this case are 1.77 and 2.14. The average 
:figure for protein is 1.93. The lactose also shows a remarkable 
consistency which is a common characteristic for the ass's 
milk. The average :figure for lactose in this sample is 6.38, 
the minimum and maximum figures obtained are 6.05 and 6. 71 
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respectively. The ash in this sample remains fairly constant 
throughout the lflctation period. The maximum and minimum 
figures recorded are 0.45 and 0.34, the average being 0.39. 

· Sample No. 3 

Sample Nq.. 3, differs widely from' other two samples in 
that no fat being detected for most of the week and the figures 
for protein, lactose and ash differing considerably from the 
other two samples. We have, however, given the figures 
obtained during the lactation period. ·These. figures do not 
indicate anything in particular as there is no regularity in any 
way though it shows that the fig1ll'es obtained have a general 
agreement with samples of other two animals analj'sed by ns. 
The figures show no regularity probably on account of very 
careless manner in which the animal was kept. This shows 
that if the animal is not properly looked after then the milk 
may sh~w variations beyond conceptions. Taking for example 
the lactose which ought to remain constant we find that in tuis 
sample the variation is from 4.11 ttl 6.3. Specific gravity in 
this sample decreases slowly as the lactation period advances 
becoming practically constant for about 2 to 3 weeks and 
then increasing slowly as the lactation period .advances. The 
minimum and :reaximnm figures obtained for specific gravity 
are 1.0258 and 1.0!30. The average being 1.03.U. Total solids 
in this sample show a tendency to dt:crease as the lactation 
penod advances for about 5 weeks and then to increase till the 
end of the lactation period. Very low figures of total solids e.g. 
7.13, 7.61 and 7.56 on 4-11-194:6. 11-11·194:6 and 2-12-1946 
have been recorded, the corresponding figures for lactose also 
being proportionately low. This fact may be explained as a 
peculiarity of the individual animal. .As already said the 
animal yielded fat which was 'negligible in quantity, its 
variation being from nil to 0.2. Particular care was taken in 
this case to obtain the entire bulk of mil.k which the animal 
gave at one time so that in this ease the question of fore-milk 
or the stripping& did not arise at all. · The solids-not fat
content is higher for the first five weeks then falling rapidly 
to a level which is almost maintained constant till 2 weeks 
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before the end of lactation period. As low figures as 6.93, 
7.51, 7.56 for solids-not fat-have been recorded in this sample. 
Similar low figures are also ob~ined by Anthrakrishnan 
(loc. cit.) where he gets the maximum and minimum figure!! 
for solids-not fat - as 8.50 and 7.14. This shows that 
there is a great variation in the constitution of the milk from 
animal to animal. The average figure for solids-not-fat in this 
sample, however, approaches very closely to that obtained for 
the other two samples. Protein content of the animal also shows 
a peculiarity. For about first six weeks it is very high compared 
to that recorded during the latter half of the lactation period, 
the minimum and maximum figures obtained throughout the 
lactation period being 1.52 and 3.30. The peculial'ity c,>f the 
ass's milk 'that its lactose content shows a remarkable 
consistency throughout the lactation period is not exhibited by 
this sample. Very low figures such as 4.11, 4.48 have been 
obtained which can only be attributed to the peculiarity of the 
animal. The figures of ash in this sample also are higher as 
compared with the other two samples.. Whereas the figures 
for the ash in the first two ~amples varied from 0.32 to 0.45 in 
this case the variation is front 0.40 to 0.63, the average being 
0.52. 

In addition to the above three samples two more animals 
were put to test. The analysis in one case could be made only 
for five weeks and in the other only for two weeks because of 
the unavoidable circumstances. In one case the young one of 
the animal met with a fatal accident as a result of which the 
animal stopped giving milk. The analytical results of the 
milk of these two animals are given in Table Nos. 7 and 8. In 
these two samples also the behaviour of each of the consti
tuents of milk is analogous to the fii.st two samples and even 
though the entire lactation period is not covered in the case of 
these two samples, the same characteristics e.g. the variation in 
the fat, the consistene:y of lactose and ash and to some extent 
of the proteins are also exhibited by these two samples. Unlike 
the sample No. 1, the -casein and albumin and globulin figures 
of sample No. 4 are close to each other though the latter is 
definitely higher than the former. 
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(C) A Comparison of each of.the constituents of ass's 
milk with human milk. 

For compat·ison the average figures of each of the constitu
ents of ass's milk from the samples analysed are taken. 

A Comparison 111ith human milk:-A.. number of 'workers 
has analysed the human milk. Table No. 9, shows the mean 
composition of each of the constituents of human milk as given 
by Richmond in his book on page 64. 

TABLE No.9. 

' Mean Composition of Human Milk. 

Water Fat Sugar Protein Ash 
% % ·~:: % % 

86.69 • 2.41 • 4.67 • 1.10. I 0.19-
88.53 4.16 7.51 2.35 0.34 

According to God bole and Sadgopal the following composi
tion for human milk has been noted. 

TABLE No. 10. 

-
Specific Total Solids Fat Sngar Proteins Ash 
Gravity % % % % z 

1.030- 11.5 . 2.00. 5.8. 1.0. 0.15-
1.034 13.5 3.65 6.5 1.65 0.25 

' 

The same authors give the average composition of human 
milk from foreign source; 
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TABLE No. 11. 

Specific Water Fat Protein Sugar Ash Total 
Gravity % % % % % Solids % 

1.0298 87.58 3.74 I 2.('1 I 6.37 0.30 112.42 

Table No. 12, will show the figures for-each of the consti· 
tuents of ass's milk obtained by taking the average figures in 
the case ot the three animals whose entire lactation period 
was studied by us. 

TABLE No. 12. 

Composition of ass's milk. 

I 
-

Specific Total Fat Proteins Sugar Ash 
Gravity Solids % % % % 

1.0316 8.88 0.10 1.83 

1 
5.61 0.38 

1.0344 10.26 1.48 2.15 6.58 0.53 

Human milk is similar in character to ass's milk in that it 
coagulates into small granular and :flocculent masses whilst with 
that of the ruminents the coagulation takes place into a hard 
mass. As stated by Richmond a number of series of analysis 
has been published in which the variation in the composition 
of human milk with the stage of lactation bas been noted. It 
is observed that the percentage of fat increases as the lactation 
advances whilst there is a diminution in the amount of protein 
and ash. There is some evidence to show that the amount of 
sugar tends to increase. As already said the variation of fat 
in the case of ass's milk with the stage of lactation is great 
whilst the protein and ash :figures, with a slight variation from 
week to week, almost remain constant. There iil also no 
evidence to show that the amount of lactose increases with the 
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laetatioa period. On tile other 'hand tbe amount of laetfie in 
ass'• milk bu no effeet oa the ~ta.~ of laet&ti011. Tlte apeciie 
gravity in both human and u1's milk ia ~ore or letis tJae same. 
A8 regard1 the fat eontents in the ease of ass's and h11Dlaa 
milk nothiug en be said in partienlu .d~re to the variabJlity of . 
tae fat eo.teuts iD the cue of the former. \V.Ilereu God bole 
and Sadgopal have given 2.0 and 3.6a ae the minbn.m u4 
maximum figures for hnm.an milk, we hu·e reeorded 0.10 and 
1.35 as the eorrespondiug figures for the us's milk. As 1lill 
be showu in the chapter of analysis of fat there is a similariq 
between fat of hnman and ass"s milk in that both contain low 
pereentage of tb~ volatile fatty acids. The sugar pL>reentages 
in both us'• and human milk .do not differ mneh.. We Jaaye 
reeorded 5.61 - 6.58 as the minimllDl and maximum figares for 
the lactose of ass'• milk while the ~orresponding figares fur 
the bumaa milk as recorded by Go:lbole and Sadgopal are !i.8 
and 6.5. 

In general it is known that the proteins of the aaimal· 
origin are more euily digestible thllll the same from the 
vegetable sources. As has already beeu said that in _ tlt.e eue 
of hnm:lD milk casein is less easily precipitated than the other 
easein1 as in the ease of elephant's aud buffalo's milks. The 
ume is the ease with easein of the ass's milk in that it is leas 
easily precipitated and is mueh lighter than tlte eaeeia of 
buffalo's milk showing thereby that ass's milk eentains eueiJa 
which is more finely divided e.nd hence also more di~stible. 
Again easein is less easily digestible than the other proteins 
present in milk e.g. laeta-albnmin and lacta-globnlin. The 
pereentage of the latter, as lias been shown, is more than the 
casein in the ease of ass's milk. Considering these facts the 
ass's milk should be ea.sily digeatible than even the human 
mllk as in tbe latter the pere~ntage of ea.sein is fonnd to be 
more than the pereentage of albumin a!ld globulin. It may 
be probably on this aeeonnt that the ass's milk~ given to the 
rickety children and those snffering from some other troubles. 

Tbe pereentage of ash in the ease of ass's milk hu beeu 
obt4ined as urying from 0.~ to 0,52. 
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Ass's milk does not resemble in any respect to buffalo's 
milk as all the constituents of the bilffalo's milk show higher 
percentage as against those ob!;elved in the case of ass's milk. 
Buffalo's milk is more rich in proteins compared with all the 
other animals. The proportion of casein to lacta-albnmin and 
lacta-globnlin in the case of buffalo's milk is roughly 5t1 
while in the case of ass's milk the corresponding proportion is 
roughly 1:2 where we have found that percentage of lacta
albnmin and lacta-globnlin is more than the percentage of 
casein. 

Like buffalo's milk, goat's milk 'llso shows no resemblance 
to ass's milk. All the constitqents of goat's milk show a 
higher percentage than that fonnd in the latter excepting the 
percentage of lactose. Ass's Jl}.ilk contain~ a greater per
centage of lactose than any of the common milking animals. 
Again the percentage of fat in ass's and mare's milk is very 
low compared_ to the milks of other animals. So it can be 
inferred that in the case of hardy animals which have to do a 
bit of rongh work as in the case of mare and the ass the per
centage of the fat is always low. 

From the above comparison of ass's milk with hnman, 
cow's, buffalo's and goat's milk we can say that ass's milk 
approaches more or less hnman milk rather than cow's milk. 
It bas no resemblance whatsoever with either Lnffalil's or 
goat's milk. 

(D) A Comparison of the ratio of lactose, proteins and 
ash in ass's milk to the corre;ponding ratio in human, 
buffalo's and cow's milk. 

Dr. Vieth (reference:- Dairy Chemistry by Richmond, 4th 
edition, page 129} enunciated the pt_oposition that the ratio 
of lactose, proteins and mineral matter (ash) in cow's milk 
was 13:9:2 and that this ratio was very exact, varying little 
from milk to milk. Again Pappel and Richmond for Egyptian 
buffaloes and Lather for Indian animals have each pointed ont 
that the ratio of milk sngar1 prQtt'ins and llSh is on the average 
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12:10:2 as against 13:9:2 in cow's milk (reference:· Richmond, 
page 70). Dr. D. L. Sabasrabuddbe bas also found the same 
ratio for Indian breed cows as 12.2:10.4:2. The corresponding 
ratio for human milk as obtained by taking the mean values 
given by Godbole and Sadgopal for Indian samples comes 
roughly to 60:13:2. We have obtained the ratio for the three 
samples of ass's milk which we have analysed as (1) 34:10:2 
(2) 32:10:2 l3) 20:8:2. As can be seen ft·orri these figures the 
ratio for the first two samples of ass's milk shows a close 
similarity while the third sample does not show any resem
blance to the first two samples. As previously stated this fact 
may be due to the peculiarity of the individual animaL The 
Vieth ratio obtained for ass's milk shows no similarity with 
any of the corresponding ratio obtained for cow's, buffalo's or 
human milk. This is natural due to the fact that whereas in 
ass's milk the percentage of la~tose is more than in either of 
the above animals, the ash percentage in the case of human 
milk is very low compared to cow's, buffalo's and ass's millr. 
For that reason the last two figures of the ratio in the case of 
the latter three animals shows a close resemblance whereas 
in all the animals the first figure of the ratio is quite different 
from one another. 

(E) Superiority of ass's milk as a nourishing food over 
the milk of other animals. · 

Milk is regarded as au excellent food due to the vitamins 
present in it. Practically all the vitamins are present in milks 
of various animals. Vitamin potency of fresh milk is the 
highest in comparison with the heated milk as the heat 
destroys many a vitamin. Ass's milk is generally given to 
children soon after the animal is milked. It should also be 
noted that ass's milk when heated gets curdled before it 
reaches the boiling. 

It can therefore be seen that milk is an excellent food con
taining all the ingredients in proper proportions required for 
healthy and proper growth of man. For a proportionate and 
healthy growth of a human body normal food should consist of 
(a) carbohydrates (b) fat and (c) proteins in certain definite 
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propoxtio·ns. The calories o~ food required for ~he daily work 
have gat to. be disbibuted between caJJ'bohydrates, fats and 
albnminoids. in the- ratio of about xoughly 5~1: 1., all ot which 
together wpply the ne-cessary amount of energy reqnired by 
an adult. Table No. 13 wilt show that in ass's milk the ratioo 
o;ft carbohydrates, fat and albuminoid is 5:1:1 and :hence it is; 
superiOT e·ven to humalll! as __ well as to cow's milk. (refel'ence~~ 
:Bntter-fat by Godbt>le and Sa.dgopal, page· H}. 

TABLE No. 13 

Animar. Goat Buffalo Cow Motller Ass 

Carbohydrates: ).5d:l 1:1.5:1 1.5:1:1 5:2:1 5:1:1 
Jl'at: Albnminoids. 

In the samJDies which we ha:ve analysed the :ratio als01 
roughly co:mes to· 5:1:1 so it can sa.Iely ll>e said that from. the 
po-int of view of ca:rbO'hydrates; fats. a:lbuminoids, salts a.ud 
vitamins ass's milk forms an ideal food both for adttlts and 
children. It may probably be on this aceount that the ass's milk. 
i! giverr to ehirdren snfferfng- from rickets and whooping 
coughs. In our opinion it should also be given to persons 
sufferi.og fr(llm iauntlieer where the patient i$ gi.ven as little fat 
as possible, as more carbohydrates as possible and where he is. 
not all.owed to takP.> buffalo's or even cow's milk but instead. 
buttermilk which contains, hardly 0.5% fat.. Ass-'e milk which 
also is very deficient in fat and ~hich contains by far _th~t 
greatest amoun.t of carbahydrates and which! also. contains
a1.buminoids in. certain definite proportion: sb.euld serve a us-efuJ 
food for such persons. Ass's milk is much used inl France and 
Germany. In Dresden there are regular establishments for its 
sale;. but as th~ yield! ~t milk is: poor it is very expensive. In 
In.diiait bas itt:s vdue on~y at a medicine- an·d especially given tO' 
C'la:iiidrem: Sllfter,i'llg bom rickets- and whoo:tDing conghs. It is 
mot popnla:t:" as food am&FJg the ad1n-lte due to' its pecnl'iar taste 
a.m.d &m.e-11. , 
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Conclusions:-

1. Ass's milk has a white colour and has its own peculiar 
taste. On heating it gets curdled before it reaches the boiling 
point due to, perhaps, ~eater proportion of lacta-albumin and 
lacta-globnlin present in the milk than the casein. 

2. Fat in ass's milk shows a great nriation throughout 
the lactation period probably oa aeoount of the fact that the 
animal is not fed properly and with care. The other constituents 
ofltbtt ailk. spetia11:r the selida-no\ fa.\-aud tbe lactose remain 
fairly constant throughout the animal's lactation period .. 
Total-solids of samples of ass's milk range from 8.88 ·: 10.26 

- and fat from 0.10 -- 1.48. 
3. Vieth ratio found for the ass's milk .is 34:10:2. 
4. The proportion of laeta-albumin and lacta-globulin 

beiDg more than the easeiu and also the ratio of carboh:rdrates, 
_fat and albumin being 5:1:1 ass's milk should serve an ideal 
food both far adults and ebildreu. 
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COMPARISON OF THE COMPOSITION OF 
SHEEP GHEE AND BUFFALO_ GHEE 

BY 

P. G. TULPUBE, M. Sc. 
\ 

( TVtth the kind permission of the authorities of the Bombay 
University) 

Introduction 

Before we examine the analytical and the physical 
constants of the two butter-fats,_it is necessary to_ understand 
that both oils and fats, whether of animal origin or vegetable 
origin, are mixtnres of glycerides of fatty acids of low or 
high molecular weights. In these again, the glycerines of 
higher molecular weights are of either saturated acids or of 
unsaturated acids. Whenever the oils or fats are introduced 
into the human system, their assimilability and digestibility 
are dependent upon the nature of the -fatty acids. The 
glycerides of the sdtnrated acids of high molecl.1lar weights are 
difficnltly digestible and therefore load the human system. 
They are likely to do, therefore, harm to the system and do no 
good whatsoever. This is mainly dne to the fact that the 
glycerides of saturated acids with high molecular weights have 
melting points higher than that of the body temperature. 
According to Lewkowitsch the melting points of the satnrated 
glycerides of high molecular weights vary between 56.5°0 to 
75°0. 

The liquid glycerides of unsaturated acids- of high mole· 
cular weights, particularly those 'of Oleic and Linoleic acids, 
(occurring in butter-fat) on the contrary a1·e not harmful as 
those of the corresponding Stearic glycerides of about the same 
molecular weight. 
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Tl!e glycerides of saturated acids with low molecular weights· 
generally occur in the butter-fats of cow, buffalo and other 
milking animals. They range from those of butyric to myris
tic acids and are known to be easily assimilated by the buman 
system because of their low melting points. These fatty acid.t 
of low molecular weights are further differentiated as volatile 
soluble and volatile insolnble acids. 

The-proportionate percentage of the glycerides of saturated 
acids ~f high molecular weights on one hand and that of the 
glyc~ridei! of either-unsaturated acids or acids of low molecular 
weights on the other hand, decides the comparative assimllabi
lity and digestibility of any given oil or fat. 

Taking into consideration the abov-e information the butter 
fat of sheep and buffalo are examined and the results obtained 
are compared to each other from the, point of view of as
similability and digestibility. 

SECTION I 

Comparative merits of sheep butter fat and buffalo 
butter fat as a human food material. 

The buffalo butter fat or ghee is commonly used as a food 
material in India and therefore the comparative merits of 
butter fats oLtained from cow and buffalo are well studied, with 
a view to see which of the two animals deserves greater atten· 
tion and care. Bnt while studying the sheep milk and its pro
ducts, it is brought to notice that during the lambing season 
of sheep, the milk supply is abundant and at many places the 
butter fat obtained from sheep milk is brought to the market 
either mixed with cow or buffalo ghee. Therefore, to know 
the value of the shee;> butter fat as a human fooJ material, it 
is compareJ with the butter fat of buffalo. 

Table No. (1) gives the analytical results of the two butter · 
fats under consideration, 
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TABLE N.o. 1 , 

Analytical Values of Sheep and Buffalo Ghee . 

P1·operties. .Sheep ghee. .Buffalo ghee~ -
Sp. Gravity 0.9132 0.8977 
Melting point 29.9 37:2 
Saponification Value 254.1 231.:3 
Acid Value 1.036 0.63 
Iodine Value 34:.75' 28.06 
R. M. Value 23.26 :30.02 
Polenskie Value 604: 2.216 
Percentage of Liquid 

Acids 34.~2 31.7 
Percentage of Solid acids 50.02 43.33 

Comparison of buffalo-ghEe and sheep-ghee :-

The analytical results show that the saponification value, 
Polenskie value and iodine ••:alue of th.e £heep gh.ee .s.arople 
are slightly higher than those of buffalo ghee; on the othez 
hand R. M. value of buffalo butter fat is much higher than 
that of sheep butter fat. The diffe1·enee in R. M. value is 6.76 
and as the R. M. value rep1·esents the presence oi most .easily 
digestible volatile soluble fatty acids in fat, it would naturally 
be a most important factor to' be considered while comparing 
the merits of the two butter fats. As the R . .M. value of buffalo 
ghee is much higher than that of sheep gbee it is obvious that 
it contains higher percentage of easily assimilable fatty acids. 
The iodine value and Polenskie value differ by 6.69 and 4.324 
respectively. The presence of liquid acids in sheep gbee is 
only 3:22% more than in buffalo ghee, while the difficultly 
digestible saturated fatty acids with high molecular weights 
are about 7% more in sheep ghet1 than in buffalo ghee. The 
Polenskie value proves that the volatile insoluble acids like 
lauric and myristic acids are present in higher proportion in 
sheep ghee. 
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From the above information it can be ·concluded that the 
percentage of volatile soluble acids being greater in buffalo 
ghee it is naturally mo~e easily digested. The proportions of 
liquid acids in two butter fats under comiderat;on differ vt>ry 
slightly and hence do not count mnch' in comparison, but the 
sheep ghee is found inferior ·due to the · presence of the 
glycerides of difficultly digestible solid fatty acids in com· 
paratively higher prop~rtion. 

The results of hydrolysis of the two· butter fats obtained 
from sheep and buffalo by the enzyme lipase are given later 
and they indicate that the buffalo butter fat is hyd1·olysed easily 
and to a greater extent than the butter fat of sheep .. 

SECTION II 

Study of the hydrolytic rancidity of sheep • ghee and 
buffalo· ghee. 

- . 
The subject rancidity L e. the development of an acrid 

' taste and unpleasant odour in oils and fats, rendering' the~ 
same unfit for edible purposes. has attracted the attention of 
chemists for a very long time. It has been studied particular· 
ly with an ~ttention to_the decomposition of oils and fats on 
keeping. But even though numerous explan~tions have been 
put forward from time to time tne subject is still kept some• 
what vague. 

In the work so far done in this field, it is observed that the 
preliminary values and physico • chemical properties of fat, 
under experimental conditions are noted after a long interval 
of k:eeping and then the conclusions are drawn with regard to 
rancidity. Very little is known about the changes in urions 
preliminary nines of fat, such as acid nine, iodine value e~. 
occurring during different intervals of keeping. Taking into 
eonr;;ideration this fact the work on rancidity of sheep ghefl 
and buffalo ghee was undertaken. Acid values and iodine 
values of various ghee samples, kept under different physical 
and ehemieal conditions were determined at a~ inten·al ot one 
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month. Variations in acid values indicated the changes in free 
acidity of the ghee samples at different intervals of keeping, 
while the variations in iodine value iniiicated the changes 
which occurted in unsaturated fatty acids of ghee. Both these 
factors, free acidity and proportions of unsaturated acids in 
glycerides are important from the point of view of rancidity. 

(A) The Effect of Aeration on Rancidity. 
The oxidation of the unsaturated fatty acids or their 

glycerides is the most common form of rancidity. To study 
the effect of oxygen on buffalo ghee a fresh sample of ghee, 
about 300 grams was kept in a conical flask and air was 
bubbled through it for 30 minutes every day. The process was 
continued for six months and the acid value and iodine value 
of the ghee sample were determined at an interval of one 
month. 

Before passing air, the container was warmed in a water
bath as the process of air-passing was easier in melted ghee. The 
appliance of vacuum suction pump was used for air passing. 
A blank experiment was conducted side by side. 300 grams of 
the same gbee were pteserved in another bottle and the acid 
value and iodine value of that sample were determined at an 
interval of one month. Shis sample received the same 
treatment, except air passing. 

The acid values and iodine values are given in Tables Nos. 
(2) and (3) in comparison with the blank eHeriment conducted 
side by side. 

TABLE No.2. 

The change in acid value of buflalo ghee due to Aeration. 

Interval in months. Blank Air-Passed Sample 

0 0.517 0.517 
1 0.64 0.616 
2 0.631 0.653 
3 0.683 0.770 
4 0.706 0.848 
5 0.924 0.866 
6 0.95 0.929 
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TABLE No.3 

The Cba~nge io Iodine Value of Buffalo·ghee .due to 
Aeration. 

Interval in months. 

0 
1 
2 

~ 8 
4 
5 

Blank 

26.46 ~ 
26.77 -
26.58· 
26.14 
25.82 
25.11 

Air-passed Sample 

26.46 
27.02 
26.56 
25.89 
25.23 
24.58 

------------------------
~e find that in the blank experiment the increase in acid 

value during the pel'iod of six mouths was 0.433, while in the 
case of the ghee sample through which air was PllSSed regularly, 
the increase was 0.412. When the butter fat is aerated it does 
not show as much acidity as when it is not aerated. The change 
in acid value was ma1imum during the third month.~ For the 
first few months the increase was practically identical in the 
blank and the experimental samples, but during the third 
month the increase in acid value of the experimental sample 
was greater. In the blank sample the acid value changed from 
0.651 to 0.683 during the third month of keeping and in the 
sample, through which air was passed, the change was from 
0.653 to 0. 770. The appearance of ghee changed during this 
period. lt turned viscous and lost the flavour completely. The 
colour changed f10m white to yellow and the crystalline condi
tion was lost. It had an irritating smell of rancid fat. 

The changes observed in iodine valne of the aerated sample 
were very interesting. It slij!htly increased during the first 
month and then there was a regular fall for the rest of the 
period of keeping. After fin months the iodine_ value of the 
aerated sample of ghee showed a fall of 1.88while in the blank 
experiment it was 1.22. 
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. Similar experiments of aeration _of oils, viz. lin~eed, 
safflower and coconut-oil, we:re condneted iu the Wad1a College 
Bio-chemistry Department by MiEs S. P. Naegamvalla. After 
five months the change in acid value was recorded as given in 
table No.4. 

TABLE No.4 

The Change in Acid Values of the Oil Samples after Five 
Months' Aeration. 

Acid Value Linseed Safflower Cocoanut 
oil oil oil 

Initial Acid Value 6.30 - 1.48 U:l9 
Acid Value after 5 132)4 6.62 2~0/ 

months 

(2) A comparative Etudy of the composition of buffalo 
ghee and sheep ghee due to hydrolytic rancidity and the 
effect of the substances like common-salt, casein, sugar 
and lipaee on their decomposition. 

About 100 grams of each of the ghee iamples, of buffalo 
and sheep wet·e taken in an umbt-r of bottles and two g1·ams of 
common salt, casein (obtained from cow milk) sugar and lipase 
were added to each of the two ghee samples and then kept in 
an incubator at 37°0 for four months. The acid values and 
the iodine values oi ghee samples under expelimental condi
tions were determined at an interval of one month. The acid 
value is expressed in number of milligt·ams of KOH required 
to neutralise the acidity in one gram of ghee. The iodine 
values were determined with a view to see whether the -;ubstan-

' ces added have any effect on oxidation of unsaturated fatty 
acids in gbet. 

The effects of the additiOn of common 11alt, casein, sugar 
and lipase on rancidity of buffalo gbee and sheep ghee :-

{1) Effect on Acid Values:-

In Table' No.5 and 6the acid values of buffalo and sheep 
ghee samples under experimental conditions are noted. 
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TABLE No.5 

Changes in Acid Values of buffalo ghee on keeping with 
NaCJ, Casein, Sugar &. Lipase 

Months.. 
Ghee Sample. 

0 .; 1 2 3 4 

Blank 0.75 0.981 1.097 1.123 1.446 
NaCl added 0.75 1.017 1.240 1.260 1.390 
Casein added 0.75 1239 1.250 1.386 1.694 
Sugar added 0.75 1.539 1.694 1.880 1.921 
Lipase added 0.75 18.672 26.180 33.120 37.710 

TABLE No.6 

Changes in Acid Values of sheep ghee on keeping with 
NaCJ, Casein, Sugar &. Lipase. 

Months 
Ghee Sample 

0 1 2 3 4 

Blank 1.036 1241 1.300 1.563 1.860 
NaCl added 1.036 1.253 1.611 1.730 1.950 
Uasein added 1.036 1.272 1.54-0 1.632 1.800 
Sugar added 1.036- 1.320 1.631 1.722 1.976 
Lipase added 1.036 10.600 16.812 21.414 25.500 

(2) 'Effect on Iodine Value:·· 
In Tables No. (7) and (8) the iodine values of buffalo and 

'"beep ghee samples nuder experimental conditions are noted. 

TABLE No.7 

Changes in Iodine Value of buffalo ghee on keeping with 
NaCJ, Casein, Sugar &. Lipase. 

Months. 
Gbet> Sample 

0 1 2 3 4 

Blank 2.i.61 26.77 !:!5.58 25.U 24.82 
NaCl 25.61 26.16 25.72 25.17 24.77 
Casein 25.61 28.35 25.90 25.25 
Sugar 25.61 25.84 26.~2 25.83 25.01 
Lipase 25.61 26.24 25.73 25.44: 24:.81 
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TABLE No, 8 

Changes in Iodine Value of Sheep ghee on keeping with 
NaCI, Casein, Sugar & Lipase. 

Months. 
Ghee Sample ' 

0 1. 2 3 4 

Blank 34.75 34.41 34.60 34.1JJ 33.82 
NaCI 34.75 34.83 32.22 32.71 32.50 
Casein 34.75 36 07 34.32 33.93 33.75 
Sugar 34.75 34.82 34.74' 63.10 33.40 
Lipase 34.75 35.68 35.11 33.52 33 48 

(l) In , the aerated sample of ghee, iodine va1ue was 
affected more than the acid value. An appreciable decrease 
in iodine value proved that due to aeration the unsaturated 
fatty acids in gbee might be undergoing the process of oxida
tion~ When the process of aeration was continued for five 
months, the general appearance of ghee was complet~_ly 

changed. 

(2) In both, buffalo ghee and sheep gpee, common salt 
distinctly showed the inhibiting effect. 

(3) Casein and sugar in the pr&sence of air, moisture and 
light showed a slight increase in acid value but the taste and 
aroma were effected to 'a very great extent. 

(4) With all the substances, NaCl, casein, sugar and 
lipase, in both sheep and buffalo ghee, the increase in acid 
value was maximum during the first month of keeping. ' 

\ 

(5) In the case of common salt, casein and sugar, the rate 
of decomposition was almost constant during the last three 
months of keeping while with lipase, the rate decr!-lased from 
month to month. 

(6) Lipase was very important from the point of view of 
hydrolytic rancidity. 
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l7) Sheep gbee was turned rancid to a lesser extent than 
buffalo ghee with casein, sugar and lipase. ' 

(8) The four substances can be arranged in the following 
{)rder according to their effects on iodine value. (i) common 
salt, {ii) lipase, tiii) sugar_aud (iv) caE.ein. 

SECTION III -

Hydrolysis of Sheep Ghee and Buffalo Ghee with Enzyme 
~ • Lipase.' 

In this section it is intended ~o describe the work doue on 
disintegration of different types of gbees by the action of 
castor seed lipase. The castor seed lipase was pTepared by 
Tanaka's method. 

Experimental Part. 

, The work en hy•h·olysis of bnffalo and sheep ghee is 
divided into the following groups:-- . . 

(1) Disintegration of buffalo ghee and sheep ghee in 'com· 
parison with an edible oil. viz. linseed oil. 

(2) Comparative disintegration of 

( i) Fresh ghee sample. 
-

(ii) A gbee sample kept for 8 months. 

(iii) A ghee sample heated to 200"..C. 
I 

Before starting the work on hydrolysis, the aeid value, 
l!'aponification value, sp.gravity and refractive index of 
different gbee samples were determined. To obtain compar
able resnlts similar conditions for hydrolysing ghee with lipase 
were strictly followed in all eases. The procedure of the 
method adopted for hydrolysis of gbee with lipase:-

0.1 Gram of lipase, exactly weighed was taken in five 
conicalfl.asks, One of these 11ask$ was used for the blank 
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expetiment and to the other four flasks 2 c. cs. of ghee sample 
and 10 c. es. of phosphate buffer (4.8 pH) were added in order. 
The contents of the flasks were shaken and then incubated 
at 31'C. At the interval~ of 2, 4, 24 and 48 hours, one of the 
fla-;ks was taken out and the fatty 9cids separated due to 
hydrolysis of gbee were determined in terms of N/10 sodium 
hydroxide Solution. Before titration 20 c. cs. of redistilled 
rectified spirit were added to the flask and it was heated to 90°C 
in a water-bath. 

The difference between the blank and the experimental 
reading gave the amount of hydrolysis that had taken place in 
the interval and finally the results were expressed in the 
percentage of fat hydrolysed during the time of reaction, 
taking the c. cs. of X/10 alkali required for the complete 
saponification of the same quantity of fat as hundred per cent. 
hydrolysis. 

(1) Comparison of the disintegration of 

(i) buffalo ghee, (ii) sheep ghee and (iii) edible oil 
(linseed oil), with lipase. 

TABLE No.9. 

Hydrolysis of Buffalo Ghee with Lipase. 

Amount of Velocity of 
Time in Tib·ation hydrolysis reactioa %of fat 
honrs. reading. in c. cs. of in the hydrolysed. 

\ 0.1 N NaOH interval. 

0 19.1 

2 30.4 11.3 11.3 13.2 

4 37.4 18.~ 7.0 21.7 

24 53.6 34.5 16.2 41.2 

48 63.6 44.5 10.0 53.2 
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Hydrolysis of Sheep Ghee with Lipase. 

Titration 
reading. 

Amount of . 
h drol sis Velo~Ity .of . i! c. c:. of rea~tion m 

0_1 N NaOH the mterval. 

%of fat 
Lydrolysed.-

----------------
0 
2 
4 

24 
48 

Time'in 
hour!!. 

0 
2 

4 

24 
48 

19.1 
27.7 8.& 8.6 
30.8 11.7 3.1 

36.5 17.4 5.7 
37.4 18.8 1.4 

Hydrolysis of Linseed Oil with Lipase. 

Titration 
reading. 

19.1 
36.0 

43.2 

65.5 
72.3 

Amount ?f Velocity of 
.hydrolysis reaction in 
me. es. of th • t 1 0.1 N NaOH e Jn erva. 

16.9 16.9 

24.1 7.2 

46.4 22.3 
53.2 6.8 

- i 

9.2 
.12.7 

19.0 
20.0 

%of fat 
hydrolysed. 

21.7 

32.5 

66.1 
70.0 

(1) Linseed oil out oftbe three is most easily attacked and 
to the greatest extent also. Then c.>mes in order 
buffalo gbee and shee ghee. 

(2) The percentage hydrolysis in 48 hours is respectively 
70%, 53.2% and 20% in the above three cases. 

(2} Comparative hydrolysis of 

( i) Fresh ghee sample. 
(ii) Ghee sample preserved for 8 months. 
(iii) Ohee sample heated to 20<tC fot· half an hour 

with the enzyme 'lipase'. 
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TABLE No. 10. 

( i) Hydrolysis of a Fresh Ghee ·Sample. 

Titration 
reading. 

19.1 
30.4 
37.4 
53.6 
63.6 

Amount of V locit 'Of 
hydrolysis e t' Y. % of fat 
. reac IOn 1n b d 1 d m c.cs, of th . t 1 y ro yse • 

0.1 N NaOH. e lll erva · 

11.3 11.3 13,25 
18.3 7.0 27.7 
34.5 16.2 41.2 
44.5 10 0 53.3 

(ii) Hydrolysis of Ghee Sample Preserved for 8 Months. 

D 1!J.1 
2 3(1 5 11.4 11.4 13.2 
4 35.4 16.3 4.9 19.3 

24 55.2 36.1 19.8 43.1 
48 63.0 43.9 7.78 52.5 

{iii) Hydrolysis of Ghee .Sample Heated to 200°C. 

0 19.1 
-

2 27.0 7.9 7.9 9.6 
4 29.8 10.7 2.8 13.1 

24 39.1 20.0 9.3 23.5 
48 40.2 21.1 1.1 26.1 

From the figmes in Table No. (10) we see that:-

The first two samples viz. fresh gbee and a ghee sample 
preserved for eight months were hydrolysed to the same extent 
in first forty-eight hours. The percentages of hydrolysis at the 
end of the last inte1·val i. e. after 4:8 boms were respectively 
53.3 and 52.5 for the first two samples and only 26.1/. of the ghee 
sample heated to 200°C. was hydrolysed during that interval. 

It clearly showed that heating bad definitely some effect on 
the glycerides of vol11tile and insoluble fatty acids. -
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PAPER XIV 

"A COMPARATlVg STUDY OF GOAT- GHEE 
AND CO'V J GHEE'' • 

BY 
M. M. THATTE, __ M:sc. 

( With the kintl p~rmission of the authorities of the Bombay 
University) 

SECTION I 
A -comparative study of goat-ghee and cow-gliee with 

• respect to preliminary values. · 
It is well-known that ghee forms an important and 

necessary nourishing food article. On account of its high 
nourishing valne, it becomes an important constituent of daily 
food and hence it is consumed by many people who can afford 
to have it. 

In onr experiments the process foll6wed to obtain ghee 
was the one that is followed in local areas. Milk was slowly 
heated to get almost all fat floating on the surface of the milk 
in the form of thick layer. This thick layer together with some 
quantity of milk was poured in one clean vessel and was 
subjected to the process of' curdling by adding small quantity 
of butter milk. After two days it was churn~d after adding 
about equal quantity of water. When cream was removed for 
butter preparation, the quantity of milk left behind was also 
subjected to the same process and these two lots of butter were 
mir.ed together and washed with water for a number of times. 

Butter was transformed into liquid ghee by ~elting. fhe 
liquid ghee became viscous after a to 4 boors. Every sample 
was cent per cent. genuine aud every process was done under 
onr personal supervision and with direct help. 

The methods employed for the dete1·mination of several 
physical and chemical values of the samples under stud:r are 
mostly taken from the ·standard books on dairy chemistry 
among which 'Vegetable fats and oils' by Jamieson and 
•chemical technology and analy~is of oils, fats and w-axes' by 
Lewkowitsch may be mentioned. 
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Goat-gbee was prepared from milk of 'A' goat. A second 
sample of goat-ghee was obtained from Sanand. The live
stock expert was requested to supply a genuine sample of 
goat-ghee from Gnjrath and the sample sent by him was studied 
at Poona in Nowrosjee Wadia College, to see if the goat-ghee 
from Gnjrath side differs in any way from the goat-ghee from 
Maharashtra. The following table gives the preliminary 
values of Mabarashtra goat ghee and Gnjrath goat-ghee. 

TABLE No. I 

Preliminary values of two samples of goat-ghee. 

Observation Analytical I Maharasbtra 
I 

Gnjrath 
No. value I 

goat-ghee I goat-ghee 

1 Melting point 23.8°C 30°C 

2 B. R. Reading 40.5 42 
at 40°C 

3 ND at 40cC 1.4527 1.4538 

4 Acid value 1.086 1.059 

5 Sap. value 243.3 236.5 

6 Iodine value 25.87 c 31.47 

7 R. 1\I. value 24.51 28.65 

8 Polenske- 9.53R 9.549 
value 

9 M.P. ofinsoln- 40.5°C 44 2°C 
ble acids 

10 N entralisation 237.9 212.5 
value 

11 Mean mole· 235.9 263.9 
cnlar we;ight 
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The above table shows that the melting point, R. M. value, 
iodine value and meal! J]lOlecular weight of Mallarashtra goat
ghee are, lower than those of Gojrath goat-ghee. The sap. 
value is higher in Maharashtra goat·gbee out the Polenske 
value and acid value are practically the same in both these 
samples. The Polenske value is considerably high in both the 
samples. 

• r 

When freshly prepared ghee is kept in a vessel, especially 
ii: summer, it is separated in three layers. The topmost layer 
is .rellowish oily liquid. At the_ bottom of the vessel white 
thick and semi solid particles of ghee are settled. The inter 
mediate portion consists of semi-liquid la.rer of ghee. It was 
thought that these three layers may show some difference in 
their preliminary values. These three layet·s Jn goal-ghee 
were .studied separately with a view to find out the range of 
variations in them • 

• 
Goat-ghee from 'A' goat was kept in a 250 c.c. cylinder 

with stopper. After about 5 to 6 da,rs, the liquid layer was 
pipetted carefnlly. . The remaining portion was semi-solid. 
The usual sample was supposed to be the mixed layer or 
intermediate Ia.rer. The follo..-ing table gh-es the range of 
variatio.11s in these three la.rers. 
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TABLE No.2 

The variations in goat·ghee layers~ 

Obs. Analytical Liquid Mixed Thick 
No. value layer layer layer 

1 Melting point 13 6°C l 23.8°C 34.1°C 

B. R. reading 40.1 40.5 40.6 
2 at 40°C 

3 ND at 40°C 1.4525 1.4527 1.4528 

4 .Acid value 1.077 1.0.86 0.9988 

5 Sap. value 247.5 243.3 242.4 

6 Iodine value 27.56 25.87_ '-, .25.17 ' 

T R. M. value 28.62 24 51 24.13 ' 

8 Polenske value 8.948 9.538- 9.616 

9 Melting • point of 40.8°0 40.5°0 40.0°0 
insoluble acids 

10 Neutralisation 233.4 237.9 241.8 
value 

11 Mean molecular 240.4 235.9 231.9 
weight 

-

The figures from the above table show that the melting 
point of liquid layer is lowest and that of the thick layer is high
est while that of the mixed layer lies between these two values. 

In the case of B. R. ~eading there is practically very little 
difference. There is no considerable difference in t.he free acid 
value of these three layers. The sap. value of the liquid is the 
highest one while that of the thick layer is the lowest one and 
that of the mixed layer is the iutermediate one. The sap. value 
of the liquid layer differs from that of the mixed layer by 4. 2 
and that of the mixed layer differs from the valuG of thick 
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layer by only 0.9. This shows that in this case the. mixed laye.r 
is nearer to the thick layer, than to the liquid layer. 

' The liquid layer has the highest iodine value. 'fhe 
difference in this value of the .remaining two layers is not 
considerable. !I'he iodine value of the liquid _layer is greater 
by 1. 69. than that of the mixed layer. In this respect also the 
mixed layer is nearer to the thick layer, than to ihe liquid 
layer. 

:rhe R.M. value is distinctly higher in the liquid layet·1 

than that in the mixed layer. The diffe1·ence ·of this value 
between ·the liquid layer and the mixed layer is 4,11. The 
R. M. value .of the ·mixed layer is slighty greater than that 
of the thick layer i. .e. by 0.38 only. 'ln the case of polenske 
valne the order is changed. The polenske value of the liqnid 
lay-er is lowest and that of the thick layer is slightly higher 
than that of the m~ed layer.. The neutralisation value ~f the 
insoluble Acids goes .on increasing from the liquid layer 
throngh the mixed layer towards the thick layer . 

. . In our later work it is shown th~ lhe liquid layer is ..more 
hydrolysed than the mixed layer and the mixed la_yer is more 
hydrolysed than the thick layer. The . values of maximum 
hydrolysis after 41:! hours are '36.42; 34.53 and 32.95 respective· 
ly. If hydrolysis is taken as a measure of digestibility then 
it can be said that the liquid layer is more easily digestible 
than the .mixed layer while the mixed layer is mme digesttble 
than the thick layer. Hence it seems that the liquid layer is 
superior to the remaining two layers in this t•espect. -

From the above discussion it is clear that the mixed layer 
has all these values which are intermediate between the 
values of the other two ~ayers. 

(2) · Compa-risoD of goat·gbee with cow-gbee. · 
Goat-milk and cow-milk do not differ ft·om each other very 

much in their ,proportions of the constituents. It is, therefore, 
worth comparing gbee samples, milk prodncts, obtained from 
goat-milk and,eow-milk. Goat gbee for comparative study was 
obtained from the milk of 'A' goat and cow ghee was obtained 
from a eow specially kept for this purpose. A general com
parison only in preliminary values was made •.. The _ _following 
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table gives the ranges of variations in the preliminary values 
of these two samples. (See table No. 3 belo-w). 

The figures from table No. 3 show that :-In goat-ghee the 
melting point, B. R. reading, free acidity and iodine value are 
distinctly lower than the corresponding values in cow-ghee. 
In melting point the difference is of 15.6°0 and in iodine value 
the difference is of 6.7. The difference in acid value is abont 
0 54. 'rhe Sap. value, the R. M. value, the Polenske value and 
the neutralisation value of the insoluble acids all of them are 
higher in goat-ghee. In Sap. value this difference is of 33.3 
and in R. M. value it is of 1.6. But in Polenske value the 
difference is very high. This is about 7.8. In onr hter work 
it is shown that cow·ghee is more easily hydrolysed than 
goat-gbee. All these results go to show that goat-ghee and 
cow·ghee differ from each <•ther in their preliminary values. 

TABLE No.3. 
Preliminary values of goat-ghee and cow-ghee. 

Obs. No.I Analytical value Goat-ghee Oow·ghee 

-
1 Melting point 23.8°0 39.4°0 

2 B. R. reading at 40° ••• 40.5 41.7 

3 ND at 40°0 1.4527 1.4536 

4 Acid value 1.086 1.62 

5 Sap. value ... 243.3 210.0 

6 Iodine value 25.87 32.58 

7 R. M. value 24.51 22.90 

8 Polenske value 9.538 1.747 

9 Melting poi~t of 40 5°0 42 ace 
insoluble acids 

10 Neutralisation value ... 237.9 213.8 

11 Mean molecular Wt .... 235.9 259.4 
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SECTION II 

Rancidity in- Goat-Ghee ana Cow-Ghee 

Fats which have developed an objectionable odour and 
taste on keeping are said to be rancid. Edible oils and fats 
are liable to become rancid in course of time if special pre-
cautions are not adopted~ · 

Lewkowitsch defines, as l"ancid, those oils and fats the free 
fatty acids of which have been oxidised by the oxygen of'the 
air in the presence of light. On the other hand Wanger found 
that fats kept in an atmosphere of nitrogen for two years and 
exposed to light become rancid and concluded that light is the 
determining factor in the development of rancidity. D. C. 
Dyer {Jour. .Agri. ,Res. 1.116; 6; p.p. 927) analysed the '* 
contained in butter before and after cold storage and found 
that oxygen content dec~eased and the carbon dioxide content 
increased indicating oxidation changes in the fat. The quantity 
of carbon dioxide found' was directly proportional to the 
amount of non-fatty material present in butter and the con
clusion was drawn that the unpleasant flavours of rancid 
butter are produced by oxidation not of the fat itself but 
of t4e non-fa.tty ingredient!!', 

The rancidity of pure fats is now generally understood to 
be_due to a product of hydrolysis and oxidation and it is usn
ally charaeterised by the losa of natural sweetness and flavour 
of tlJe fat, the formation of compounds of unpleasant odours 
and taste and a developmeat of acidity in the fat. However, 
the acidity of a fat is not a perfect measure of its rancidity or 
non-rancidity for it is possible to ha\'e examples of fats show
ing extremely low acidity and yet being very rancid; whereas 
other cases may occur in which fats show a much higher free 
fatty-acid content and yet ue perfectly swe~t and~on-rancid. 

Rancidity is of various types :-(1) Simple hyd~·olysis of 
giycerides into free fatty acids. ( 2) Oxidation of the 
saturated fatty acids with the production of ketones. ( 3) 
Oxidation at the double bonds of the unsaturated neutral 
glycerides or· nn!!'atnrate4 fattr:acJds. The fhst two t;·pes are 
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almost exclusively the result of enzyme action .while the last 
is usually due to exposure to air and may also be- influenced 
by the presence of enzymes. 

The first type of rancidity which may be called "hydro· 
lytic rancidity" is caused by exposure of fats to the moisture 
in presence of lipolytic enzymes. -In seeds lipase is always 
present and consequently seed • fatp ,are very prone to develop 
free acidity if they are kept under damp conditions. Adipose 
tissue fats of animals, on the other hand, ~re not so liable to 
become hydrolysed. Hydrolytic rancidity of such fats when it 
occurs, is usually due to the growth of moulds (penicillium 
Aspergillus) which contains lipolytic enzymes in abundance. 

Dr. N. N. Godbole ("Butter fat "-1939) from the results 
of a number of experiments has stated that diffused sun-light 
as such alone is not sufficie~t to produce rancidity. It plays 
a part of a positive catalyst.- He states that micro-organisms, 
enzymes or bacteria cannot be held responsible as initial -
starters of the process of rancidity. ' Of course, once the game 
has been started by moisture, then air, enzymes, micro
organisms and bacteria may act as positive catalysts. The 
process of rancidJ:fication is accelerated very much by the _ 
presence of free fatty acids and also by the addition of pre
viously rancid fat. Another important point noted by Bavis 
(J. S. C. I. 417 .Ti 1923) is that the p1·esence of free oleic acid 
increases the rate of the compounds causing kreis reaction. 

For stabilising the fats or for inhibiting rancidity of the 
fats, common salt has been employed by Dr. N. N. Godbole. 
This salt has the preservative action. Aromatic amines, 
nou-hyd ·oxy uomatic nitro derivatives are frequently 
employe for inhibiting rancidity. 

rancidity 
goat- gb 
filled wi 
Ghee in 
Ghee s 

r ·work, it was intended to study the hydrolytic 
oxidation at the double bond and their inhibition in 
e and cow - ghee. -Five _wide mouth bottles were 
goat- ghee. They were labelled as 1, 2, 3, 4 and 5. 

ottle No. 1 was mixed with castor - seed lipase (2%) 
ple in bottle NQ, 2 was mixed with cane sugar (2%). 
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That in bottle No. 3 was mixed with common ·salt (2%) and 
casein (2i.,) was added to that in bottle No. 4 while ghee 
sample in bottle No.

1
5 was kept for blank experiment. These 

bottles were kept open in an incubator at 37°C, 

The acids produced by hydrolysis on keeping and by the 
addition of above substances were determined by dissolving 
about 5 grams of the sample separately from each bottle, in 
neutral alcohol and titrating the whole bulk against N/10 
alkali. Iodine values of all these samples were also found 
out with a view to see whether the addition of the above sub· 

'stances has any effect on oxidation at the double bond. The 
hydrolytie rancidity and the iodine values were determined 
after every month in the case of goat-ghee./ The following 
table gives the results of the hydrolytic rancidity. Figures 
represent c.e. of N/10 NaOH required to neutralise the free 
fatty acids present in one gram of the sample. 

' 

TABLE No.4 

Hydrolytic ranc~dity in the case of goat-ghee. 

Days I Blank' I Lipase I Sugar I Co~'fton ~-Casein • 

0 0.1888 0.1888 0.1888 -0.1888 0.1888 

31 0.2255 8.701 0.2211 0.2639 0.2608 
' 

61 0.2444 4.658 0.2442 0.2618 0.2608 

90 0.4840 6.658 0.4204: 0.4986 0.4753 

122 0.8720 8.258 0.6441 0.8081 0.7903 

The figures from the above table show that:-
~ . 

In the btoginning i.e. for first 61 days the acidity that is 
produced is not apprtociable; but later on it goes on increasing 
.and after 122 days it is considerable. Jl'or the first 61 days , ' . 
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addition of eane sugar shows no !-.ign of inhibition of hydrolp 
tic rancidity. But later on it shows retarding effect. Common 
salt and casein have no effect up to first 90 days but afterwards 
they show a little inhibition of hydrolytic rancidity. Addition 
of lipase decomposes goat-ghee without any regularity. 

If these substances are arranged in descending order of 
hydrolysing action tLe arrangement will be as follows:· 
Lipase, common sal't, casein and sugar. 

The following table shows the efft>~t of these supEtances at 
the double bond. ·The figures represent the 'iodine values of I 
the different samples to whic}l different substances were 
added. 

TABLE No.5 

J?ays 
J 

Blank Lipase_ Sugar- l Common 
salt I Casei~ 

----
0 31.47 31.47 31.47 31.47 31.47 

31 31.!:9 31.71 31.30 31.23 31.19 

61 30.07 29.93 29.94 29.U8 29.52 

90 27.68 28.44 28.54 27.87 27.73 

The figures in the table show that:· After 90 days there 
are appreciable differences in iodine ~;alues. After 31, days in 
the case of blank experiment and in the lipase added s1mple
there is a slight increase in iodine value. Common salt and 
casein do not affect the double bond. Lipase and ~ngar have 
a slight inhibiting action. The difference in the iodine value 
in the blank experiment after 3 months is '::1.79. 

In the case of cow-ghee similar --experiments "ere carried 
out. But there were six bottles. The sixth one contained cow
ghee mixed with 1·ancid-ghee (2/o). 
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TABLE No. 6 

Hydrolytic rancidity in the case of cow·gbee. , 

I o.2887 
I I 

' 0 0.2887 0.2887 0.2887 0.2887 0.2887 
/ 

~59 0.3718 2.561 0.3621 0.3713 0.3591 0,.4531 

93 0.4051 3.558 0.3963 0.4lU 0.3649 0.5168 -
124: 0.4364 4.205 0.4336 0.4325 0.3824 0.5279 

- - ' 

153 0.7246 4 917 0.6573 0.6219 0.5717 0.7688 

!«'rom the above table we find that in the blank- experiment 
there is no appreciable change in the ft·E:e acidity for the first 
four months, but in the fifth month there is a considerable 
change in the free acidity. Rancid ghee helps hydrolysis in 
the case of cow-ghee. Sugar -and common salt have no e.tfect 
in the early stages of experrruent under the experimental 
conditions, but later on they show inhibiting e.tfect. Casein 
under these conditions retards decomposition from the very 
begin'Qing. If these substauees are arranged in descending 
order of hydrolysing &!.'lion, the otder is as followa :-Lipase, 
rancid ghee, sugar, common salt and casein. In the sample 
where lipase wa11 added rate of decomposition of the fat in the 
beginning is higher and then it slowly falls down. 

If we look to the figures in the blank experiments both in 
goat-ghee and cow-ghee we see that goat-ghee is more prone 
to become rancid only if hydrolytie uncidity is taken into 
consideration. In the second part of this paper it is shown that 
cow-ghee is more hydrolysed by lipase than goat-ghee. But 
the acidity de\"eloped in the sample to wbiclllipase was added 
was more in goat-ghee than in the cow-gbee. l'hi11 may be 
due to deterioration of the lipase powder kept for a long time 
in contact with ghee. 
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As in goat-ghee samples, the iodine values of cow-ghee 
samples were found out and are given in tbe following 
table:-

TABLE No.1 

Changes in the iodine values of cow-ghee samples. 

Days I Blank Lipase Sugar ~Common' Casein J 
Rancid 

salt I ghee 

0 32.58 32.58 32.58 32.58 I 32.58 32.58 

59 32.88 32.99 32.78 32.63 32.76 33.06 

93 32.28 32.12 31.98 31.85 32.15 31.63 

124 30.56 29.97 31.10 30.84 31.77 29.86 

The figures from the above table show that after 124 days 
there are appreciable differences in the iodine value. After 
59 days in all cases there is a slight increase in iodine value. 
After 124 days the sample in which rancid ghee was added has 
iodine value lower than that of any other sample. Here again 
it shows that casein has inhibiting action. The difference in 
the iodine value in the blank experiment after four months 
is 2.02. 

If these substances are arranged according to thei_r effect 
at the double bond the arrangement may be as follows:
Rancid ghee, lipase, common salt, sugar and casein. Addition 
of common salt, sugar and casein inhibits oxidation at the 
double bond. There is no great difference in iodine value of 
the lipase added sample and that of the blank experiment. 
This indicates that lipase does not affect the double bond in 
its action of hydrolysis of the fat nuder our experimental 
conditions. Up till ~ow only two properties of lipase are 
known (1) hydrolysis (2) synthesis. The oxidation at double 
bond or tl:te breaking up of the double bond by- lipase is not 
remarkably indicated. If lipase had been acted upon the 
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double bond,-- then there would have been a considerable 
differenee in iodine value. 

If we look to the fig~res of iodine values in the blank 
experiment both in' goat-ghee and cow-ghee we find that goat· 
ghee is more prone to the effect of oxidation 'of unsaturated 
glycerides or unsaturated fatty acids. 

Air is one of the factors in producing rancidity. Samples 
exposed to open air become rancid after a few months. Eff.ect 
of aeration must, therefore, be marked in such samples. In 
our experiment we studied the efi'tct of aeration' on cow·ghee. 
Every day melted cow-ghee was sqbjected to aeration for 15 
to 20 minutes. Aeration was carded out mechanically with 
the help of suction pump. The flask containing cow-ghee was 
fitted with a rubber cork having two glass tubes open at both
ends. One end of one tube was dipped in cow-ghee and the 
end of second tube was kept above the Eurfaee of ghee. The 
second tube was joined to the suction pump. Atmospheric air 

. was thus allowed to- bubble into the melted ghee sample. 
Shaking was also continued from time to time at the time of 
aeration. Acidity and iodine value were found out at different 
intervals of days. Sample of the same ghee' was kept aside 
to carry out blank experiment. The following table gives the· 
iodine values and the number of c.c. of N/10 NaOH required 
to_ neutralise the free fatty acids present in one gram of the 
sample of gbee. ·(See table No. 8 on the next page). 

The figures from the table (No 8} show _that the free 
acidity in the blank experiment increases very slowly. In the 
aerated sample for the first 183 days it:' increases slowly but 
after that period it increases rapidly. In the case of iodine 
nlue in the blank experiment there is a decrease in the first 
30 days and then up to 165 days it remains Jlractically constant. 
But from 165 days to 225 days there is a noticeable decrease in 
iodine value. In the aerated sample the fall in iodine value 
is started from ~be beginning and total fall in 225 days is 5.21 
while that in the blank experiment is 2.43. The temperature 
at which aeration was carried out was not high. The temper· 
lltnre was at about the melting-point of ghee. Hence it can be 
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said that aeration affects the sample and thereby differences 
are found in acid value and iodine valoe showing the decom
position of the glyceride and the oxidation at the double bond. 

TABLE Xo. 8. 

Results showing the effects of aeration. 

Blank Aeration 

Days C.C. of I Iocine C.C. of I Iodine 
XaOH I value XaOH value 

0 0 0956 33.32 ... . .. 
30 0.1213 32.43 0.1237 32.27 

70 0.1375 32.47 0.14-!5 31.83 

103 0.1.555 32.28 0.1629 30.8~ 

133 0.1592 32.19 0.1858 29.97 

16.5 0.1658 32.15 0.2818 29.50 

196 0.1677 I 3141 0.4200 2~.01 

I 225 0.1SB2 30.89 0.5076 27.11 

In similar way aeration was carried out in cocoanut oil, 
safflower oil and linseed c.il by ::Uiss Naegamvala in our 
laboratory. She found that the effect of aeration in these oils 
i;; not marked in the beginning bnt later on the effect is 
remarkable. The effect is the greatest in linseed oil and a slight 
effect is seen in cocoannt oil. Linseed oil-drying oil-becomes 
viscous earlier than safflower oil-semi drying oiL-cocoanut oil
non drying oil-does not become nscons. 

Hence it can be concluded that aeration afferts the oil or fat 
and the effect is more pronounced when the oil i;; a drying one. 
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'PA"PEI\ XV 

'·HYOROLYSlS OF A FEW FAT ... S-AUPLES,. 
'• I 

( Jf itla the kind permission of the authorities of the Bombay 
UnitJtrsity) 
' 

S~Cl'ION I 

A ttudy of hrdrblyait of goat-rhee and eo~gbee in 
comparison with a few edible oil• alld yeg~table thee-
by castor·seed lipase. -

1 

It bas bee1l observed ana proved that oil-seeds contain 
an enzyme 'lipase~ which by its virtue of lipolytic activity 
brings about byclrolysis of the oils on keeping: 

The fr~sbly utracted oils from the crushed seeds contain 
verT negligible amount of acid, but on keeping for Eome days 
appreciable quantities of free acid can be detected and the 
amount tends to increase gradually as the period inllreases. 
The decomposition ot the oU into act4 and glycerol has 
bflen attribnted to the presence of a ferment which has been 
termed "lipasa ". 

1t is 'Well known that iu the allmentary canal or tha htglu!f 
aflimltls, g\,rceride!t nndetgo bydt-olysta by the catalytic agency 
of a fat-splltting entyme 'lipase' secreted by pancrHs. The 
breaking down of tats by this agent is greatly accelerated by 
the physical actlon of the bile rsalta....:...sodinm glycocholate, 
sodinm taurocholate and bile pigments-Bilirnbin and Biliver· 
din. These by their marked power ot lowering snrtace tension 
tend to increase the disr>ersion of the oily droplet! and to gh·e 
rise to ~mnlsions. The hydrolrsls of the glycerides starts as 
sootl as the fattt aeid molecule enters the Jiving eells of the 
adsorbing surface. The adsorption of the lnajot·it1 of the 
edible C>ils and fats Is almost qnantit.ati-re l.e. ~alnes ranging 
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from 95% to 100% are obtained for the digestibility coefficients. 
Lower values have been recorded for some fats, more particu
larly iu cases where the melting point approaches or is higher 
than the body temperature so that the emulsification of the 
fatty globules in the intestinal contents may possibly be less 
satisfactory than in the case of oils (oils, fats and fatty foods 
J. C. Brumond, Professor of Biochemistry, University of 
London). 

Numerous' methods have been devised for obtainJng a 
product with a hydrolysing power greater than that of the 
crushed seeds. All these methods consist in removing from 
the seeds the materials such as oil and albuminoid substances 
devoid of hydrolysing properties. 

1. Method of Nicloux (C. R. 1904, 138; 1112, 1175, 1288, 1352) 

2. Hoyer's extraction method ( Ber. 1904, 37, l4R6) 

3. Taylor's extraction method (Jour. Bioi. Chern. 1~06, 2, 87) 

4. Armstrong and Ormerod's extraction ID:ethod 
(Proc~ R. S. 1906, B.78; 376) 

' 
5. Falk's method (Jour. Am. Chern. ~oc. 1912, 34, 735; 1913, 

I 
35, 624, ]897) 

6. Tanaka's method (Eighth Int. Congress of Applied Chern, 
1912, Sec. Vol. 11, 37; J.S.C.I. 1912, 31; 884) 

, For the present, work we adopted Tanaka's method. 
Tanaka's method :-A necessary amount of fresh seeds was 
purchased locally and after decortication these were ground 
finely in a mortar for a considerable period. The whole mass 
was packed in different :rackets of ordinary filter paper. The 
above packets were dipped in ether for three days to remove 
oil from finely ground mass. The last traces of oil were 
removed by Soxhlet method. The packets were opened and 
the contents were exposed to open atmosphere for some time 
to remove ether. The contents were then passed through a 
fine sieve. 100 grams of this product were triturated with 
600-700 c.c. of 0.1 N acetic acid at 30°-35°C for 30 minutes. 
T4e milky liquid was filtered and the residue thoroughly 
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washed with water till free from acidity and dried at a te:rnper• 
atnre not exceeding 40°0. The dried product was again ground 
in mortar and passed tbrongb a fine sieYe: The lipase powder 
thus obtained was white, odonrless and quite free from soluble 
matter.· The lipase powder thus' obtained was preserved in
glass stoppered bottle with the addition of a few drops of 
toln.ene. Care was taken~ not to allow the lipa£e powder to be 
dried in the snu because such an exposure spoil~ the 8-Jtivity 
of the lipase powder. · . , 

Tbe resear~bes of Folk (Jour. Am. Cbem. Soc. 1913, 35, 
1904) and of Folk and Sngnira (ibid. 1915, 37, 217) show that 
castor-beans contain two distinct lipolytic enzyrpes. One of 
these is soluble in water and bas a comparatively greater 
hydrolysing effect on esters like ethyl b~ntyrat.e tbail on gly
cerides like triacetin. The other is insoluble and is more 
active" towards triacetin tbao towards ethyl butyrate. The 
soluble enzyme is termed as 'esterase' and the insoluble as 
'lipase.' 

The optimum pH of the castor-bean lipase has alreaciy 
been found out and is between 4. 7 to 5. In .our work we had 
used phosbate buffer with pH 4: •. 8 

To set np the necessary conditions certain preliminary 
experiments were carried out. The first experime~t was 
carried ont to fix the amount of lipase to be used every time. 
An increase· in the amount of lipase accelerates the hydrolysis 
bnt the velocity o! decomposition is by no means proportional 
to the amount of lipase used, as small quantity acts relatively 
more energetically than larger (Cf. Fokin J. S.C. I. 1904:, 23, 
1152). . 

In our experiments we had taken from 0.1 gram to 0.8 
gram of lipase powder in eight different flasks and found that 
the amount of hydrolysis goes on increasing as the quantity of 
Jipase goes on increasing. Bnt the velocity of decomposition 
is not proportional to the quantity of lipase used. 0.1 gram 
of lipase aeted more energetically than tbe larger quantities. 
Hence it was thought best to use every time 0.1 gram of 
lipase powder. 
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Neutral aLcohol is a solvent for fatt~ acids originall~ 
present and those which are ol;>tained, aHer hydrolysis. We 
had carried two sets of experiments. In one set 10 c.c. of 
~bsolute alcohol were added in the beginni.Dg whe:r;t the flasks 
were incubated and in another set 10 c. c. _of absolute alcohol 
were added at the end of th.e reaction and i.n their place 10 c.~. 
of distilled wat~r were added at the thne of setting the ex
periment_. The results cf these_ t:wo sets of experLrpents 
undoubtedly showed that alcohol acts as a deten:ent to. the 
working of castor·seed lipase. Hence alcohol was added at 
the end of the reaction every time. 

The yield of hydrolysis depends upon the formation of a 
good emulsion. The results of the experiments of Con stein, 
Hoyer and Wartenberg pointed out that the amount of water 
compared with the quantity of lipase and oil plays am impor .. 
tant part in the rate of hydrolysis. They stated that 
at least three times the theoretical amount of watev should be. 
used. Hence instead of adding water, only necessary amount 
of bnffer solution was used. We tried qifferent Q,nantities of 
buffer solution and arrived at a conclusio:q_ that if 6 c. c. of. 
buffer solution are used practi~ally consta:q_t resnlts are 
obtained. 

These preliminary experill!ents established the necessary 
conditions -to give ll!_aximum hydrolysis. In eaQh case O.l. 
gram of lipa~e and ~c. cs. of g,hee were well mixed and the_n. 
to that mixture 6 c.cs. of phosphate bnfftlr (pH 4Jn were added 
and the whole n;lixtnre was again shaken for one minute. 
The flasks (100 c. cs. capacity) were theiJ incubated at 37"0 
for the required period ~nd were well shaken aiter ev.ery, 
half an hour during first four hours. 

At the (}nd_ of, the re_action, after a certain, pe:riod, 10 c. c. 
of nev.tral alcohol_ were added into th.e f;lask and the contents of 
the f;lask ,were heated to 70-75°0 for one :r;ninn.te. The addi
tion of alcohol and heatlng the flasks served two purposes. 
Alcohol dissolved the separated fatty acjds aD,d the activitYi of. 
li~ase was, stol?pe~ after heating. The contents of the flasks 



were then titrab~d again.st staad.lud alkali. Free acidity and. 
Sap. valu.e of- ghee wer& !foqud out on the 1ame day 
of the experiment. -

On account of shortage of absolute alcohol or even 
rectified spirit we used distilled methylated spirit in our actual 
experi~ental work to dissolve the fatty acids. The small 
100 c. f!. flasks were not suitable for titration where 35 or 
40 e. e. N/10 NaOH were required. Hence ll new procedure 
W'88 adopted in which the contents of the small flasks were 
mixed with 10 e. e.- of neutral distilled spil'it and the jlask was 
kept in boiling water for one minute. - The content& of the 
ftask were poured into a 250 e. c. conical flask and the small 
flask was washed twice using nery time 10 e. c. of neu'trar 
distilled spirit. The washing$ were added. to the cont&.ats of 
the conical flask and the whole mixtnre was titrated agaiufl. 
NilO NaOH using phe_nolphthalei!lns an indicator~ 

In eur work all the expel'iments were can·ied on a small 
SOllie and no shaking- machine nor mechanical stirrers Uliled' 
aa• hence the results were low. 

-lit Illllia a. Y&lY itnportaa._' qu.esticta Ul always heeD 
raised and discussed regarding the comparative m.erits of 
bo.tter fats, (obtained from cows, buffaloes and goats) edible 
oils and n~table_ gbees with a view to find out theit 
comparative values. as food material. The use Qt any oil or 
fd depends upon the degree of its absorbability, assimilability 
M4 digestibility. The oi! or fat which loads the digestive 
sysflem instead of being digested is definitely not. useflllto the 
body. Not only that but much depen.ds on th~ tate of 
digestibility. The higher the rate ot dig:~stibility the greater 
t~ as& of the fat as food materiaL 

The glycerides ue dctooUJ.posed 1., fermeat oallecl 'lipase• 
in~- fatty acid.& aad gJ.yoerol. Th41B& fatty acids are then 
.Waorbed in tbie body aa tbe,J are produc~ This decomposition 
or oil-splittine or h,ydroly&U depends upoa the physical nature. 
chelllicd natnre and also on the Qtber ingredit:nts pl'esent- in 
the oil OJ fat.. Dlllwg the wl W&l\ to auppi,J' the- dem&Dd •f 
gbee, a number of factories manufacturing vegetable ghee• 



were erected and the sums of capital locked np in their 
working were so large that it appears that people may be 
misguided by the information based on propagandist nature. 

Luehring ("'Butter fat" p. p. 21-N. N. Godbole and 
Sadgopal) tded to ascertain tbe relation between .the relative 
velocities of saponification of oils and fats and their 1 elati ve 
digestibility. This argument of drawing an inference 
regarding the digestibility from the saponification velocity is 
open to one serious objection and that is that in estimating 
saponification value strong alcohuli_c solutions of caustic potash 
are used which cannot be compared with the small, though 
actiVe, quantities of ferments present in the_ human body. 

The higher fatty acids like palmitic and stearic, it is 
found, pass off through h~man system unused and unabsorbed. 
But if oleic acid is present, it is taken up and absorbed by the 
system. Not only that but it-s- mere presence also helps 
partly to absorb the otherwise indigestible acids like palmitic 
and stearic. From this it seems that the more the oil or fat 
unsaturated the more it is dige,;tiblP-. Of course, it is only 
one of the factors influencing the digestibility of the 
oils or fats. 

It is also observed that oils and fats whose melting points 
' .... 0 lie below the normal temperature of the boay (about 36 C) are 

absorbed and digeded in the intestines almost up to H7 to 98 
per cent., whereas tri-stearin, having a melting point 71°0, 
is only 9 to H per cent. used up. The remaining portion only 
helps in loading the, system._ The digestibility coefficients 
of oils hydrogenated to different degrees of hardness are 
determined by A. D. Holmen and H. J. Duel (Analyst, 19.21, 
46 p.p. 503) with the following results. Cotton-seed oil 
hydrogenated to melt at 35°, 38.6°, 46°0 showed digestibility 
coefficients of 96.8, £5.5, and 94 . .9% respectively. In the case 
of arachis oil, melting at 37, 39, 50, :md 52.4 degrees 
centigrade, the respective d1gestibility coeffi<!ien ts WE:re 98 I, 
H5.1, 92.0, 79.0 per cent. These result:; show clearly that 
digestibility depends more or less on the_ melting point of the 
f~t or the oil. 



199 

The glycerides of saturated acids of low molecular weights 
ranging from those of btJ.tyrie to those oCm,rristie aeids are 
known to be easily assimilated by the system· because of their 
low melting points. ·'J;o eonelude we say that the digestibility 
of any oil or fat depends upon its melting point and nn- • 
saturated natnrP. 

The abso~ption· of fat from the intestine has long been the
subject_ of_ controvel'l!y .. The results of investigation of Mnnk 
go to show that fats_ are ·not directly absorbed but are· first 

.hydrolysed and then resynthesised into glycerides (cf. Moore. 
Proe. Roy. Soc. A. 1903, 72, p.p. 134), Franzer (_Analyst 1938, 

· 63, p.p. 308) states. that there a~:e essentially two ways by which 
fat-can be conveyed from the intestine into "the body, the first· 
is via the lacteals,_ the inte~tinal lym_£hatics and. the thoracic 
duet into the systemic circnlation. This route avoids the liver, · 
and the fatty material goes direct to the general body tissues. 
The second route is by the capillaries ; thence juto the portal 
vein a11d to the liver. He concludes that fat is absorbed both . 
as fat and fatty acid. Absorption of fat favours passage by the 
lacteal-lymphatic route to the fat depots. Absorption as fatty 
acid is by the capillary pathway and matetial passes direct to 
the liver where it/m"1 be further metabolised. Lyman (Jour; 
Bioi. Chem. 1917, 32, 7) fed dogs with glyeeryl stearate and 
palmitate and observed gnat difference in absorption. He 
doubts whether absorption is dependent on the melting }:oint 
of the fat. -

Hydrolysis of goat-ghee, cow-ghee, edible oils and vege· 
table ghees was carried out. 

Hgdroly~is of go.at-ghte: -Goat-ghee selected for this work · 
was obtained from the milk of 'A,. goat. Detailed information 
abont its layers has been given in tho previous work. The 
three layers were subjected to hydrolysis using 2 c.c. of ghee, 
0.1 gram lipase and 6 c.c:of bnffer. The ftasks were incubated 
at a'iC for different intenals of time. 

The results obtained are gh·en in table No. 1 
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TABLE No.1. 

Hydrblysis of goal-gbee laJers. 

-
Name of layer!'! I 

Percentage hydrolysis after 
2 hrs. 4 hrl'l. 24 hrs. 48 brs. 

- Liqnid 

:::l 
56'il 9.298 26.11 86.4-2 

Mixed 5.442 9 156 27.34 34 53 

Thick 5.025 9,'()59 26.85 32.25 

AU th~se reso.lts show that the hydrolysis is rapid during 
the early stages of reaction and. theu it slowly falls down. 
Accotding to the degree of b~·drolysis. the liquid lay-er is 
better than the other two layers. Then stands th-e mixed layt-1.' 
and finally the thick layer. 

The iodine values of the liquid layer, th~ mixed layer and 
the thick layer are 27 .56, 25 87 and. 25.17 respectively. 'rhe 
M.Ps. are 13.6°0, 23.8°0 and 34.1"C respechlvely. These values 
show that the liquid layer bas the highest iodine v:tlne and the 
lowest melting point. 

The thick layer has the lowest values while the mixed 
layer has the intermediate values. On examining these 
values we can say that taking one and the same sample of 
ghee and dividing it into three layers according to its liquidity 
the percentage hydrolysis of these layers depends on the 
iodine value and the melting point. The layer which has more 
iodine value CJ.nd lower melting point is hydrolysed more than 
the layer which bas lower iodine value and higher melting 
point. 

Hydrolysis of Cow-Ghee :--

As in the case of goat-ghee the three layers tf cow·ghee 
were subjected to hydrolysis using 2 c. c. of ghee, 0.1 gram 



lipase and 6 e, e. buft'er:. ~he renlts obtained are given in 
table No.2. 

TABLE :Xo. 2 

HJchAlysis oE Cow-Chee. Layer-. 

:Percentage hydrolysis after 
Name of layer. t 

2 hrs. 4 hrs. 2! brs. 48 hrs. 

6.27 

5.34: 

2.78 

10.37 31·32 

8.4a. 32.71 

6.01 ' 18.53 

The figures from Table No. 2 shcnr that::--

. 

4!.83. 

4.Ui& 

28A9 

Oo tha whole u aeems that the hydzqlysis ia rapid. dming 
th.& early stages of reactiun and afterwards it &lowly fall& 
down. Aeeording to the degree of hydrolysis the liquid layu 
stands first, then the mixed layer and finally the thiek.lqer. 
In the liquid layer and in the mixed layer tha pereentaga 
hydrolysis eYen at; the end of 2! hours is greafer than tlie 
percentage hydrolysis after 48 hours in the thick layer. The 
melting_ poit:ts of these layers are 16.2", 39.n1 and 43.0"C 
reFreetively. The iodine nines are 40.17, 36.6-1 and 33.39' 
re11peetively-. 'Ihe layer hnin~ lower meltin~ point lind' 
bigfter iodine nine is hydrolysed to a greater extent than nu,. 
otfter two layers. 

For comparison two edible oilit and two vegetable ghee• 
~ se~eted. The oilif- were safflower and eoeoanut. 'Ihe 
ngetable ghees ne named as 'A' and. 'B' and these &1'e in 
common use. Results are showa in Table !\o. 3. 
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TABLE No, J3. 

Hydrolysis of Goat·Ghee, Cow-Ghee, Edible _Oils and 
Vegetable Gbees. 

Name of sample I Percentage hydrolysis after 
2 hrs. 4 hrs. 24 hrs. 48 hrs. 

Goat·ghee 5.442 9.156 27.34 34.53 

Cow-ghee 5.34 !:!,45 32.71 41.66 

Safflower oil 5.37 9 001 19.73 23.99 

Cocoanut oil 5.590 8.414: 21.12 26.48 

Vegetable ghee 3.256 6.357 12.01 17.99 
'A' 

Vegetable ghee 1.996 3.610 12.13 17.66 
'B' 

Here again it is seen that the hydrolysis is rapid during 
the early stages of reaction and then slowly falls down. After 
48 hours goat-ghee is 34.53 per cent. hydrolysed, cow-ghee 
is 41.66 per cent. hydrolysed, safflower oil is 23.99 per cent. 
hydrolysed, cocoanut oil _ 26.48 per cent., vegetable ghee 
'A' 17.99 per cent. and vegetable ghee 'B' 17.66 per cent. 
According to the descending order of percentage hydrolysis 
the order in which they can be put will be as follows :
Cow•ghee, goat-ghee, cocoanut-oil, safflower oil, vegetable 
ghee 'A' and vegetable ghee- 'B'. The melting points of 
these samples are 39.1eC, 23.8°C, 25.3C, solidifying points 
-18°, 39.5° and 40.2° centigrade respectively. The iodine 
values of these samples are 36 64, 25.87, 9.96, 141.5, 65.49 
and 57.94 respectively. ('The melting points and iodine values 
of safflower oil and cocoanut oil are quoted here with the kind 
permission of Miss Naegamvala and those of vegetable ghees 
are quoted with the kind permission of Mr. V. S. Kulkarni 
who worked in the Nowrosjee Wadia College Biochemi~try 
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Laboratory). The results show that the percentage hydrolysis 
of oils and fats does not depend only on melting point and 
iodine value. Bnt if the same sample is divided into different 
layers according to their liquidity then the percentage hydro· 
lysis depends upon, bnt not proporlional to, the melting 
point and iodine value. 

_ These results show that the vegetable ghees are less 
hydrolysed than the butter fats and edible oils. Dr. V. X. 
Patwardhan (Lecture at Science Congress at Bangalore, i946) 
revealed that vegetable ghee adversely affected growth and 
reproductive function of enimals. Of the fats be investigated 
that butter fat stood ont as the fat par excellence viewed from 
any angle-grQwth, maintenance, reproduction and lactation. 
He said, "Consume butter if yon can afford, otherwise take 
any of the ordinary edible oils, without any treatment, as the 
next best". 

SECTION II 

·The effect of thermal treatment on the hydrolysis oE 
goat·ghee and c:ow·ghee samples by.c:aslor-seed lipase.. 

Sndborongh (Jour. Ind. Inst. Sci. 1918 and 1922, 2, 213; 
5, 119) observed that certain crude oils after refining treat
ment with alkali did not undergo appreciable hydrolysis when 
acted upon by castor-seed lipase in absence of an activator. 
Addition of volatile_ fatty acid (which had been removed 
during the nP-ntralisation and washing) as an aetintor was 
found to restore the hydrolysis of these oils. It was therefore 
assumed that. volatile free acids present in crude oil act as a 
natural activator to castor-seed lipase. 

Menezes and B. N. Banerjee (J. Ind. lnst. Sci.• 1939) 
heated the cnde oil and then subjected it to hydrolysis with 
pancreatic lipase both with and without an activator •. The 
heated oil when hydrolysed in the absence of an activator, under
goes very poor hydrolysis. 'Vhen however the activator (0.5 e. e. 
of 2 % CaCl2 pins 0.5 e. c. of 3% albumin solution) is added 
then the hydrolysis is restored to the original rate. This 



elearJ.y .demonstrates .that on heating, some <Snbstanne ·w.hich 
acts as an activator io the pancreatic lipase ..is .rendeued lin
active. They also ionnd the same effects in .gingili, ground
nut and .cotton - seed oils. Their results indicat~ ·a gradual 
fall in the ·hydrolysis with rise in the temperature and ,also 
with the duration of heating. The ground-nut -oil·was also 
hydrogenated and it was found that the process of hydrogena
tion retards the hydrolysis. 

We studied the effects of thermal .treatment on hydrolysis 
of.goat- _ghee and cow- ghee. 

,Goat- gliee :-A sample of genuine goat-ghee was divided 
into three portions. One portion was kept as it was. .Another 
portion was heated at 160°C for half an houf' over a spirit lamp. 
The third portion wa;; boiled for half a minute on a stove. The 
free acidity and the saponification value of each of these 
portions were found out after one day after thermal treatment. 
The free acidities of the unheated sample, heated :;:ample and 
boiled sample were 0.3~, 0.28 and 0.14 respectively in terms 
of c.c. of N/10 NaOH for 2 c.c. of eacll sampl-e. Xhe -saponifica
fion values of these sam,ples ·were 77.36, 77.6~, 77 . .()2 respec
tively in terms of c. c. N/10 NaOH for 2 c. c. of the sample.
T.hese three p01 tions were snbje~ten to hydrolysis under 
similar conditions. The results are given in the following 
table. 

TADLE No.~. 

:Effect of thermal treatment,on hYdroly&.s J>f _goat-ghee 

Percentage hydrolysis after ~ame,Qf sam,Jlle I 
U-nheated ••. 1 

2 hrs. 4 hrs. 24: hrs~ 48 hrs. 

3.853 

fie.litea at'160°C 3.650 
ifor half an ·hour. -

:Eoiled 1for half a 3.398 
minute 

6.64.9 

5.444 

4 9113 

18.52 

15.83 

11.49 

.22d:J. 

21.52 

17.55 
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~be :figures ·in table No. 4 show that :-
ll'he rate and also the degree of bydrolysU! ue th~ highest in 

the unheated sample. Then <there is a fall in \hese values in the 
heated eample and in the boiM!d sample.the rate and the degr~ 
t:lf hydrolysU! are the lowest. ['he· .explanation for the fall of 
the •acid value can ·be attributed to certain ·volatile ·acids which 
might'have been present rio the ghee samples before ·beating or 
boiling and tWhich on heating .or boiling the ghee ~amples 
we~·e driven .off. •On ~oconut of the fall :in •the acid ·value 1he 
hydrolysis in the heated sample or the boiled sample might 
ha~ suffered • 

. Cow·ghee:-A $&mple of ·genuine •cow-ghee was divided 
into three 1JOrtions. As ·in the goat-ghee samples two of the 
three portions were -subjected to thermal 'treatment. The ftree 
acidity .and the saponification -value of .each of these three 
portions were ofound·Ciut aftt>r one day after thermal treatment. 
The bee acidities of the nnheatedsample, the heated sample and 
the :boiled umple ·were 0.909, ·0.813 and 0.622 respecbively in 
terms of c.e. of N/10 NaOH for 2 c.c. of 1:he sample. The 
saponification :values :were 16.05, '16.33 and "16.o8 •respectively 
in terms of c.e .. of N/lO:NaOH!or 2·c.c. of'the sample. These 
three-samples weve subjected ,to hydrolysis under similar con
ditions. The results are given .in the following table :-

['ABLE No. 5. 
Effect of ihermal treatment .on the ·hydrolysis -of ~ow-gbee 

Name of the 
sample 

Unheated ... 
Heated at 160°0 

for :half IBD .honr 

Boiled for ·ha!f a 
minnte 

.Percentage bydrol~Ysis after 
2 brs. ~ ht·s. .24 .hrs. 48 .brs. 

4.392 .7J93 l9.86 ' ..24.87 

3.865 ·6.463 16.15 19.70 
-

.2.897 4:.409 11.47 J.6..75 

:rhese results ahow that ltNl rate jlnd also the degree ,of 
hydrolyEis are the highest in the unheated sample. There is a 
fall in these ·values .in ·the \heated sample and in the boiled 
sampM! the rate -and the degree ·Of ·hydrol.)'«liB are the ·loweet. 
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In the unheated goat-ghee sample the hydrolysis in the 
first 24 hours is 4.73 times the hydrolysis in the next 24 hours 
and that in the unheated sample of cow-ghee is 4.403. But in 
the boiled goat-ghee sample the hydrolysis in the first 24 hours 
is 1.89 times the hydrolysis in the next 24 hours and that in 
the boiled cow-ghee sample is 2.17. These figures indicate 
that in the unheated samples, the hydrolysis is rapid in the 
beginning and then falls down. But in the boiled samples the 
hydrolysis is not so rapid in the beginning and proceeds further 
without much fall in its rate of byd_rolysis~ In the boiled 
goat-ghee sample the degree of bydiOlysis is less by 4.89 
than that in the unheated goat- gbee sample. In the boiled 
cow-ghee sample the degree of hydrolysis is less by 7.62 
than that in the unheated cow- ghee sample. 

The effe;:t of thermal treatment on the hydrolysis of rancid 
ghee was studied with a view to see whether it has got the 
same or different effect in rancid ghee. The cow-ghee sample 
selected for the experiment had become rancid by keeping for 
two and a half years. Some quantity of rancid ghee was boiled 
for half a minute on a stove and cooled again. The free acidity 
and also the saponification value of the rancid sample and 
those of the boiled rancid sample were found out separately. 
The free acidity and the saponification value of the original 
rancid ghee were 9.90 and~74.74 respectively in terms of c.c. 
of N/10 XaOH for 2 c.c. of the sample. These values of the 
boiled rancid ghee were 7.56 and 72.38 respectively in terms of 
c.c. of X/10 XaOH for 2 c.c. of the sample. The difference in 
the free acidities and in the saponification values is appreci
able. These samples were subjected to hydrolysis and the 
results are shown in table No. 6. 

TABLE No.6 
.Effect of boiling on the hydrolysis of rancid cow-ghe.e. 

Name of sample I 
Unboiled 

Boiled 

Percentage hydrolysis after 
2 hrs. 4 hrs. 24 hrs. 48 hrs. 

5.165 8.191 

5.389 8.702 

14.53 

21.41 

1~.57 

27.16 
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l!'rom the above figures it clearly shows that if the rancid 
ghee is boiled even for half a minute, the free acidity is 
appreciably decreased and the percentage hydrolysis is 
considerably increased. Bnt Table No. 5 shows that in the 
ease of non-_rancid sample, the hydrolysis is decreased if the 
sample is heated or boiled. The pro~able expla~:ation that 
ean be given is that in rancid ghee there may Le some volatile 
compounds present which may affect the hydrolysis. On 
toiling the sample theee volatile comrounds may be J:artialJy 
driven off and then there may not be any specific influence of 
these compounds on hydrolysis or on boiling, a substance 

. which acts as a deterrent to the working of castor seed lip~se 
is rendered active. 

Another sample" of rancid cow-ghee was selected for the 
sake of confirmation. The sample chosen was a seven year 
old sample and had gone rancid. The rancid sample was 
divided into three portions. One portion was kept as it was. 
The second portion was boiled for about half a minute. The 
third portion was boiled for about one minute. The-free 
acidity and the saponification values of these three portions 
were found out separately after one day after thermal treat
ment. The free acidity and the 1aponification value of the 
original raneid-ghee sample were 3.640 and 7!.98 respectively 
in terms of e.c. of N/10 NaOH f01r 2 e.e. of the sample. 
These values of the rancid ghee boiled for about half a minute 
were 3.02! and 74.25 respectively in terms -Df e.e. of N/10 
NaOH for 2 e.e. of the -sample and those of the rancid ghee 
boiled for about one minute were 1.750 and 7~.77 respectively, 
in terms of terms of c.e. of N/10 NaOH for 2 e.c. of the sample. 
The free acidity present in the sample which ha•l become 
rancid by keeping for seven years was less than that present 
in a sample which ba4 become rancid by keeping only for 
two and a half years. The aboT"e three portions were subjected 
to hydrolysis and the results are shown in table No. 7. 
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TABLE No-7 

Effect of boiling on hydrolysis of rancid: cow·ghee 

Sample 

Unboiled 

Boiled for half a· 
minute. 

Boiled for one minute 

Percentage hydrolysis after 
3 hrs. 2.! hrs. 4!f ht:s. 

4..174 

4.711 

4.527 

10.86 

15.39 

16.69 

n.86 

21.23 

23.16 

Here again it is found that if rancid ghee is boiled, the 
free acidity is· decreased and the hydrolysis. i& considerably 
increased. Figures in table No. 6 and No. 7. show that in the. 
boiled. rancid ghee sample the percentage hydrolysis even. 
after 24 hours is greaten than tha! after 48- hours in. the un.
boiled sample. Also thestJ tables show that. in the nnboiled' 
samples the hydrolysis is stopped after 24 hours. But in the• 
boiled samples it noes not. stop after 24 hours an<i continues, 
further wiLhont much fall in the rate of hydrolysis.. _ 

SECTION III 

The effect of eertairt substances on- the- enzymic~ 
hydrolysis- of fat. 

Common salt is one of the most essential reqnit·ements. of 
living tissues. It is mostly ingested with every kind of food
stuff in order to make the stuff tasty and palatable. Common: 
salt, as we know, causes an increased secretion of saliva an<L 
gastric juice thereby bringing into action more quantity of. 
enzyme to react with food stuff. Naturally there i!! bound to 
be an increased hydrolysis of food constituents. Leaving aside 
this property it is worthwhiJe to study whether the addition. ,of 
salt itself has any effect on the hydrolysis of ghee keeping the 
quantity of enzyme lipase fixed. 

Narayanmnrti (Jour. Ind. In st. Sci. 1930, 13.A, 63) found 
that sodium chloride was inhibitive to purified cholani-malt 
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amvlase when its ·concentration exceeded 0.0000166 N. 
Lo~venhart and Pierce ( J"onr. Bioi: 'chem. 2.397, 1917) while 
working on animal lipase noted that dilute solution of sodium 
chloride bad accelerating effect but retarding effect with more 
concentrated solution. In- our experiments we used pme 
common salt, cow-ghee and castor-seed lipase. 200 mgms. 
400 · m.gms. and 600 m.gm;;_ were weighed accurately )lnd 
dissolved in 10 c.c. of distillc:d "Water separately. 0.1 gm. of 
castor seed lipase and 2 c.c. of ghee were well mixed. To this 
mixtnre 5 c.c. of distilled water and 1 c.c. from the above 
10 c.c. solution of sodium chloride were added and the whole 
-mixture was shaken vigorously for about one minute. Three 
such flasks'Were arranged containing diffet·ent quantities of 
sodium chloride~ Side by side a blank experiment was also 
run containing 0.1 gm. of lipase, 2 c.c. of ghee and 6.c.c. of 
distilled water. These four flaeks were incubated at 37"0 for 
24 hours. Thus the concentrations of sodium chloride in 
the three flasks were 20 mgms., 40 mgms. and 60 mgms. 
respectively. 

After 24: hours 10 c.c. of neutral absolute alcohol were 
added to each flask and after heating the flasks for one minute 
at 60 to 70 degrees centigrade the contents of the flasks were 
filtered using Bucher funnel and suction pump._ The flasks and 
the funnels were washed three times using 10 c.c. of water 
every time. The filtrate and the washings were titrated 
against N/10 NaOH. The end point was sharp. The results 
obtained are given in table No. 8. ' 

TABLE No.8 

Effect of NaCI on the enzymic hydrolysis of fat. 

Salt 120 mgms.J4o mgms. 160 mgms.j Blank 

c.c. ofN/10NaOH 1.93 1.61 1.06 3.31 

Difference ... -1.38 -1.70 -2.25 ... 
-
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The figures in the above table clearly show that common 
salt has retarding effect on the enzymic hydrolysis of fat. 
This retarding effect goes on increasing as the concentration 
of the salt goes on increasing but this effect is not proportional 
to the quantity of the salt used. 

Another substance which is frequently used up in our 
daily diet in an appreciable amount is sugar. Sugar as such 
is not~eaten frequently but in solution everybody takes it. 

The effect of glucose, milk·sngar and cane-sugar on 
enzymic hydrolysis of fat was studied.' The procedure 
adopted was the same as in the case of common salt experi
ment except that instead of common salt a necessary quantity 
of sugar was atlded. The concentrations of sugar were 20 
mgms., 40 mgmE. and 60 mgms. and cow-ghee was used as a 
substrate. The flasks were incubated at 37"0 for 24 hours. 
The results obtained are given in Table No.9. 

TABLE No.9 

Effect of sugars on the eDZ}'Illic hydrolysis of faL 

Sugar 20 mgms. 40mgm!!. 
1-

60 mgms. 

Glucose c.c. of N/10 3.76 2.71 2.71 
NaOH. 

Difference +0.45 -0.60 -0.60 

Milk-sngar-c.c. N/10 2.89 3.03 3.03 
NaOH. 

Difference -0.42 -0.2S -0.28 

Cane-sugar-c.c. ofN1/0 3.40 3.67 3.31 
NaOH. 

Difference +0.09 +0.36 nil 

Blank·c. c. of -N/10 3.31 3.31 3.31 
NaOH. 



From the ·figures in the above table we find that lower 
concentration of glucose has aecelerating effect while higher 
eoneentration of it bas retarding effect on the enzymic hydro
lysis of fat. When the concentrations of glucose were 
fO and 60 mgms. the retarding effect was to the same 
extent. 

ln case .of -milk-sugar in all types of concentrations there 
is retardation in hrdrolysis. In case of cane-sugar when the 
concentration is 20 mgms. there is an acceleration in "the rate 
of hydrolysis and when the concentratioi is 40 mgms. then 

-this accelerating effect is more pronounced. Bnt at a still 
higber concentration there is no effect whatsoever on the 
enzymic hydrolysis of fat. 

PAPER XVI 

"A STUDY OF ASH OF :MILK AND THAT OF -
MILK- FAT OF ASS" 

BY 
RAJADHYAKSHYA 1 M.Sc. 

-

(Wit A the lind permissiow of the authorities of the Bombay 
Uni"lrsity) 

SECTION I 

Analysis of the ash of ass's milk and its comparison 
with the ash of the milk of other animaiL 

:A study ot the ash obtained by incinerating the solids and 
thus removing the organic matter is very interesting. Salts of 
the metals like ealcinm, magnesinre, potassium, sodium, iron, 
containing ehloriae, phosphorus and sulphur in a combined 
form are found to occur in milks according to the nature 
of the animal and the food on which it is fed. Snlphnr 
has been found only in the milks of goat and cow. Again 
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iron has been found only in the case of cow's milk while the 
traces of iodine have been obser-ved in both the milks from 
the cow and the goat. Physiologically spealdng these salts, 
though present in very minute quan~ities, play a very impor· 
tant part in resisting a number of diseases like T.B. and 
development of Tonsilitis. In this connection, it should be 
remembered that due to the presence of these various salts of 
organic nature the normal milk is amphoteric in reaction i.e.
it behaves both as an acid and also as an--alkali towards an 
indicator. 

Zinda bad has recently observed during a, thorough spectro· 
scopic examination of milk, traces of the following metals:-

, Aluminium, chromium, copper, lead, manganese, tin, 
titanium, zinc, vanadium. In tbe opinion of the investigator 
even traces of these metals play a very important part in 
imparting to the milk the best nutritive and medicinal 
properties. 

Analytical results of the ash of ass's milk. 
As previously said analy~is of five saiDples of the ash of 

ass's milk was done and table number 1 'will show th-e per
centage composition of the various constituents of the ash of 
ass's milk. 

TABLE No.1 

1 la2.76 41.32 17.50 2.80 3.40 1.30 trace. 
' 

2 40.18 41.05 12.20 0.79 3.62 2.88 do. 

3 40.80 38.79 9.70 0.55 5.40 3.12 do. 

4 36.40 44.50 11.80 0.30 2.83 4.13 do. 

,5 30.18 47.99 13.00 0.30 2.48 5.15 do. 
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As can be seen from the above table, calcium and phos
phoric acid contain about SOZ c>f the total constituent of the 
ash. 

A comparison between the constituents of the ash of the 
ass's milk and that of buffalo's and cow's milk will be very 
interesting. Table Nos. 2 nnd 3 show the constituents 
of the ash of buffalo's and cow's milk as recorded by various 
authors. 

TABLE No.2 

Composition of the ash of buffalo's milk. 

Authority 

Dr. Sahasra- 22.5- 10.3- 19.7- 1.8- trace- 3.2- 22.4- 13.1-
budbe 26.9 11.9 23.6 3.2 0.2 4.3 26.5 · 16.2 

TABLE No.3 

Composition of the ash of cow's milk. 

.Authority K,O NatO CaO MgO FeiOa SOa PtOs CJ. 

Leach 25.02 10.01 20.01 2.42 0.13 3.84 24.89 14.28 

Table No. 4 shows the composition of the ash of human 
milk as noted by Harrington and Kinnicott. 

TABLE No.4 

K Mgq FeAlsOs SOa PsOs OJ. 

29.84:. 12.39 13.69 1.92 0.40 4.38 10.73 20.11 
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Table No. 5, shows thE> mean composition of the ash of the 
ass's milk obtained by taking the average figures for the 
various constituents of the ash of ass's milk analysed by ns. 

TABLE No.5 

K 

Trace 3.33 36.19 0.95 3.55- 42.73 12.84 

As Mn be s'Ben from the above tables there is a marked 
difference in the composition of the ash of ass's milk and that 
of buffalo's and cow's milk. The composition of the ash of 
buffalo's, cow's and human milk shows a close resemblance to 
one another, the different constituents differing slightly from 
animal to animal. But the composition of the .ash of the ·ass'a 
milk is quite different from the above mentioned animals. 
The former contains about 40% each of calcium and phosphoric 
acid i.e. approximately double the amount found in the case of 
ash of cow's, buffalo's and human milk .. It is very interesting 
to note that while in the case of the three animals, percentage 
of potassium amounts to about 30, in the ass's milk it is found 
in tra-c-e'S only. The C)ther ·constituents of the ash of the ass's 
milk will naturally show low pe1•centage figures as compared 
to other animals.. The chlorine content of the ash of ass's 
milk is approximately the same compared to that of other 
animals. . 

C. P. Anthrakrishnan has obtained the following percent
age figures for lime, phosphoric acid, and chlorine in the ash 
of ass 1milk he has analysed. 

CaO 

... 
:.. 25.1 

26.5 

8.1 

31.8 

32.3 

10.5 
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The above figures dii'ler considerably from the corresponcl
ing figures obtained by ns especially in the contents of CaO 
and' PzO-:~. As regards the mineral contents therefore there 
is also a great variation from !nimal to animal. 

· .Taking the mean percentage of ash of ass's milk as 0.45" 
grams table No. 6shows the amounts in gram3 of the different 
caostituents of the ash in the ass's milk. 

1 TABLE No.6 

·;-----------------------------------------------
Na20 CaO MgO Fe~Oa SOa P20:~. Cl, 

Trace 0.015 0.163 0.004 0.016 0.194 0.058 

Table No. 7 shows the corresponding values for the 
buffalo's milk as given by Leach in his book "Food lnspectiou 
and Analysis, Fourth Editio:o., Page 111," where the percentage 
of ash is 0. 70 .• 

TABLE No.7 

0.175 0.070 0.140 0.017 0.001 0..027 0.170 0.100 

-
From table Nos. 6 and 7, it can be seen that ass's milk 

contains a greater portion of calcium and phosphoric acid than 
the buffalo's milk. While the latter contains an appreciable 
amount of potassium, ass's milk contains only traces. 

From the large percentages of calcium and phosphoric 
acid found in the ass's milk, it can now be easily understood 
flS tQ why it is given to childreu su1feriug from l'ickets. 
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SECTION II 

(A) A study of milk fat of us for its preliminal'}' values. 
-

The problem of tackling the ass's milk is not complete 
without the study of its fat. We thought that by the study of 
the milk fat of ass more information would be obtained regard• 
ing the utility of ass's milk. We have, therefore, made an 
attempt to study its fat in detail. 

Analysis for the preliminary values was carried out on 
fonr samples of ass's milk fat, particular care being taken to 
obtain representative sample in each case. Table No. 8, 
shows the preliminary values obtained on four samples of ass'11 
milk fat. 

TABLE No. 8 

Preliminary values of four samples of ass's milk faL 

Obs. Analytical First Second Third Fourth 
No. Value. Sample. Sample Sample. Sample. 

1 Butyro-refracto- 49.2 46.4 43.0 49.3 
meter@ 40°C. 

2 Reichert Meisel 4.78 6.71 7.88 6.54 
Value. 

3 Polenske Value. 6.30 6.80 10.8 9.70 

4 Iodine Value. 63.7 67.8 52.8 41.6 

5 Saponification 220.16 233.35 222.60 237.10 
Value. 

6 Kirsc'hner Value. 3.28 5.26 4.80 5.26 

7 Unsaponifiable 0.72 0.84 0.9-l 0.90 
matter i.: 

--
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~ ~ Table No. S: ahow& the aaine ftlnel obtained by c.: P.: 
Anthrakrishnan, as· _given by him in the .Joamal ot. Da.i~ 
Beseareh. 1.94:1, Volntne 12. Page 190. · 

~BLE No.9 -----:----
. Obse~Yatiou.l Aulrucal Value. ·1· .- Fint -~ Second 

_ No. :. . _ . Sample. - Sa~ pi~.: ..:..: 
- -
--~----~~----------~--~------~~----~~1 

1 Bntyro-refractometer 
reading @ 40°C. M.5 -- 54-7 

~ 

--2. Reichelt. Meisel -
Valu.e. 9.6 9.9 

3 : Polenske Value 8.2 7.6 . . -
4 Iodine Value - 81.4: 90.0 

5 Saponifi..!atioo Value. 258.5 26L2. 

6 Kirschner Value 5.9 5.5 

As can be seen from Table Nos. .S and 9, the sample.a 
analysed b.r us are not in close agreement •ith those analysed 
by .Authrakrishnan. The but;rro-refractometer reading -which 
we han obtained is too low compared with the corresponding 
firures obtained by him. In general figures for all the valnes 
obtl\ined by .Anthrakrisbnan show a tendency to be a litfle 
higher than the eorresponding figures obtained by ns. .As the 
milk fat was being collected every day we were taking the 
butyro-refraetometer reading of the fat and mean value of the 
bntyro·refractometer reading which we have obtaint>d is 48.5, the 
minimum and the maximum being 43.0 and 52.5 respt>ctiveJ;r: 
In all about 25 butyro refraetomt>ter nadings were takt>n for 
one sample and only on four occasions did the reading show 
above 50. We have thus never obtaiut>d 54:.5 aa the botrro-, 
refractometer reading for the fu of ass's mil~. -

It appears that not mueh .-ork is done abroad un ass'a· 
1Dilk fat. The onl7 reft>renee anilable is about tbe Rekbt>rt 
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Meisel Value. T. P. Hilditch in his book on "The Chemical 
Constitution of Natural Fats" has given 13.1 as the Reichert 
Meisel value, while Richmond states that the Reichert value 
of the milk fat of ass is only half that of cow's buffer fat. We 
have obtained 7.88 as the maximum R.M. value. 

(B) A comparison of the preliminary values for the 
milk fat of ass with the corresponding values obtained for 
the common milking animals. 

In respect of all the values, the fat of the ass's milk 
shows no resemblance to any of the other common milking 
animals except perhaps in the case of R.M. value where it has 
some resemblance with the fat of human milk. The R.M. 
value obtained for the fat of human milk varies from 1.4 to 
3 4 and the Polenske from 1.9 to 2.2. Ass's milk, therefore, 
resembles more closely to human milk, in that both contain 
low percentage of volatile fatty acids. Polenske value is 
generally high in the ease of ass's milk fat, differing con
siderably frvm that of cow's and buffalo's milk fats but 
resembling closely with that of goat's milk fat, where the 
Polenske figure is obtained as high as 9.5. The chief charac
teristic of ass's milk fat is its higher iodine value. Here also 
the iodine value has the tendency to differ considerably from 
animal to animal. We have obtained iodine value for ass's 
milk fat ranging between 41.6- 67.8, whereas ..!.nthrakrishnan 
gives the figures for iodine value as high as 81.4- 90. The 
high value obtained for the ass's milk fat shows that the per· 
centage of the unsaturated acids i.e. oleic, linoleic and 
linolenic (if any) is more than in the case of any other milk 
fat of the common milking animals, chiefly cow and buffalo. 
In respect of the iodine value of the ass's milk fat the ails's 
milk represents more closely to that of mare's milk where the 
iodine value for the latter has been given as 61. (Reference 
Dairy Chemistry Richmond, Elsdon and Walker, Page 78). 
The iodine value in the ease of cow's and buffalo's milk fat 
does not exceed 45. ·we have obtained saponification value 
for the ass's milk fat varying from 220-237. These figures 
do not vary much from the corresponding figures obtained frorq 
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other animals. In- general ass's milk fat has its own charac· 
teristics and can readily be di.Etinguished from the mi.lk fat of 
other animals, namely by its peculiar unpleasant odour, high 
iodine valne, and very low Reichert Meisel value. 

, (C) Determination of the fully saturated glycerides 
content of the milk fat of ass and its comparison with the 
milk fat of buffalo and cow. 

/ 

In 1927 Hilditch and Lea showed that when a fat is oydis-
ed in acetone solution with powdered potassium permanganate 
all glycerides containing one or more unsaturated acyl radicals 

'"are ultimately converted into the- corresponding azelao
glycerides (in the case of oleo-, linoleo-, linoleno- or elaeo
stearo-glycerides), whilst the completely saturated glycerides 
remain unattacked. The acid azelaic glycerides usuallY--form 
a complex: mixture which is somewha't difficult to separate from 
the unchanged fnlly saturated glycerides, because the alkali 
salts of the azelao-glycerides are very strong emulsifying agents 
(especially those of the monoazelao-derivativ~s. which in addi-
tion are- soluble in ether as well as in water). By taking 
suitable precautions during the removal of the acid azelao
glycerides by washing with alkali, it is, however, quite possible 
to recover quantitatively the unchanged fully saturated 
glycerides. 

The following method as described in the Analyst 1931 • volume LVI, page 361 and modified by Hilditch was employed 
to determine the fully saturated glycerides content of the milk 
fat of ass. 

5 grams of the sample were accurately weighed in a 1000 
mls. conical flask and 300 mls. of acetone were added and lbe 
flask was reflu:x:ed. Powdered potassium permanganate (20 
£rams) was added in small portions at a time and the flask 
was gently and constantly boiled.· After the whole addition of 
potassium permanganate, the flask was vigorously boiled for 
half an honr and set aside over night. Next day a fresh 
quantity (7 grams) of powdered potassium permanganate was 
added and the flask was reflnxed in the similar manner for half· 
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a.u hour. The a<!etone was then carefully distilled over till the 
last drop of acetone was completely removed. The residue 
was then deeolourised by rodium sulphite and 10% sulphuric 
acid. The contents were then throughly extracted by means 
of petroleum ether, the extraction being repeated three t_imes 
to ensure complete recovery of organic compounds froin the 
decolourised aqueous solution of-mineral acids and salts, and 
tbe acidic products were extracted therefrom with a solution of 
ammonia in 50/., aqueous alcohol. This remeved much of the 
acidic compounds, but the 'ammonium salts of some 'of the Jitter 
are partly soluble in light petroleum. The latter solution was 
therefore shaken with calcium chloride UO%) solution and 
washed with water. The light petroleum was then removed by 
distillation and the residue extracted with ethyl acetate which 
dissolved neutral fatty matters but left the calcium salts of 
the acidic products. Evaporation of the ethyl acetate solution 
yielded the fully saturated glycerides free from acidic 
products. 

Determination of the percentage of fully saturated 
glycerides was done on three samples, as shown below:-

Sample No. 

1. 
2. 
3. 

l!'ully saturated glycerides (per ('ent.) 

30.66 
37.72, 
26.68 

As can be seett from above, the percentage of fully 
saturated glycerides varies from animal to animal. This can 
easily be understood if we take into considerati()n the varia
bility exhibited by the iodine value and the butyro-refracto
meter reading of the milk fat of different asses. Due to the 
scarcity of the ass's milk it is very much regretted that 
a series of determination of the fully saturated glycerides 
from milk fat of many asses could not be carried out. 

. · If the three determinations· of the pe1·centage of fully 
saturated glycerides are typical for ass's milk fat we can take 
31.7 as the, pe]:eentage of fully saturated glyce_rides in tl;la 
ass's milk fat.. -

- • ~.. .. ... _ 4 • ,~ ~- • - • " 
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The percentage of fully saturated glycerides in the case of 
milk fats of Indian camel, sheep and goat have _been studied 
by Dhingra and that of the Indian bniialo and cow by Bhatta · 
charya and Hilditch. (Reference "The Chemical Constitution 
of Natural Fats" by T. P. Hilditch, Page 259.) 

' . , 
t • ' 

Table No. 10, shows the percentage of folly saturated 
glyeerjdes in the case of the whole milk fats of '7arions abov& 
mentioned animals. (Reference :'Ibid, Pag~ 256 and 260"). 

'tABLE No.lO 
/ 

Cow Bnfl'alo Camt-1 l- ~h_eep I Goat 
: -

31.7 .32.3 24.2 t .. 33.7 _J.- ':'36.3 

As ean be seen from the tabie the pet·centage of folly' 
saturated glycerides in the case of milk fat of cow ..and ass is 
the same. 

The percentage of the folly saturated glycerides in the. 
C1Se of buffalo ghee was also determined. For this purpose 
two samples of genuine buffalo ghee receive-d_ in the 
labot"'ltory were taken for analysis. The percentage of the 
fully saturated glycerides obtained for the buffalo's mUk fat 
was 38.8. 

Table No. 11, shows the percentage of saturated glycerides 
determined by us together with the saponification value and 
the melting points in the case of -milk fats of ass aQd 
buffalo, 
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TABLE No. 11 

Sample. I Fully Saturated I Saponification \ 
Glycerides%. Value. 

Melting 
Point. 

Ass 37.72 302.65 15.8° c. 

Ass 33.66 312.78 14.0°C. 

Ass 26.68 261.38 23.0° c. 

Buffalo 34.8 261.5 23.5° c. 

Buffalo 35.1 245.1 25.0° c. 

Very interesting facts are revealed by the study of the 
saturated glycerides and their saponification value and the melt
ing points. Table No. 11 shows that the saponification value 
of the fully saturated glycerides is more or less inversely pro
portional to its melting point. Same observation is also madE~ 
by Christian and Hilditch (Reference "Dairy Chemistry", by 
Richmond, Elsdon and Walker, Fourth Edition, Page 195). 
T. -P. Hilditch has also made the same observation. (Reference 
"Chemical Constitution of Natural Fats''. by T. P. Hilditch, 
Page 256, Table No. 92). The unsaturated acids were deter
mined by difference. Table No. 12 shows the percentage 
of volatile saturated, non-volatile saturated and unsaturated 
acids found in the case of ass's fat. 

TABLE No. 12 

Ass's milk fat. 

Sample I Volatile ~atura-1 Non-volatile I Unsaturated acids 
ted acids. saturated acids. (by difference) . 

. 

1 

2 

9.6 

10.2 

33.6 

34.1 

56.8 

55.7 



Determination of solid (moetly saturated) and liqnid 
'(mostly uneatnrated) acids was done on one sample of buffalo's 
milk fat taken from the laboratory. The method followed 
was that described in "Analyst" 1931; Volume LVI, Page 
376 (A'new method for the determination of solid unsaturated 
fatty acids by Cocks, Christian and Harding}. Here also 
the solid acids were found to possess a small but definite 
iodine value {3.04). The iodine value was wholly supposed 
to be due to oleic acid and therefore the percentage of solid 
acids was calculated after duly making a correction for the 
iodine value. The percentage of liquid acids was calculated 
by di1ference. The percentage of solid and liqnid acids 
obtained was 60.81 and 39.19 respectively. 

Though the total number. of milk· fats examined is not 
large enough to justify definite generalisations useful indica
tions were obtained. 

Table No. 13, shows the iodine value and the correspond
ing thiocyanogeD. value determined on four samples of ass's 
milk fat. 

TABLE No.13 

Sample No. Iodine Value . Thiocyanogen Value 

1 46.1 38.8 

2 49.9 39.6 

3 62.8 38.9 

4 59.4 5Ll 

(D) Nutritive value and the digestibilitr of ass's mUk faL 

. It has been proved by experiments that the digestibility 
of fat depends npon the nature of the acids of which the fat is 
composed. The higher the proportion of unsaturated acids 
present in the fat the more is the digestibility. Again it baa 
also been proved that the fats with higher melting points 
are less di~estible than those witb lower melting poin_ts. 
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.Accordingly it is found that.oils and fats whose melting points 
lie 'below the. nnrmal temperature ~of the body labont 36°0.}
are absorbed and digested in the intestines almost npto_ 97% -
98%, whereas the fat which 'bas got a higher melting point 
(say 71°C.) it is found that only 9%- H% is used i.e. relllaiBing 
91% - 86.% of .the fat on iy helps in loading the system without 
in any way benefiting it. The assimilability of free acids. is in 
general, a function of its molecular weight, i.e. the lower ones 
are more easily absorbed than the higher ones although in the 
case of unsaturated acids like oleic, they are more easily 
absorbed than the similar but saturated acids J>oth having the 
same number of carbon atoms, not merely because of their low 
melting points bnt also because of theit unsaturated character 
which is responsible for their greater chemical activity. 

/ -

- The milk fat likP- all other fats consists of mixture of 
glycerides i.e. esters of glycerol. Thes-e mixed glycerides 
consist of acids of low and high molecular weight. In 'these 
again the glycerides of high molecular weights are of either 
saturated or unsaturated adds. Whenever the oils and fats 
are introduced into the human system their assimilability and 
digestibility as previously said are dependent upon the nature 
of acids. The glycerides of saturated aeids of high molecular 
weights are not digestible and therefore load the human 
system and pass off undigested and nnassimilated. They are 
likely to prove therefore some harm to the s.rstem and serve 
no useful purpose. This is mainly due to the fact that the 
glycerides of saturated acids of high molecular weights have 
melting points higher than that of the body temperature itself. 
The liquid glycerides of unsaturated acids of high molecular 
weights, particularly those of oleic and linoleie acids, on the 
contrary are not harmful as those of the corresponding stearic 
glycerides of about the same molecular weights. They are 
easily absorbed and are known to be beneficial. The gly
cerides of saturated a<;ids of low molecular weights ranging 
from those of butyrie to those of myristic acids are known to 
be easily assimilable by the system because of their varying 
low melting points and easy digestibility and assimilability. 
The remarks made above for the non·assimilability of soli.! 
glycerides of the saturated acids of high 1IlOlecnlar weights are 
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modified to a certain extent when the, glycerides of either nn· 
saturated acids or acidsoflow molecular weightsaremixed with 
them. The proportionate percentage of the glycerides of 
saturated acids of high molecular weights on one side and 
that of the glycerides of either unsaturated acids or acids of 
low molecular weights on the other. decides the comparative 
assimilability and digestibility of any given oil t>r fat. 
(Extracts from the book ••Butter fat" by Godbole and Sadgopal). 

}'rom the above discussion we can form onr own conclu
sions as to the assimilability and digestibility of the ass's milk. 
The milk fat of ass is liquid at the room temperature (28°0). 

·It is therefore below the normal temperature of the body and 
shonld therefore be easily absorbed and digested. We have 
seen that the proportion of nnsatnrated acids present in the 
milk fat of ass is considerably more thau in the milk fat of 
any of the common milking animals. .Ass's milk should 
therefore be ~ven more superior to bn1ialo's and cow's milk as 
regards its digestibility and assimilability. 

Conclusions :-
Analysis of the esb of ass's milk reveals abont 80% each 

of calcium and phosphoric acid with potassium as a trace. 
This prove'S why ass's milk is recommended as a medicine for 
rickety children. 

The fat of ass's milk has a penetrating odonr and is 
coloured orange yellow. It has a low R. M. valne and high 
iodine value though the latter differs considerably from animal 
to animal. The milk fat shows a close resemblance to hnman 
and mare's milk fat. 

The percentage of saturated glycerides obtained for ass's 
milk fat is 31.7 and the percentage of saturated acids 44. 

Due to the greater proportion of unsaturated acids present 
in the milk fat of ass the latter should be easily assimilated 
and digested in the human system. 

The thiocyanogen value for the ass's milk fat ranres 
from 38.8- 51.L 
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• PAPER XVII 

''A COMPARATIVE STUDY OF SOME 
VEGETABLE GHEES" 

BY 

V. S. KULKARNI, M. Sc. 

(With the kind perm;ssion of the authorities· of the Bombay 
University) 

General Introduction 

- Hydrogenated oils and fats have been of great use in 
industries since their invention. Since the second world war 
bi·oke out there has been scarcity of milk and milk products 
such as butter and ghee, the partially hydl·ogenated oils known 
as vegetable ghees have been extensively used for household 
purposes, such as frying or eating. It was thought, therefore, 
worthwhile studying how far such vegetable ghees differed 
from genuine ones and amongst themselves in various respects 
such as the general analysis giving preliminary values, the 
extent of saturation and unsaturation, the hydrolytic disinte
gration and keeping power. For the study three common 
vegetable ghees available in the market were employed. They 
were named as 'A', 'B' and 'C' to avoid ourselves from being 
involved legally in any way. The whole study was done in 
three respects and hence was divided in three sections :-

Section I :-A comparative estimation of the solid satur
ated, the solid unsaturated, and liquid unsaturated acids from 
the vegetable ghees ; 

Section II :-A study of the comparative hydrolytic dis
integration of the vegetable ghees ; 

Section Ill :-A comparative study of the keeping power
hydrolytic rancidity- of the vegetable ghees. 

The work will be described now section by section, 
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SECTION I 

A comparative estimation of the solid saturated, the 
solid unsaturated and the liquid unsaturated acids from 
the vegetable Ghees : 

Fats and oils form an essential part of the diet of men 
and animals besides their important role in many industries. 
They serve as an important !)ource of energy for the body and 
in this respect are more effective than proteins or carbohyd· 
rates. 9onsequently the life and progress of a nation depend . 
much on the snpply of fats and oils, more so with the dis
"covery of new uses they are put to. 

At the outset it should be made clear that the distinction 
of oils and fats is only a physical one depending only on the 
melting point and so oil in one country may be fat in 
another one. 

Fats and oils are tri-glycerides formed by the combination 
of higher fatty acids and glycerine. 

The fats with a few exceptions of those from tropical 
plants are characterised by the presence of nQtable quantities 
of saturated acids whereas those from plants- growing in cold 
countl'ies contain large quantities of unsaturated acids-(The 
Taxonomic and Climatic Distribution of oils, Fats and Waxes; 
by J. B. Me. Nair Am. J. Bot. 16, 832-841-1929). 

With the advent of the oil chemistry the vegetable oils 
are used for hydrogenation. The process consists in passing 
hydrogen gas under pressure at about 150°- to 180°0 tempera· 
ture, into the oils in the presence of finally divided nickel 
serving as catalyst. 

Hydrogenation converts liquid oils into solid fats which 
are used for edible purposes with the addition of a few vita· 
mins. The main indications of the stage of hydrogenation 
are-( i) the melting point which is raised and ( ii) the iodiDe 
value which is lowered. Saponification value remains 
the same. 
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The recognition of hydrogenated oils as a class is not 
always easy when they are present in admixture with other 
fats. When the use of hydrogenated oils became general the 
most useful method was the one based on the detection of 
traces of the catalyst nickel which remained in the oil on 
complPtion of hydrogenation. A 0.02% solution of a- ben
zildioxime in alcohol which gives a rose red colour even with 
traces of nickel was the reagent employed (F. W. Atack, 
Analyst, 1913, 38, 316). There have been snggestbns for 
detection of the hydrogenated oils by means of those glycerides 
which are less soluble in other organic solvents. The method 
consists in the isolation of glycerides containing stearic and other 
solid acids-(J. Leimdvrfer, F. S. C. I, 1914, 33, 206), so that 
they will differentiate between hydrogenated oils and tallow 
particularly in mixtures (cf. A.O.A.C. Analyst 1923,48, 225; K. 
Amberger. F. S. C. I. 1Ul6, 35, 1077). Normal and Hugel 
depend on the isolation of arachidic acid from alcohol, the 
proportion of stearic and arachidic acids being determined by 
neutralisation value (ibid. 1917, 36, 6~8). A. Grun {ibid 1919, 
38, 729 A) suggests the method of alcoholysis whieh is not 
suitable for routine work. The nnsaponi:fiable matter has also 
been suggested for the same. 

The most nsefnl method for the detection of hydrogenated 
oils in mixtures appea1s to be that which is based on the 
detection of solid unsaturated acids e. g. isomers of oleic acid
produced during hydrogenation. It is well known that during 
hydrogenation certain isomers of oleic acid are formed, the 
properties of which are different from normal oleic acid. 
These are called-" New acids of hydrogenation " by Myd
dleton and Barry in their book 'Fats, natnral and synthetic' 
and by oth~::r observers as "iso-oleic acid''. This new isomer 
has been isolated along with solid acids by the usual method 
for separating solid and liquid acids (William and Botton, 
Analyst, 1924. 49, 460). If the iodine value of the solid frac
tion is less than 5 units there is no hydrogenated oil but if 
it is more, hydrogenated oils are present. The iodine n1lue 
of the solid acids is due to the iso-oleie acid whose percentage 
is ealeulated as follows:- • 
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Percentage of iso-oleic acid :-

95 X...!.. X {I-5) 
100 90 1 -

I = Iodine value of the solid fraction 

s = Percentage of total solid acids 

This equation allows 5 units of iodine value for hicomplete 
washing. Most hydrogenated oils ( i. v. 50 to 70) contain 
30-35% iso-oleic acid. 

For the determination of the saturated and unsaturated 
acids Twitchell's method (J. Ind. Eng. Chern. 1921, 13, 806) 
is in general use and is undoubtedly superior to the lead-salt· 
ether method of Gusserow and Vatrentrop ( J.S.C.I., 1925, 63, 
T; J. A.O. S. Jan. 1923, 45, 113 ). Twitchell's method when 
applied to hydrogenated oils, however, shows low values for 
the percentage of solid unsaturated acids. The marked extent 
to wliich Twitchell's method underestimates the solid unsatu
rated acids in partially hydrogenated oils has been shown by 
Cooks, Christian, and Harding (Analyst, 1931, pages 368-880) 
firstly by the separation of solid acids which escape determina· 
tion by this method and secondly by applying the method to 
artificial mixtures of known compositions. The underestima• 
tion has been attributed by them to the solubility of the lead 
salts of solid unsaturated acids into 95% alcohol used for 
precipitation, crystallisation and washing . 

... 
The method has been shown to giTe satisfactory results for 

the separation of solid and liquid acids by controlling the 
quantity of alcohol used for precipitation in relation to the 
amount of acid employed. The los'J of solid unsaturated acids 
through the solubility of their lead salts in alcohol is reduced 
to a minimum value and washing of the precipitated acids with 
pett·oleum spirit removes the liquid acid and their lead Ealts 
without dissolving out more than mere traces of the solid 
unsaturated acids which c11n also be recovered by removing 
petroleum spirit from the washings and dissolving the residue 
in boiling alcohol containing 0.5% glacial acetic acid from the 
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solution of which the lead Ealts of the solid acids precipitate 
almost immediately on cooling and can be worked up with the 
main bulk of the soaps of the solid acids. 

The methods employed for the general analysis are mostly 
taken from standard books on this subject, viz:-

(1) Vegetable fats and Oils by Jamieson. 
(2) Chemical Technology and analysis of Oils, Fats and 

Waxes by Lewkowitsch. 

(3) Industrial Chemistry of Fats and Waxes by Hilditch. 

TABLE No.1 

Results of General Analysis of the Vegetable Ghees. 

·I A B c 

1. Melting point 39.5° c 40.2° 39.2°C 

<) Acid value 2.894 1.467 4.357 .... 
3. Saponification value 189.5 191.1 186:1 

4. Percentage of the un· 2.012 5.936 3.622 
saponifiable matter 

f>. Percentage of total 56.19 75.51 76.63 
mixed acids after re· 
moval of unsaponifi.able 
matter 

6. Iodine value of ghee 65.49 57.94 61.10 
itself 

7. Iodine value of mixed 68.19 59.55 62.19 
fatty acids. 

' 
8. Mean molecular weight 

of the mixed fatty acids 
290.0 292.4 285.6 

9. Melting point of mixed 38.7°C 39.5°0 37.6°C 
fatty acids after removal 
of unsaponifiable matter 
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Experimental :-

As already stated in the introduction a correct estimation 
of solid unsaturated acids forms the most nsefnl method to 
detect hydrogenated oils in admixtures with other fats. The 
method of Cocks and coworkers (Analyst, 1931, 368-380) gives 
a correct estimation of them. n was thought worth while 
investigating how the method works in the case of the 
vegetable ghees which are mainly partially hydrogenated 
oils and so a comparative estimation by the method of Cocks 
and coworkers and the one similar to that of Twitchell was 
undertaken. 

Method I :-(Cocks an_d Coworkers- Analyst. l.c.J 
' 

3.5 grams of the freshly prepared fatty acids were 
dissolved in 50 c.c. of 92-93% {by weight) alcohol and (except 
with mixtures containing less than 25% solid acids in which 
case '1 gm. of lead aeetate was employed) 3.45 gms. lead 
acetate were dissolved in 50 c.c. of similar alcohol. ·Both the 
solutions were heated to boiling and the lead acetate solution 
was poured into the acid solution. _After mixing well and 
again heating to . boiling the solution was allowed to cool 
slowly and evenly for about half an hour in air and then for 
about 4 hours at 15°- 20°C. 

The next morning the mixture was stirred and filtered 
from alcohol as completely as possible on a 10 c.m. Bochner 
funnel and any remaining in the precipitating vessel were 
washed with 100 c c. of petroleum spirit (40° -60'} nsing 20 e.c. 
at a time and the wal!hings were thPn distilled from water 
bath to remove petroleum spirit completely. The residue was 
dissolved by boiling onder reftnx condenser with 20 e.c. of 
92-93% alcohol containing a drop ( 0.05 gm i of glacial acetic 
acid. The solution was allowed to stand at 15°- ~0°C for three 
boors. The lead salts which precipitated under these 
conditions were filtered, washed with 20 c.c. of cold 92- 93% 
alcohol and the solid remaining behind on the filter paper was 
worked up with the tnain bulk on the 13ncbner funnel. 
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The lead soaps of the solid acids were then decomposed 
by hot dilute nitric acid. The liberated free fatty acids were 
taken up with ether, the ethereal solution was washed with 
warm water twice to remove the mineral acids and dried over 
anhydrous magnesium sulphate and the acids were then 
obtained by evaporating ether. The yield, iodine value, m.p. 
and the mean molecular weight of the acids were then deter
mined. From the iodine value the solid unsaturated acids 
were calculated on the basis that the latter would have a mean 
i.v. of 90 units- no allowance of 5 units was made for incom
plete washing as stated in the introduction. 

For the liberation of liquid acids alcohol was distilled off 
completely from the filtrates and washings, the residue was 
then dissolved in ether and water was added when the acetic 
acid produced by decomposition of some of the lead acetate 
decomposed the lead soaps of the liquid acids (cf. Hilditch, 
chemical constitution of natural futs). The lead acetate 
formed went into the aqueous layer while the acids liberated 
were taken up by ether. The aqueous layer was reextracted 
with ether. The ethereal solutions were washed twice by ice 
cold nitric acid to ensure complete decomposition and then 
with distilled water to remove the mineral acid. The ethereal 
layer was then dried over anhydrous magnesium sulphate and 
the liquid acid obtained by removing ether. The liquid acids 
were pale yellow and viscous. The )ield, i.v. and the mean 
molecular weight were then determined quickly. 

Method II :-(Twitchell, J. Ind. Eng. chem. 1921, 13, 806). 

The essential details employed in this method were kept 
the same as in method I for making the comparison, only that 
instead of washing the precipitated lead soaps with 100 c.c. of 
petroleum spirit, they were recrystallised from 100 c.e. 92-93% 
alcohol containing 0.5 gm. glacial acetic acid. 

The other details for obtaining the eolid and l~quid acids 
were exactly the same. 



TABLE No.-2. 
-

: Ph)'li~al ancl cheiPical constants of t" ac:ide ~paratecl 
J,y the two metboda. 

~ Sample of the vegetable gbee 
f 

A. I B c 

1. i. v. of solid acids separated -by. - · - 1 . 
Method I - - 30.55 '4,0..26 41.42 

. Method II .••· 17.25 . 23.56 87.87 .. 
~. m.p. of solid aeids separated by 

. 
· - . · Method I ••• '48.7° 47.2° 44.8° 

Method II ... 52.25° 51..G0 46.8° 

8. Mean mofecnlar wt. of solid acids 
separated by Method l ... 288.9 291.6 ~94.6 

Method li ... 292.6 306.8 ~95.4 

4.. i. v. of liquid acids separated by 
84".48 - Method I ••. 98.65 82.15 

Method Il ... 84.10 74.96 2 ... 8Q 

t>. MeaD molecular wt. of liquid '. 
' acids separated by Method I ... 277.00 308.6 298,0 

Method II ... 315.1 . ~~1:6 ~98.4 

6. Yield of aeids by .Method I 
wt. of mixed acids 3.2709 2.4599 8.1292 
w&. of solid aeids 1.9890 1.4569 1.7903 
wt. of liquid acids ... 1.2819 1.0030 1,3389 

7. Yield of acids by· Method U 
"2.6114 wt. of mi:led acids 3.3724 2.9826 

wt. of solid acids 0.7590 0.7814 1.6207 
wt. of liquid acids ... 2.6134 .l.Sl:IOO 1.8619 



TABLE No.8 

Percentages of solid saturated' solid unsaturat~J' and liquid unsaturated' acids 
obtained by the two methods, 

Method I. 

I 
Bcalcnlated I 'c ' 

Sample of the vegetable 

l 
A 

ghee 
found I calculat.ed found I found I <Jalculated 

Solid saturated ... - ... 40.22 36.44 33.16 29.82 30.89 ' 27.94 
- - i ' 

Solid unsaturated (iso-oleic - ... 
acid). 20.62 18.69 26.84 24.13 26.33 23.8~ 

Liquid unsaturated ... 39.16 44.87 40.00 46.05 42.78 I '48.24 

. Solid saturated ... ... 18.20 19.24· 22.07 22.12 31.47 27.90 

Solid unsaturated (iso-oleic 
acid). 4.31 4.56 7.83 7.85 22.86 20.27 

I 

Liq11id unsaturated ... 77.49 76.20 70.10 70.03 45.67 51.83 
-. -



Percentages of total solid acids (saturated and unsaturated) 
were fird ealenlated from (1) the actnal weights given in table 
No. 2 and also from (2) the iodine values of (i) tbe mixed fatty: 
acids (ii) the solid acids and (ii) the liquid acids. Calcnlation~ 
of the solid UDsatnrated aeids were done, from the iodin& 
values of the total solid acids, on the basis that the mean iodin~ 
value of tbe solid unsatnrated (iso-oleic) acid, would be 90. 
The values eah:nlated from actual_ weights are entered in the: 
columns under the heading, 'found' and those .calculated from. 
the iodine values in the coln~ns under the heading 'calculated'. - -

··- The ~lcnlations from the iodine values were done as 
follows:- (cf. rapid method of examination of hydrogenated 
products in the book "Fats, natural and Synthetic" { by Mid
dleton and Barry • page 114). 

1. -Iodine valne of the mixed -fatty acids from the ghee 'A'· 
............... 68.19 

2. Iodine value of the solid acids -
separated by :Method rr. ............... 17.25 

•,-

3. Iodine value of the liquid acids -
separated by :Method n. ............... 84.1 

Let 'x' be the percentage of the solid ~cids then 100-x 
will be that of the liquid acids, then -

17.25x'x• + (84.1) (too-'x') = 68.19X100 
, 100 100 - - . 100 

From this equation x = 23.8 is the percentage of 
solid acids. The solid unsaturated acid in this was further 
calculated as follows:-

17
·
25

XIOO = 19.17% solid unsaturated in total -100 "of the 
90 solid acids. 

hence in' 23.8. 

23.S~~9· 17 =- 4.56 ia the amonnt of solid un, 

satnrated and hence (23.80 • 4:.56) . is the solid 
saturated. 
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The pereentages of all the acids would be 

~lid saturated 19.24 

solid unsaturated 4.56 

liquid unsaturated 76.20 

From table No. 3, it ie evident that the Method II, whieb 
is similar to that of Twitchell ·gives a considerable undereKti
mation of the solid unsaturated acids in the case of vegetable 
ghees. In the case of 'A' this underestimation is 18.69-4.56= 
14.13 as calculated from i. v. and 20.62-4.31 = 16.31 as calculated 
from actual weights. 

In the case of 'B' it is-

24-1:1'- 7.85=16.2H as calculated from i.v. and 
26.84 • 7.83=19.01 as calculated from actual wts. 

In the case of 'C' it is-

23.82- 20.27=3.55 as calculated from i.v. and 
26.33 • 22.86= 3.47 as calculated from actual wts. 

This observation is in ,keeping with the one made by 
Cocks, Christian and Harding in the case of other hydrogenated 
oils (Analyst. 1931, pp. 368-380). The method of Cocks and 
coworkers i.e. llethod No. I. he1·e can be said to be more 
suitable for detecting vegetable gbees .i.n adulterations. 

SECTION II 
I 

A study of the comparative hydrolytic disintegration 
of the vegetable ghees amongst themselna and with 
cow·gbee. 

I 

- It has beeen observed and proved that seeds sue~ as 
linseed, poppy, sesame, ground nut, sweet and bitter almonds 
~ntain an enzyrite-lipstre-whieh is capable of bringing aboul 
)lydrolysis of the oils on keeping., The first observation in thi 
connection was done by J. Pelouze (C .• R. 1800, 40, 605). ) 
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J. Reynolds Green (Proc. R. S. 1890,-18, 310) described 
a series of experiments on the enzyme in castor aeed. ' He dia~ 
covered the "Ricinus lipase" from castor bean seed (Ricinus 
Communis) and found that the plant enzyme was a typical 
lipase hydrolysing fats into fatty acids and glycerol. 

Since that time the observations of Green were eonJirm.ed 
by varions worker!Z. Its optimum pH tras found to be between 
4:.7 and 5.0 ( Willstatter and Waldschmidt- Lietz E. " Uber 
Rieinns lipase "-Z. physiol. cbem. 134, 161, 1923-24) varying 
slightly with the buffer employed. 

' ' 
Castor beans contain two distinct lipolytic enzymes one of 

which is soluble in water and has greater hydrolysing effect 
on esters, like ethyl butyrate and hence is known as esterase 
while the other is insoluble in water and is more active towards 
glycerides and is known as lipase. The lipase proper is 
soluble to a certain extfint in common salt solution. especially 
in 1.5 N solution. 

Accord.ing to Constein, Hoyer and Wartenberg 85"0 is the 
optimum temperature for the lipase but for liquid oils 15°-20"' 
is better. At 50° the reaction is slow while at 100"0 it is nil. · 

Sahasrabucldhe and Lilaowalla (N. Wadia College Lab.j 
have done a work on "study on the enzyme lipase from the 
ground nut and linseed oil and ita action on ground nut, 
linseed and sesame·oils" Ut.Sc. thesis Lilaowalla, Bomb. 
Univ. 1944). 

Kale and Sahasrabuddhe have studied the • disintegration 
of fats ~nd enzymes in the dry fruits-easbew nut, almond 
and pistachio nut-together wilh the eft'eet of edmmon nit ana 
vitamins on enzyme hydrolysis'. 

Wben fats form part of the diet of u animal, they are 
dealt with not in the liver but ill the epithelial eell (villi) of 
the small intestine where the glycerides undergo hydrol,Ysia by 
the catalytic agency of a fat-splitting enzvme 'lipase' tieente4 
by pnereas. The results of iravestigation of Hunk go to &how 
\bat tile fats are nol ciireetly absorbed but are arst bydrolraecl 
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and then resyl!thesised irito glycerides (cf. Moore, Proc. Roy. 
Soc. A, 1903, 72, 134) 

The breaking down of fats is greatly accelerated by bile 
salts such as sodium glycocholate, sodium taurocholate and 
bile pigments • bilirubin and biliverdin. These tend to 
increase the dispersion of the oily droplets by their marked 
power of lowering the surface tension and give rise to emul· 
sion. The hydrolysed fats paf!s as free acids (or soaps) into 
the chyle or lymph (which flow through the lacteals of the 
small intestine) and are resynthesised into glycerides which 
pass on to thoracic duct and finally emerge into the blood 
system. Frazer (Analyst. 1938, 63, 308) modifies this and 
states that the hydrolysis is only partial and the nnhydrolysed 
fat passes directly by the lacteal-lymphatic system and then to 
fat deposits while the fatty acids pass by the capillaries and 
the portal vein to the liver where they may be metabolised . 

• 
The absorption of the majority of the edible oils and fats 

is almost quantitative-digestibility cfis. 95-100: (Langsworthy, 
Ind. Eng. chem. 1923 • pp. 276-278). Lower values have been 
recorded for some fats, more particularly in case where the 
melting point is higher than the temperature of the body i.e. 
37°C, so that the emulsification· of the fatty globules in the 
intestinal contents may be less satisfactory (oils, fats and fatty 
food· by J.O. Drumonds). The optimum temperature for the 
pancreatic lipase is 40°C while at 65°·70° the enzyme is des· 
froyed (Kastle and Lovenhart I.e.). · 

Experim~ntal :· 
In, this section it is intended to study the hydrolytic 

disintegration pf the vegetable ghees and compare)he amount 
and rate of hydrolysis of the vegetable ghees amongst them· 
selves and. with a sample of genuine ghee · cow ghee. The 
hydrolysis was brought about by castor seed lipase prepared by 
the inethod already stated before • 

.... 

Praceclure :· 
Lipase (0.1 gm.) was weighed in five small (100 c.c. cap.) 

conical.flasks~nd phosphate bufier of 4.S pH (6 c.c.) and finally 
I 
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the melted ghee (2 c.c.) were added to each. The flasks were 
kept in an incubator at 37"C for varying periods i.e. 2, 4, 24, 
and 48 hours. A blank experiment was also run side by side. 
The fatty acids resulting from the hydrolysis of the ghees by 
lipase after each interval were determined by titration with 
N/10 NaOH using phenolphthalein as' an indicator, after add
ing 10 c.c. of neutral alchohol to stop the reaction in the 
small fiasks the contents of which _were then transferred to a 
800 c.c. conical fiask and washed with 20 c.c. of neutral al· 
cohol. 1 The saponification value of each sample was deter· 
mined by saponifying 2 c.c. of each sample with excess i.e. 25 
e. c. of alcoholic KOH and titrating the excess KOH with N/2 
HOl. The Sap. value was expressed in terms of c.c. of N/10 
NaOH for complete saponification of 2 c.c. of each sample and 
the percentages of hydrolysis after- each interval were cal
culated on the basis that after complete hydrolysis the reading 
of N/10 NaOH for neutralisation of the acids produced would 
be the same as the saponification value thus expressed. The 
free acidity of each sample (2 c.c.) was also determined and 
also expressed in terms of c.cs. of N/10 NaOH. 

TABLE No.4 
Hydrolysis 6f the Ghees in terms of c.cs. of NaOR 

Free acidity Hydrolysis in t~rms of N/10 NaOH 
Sample @ in hours.• 

2 4 24 48 -
.A 0.0934 1.9606 3.8586 7.2376 10.8266 

B 0.0467 1.2133 2.1953 7.3783 10.7330 

0 0.1401 2.4749 5.1359 12.0399 17.8899 

Oow-ghee 0.8538 3.6892 5.8642 22.7962 29.3062 
solid-
layer. I -• calculated c.es. of N/10 NaOH after subtracting the readmg 
for the blank (10.4 c.c.) and the free acidity of 2 c.c. of each 
sample. 

@ c.cs. of N/10 NaOH for neutralisation of the acidity of 
2 c.c, of each sample. 
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TABLE No.5. 

Percen~age hydrolysis of the Ghees :-

Sap. Free Percentage hydrolysia 
Sample during houro value • acidity@ 

2 4: 24: 48-

A 60.2366 0.0934. 3.255 6.406 12.01 17.97 

B 60.7933 0.0467 1.995 3.611 12.14 17.65 

c 59.6999 0.1401 4.146 8.602 20.17 29.96 

Cow- 69.9462 0.3538 5.274 8 385 32.58 41.90 
ghee 

• Sap. value :- c.cs. of N/10 NaOH for compl&te saponification 
after deducting the free acidity for 2 e.e. of the sample. 

@ Free acidity :- e.es. of N/10 NaOH for the neutralisation of 
free acids in 2 e.c. of the !lample. 

Interpretation and comments on the results of hydrolysis :-
• 

From the values given in Table No.4 and Table No.5, it 
is evident that for the sample 'A' the velocities of hydrolysis 
are:-

&-2 hours 

3.255 

2 to 4 honrs 

3.151 

0-24 hours 

12.01 

During the interval of the first two hours the hydrolysis 
is 50.82% of the total hydrolysis in 4 hours while during the 
interval of the first 24 hours the hydrolysis is 66.82% or 
approxmately 2/3rd the hydrolysis in 48 bonn. 

For the sample '8' 

The vel~ities of hydrolysis are :-

0-2 hours 

1.995 

2-4 hours 

1.616 

0-24 hours 

12.14 

24-48 hours 

5.57 



2U 

1 
The hydrolysis in the first intel"\"al of 2 hours is 55~262: of 

the total bydrolyt~is in 4 bout's while the hydrolysis jn the first 
interval of 24 bonn is 68.79% of the total hydrolysis in 48 b'onrs. 

. . ' 

For the sample 'C' 

The velocities of hydrolysis are':-_ 
' 

o-2 honrs 
4.416 

2-4 hours 
4.457 

0-24 hours 
20.17 

24-48 bourg. 
. 9.79 ~ 

The hydrolysis in the first interval of. 2 hours is 48-19%' 
of the total hydrolysis during the first four hours· while the 
hydrolysis in the first interval of 24 hours is 67.32% of the total 
hydrolysis in 48 hours. · 

For the sample of the eow-ghee the veloeities of hydro
lysis are:-

o-2 hours 

5.274 

2-4 hours 

3.111 

Q-24: hours 

32.58 

24:-48 hours 

9.32 

_ The hydrolysis in the first intenal of 2 hours is 62.9% of 
the total hydrolysis in the first 4 hours while the hydrolysis in 
the first interval of 24: hours is 77.76% of the total hydrolysis 
in 48 hours. 

Comparison of the vegetable ghees amongst them .. 
~elves:-

From table No. 51 it is evident that ( i) of the three 
vegetable ghees 'C' is attackEd the most easily giving the 
maximnm amount of hydrolysis. 'A' stands second and then 
comes "B'. 8& the order is (1) •c• (2) 'A' (3) 'B'. 

Comparison of the vegetable ghees with the sample 
of cow-g bees-

The sample of eow-ghee gi~es the highest amonnt of 
hydrolysis. The rate of hydrolysis is also more either io the 
first short interval of 2 hours (62.9%) or io the first long 
interval of 2-1 bonn (77 .76:t). 4 
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SECTION ill 

A comparative study of the keeping power-hydrolytic 
rancidity· of the vegetable ghees. 

Introduction : 

Oils and fats when freshly extracted or when refined con
tain wry .;;mall quantities of free acids but if, however, they 
are kept or expo5ed to the atmosphere the formation of not
able quantities of volatile and non-volatile fatty acids takes 
place gradually-. The changes which they undergo are of great 
impcrtance both from scientific and comme1 cial view points. 
::;cmetimes they develop an objectional odour and taste on 
keeping. This phenomenon is known as rancidity. 

Rancidity is of various types :-( i) more especially 
simple hydrolysis of the glycerides into free fatty acids ( ii) 
secondly oxid.1tlon -b-oxidation-of the saturated fatty acids 
with the production of ketones, and (iii) the type which is 
common-oxidation at the double bonds of unsaturated gly
cerides or unsaturated fatty acids (Hilditch : chemical con
stitution of natural fats). The first two of these three types, 
are almost exclusively the result of enzyme action and the 
last is usually due to the action of air, heat, light etc., and 
may also be influenced by the presence of enzymes. 

The first type of rancidity which may be called hydrolytic 
is caused by exposure of fats to moisture in presence of 
lipolytic enzymes. In seeds lipase is always present and 
hence seed fats are prone to develop acidity if kept under 
damp conditions. Fruit :flesh fats such as palm or oli>e oil 
rapidly undergo partial hydrolysis unless the non-fatty pulp is 
removed or the enzyme destroyed by heahng with steam. 
Animal fats on the other hand are less liable to become 
hydrolysed and the hydrolytic rancidity of such fats, if it 
occurs, is usually due to thoe g10wth of moulds like "Peni
cillium Aspergillus" on the smface, which contain lipolytic 
enzymes in abundance. In the marine oils -liver oils etc.
'here is a risk of contaminat19I! with intel!tinal bacteria some of 



whieh are rich in lipase and hence are ' liabl~· to un4erg() 
hrdrolysis. - ~ ~ 

6 

• • 

Experimental. 

In this section it is intended to study the hydrolytic ran
cidity of the tbree vegetable"ghe~s and compare the amount 
and rate of rancidity amongst themselves and with a sample

. of cow~ ghee. The following mathod was employed. ·. • 
! . 

The Method:, 

100 gms. of each of the vegetable ghees were weighed 
separately in three bottles and > 1 gm of lipase was added to 
each of them.· Equal quantities of ghees were also kept i'Q.. 

, three other bottles without lipase in it: All the bottl~s ":ere 
tightly corked by rubber bungs and kept in an inc.nbator at 
40°0. The acids produced by the hyd1·olytic action of lipatie or• 
by merely keeping were determined by titration with N/10' 
NaOH. For each titration. about 5 gms. of the!sample were·· 
weighed accurately in :the titration flask, , mind 'with 
50 e. c. of neutral alcohol to dissolve the free acids, the· 
mixtnre was warmed slightly and then titrated with N/10 NaOR 
using phenolphthalein as JDdicator. The amount of hydrolysis 
in terms of c.cs. of N/10 NaOH per gram was then calculated. 
The results obtained are given i.D a tabular 'form :-(in table . 
No. 6 and No. 7 ). 
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TABLE No.6. 

Hydrolytic rancidity of cow-ghee in terms of c. cs. of 
N/10 NaOH per gm. * 

Days 

0 

59 

93 

124 

--------------~-------------
with lipase @ 

2.5610 

3.5580 

4.2050_ 

without lipase. 

0.2887 

0.37J8 

0.4057 

0.4096 

'" By kind permission from the work of Mr. M. M. Thatte, 
M. Sc., who also worked in the NowrosJee Wadia College, 
Poona. ~ 

@For these readings 2 gms. of the lipase for 100 gms. 
of ghee were added, but this does not affect much as the 
hydrolysis i~ not directly proportional to the amount of lipase 
added as found in a previon.~ experiment. 

TABLE No.7. 
Hydrolytic rancidity of the three vegetable ghees in terms 

of c.cs. of N/10 NaOH per gram. _ 

A A B B 0 ' c 
Days with without with without with without 
- lipase lipase lipase lipase lipase lipase 

0 - 0.0515 - 0.0261 - 0.0777 
. 

43 0.6956 0.0115 0.6618 0.0089 0.7693 0.1390 

58 0.9482 0.0318 0.79il 0:0206 0.9114 0.1093 
~ 

75 1.0080 O.OH81 0.9354 0.0173 1.1270 0.0842 
' 

89 1.1290 
I -

1.0640 0.0200 1.2260 0.0971 I o.o344 
116 1.4930 I 0.0325 1.i720 0.0206 1.3820 0.1110 

134 1.6020 I 1.3290 0.0213 1.5470 I o.1os1 0.0388 
I l : 
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TABLE No- 8.-: 
I 

AmoUa.t of hydrolysis with lipase in the intervals used 
ia the use of the three vegetable gheeL 

Period or interval 
Amount of hydrolysis in tel'IDS of e.cs 

of N/10 NaOH per gram. 
in days 

A B c. 

0-43 0.6440 0.6357," 0.6916 

' 43 to 58 = 15 0.2526 0.1353 0.1421 

58 to 75 = 11 0.0598 0.1383 0.2156 

75 to 89 = 14 0.1210 0.1286 O.C990 

89 to 116 = 27 ·-I 0.3640 0.1080 0.1560 

116 to 13:1 = 18 ... 0.1090 0.1570 0.1650 

The amonnt of hydrolysis \rlth lipase in the in terral used 
in the ease of eow-ghee :-

Period or interval I Amount of hydrolysis in e.eS. of N/10 
• in days NaOH per gm. 

-------
0 to 59 

59 to 93 = M ... 

93 to 124: = 31 

2.2723 

0.9970 

0.6470 

It ean be said from the abon two tables that both in the 
ease of vegetable gbees and the eow-gbee the hydrolysis is 
rapid m the beginning but the rate falls afterwards. 



I -

Comparison of the vegetable ghees among themselves 

If we compare the vegetable ghees amongst themselves 'we 
find tb_at without lipase there is no appreciable hydrolysis, the 
slight apparent fluctuations in the acidity may be due to ex- ' 
perimental ell'ors the original acidity being very low. With 
lipase, however, all of them are slowly hydrolysed. The 
hydrolysis does not proceed regularly. 

Comparison of the vegetable ghees with cow-ghee 

The sample of the cow-ghee under study has initially more 
free acidity than any of the vegetaple ghees and the free 
acidity increases gradually without lipase whereas with lipase 
the acidity increases more rapidly than any of the vegetable 
ghees and so it can be said that cow ghee is more prone to 
become rancid than any other vegetable ghees.' 

The nutritive value of the vegetable ghees 
' 

Special significance attaches to the nutritive value of the 
vegetable gl.1ees in view of the unwelcomed popularity as 
articles of di~t in these days and the increasing number of 
their factories which are encouraged and brought into being 
by the Central Government. It is curious to note as Prof. 
Damodaran of Madras pointed out recently that inspite of the 
increasing use of vegetable ghees in diet and the growth of
the industry very little information regarding their nutritive 
value was available until recent times. Under no circumstances 
such artificial material should be introduced into commerce as 
'articles of diet without due notice being given to the purchaser 
of the character of the material being sold. 

The food value of hydrogenated oils or vegetable ghees 
will depend on (i) the digestibility (ii) contents of growth pro
moting factors (iii) foreign materials present in the ghees. 

(1)./ The digestibility of a fat in general depends upon a num
ber of factors one of which is its m. p. For easy asslmilation of 
a fat its m. p. should be below the normal body temperature 
i.e. 37°, for otherwise the intestinal secretions will have less 
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effect on a fat if it remains Solid in the intestines. -.Materials 
of high m. p. are not therefore quite easily broken .down and 
a~~imilafed (Cf. Holmes and Deuel, Analyst, 1921, 46, 503i 
Lang;;w(}t'thy C. F. Ind. Eng. ehem. 1923, Vol. 15, No. 3 pp. 
276-278).- The following table shows the m.p. of some fats. 

TABLE No.9 

Name of the fat Melting point in degrees 0 

Butter .... 32.0°. . 
Gbee from Buffalo milk 37.5° 

Cocoanut oil 25.0° 

Ground-not oil 27.0°' 

Vegetable ghee 'A' ... 39.5° 

Vegetable ghee 'B' ... 40.2° 

Vegetable ghee 'C' 39.2° 

From the above table and discussion it is evideni that 
vegetable ghees doe to their higher melting points are iBferior 
in digestibility to butter o~hee and also to oils which are 
liquid at ordinary temperature. 

• The digestibility of a fat also depends on its rate and 
amount of hydrolysis by pancreatic lipase, as has already been 
stated in section II. From the results of hydroly~;is. 

interpretations thereof and- discussions thereon as givec-
' there, it can be said in conclusion that even with 
lipase the vegetable ghees are much less hydrolysed than 
geuuine gbee and hence are more difficult to be digested 
than gbee. 

(2}. The food value also depends on the contents of the 
growth promoting factors, mainly ·\"itamins and unsaturated 
acids. The two essential processes viz. refining and hydrogena· 
tiou depri\"e the oils of all the vitamms (the vitamiDS are 
destroyed at a very high temperature -180°- used during 

/ 



248 ~ 

hydrogenation) aJ!d most of the unsaturated acids. And even if 
the vitamins are supplemented f10m outside into the vegetable 
ghees, the former do not !lerve as equally.good substitutes. 

(3). The vegetable gheEs may contain. only traces of the 
catalyst nickel as foreign materials which are not likely to be 
harmful. (Bordas F .S C .l. 1919, 38, 787 A ; K. B. Lehmann, 
ibid, 1914, 33, 763). ~ . 

In conclusion it can be said that for all the reasons- stated 
above, it is not advisable to recommend vegetable ghees in 
place of genuine ones or even in place of vegetable oils for 
food pUl'poses. 

This conclusion is supported by the observations of Dr. 
Patwardhan of Bombay who b'as proved by experiments on rats 
fed only on vegehble g~ees that the vegetable ghees adversely 
affect gr-Owth and reproductive functions of animals (Current 
Science Vol. 15, No. 4, April1946, page 94 ). 

Dr. N. N. Godbo-Je from Benares Hindu University, Miss 
D'Sou~a from Bangalore and Professor Damodaran from 
Madras have also come to the same conclusion fr!>m their own 
experiments. 
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PAPER xvm 
"A COMPARATIVE STUDY IN THE HYDRO

-LYSIS OF A FEW EDIBLE OILS WITH 
ENZYME LIP ASE'• 

BY 
(Hiss) -SnLoo P. NAEGAllV~ M. Sc. 

( n it11 tll.e lind permission of tie autloritiu of tll.e 
_ Bombag Unirersitg) 

I 

Introduction 

Realising the importance of the problem of nutrition many 
research workers all over' the world in the fields of bio
chemistry have tackled the subject of nutrition with success and 
thousands are continuing the work of analysing and assaying 
the different values of varicus food grains, vegetables and 
edible oils for human and animal nutrition.' 

In India also a lot of work is being done at various places 
viz. in Conoor, :Madras, Bangalo1e, Calcutta and Poona. 

The digestibility of any foodstuff is generally found by 
studying the limits of disintegration of its oomplex constituents 
during the course of its passage through the alimentary unal. 
The usual laboratory practice of studying the comparative 
utility and digestibility of foodstuffs is to try them on animals 
like guinea pigs, rata etc. that is in vivo experiments, while 
the other method is resorting to experiments in vitro. 

The comparative values of different foodstuffs obtained by 
the in-vitro experiments, may &ot refer to any particular 
species yet they may be at least strictly comparable with each 
other. 

- Since in in-vitro ex}Jeriments the work can be carried out 
under controlled conditions, as well as any variation in ex· 
perimental condition required may be carefully introduced 
which cannot be done in the ease of in-vit'o experiments. 
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Man lives on a varied diet but the essential constituents 
of all food-stuffs as found by chemical analysis are (1) Carbo
hydrates, (2) Proteins, (3) Fats (4) Mineral matter and 
(5) Vitamins. Carbohydrates and fats are the main sources of 
energy for the body and therefore the digestibility of the fats 
and oils is of great importance, and a study of this hydrolysis 
with -regard to the refining, thermal treatment and hydro· 
genated oils and fats is chosen for this paper, for during the 
processes o~ refining and heatmg the oil is subjected to several 
changes of temperature for varying periods of time, to see 
whether this change effects the process of hydrolysis. 

The oils chosen for this work were linseed, sa:ff:J.ower and 
·cocoanut oils,- belonging, to the drying, semi-drying and non
drying variety of oils. 

Tbe oils have been studi€d by different workers in India 
and foreign countries from various points of view, but here 
the main object is to study the hydrolysis of these oils under 
various conditions, as _well as the comparative utility .of these 
oils with the natural ghees on the one hand and on the -other 
with the hydrogenated vegetable products which are so 
commonly used now-a-days as substitutes for ghees. 

Since it is well known that in the alimentary tract of the 
'higher animals fats and -oils are hydrolysed by the catalytic 
·agency of the fat splitting enzyme 'lipase' secreted by the 
·digestive gland, the pancreas and the intestines and then 
·absorbed in the form of fine emulsion -in which the bile salts· 
sodium glycocholate, sodium taurocholate and bile pigments 
-bilirubin and biliverdin play an important part. These 'by 
their marked powflr of lowering surface tension tend to 
increase the dispersion of the oily droplets and to give ris~:~ to 
emulsions. The hydrolysis of the glycerides starts as soon as 
the fatty acid molecule enters the lining cells of the adsorb'ing 
surface. 

Studies on different animal species including human be
ings with a variety of food fats have presented ample proof 

iihat majority of ·edible oils and fats are readily digestible 
(Langworthy Ind. 'Eng. Ohern. 1923 151276), 

' 
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Recent studies indicate that fat absorption and digestion is 
influenced by the composition of the diet or by the balance of 
constituents that affect the procflsses of digestion and absorp
tion. Lyman {J. Bioi. Chem. 1917, 82, 7) fed dogs with 
glyceryl stearate and palmitate and observed gt·eat differences 
in a!Jsorption. He doubts whether absorption is dependent on 
M. P. of fats as suggested by Langworthy. Mecay and Paul 
(J. Nutrition, 1938, 15, 377) experimented on guinea pigs and 
found that fats and oils of low M. P. were utilised better than 
those of high M. P. and suggested that this might be due to the 
inabHity to absorb to any great' extent the highe1· M. P. fatty 
acids. Hoi et al (J. Pediatrics 1985, 6, 427) have reported 
that volatile fatty acids and glycerides, were well 
absorbed, short chain fatty acid glycerides were completely 
absorbed than longer chain fatty_ acid glyceridt:s. They 
suggested that chemical composition rather than .M. P. is an 
important factor in absorption. (Oils, Fats and ~'atty Foods by. 
J. ~- Drummond). 

It has been observed and proved that ,.oil seeds contain a}J 
enzyme 'lip~se' which by its lipolytic activity brings about 
hydrolysis of the oil on keeping. This observation was first 
made by J. Pelouze in 1855 (C. R. 1855, 40, 605) that oil seeds 
such as linseed, poppy, sesame, groundnut and almond
contain a substance;capable of hydrolysing the oil present in -
~he seed when they are crushed. 

The oil extracted from freshly crushed seeds contains 
negligible amount of acid, bit on keeping the oil for some 
days after extraction, appreciable quantities of free acid can 
be detected, and the amount tends to increase as the period 
increases. 

The above decomposition was attributed to the presence 
of a ferment whieh has eince been termed 'lipase'. 

Since lipase is the agent which brings about the hydro• 
lysis of oils, therefore for the study of linse~d, satllower and 
eocoannt oils, lipase from the/seeds of castor bean and 
Bntea Frondosa wel'e chosen, and it being an essential' agent 
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in hydrolysis of oils, the two lipase actions have also been 
studied side by side. -~ 

'Lipase' from castor seed {Ricinus Communis) was first 
discovered in 1890 by J. Reynolds Green (Proc. R.S. 1890, 48, 
370). He found that the plant enzyme is a typical lipase 
hydrolysing true fats, i.e. the oil is split into fatty acids and 
glycerol. 

The optimum pH for the 'Ricinn3 Lipase' is between 4.7 
& 5.0. (Willstatter and Waldschmidt-Lietz. E. Uber Ricinus 
lipase Z. Physiol. Chern. 134, 161-192;-24). 

Constein, Hoyer and Wartenberg {Ber. 1902, 35, 39!19) 
wezoe the first to recognise the technical importance of vegeta
ble Lipases from a chemical point of view. Their first experi
ments consisted of grinding together a givt;n weight of castor 
seed With its own or twice its weight of a I% chloral hydrate 
solution. The results proved that in the latter case 95% of the. 
oil present in the seed was hydrolysed within four days at 35 
degrees centigrad~. 

In their latter experiments they added small amounts of 
acid to the mirlnre-'of water, oil and ground seed, and found 
that reaction was much accelerated. They also showed that 
roany other oils besides castor oil can be saponified by the 
lipase present in the castor seP,d, but that some oils are not 
readily hydrolysed. 

So far a good amount of work nas been don~ in studying 
the 'Ricinus Lipase' by J.J. Sndborough, H.E. Watson and 
P. S. Varma (Jr. Ind. Inst. Sc. Vol. 2 part XV Page 213·27i:S, 
1919). 

I 

The hydrolysing action of the lipase on oils is being 
studied at the. Nowrosjee Wadia College, Biochemistry Depart
ment, Poona. 

Glick D & King C. G. have done inve-stigations on pan
creatic lipase {JI. Am. Chern. Sc. 55, 2445, 1933). Sobotka 
& Glick have worked on the mechanism of the lypolytic enzyme 
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actions (J. Bioi. Chern. 105, 199,1934). Falk K. G. has tried 
extraction experiments with castor bean lipase (J, Am. Chern. 
Sc. 35, 1904:, 1913). J. A. Hartwell (Bio Chern. Jr.·XXXII, 
4667) has published a note {)U the digestion of fats by pan
creatic lipase, using cocoanut oil, castor oil, palm kernel oil, 
palm oil, bacon fat, beef fat, cod liver oil etc. u 

/ 
substrates. 

SECTION I 
I 

Extraction of the Enzyme Lipase from the Castor Seed 

Numerous methods have been found for obtaining lipase 
from the crushed seeds. All these C(),Plsist of removing from 
the seeds the materials such as oil, albuminoid substances 
devoid of hydrolysing properties. 

For the present investigation Tanaka's method has been 
utilised. 

Tanaka's Method: 

The oil seeds were first decorticated and crnshed to a 
coarse powder, packed in paper bags and dipped into ether for 
3 days to remove all the oil, alurenoe etc. 

\ 

The powder was further pounded and the remaining oii 
was extracted with the help of the Soxhlet apparatus. It was 
dried and passed through a 100 mesh sieve to separate any 
coarse particles, then 100 grams of this fine powder was 
triturated with 6()()-700 c.cs. of 0.1 N acetic acid at 37°C. for 
30 minutes. After which the milky liquid was filtered and the 
powder washed free from acetic acid and dried at a temperature 
not exceeding 40LC. The temperature was an important factor 
as the enzyme becomes inactive at a higher temperature at about 
60°0. Therefore a second sample of the lipase was extracted 
exactly as mentioned above but dried at a temperature of 
about 45°0. ' 

These two different lipase powders obtained were pt·e· 
served in glass bottles with the addition of a few drops of 
toluene. 
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' A comparative study of these two lipase powders are
carried out side by side with the study of the hydrolysing 
action of lipase on oils in the next section. 

Castor beans contain two distinct lipolytic enzymes as 
stated by Falk and Sugnira (J. Am. Chern. Soc. 1912, 1913) 
one of these is soluble in water and has a comparatively 
greater hydrolysing effect on esters like ethyl-butyrate than on 
glycerides like triacetin. The other is insoluble and more 
active towa1ds triacetin than towards ethyl-butyrate. The 
soluble enzyme is termed " Esterase " and the insoluble 
"Lipase 11

• 

The optimum pH of the casto1· bean lipase is between 4. 7. 
and 5 (Uber Ricinus lipase by Willstatter and Waldschmidt
Leitz-physiol. Chern. 134, 161, 1923-24}. 

J. J. Sudborough, H. E. Watson and P. S. Varma (Jr. 
Ind. Inst. Sc. Vol. 2 Part XV P.P. 213-273) have done a good 
amount of work on the 'Oil splitting by Castor Lipase'. 

SECTION II 

A comparative study of the effect of refining and beating 
on the hydrolysis of the edible oils in-vitro: 

1) Linseed Oil, 

3) Safllower Oil, 

4) Cocoanut Oil, 

With the enzyme lipase from castor seeds. 

In this section it is intended to study the effect of refining 
and heating on the hydrolysis of the linseed, safllower and 
cocoanut oils by the action of castor seed lipase. As well as 
inactivation of the lipase with rise of tempe.rature, lipase 
powder marked A dried be low 40°0. and lipase powder marked 
B dried at about 45°C. 



The following thret1 oils linseed, saftlower and cocoanut 
were pressed in the Agriculture College Ghanny in order to be 
-sure that oils were pure, this oil was termed as "Crude Oil". 

Now this "crude oil" was refined as follows:-

The acid value of the oil was first determined and on the 
basis of this value, the free fatty acids were neutralised by 
exact amount of N/10 NaOH diluted considerably and added in 
a "fine stream to the oil, th'e mixture was heated on a water 
'bath to 100°F and gradually to 120°F. the whole being stirred 
continuously for 15 minutes and then allowed to cool, the soap' 
and other impurities were made to settle down by the addition 
of common sal~, the oil was washed and dried by shaking with 
anhydrous Nal!-80 4 and filtered. This oil is termed as 
'"Neutralised". Next th~ ernde oil was heated for t hour at 
160°0: and also heated_ to its-boiling point which was over 
'850°C. 'This ·'W'llS termed as ":Boiled Oil". 

Each of· th~ 4 samples of the three oils crude oil, 
neutralised oil, heated oil and boiled oil were hydrolysed with 
the castor seed lipase. 

Method of Hrdrobsis 

For getting the optimum hydrolysis of the oils under -con
sideration, trial experiments were carried ont•in the beginnin_g 
to determine the factors such as substrate concentration, 
buffer used and the quantity of the enzyme lipase needed. 

It was found tbat the following q~antities acted the best:-
2 e. e. of the oil (or its equal weight); 2 c. c. of an acid buffer 
of 4.8'pH (of 0.2M disodium phosphate and 0.1 M citric acid) 
and 100 mg. of the enzyme lipase added and thi~ reaction 
mixture was incubated for varying time from 8 to 48 hours at a 
constant temperature of 37° C. 

A blank experiment was also eondncted side by side nsi.ng 
all the above factors except the oil. The difference between 
'the blank and the real experiment minus the acidity (if any) 
originally present in the oil, gave the amount of hydrolysis 
that had taken ·place in the same time. 
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10 c. e. of alcohol were added to dissolve the fatty acids 
1·esnlting from the hydrolysis of the fats by lipase and then 
the solution was titrated against N/10 NaOH, using phenol
phthalein as the indicator. 

The results are expressed as the percentage of the total 
oithydrolysed at different period~. 

The saponification values and the acid valnes of the oils 
in question were determined in terms of c.cs. of N/10 alkali, 
before starting actual experiments. 

(1) Hydrolysis of Linseed Oil. 

_ TABLE No.1 

Linseed Sap. Acid % Hydrolysis hrs. 
Oil Value Value 

c.cs. c.cs. 3 hrs. 24 hrs. 48 hrs. 

1 Orude ~ 34.43 1.23 A 11.206 19.030 32.840 

B 2.238 4.824 7.898 

2 Neutra- 34..10 Nil A 5.561 8.108 13.155 
lised B 0.667 1.540 3.150 

3 Heated 34.43 1.10 A- 9.990 17.928 . 30.46 
for~ hr. B 1.824 4.476 7.461 
at 160°0 

4 Boiled 34.43 0.77 A 2.133 6._208 10.785 

B Nil 0.663 1.410 

In the table No. 1 the results of the hydrolysis of the 
linseed oil with castor seed lipase A i.e. dried below 40°0 
and lipase B dried at about 45°0 are tabulated. 
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From the fi~ea ia Table Yo. l we .Ibid that : 

Ia the ¥crude • li....,.... ail:-

The velocities of reaetion in the thre~ iDterftls are-
' -

1L206: 7.82!; 13.810 with lipase A· 
" . . 

and 2.238 • 2.586 a 3.014. witlllipase "B. 

Out of the total fats hydrolys;d at the end of 48 hollis • 
3-1..2%. 23.8% and 42% are hydrolysed .:l the end of lit. 2nd and 
3nl ia.tervais of a. 2-l. and. 48 hours ntla lipase A. 

· While with lipase B the eorresponding figu.rea ue.2s.az, 
32.7% and 39% respeeunlT .. · 

In -..eutralised • liDseed oil:-

'!'he nlocitiea of reaetion in the three iDternls ue-
5.561; 2.M7; 5.0!7 with lipase A. 

and 0.667: 0.873i 1.610 with lipase B. · 

Out of all the total fats hydrolysed at the end of 48 ho1ll'B1 

4%.4Zi 19.3Zi 38.3% are hydrolysed at the end of 1st. 2nd aBd 
3rd illtervals by lipase A. 

While 21.!%; 27.7%;. 51.1" are the eorresponding figures 
with lipase B. - · 

In the oil MJleated .. atl60"C. for I hour. :-

The "Yeloeities of reaetion in the three intervals are-
9.990; 7.938; 12.~ with lipase A. 

aud 1.82-h 2.6ii2; 2.985 with lipase B. 

Out of the total fats hydrolysed at the encl. of the thUd. 
interval 32.SI: 26.0~ and 41.2% are hydrolysed by lipase A at 
the end of 1st, 2nd and 3rd intervals. 

While 2•.4% J 3S.6% and 40.0% are t'be eorrespondillg 
fiprea with lipase B. 
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In "boiled" linseed oil :-

'The velocities of reaction in the three intervals are- ' 

2.133; 4.075; 4.577 with lipase A. 
·and Nil; 0.663; 0.747 with lipase B. 

Out of the 'total fats hydrolysed at the end of the third 
inte\·val 19.8%; 37.8% and 42.4% are hydrolysed at the end of 
t4e three intervals with lipase A. 

While the corresponding figures for the hydrolysis with 
·the lipase Bare- Nil: 47% and 53% respectively. 

On comparing the results of percentage hydrolysis of crude 
oil at the end of 48 hours, a retardation of 76% occurs in the 
case of lipase B. 

We find that the crude linseed oil is very easily attacked by 
castor bean lipase and also to a maximum limit, then comes 
in order " heated at 160°0 for ! hour , "neutralised " and 
"boiled" linseed oil. Thus we see that on the whole. the per
centage hydrolysis falls. By comparing the maximum hydrolysis 
result of 'crude' oil at the end of 48 hours with the others, we 
find a loss of 7%; 59% and 67% :respectively for "heated", 
"neutralised" and "boile_d" oils with lipase A. 

Similarly on comparing the result obtained for maximum 
hydrolysis of crude linseed oil with lipase B with the others, 
a loss of 6%; 60%; 82% occurs for "heated", "neutralised" 
and "boiled" oils respectively. 

,(2) Hydrolysis of Safflower Oil-

TABLE No. 2 

Sa:fflowflr 
, Sap. Acid hydrolysis after thours) % 

Oil. Value Value 
c.cs. c.cs. 3hrs. 24 hrs. 48 hrs. 

1 Crude 34,45 '0.368 A. 6.355 11.412 18.505 

B 1.663 2.874 _f>,l87 
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2 Neutra- 34.45 Nil A 1.316 4.525 8.570 
Used B 0.316 1.663 3.598 

3 Heated 34.45 0.23 A 5.115 10.620 17.72 

for! boar. B, 1.060 2.009 4.47 
· at 160°0 

4 Boiled 34.45 Nil~ A 1.323 4.313 7.64 
B Nil 1.130 2.11 

Table No. II contains the results of the hydrolysis of 
safllower oil. 

The conditions of experiment are similar to the previous 
one. 

From the results tabulated_in Table II we fi~d that 

In the .. crude" · sa1Bower oil:-

The velocities of reaction in the, three internls are-· 

6.355; 5.057; 7.093 with lipase A. 

a&d 1.663; 1.211; 2.313 .with lipase B. 

Oat of the total fat split up at the end of 48 hours. 34.4%; 
27.3%; 38.3% are split up at the end of 1st, 2nd and 3rd period 
of 3, 24, and 48 hours respectively with lipase A. 

While 32.12: ; 23.3% ; 44.6% are th~ corresponding figures 
with the lipase B. 

In the .. neutralised~ samower oil .,_ . 

The velocities of reaction in the three intervals are-' 

1.316 ; 3.209 ; 4.().15 with lipase A 

and 0.316; 1.347; 1.935 with lipase B. 

Out of the total fat split up at the end of 48 hours 15.8%; 
37.5%; 47.2% are split up at the end of the 1st, 2n<l aud Srd 
period with lipase A. 



'Vhile the corresponding figures with lipase B are B.B% ; 
37."4%; 53.8%. -

In the "heated"' s.aftl.ower oil :-

The velocities of reaction in the three intervals are-

5.1Ui; 5.505; 7.10 with lipase A 

and 1.060; 0.9!"9; 2.46l_with lipase B. 

Ont of the total fat split up at the end of 48 hours 29%; 
· 31%; 40% are split up at the end of the 1st, 2nd and Srd periods 
_ with lipase A. 

While with the lipase B the corresponding :figures are 
, 23.7%; 21.3%; 55.0% respectively. 

In "boiled" saJilower oil :-

The velocities of reaction in the three intervals are-

1.323; 2.990; 3.327 with lipase A 

and Nil 1.13; 0.98 with lipase B. 

Ont cf the total fat split np at the end of the 3rd period 
17.3% :· 39.1%; 43.6% are st>lit up at the end of 1st, 2nd and 
3rd periods by lipase A. 

While the corresponding figures with Jipase Bare- Nil, 
-53.5% and 46.5% respectively. -

_ Here again on comparing the results of hydrolysis obtained 
~ -witb lipase A and B· we find that the percentage hydrolysis 

of the •• crnde oil" falls to the extent of 72% with the lipase B. 

Next we ftnd that the ernde- safflowe; oil is disintegrated 
to a _maximum extent by castor bean lipase and then oomes in 
orde:r ., 'heated", " neutralised" and "boiled" safllower oils. 

I 

Now by co~paring the lllaxitnnm hydrolysis pereentage 
resnlt~of "c:rode" safflower oil at the end of 48 hours with the 

:~'hers, we- find a loss of 4%; 53% and 58Z reepecti\"ely for 
! ~heated,, " nentralisei" and •• boiled" nftlower oils with 

the enzyme lipase A. 



Similarly the eorreeponding results obtained by comparing 
the maximum hydrolysis of 'ernde • samower oil with lipase B 
and the oiliers, a percentage fall of 13%; 30%; 59% oeelus for 
"heated", "neutralised'' and .c boile.i" 6a1D.ower oils. - -

(3) Hydnalysia o( Cocoanut OU:

TABLE No. ill 

Coeoanni 
oil. 

Sap. Aeid 
Value. Value. 
e. es.- e. cs. 

1 Crude -15.88 

2 Neutra-
lised 4.1.18 

3 Heated 
for l bonr. 
@ 160"0. N.SS 

4 Boiled 45.88 

hydrolysis after (bonn;) z.--
3 hrs. 2-1 hrs. 48 bra. 

Table No. m reeords the nlues obtained for the percentage 
hydrolysis of the eoeoannt oil with the eastor seed lipases A & B. 

The eonditions of experiments are eneUy similar to the 
pre-rions one. 

& • enade"' eocoumt oil=--

The velocities of reaetion in the three intervals are:-
5.18!; 5.9-18 5.130 ...-ith lipase A. • • 

and 1.3li:J; 1.368; 2.()19 with lipa.se _B. 

Out of all the total fats hydrolysed at the end of 
18 hours. 32.0%; 36.5% and SUi% takes plaee at the end of lat. 
2nd and 3rd intervals 11ith lipase A. 
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While with the lipase B the corresponding figures are 
27.7% 29.3% and 43.0%. 

In 'neutralised' cocoanut oil :-

The velocities of reaction in the three intervals are-
3.432; 5.558; 3.942 with lipase A 

and 0-516; 1.25:1; 1.600 with lipase B. 

Ont of all the total fats. hydrolysed at the end of 48 
hours, 26.5%; 43.0% and 30.5%; takes place at the _end of the 
1st, 2nd and 3rd intervals with lipase A. 

Similarly with the lipase B the corresponding figures are 
15.3; 37.2% and 47.5% respectively. 

In 5 heated • cocoanut oil :-

The velocities of reaction in the three interva1tt are-
4.646; 6.074:; 4.886 with lipase A 

and O.~HS; 1.481; ,2.066 with lipase B. 

Ont of all the total fats hydrolysed at the- end of 3rd 
interval, 29.8%; 38.9% and 31.3% are hydrolysed at the end of 
1st, 2nd and 3rd intervals with lipase .A. 

While 18.7%; 33.9% and 4i4% are the correspo11ding 
figures with the lipase B. 

In • boiled' cocoanut oil :-

The velocities of reaction in the three intervals are-
1.894; 4.296;" 3.396 with lipase A 

and 0.283; 0.540; 0.265 with lipase B. 

Ont of the total fats hydrolysed at the end of the 3rd 
interval, 19.7%, 41.8% and 35.5% are hydrolysed at the end of 
the 1st, 2nd and 3rd intervals with lipase ..\. 

~ 

While with lipase B the eorresponding figures are 26.0%; 
49.6% and 24.4% respectively. 
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, The fall in hydrolysis of the erude cocoanut oil with the 
lipase B is 70.9% on comparing the hy~lysis of ernde cocoanut 
oil with the lipase A. 

The crude cocoanut oil is earily split up by castor bean 
lipase and to a maximum limit. then comes the _ .. heafed at 
l&t C. for l hr., 'neutralised' and •boiled' cocoanut oils. 

Now by comparing maximum hydrolysis result of 'crude' 
coooanut oil at the end of 48 hours with the others we find a 
retardation in the percentage hydrolysis to the extent of 4%; 
20% i and 41% respectively with "heated" ''neutralised" and 
·~'boiled" cocoanut oils with the lipase A. 

' 

The corresponding fi..,«rn.res on comparing the result obtained 
for maximum hydrolysis of crude cocoanut oillrith the lipase B 
with the others, a retardation in percentage hydrolysis to the 
extent of 7%, 28.7% and 77% occurs for 'heated'• 'neutralised' 
and 'boiled' oils respectively. 

Now comparing the three oils among themselves and the 
two lipases al..~, we find as !ollows :-

, Linseed oil out of the three is ~ost easily attacked and tO 
the highest limit also. Then comes in order. the sa mower oil 
and cocoanut oil. Comparing on the' basis of ·maximum 
hydrolysis of linseed oil at the end of 48 hours, the samower 
oil is hydrolysed 43% less than the linseed and cocoanut oil 
50% less than the linseed oil. Sueh a ditrerence can be 
attributed to the linseed oil -being a drying oil with an iodine 
value of 165.51, and li.P.·l9"C (Lewkowitseh), and the percent
age of unsaturated or liquid acids being 91.51% and the 
saturated or solid acids being 8.3%. 

Whilst the Sa1Dower oil is a semi-drying oil with an iodine 
value of 1!1.5 and li.P.-16 to -20 (Lew.) the percentage of 
unsaturated or liquid aeids being 9!.76% and the Eaturated or 
solid aeids being 5.23Z: 

The cocoanut oil is a non-drying oil with an iodine value 
of ~.9G and M.P. 25.3"c. and its n11saturated or liquid aeid.s 
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being 17 .39, and the saturated or solid acids being 82. 'll%. 
Therefore chemical compo~;ition and perhaps the M.P. is an 
important factor in the d'isintegration of fat by lipase. 

Now comparing the results of ' neutralised' linseed, 
safflower and cocoanut oils with its 'crude' oil respectively,. it 
is observed that there is an appreciable retardation in hydro·_ 
lysis, showing that the oil refined by alkali treatment retards 
hydrolysis. J. ,J. Sudborough and H. E. Watson J. Ind. Inst, Sc. 
(1918, 1922, 2,213, 5,119) observed that certain crude oils after 
refining treatment with alkali did not undergo appreciable. 
hydrolysis when acted upon by castor seed lipase in the 
absence of an activator, but addition of the volatile fatty acids 
(which had been removed during neutralisation and washing) 
as activator was found to restore digestibility of these oils. It 
was the1·efore assumed that the volatile acids present in the 
crude oil act as a natural activator on castor seed lipase. 

Menezes and Banerjee (Ind. Inst. of Sc. 1939) noted that 
the rates of digestion of different oils are different after !"enning 
treatment and that the digestibility of gingili oil improves on 
neutralisation while the effect of refining does not cause an 
appreciable change in the digestibility of cocoanut oil either 
with or without activator using pancreatic lipase. 

On comparing the maximum hydrolysis results after 
48 hours of each of the three ('rude oils with that of its heated 
oils respectively, we find a retardation of 7.2%; 4.2% and 
4.0% with the linseed, safflower and cocoanut oils with 
lipase A. 

Similarly for each of the 'boiled' oils, the fall in percent· 
age hydrolysis amounts to 67%; 58% and 41% on the basis of 
maximum hydrolysis of the crude oils. 

Thus we see that on the whole by 'heating' and 'boiling' 
the oils a retardation in percentage hydrolysis occurs, and the 
fall is in keeping with the order of .the oil, thus linseed (being 
a drying (1il) is effected to a maximum limit, then comes 
safllower and lastly the <:ocoanut oil. 
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Tanaka's experiments (J. Coli. Eng, Imp: Uni~. Tokyo, 
1912, 5, 152, J. S. C. I. 1912, 31, 1084) shows that polymerised 
oils obtained by beating oils it: a current of nitrogen are more 
slowly hydrolysed than the original oils from which they are 
clerived and the effect is most mll:tked with drying and the least 
marked with non·drying oils. 

The effect of thermal treatment and hydrogenation on the 
absorption of a_ few vegetable_ oils bas been studied by Roy 
(Ann. Bioch~m & ex.p. Med. 4.17, 1944). The author states 
that the change in viscosity of oils due to thermal treatment 
reduced the activity of emulsifying agents, thereby retardmg 

'lipase activity and absorption. ' 

It ia noticed that -on beating, the linseed oil becomes 
more viscid than the nther oils. 

On comparing the 'activity of the two Jipases A. and B~ 
A, clried below 40"0. is far tnore active than the lipase B dried 
at a temperature of about 45°0; on comparing the results of 
percentage hydrolysis of \he three ~rude oils at the -end of 
48 hours, a retardation of over 70% 'Occurs in the case of the 
lipase B. 

Therefore the lipase is very susceptible to beat and tends 
io be inactive as the temperature increases even though the 
rise -Is only 7 to 8°0. 

SECTION III 

A Study of the rate of faD of hydrolysis-on heating of 

(1) linseed oil, 

(2) safilower oil, and 

(3) cocoanut oil. 

Having found that on beating the oils a remarkable 
retardation in its rate of hydrolysis was observed, it was 
thought desirable to study the course of change i.e. inactiva
tion of natural activator. 
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Sampl'es of ::rnde oil were heated at a constant tempera
ture of 160°0. for 3 honrs and test samples were taken out at 
an interval of 1, 2 and 3 hours each, and these samples were 
hydrolysed, keeping all the other factors, such as buffer used, 
substrate concentration, enzyme concentration, etc. constant as 
stated in the previous section, but only lipase A which was 
found to be far more active than lipase B was used. 

TABLE No.4 

Rate of fall of hydrolysis on heating 
(1) linseed oiL 

Linseed Sap. Acid hydrolys:ls after (hours) %. 
oil. value value. 3 hrs. 24 hrs. 48 hrs. 

/ -

c.cs. c.cs. 
1 Ornde 34.43 1.23 11.206 19.03 - 32.84 

(unheated) 

2 Heated at 34.43 1.1 7.863 - 15.58 28.72 
160°0. for 
1hour. 

3 Heated at 34.43 1 5.742 13.71 22.49 
160°0. for 
2 hours. 

4 Heated at 34.43 0.94 3.987 9.514 16.92 
160°0. for 
3 hours. 

In the table No. 4 the 1·esults of linseed oil heated for 
1, 2, 3 hours are recorded, now considering the figures for-

"linseed" oil heated at 160°0. _for 1 hour-

The velocities of reaction in the three intervals are-
7.863; 7.717: 13.140. 
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Ont of the total fats split np at the end of the third inter
nl27.0%; 26.8% and 46.2% are hydrolysed by the lip!lSe at the 
end of the 1st, 2nd and 3rd internls. 

•linseed" oil heated atl60°C. for% honm.-

The velocities of reaction in the three intervals are-
5.7 42 i 7.968 i 8.780. 

011t of the total fats hydroiJ-nd at- the end of the third 
interval 2a:sz; 35.5% ; and 39.0% are hydrolysed by the lipase 
at the end of the 1st~ 2nd and 3rd intervals. 

•J.inseed." oil heated atl60°C. for 3 homs.-

The velocities of reaction in the three intervals are-
3.987 i 5.527 i 7 .406. 

Ont of the total fats split 'up at the end of the third inter
val by the lipase 23.6% i 3"2. 7% i 43.7% are split np at the end 
of 1st, 2nd and 3rd intervals respectively. 

The retardation in percentage hydrolysis, eomparing on 
the basis of total hydrolysis of ernde linseed oil at the end_ of 
48 bonis is 12.5%, 3IZ and 48% respectively for heating the oil 
at 160"c. for I, 2 and 3 hours. 

Rate of fall of hrdrobsis on heatiDg _ 
(2} safflower oil 

TABLE No.5 

Samower Sap. A.eid hydrolysis afte; Cbours) %. 
oil value nlne 

e.es. ' e.es. ', 3 hrs. 2-i hrs. 48 hrs-

1 Crude 3-:1:.45 0.368 6.355 11.-112 18.505 
(unheated) 

2 Heated at. 3-:1:.45 0.318 '-.161 9.361 16.1~1 
l60°C. for 
1 hour. 



3 Heated at 
160°C, for 

• 2 hours. 

4 Heated a~ 
160°0. for 
3 hours.. 

34:.45 

34..45 

~68 

0.26 2.990 7.713- 14.630 

0.2-1 1.715 6.454 11.260 .--

The table No. 5 contains the results of the percentage 
hydrolysis of S"afilower oil on heating for 1, 2 and 3 hours. 
The conditions of experiment are identical to the previous one. 

In "sa:ffiower" oil heated at 160°C. for 1 hour. 

The velocities of reaction at the end of the third interval 
are- 4.16; 5.20; 6. 77. 

Out of all the total fats split up at the end of the third 
interval 25.8%; 32.4%; 41.8% are split up by the lipase at the 
end of the 1st, 2nd and 3rd intervals. 

In" sa:ffiower" oil heated at 160°C. for 2 hours. 

'.{'he velocities of reaction at the end of 3xd interval a.r&-
2~99; 4.72; 6.92. 

Out of the total fats split up !lt the end of 3rd interval 
20.4%; 32.3%; and 47.3% are split up at the end of 1st, 2nd 
and 3rd intervals. 

In "sa:ffiower" oil heated at 160°C. for 3 hours. 

The velocities of J'eaction at the end of the third interval 
are 1. 71; 4. 74 and 4.81. 

Out of all the total fats split up at the end of the third 
iutervall5.2%; 42.1% and 42.7% are split up by the lipase at 
the end of 1st, 2nd and 3rd intervals. 

The fall in percentage hydrolysis of the heated oils is 
~~.8%; 20.9/. and 39.0% for the oils heated at 160°0. for 1, 
2 and 3 hours, comparing on the basis of maximum hydrolysis 
of the crude saftlower oil. 
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R-.&e of fall of hydrolysis on ~eating 
(3) cocoanut oil. 

TABLE No. 6 

doeoaQ.-g.t Sap. Acid hydrolysis after (hours.) % 
oil. vain& value 

e.cs. 'c.c. a hfs, 2.-t hrs. 48 hrs.~ 

l Crndt 
(nnb.~ated) 

45.88 0.3-1 5.182 11.13 16,.26 

~ 

2 Heated at 45.88 0.32 3.812 10.12 14.65 
160°0. fo~ 
1 hour. 

3 Heated. ~t 45.88 0.2& 3.017 8.751. ],2.~6 
160°C, fol 
; \lOUJ'S. 

~ Hellted at 45.88 0.24: 2.258' 7.98' u.~a 
160"0. for 
a hours. <. 

--
Table No. 6 records the values obtained for the hydrolysis 

&f the heated cocoanut oil for a varying period of I, 2, a:ad 
3 ho11.rt1 •' 1 ooutant temperature of 160°0. The conditwns of 
experiments are exactly similarly to the previons one. 

~ •coeoaJlu.t' oil heated, l60°C. fo:r: l hour. 

We find that the velocities of reaction at the end of, the 
third interval of 48 hours .are - 8.812; 6.308; 4.53Q, . 

' Out of the total fats hydrolysed at the end of the third 
iaterval26%; 43%, and 817,; are hydrolysed at the end of the 
8 i.Btervals of 3,24 and 48 hont·s. 

In •cocoanut' oil heated at 160uC. for ~ ho~ 

Th velocities of reaction at the end of the third interval 
.,. 3.0ll1 5.711-ij 4.209. 
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Out of the total fats hydrolysed at the end of the third 
interval 23.2%; .442% and 32.6% are hydrolysed at the ~nd of 
the 1st, 2nd and 3rd intervals. 

In 'cocoanut'.oil heated at 160°C. for 3 hours. 

The velocities of rection at the end of the third interval 
are 2.258; 5.724; 3.248. 

Out of the total fats hydrolysed at the end of third inter
l'al 20.1%; 50.9%; 29.0% are hydrolysed at the end of the 1st, 
2nd and 3rd intervals. · 

A retardation in percentage hydrolysis amounting to 
9.9%, 20.3%, and 30.9% respectively ·are obtained for heated oils 
at an interval of 1, 2 and 3 hours, on the basis of maximum 
hydrolysis of the crude cocoanut oil ~t the end of 48 hours. 

Taking into consideration all the· facts as stated above, 
which clearly indicate that on heating the oils some substance 
which acts as a. natural activator to the castor seed lipase is 
rendered inactive. 

The next explanation for the fall in percentage hydrolysis 
is perhaps the loss of free fatty acids and volatile acids, which 
must be lost on heating and retard hydrolysis; for, in the case 
of cocoanut oil, illipe oil and mohua oil (J. J. Sudborough, 
H. E. Watson, Part V, Vol. 5 Part IX pp. 120-122-J. Ind. Inst. 
Sc. 1922) they found possible to isolate the volatile acids and 
solutions of such acids were used as activator instead of acetic 
acid and it was found that crushed castor seeds produced 
appreciable hydrolysis. 

It is also interesting to note from the tables Nos. (1 to 6) 
that the acid values of the oils falls on heating and boiling as 
for e.g. the acid value of linseed oil is 1.23 c.cs. while for the 
boiled oil is 0.768 c.cs. 

Besides, in arhot country like India, oils lind fats are liable 
to go rancid if kept for a long period and again in the process 
of frying, roasting, and baking, oils and fats are exposed to 
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high temperatures, as well as to air and are liable to oxidation 
which is a · serious drawback for it ~oes effect the process of 
digestion. · 

-
While this lower dige~;tibtlity may not matter much in the 

case of healthy person w'f:lose system is strong and normal and 
whose bile and other secretions are regular and sufficient, it 
will not be the same in the c:ise of a weak or a sick person, if 
the natural activators are lost or the process of digestion 
delayed then it is a strain on the system. Menezes and 
Banerjee (J. Ind. In st. Sc. 1938) also found that on heating the 
cocoanut, cotton-seed, gingilli oils a gradual fall in digesti
bility occur'!!, working with the pancreatic lipase. 

' 
SECTION IV 

A comparative study of the hydrolysis of ( 1 ) oils ( 2) 
hydrogenated products and ( 3) ghees. • 

TABLE No .. 7 

Substrate Sap. Acid hydrolysis after (hours.) z. 
used. value. valne. 8 hrs. 24 hrs. 48 hrs. 

c. es. c. cs. 

1 Linseed 
oil. 34.42 . 1.23 11.206 19.030 32.840 

2 Samower 
oil. 34-.45 0.368 6.355 11.412 18.505 

3 Cocoanut 
oil. 45.88 0.34 5.182 11.130 16.260 

4 Hydrogen-
ated product 
"'X" 84.43 _Nil 2.030 7.530 10.670 
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5 Hydroge-
nated product 
"Y11 47.27 0.096 2.072 8.480 18.280 

6 Ghee 
CCow's 
Milk). 41.17 0.380 4.236 10.790 15 586 

7 Ghee 
(Buffalo's 
Milk). 40.8•) 0.239 4.728 13.600 2J.MO 

In table Xo. 7 the results of the comparative etndy of the 
three oils with hydrogen a ted vegetable products '•X" and uy, 
available in the market as ll'ell as pure home made gbee from 
cow's milk and gb.::e from buffalo's milk are recorded. 

- The Telocities of reaction and the percentage of total fata 
hydrolysed at tbe end of 1st, 2nd and 3rd intervals for 
linseed, safflower and cocoannt oils are recorded in section II 
pages 16, 19 and 22. 

Now considering tbe ngnres for_:-

The "X" hydrogenated product:-

We find that the velocities of reaction in the three inter· 
vals are are 2.03; 5.50; 3.14. 

Ont of the total fats split np at the end of the 3rd interval 
by the lipase 19.0%; 51.6% and 29.4% are split np at the end of 
1st, 2nd and 3rd intenals of 3, 24 and 48 hours. 

In "Y" hydrogenated product:- · 

The velocities of reaction in the three intervals are 
2.072; 6.408; 4.800. 

Out of the total fats hydrolysed 'Lt the end of the Bra 
intuva.1 ·15.6,4; 48 3% a[Jd 35.1% ar~ bydrel1sed at the end 6! 
th~ l:!t, 2nd _and 3rd intervals. 
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Ia the~ (c:ow"e -anilkl-

The velocities of reaction in the three iutervala are 
4.266; 6.55!; 4.'196. 

Out of the total fats hydrolysed at the end of 3rd interval 
21.2%. 42.0% and 30.8Z are hydrolysed by the lipase at the end 
of the 1st. 2nd and 3rd intt>rvals. 

Ia the ~hee (buffido'a milki-

The velocities of reaction in ~e three intervab are 4.728; 
8.872; 7Jl!O. 

Out of the total fats h:rdrolysed at the end of 3rd interval 
21.9% 41.2% and 36.9% are hydrolysed at the end of 1st, 2nd 
and 3rd intervals. - --

On comparing the resnlts obtained for the maximum hy· 
drolysis of each of the dilrerent oils, ghees ud the hydrogenated 
prodn.cts. at the end of 48 hours h u found that linseed oil is 
hydrolysed to the maxim"tm limit. then eome2 in order the 
buffalo ghee, umower oil, coeoannt oil, cow's gbee. "Y" 
and ''X" hydrogenated vegetable products respectively. 

Now comparing the resnlts of percentage hydrolysis on the 
basis of ma:rimnm hydrolysis ()f the linseed oil at the end of 
48 hrs., tbe descending order for the loss in percf!ntage hydro
lysis is 3-1'%; 43%; 52%; 60% and 67% respeetlvely with the 
buffalo ghee. samower oil, coeoanut oil. oow ghee, hydro-
genated products "'Y" and "X". -

Oo.t of the two "X" and "Y" hydrogenated producb 
aeleeted we find that they are tbe least hydroltsed. on eompttr

, ing with oils and ghers. 

The low percentage hydrolysis iB ahraya mainly attributed 
to the la(. P. now in the ease of hydrogenated product "'X" the 
M. P. is 39.5°(j. while the M. Ps. of 3 oils are very low, the 
highest beiog 2S.ifC. for eoooannt oil; for if the M. P. of an7 
fat is higher than the body temperattlfe 37.5'"0. it will remaiu 



in a solid form in-the incubator and the e.llzyme lipase may not 
come into contact as easily as in the case of liquid fats
&nd hinder the process of emulsion thereby retarding lipas~ 
action . 

.' Some-workers state that perhaps the degree of unsatura
tia~ may- effect hydrolysis but Roy (Annual Review of Biochenn 
~;d Alli~d Research in India 1944) studied the effect of thEl_r;
mal treatment and hydrogenation on the absorption of a few 
vegetable oils and found that h~drogenation of groundnut oil 
and cocoanut oil to different degrees does not effect 
absorption or the saponification value of these oils; therefore 
it is evident that the degree of unfOaturation does not affect the 
absorption of oil~. The author remarks that the oils which are 
~mulsified to a lesser extent on any treatment lowers the rate 
of hydrolysis. 

Perhaps there may be some other factor accounting for 
'tbis low hydrolysis, may be •'•x,- and "Y" are th~ hydroge
~ated products of mixed oils or fats, or _different treatme:pt in 
the process of hydrogenation itself may account for the lower 
digestibility of the two products. "Y" is hydrolysed slightly 
nwre than "X". ' 

Now between the two ghees the buffalo ghee is split up 
more than- the cow ghee, on comparing the percentage hydro; 
lysis of these two ghees with the three oils, we find the bnffalo 
ghee is less hydrolysed than linseed and more hydrolysed 
than--cocoanut 01 safflower oil, while the three oils are more 
hydrolysed than the cow ghee. 

The values for cocoanut oil and cow's milk ghee lie very 
close together, only a difference of 0. 7% between them. Dastur 
and Giri (Proc. Soc. Bioi. chem. Ind. 1936, 1,40) also studied 
the in vitro digestion of butter fat and other edible oils and 
found that butter fat and cocoanut oil are almost equally 
digestible while sesame and groundnut oil are much less 
hydrolysed by the pancreatic lipase. 
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SECTION V 

' (1) NaO, -(2) Cane Sugar, (3) Vitainins. on the H:rdrofysis 
'· of Oils by Castor Seed Lipase. ' · 
' . 
(1) Effeet. of NaCJ:-

. . 
:- No diet is complete without the addition of common salt, 
~esides improving the taste· of foodstnfls, it was realised .that 
sodium chloride is one of the most essential requit·ements of. 
living tissues. Common salt, as we know, causes an increased 
secretion of. saliva and glistriQ juice tiWreby increasing the 

··-quantity 'of enzyme to react with th~ foodstnfi's, natnrally there 
is bound to be an increased hydrolysis of the food constituents,
therefore it is_ intended to stndy in this ~ection, whether the· 
addition of salt, has any in1lnence on the dig~stibility of the 
oils .. 

. .., 
K. G. Falk (J. Am. Chern. Soc. 35, 601,.1913) has stndiecJ 

the action of neutral salts of the nni-nni, nni·bi, bi·bi valent 
typee on the activity of castor bean lipase • decreased activity• 
was shown by all the nni-nnivalent salts. by the chlorides- a nit 
nitrates of Ba and Ca (except for the most dilute solutioru;) 
and magnesium, by NaCl and dilute solutions· ~f sodium 
sulphate. 

lncre&Sed activity was shown by dilute solutions of ohio~. 

tides of Ba and Ca and more concentrated solutions of Nat SOh 
MgS04 • and :Mnso •. Glick and King investigated the relation
ship between the activation of pancreatic lipase and the surface 
effects of the compounds involved the mechanism of inhibition 
and activation l Jr. Biol. Chem. 97, 675, 1932). · · 

Pa.rfentjev and Devrient have studied tbe influence of 
sodium taurocholate and copper sulphate on lipase. 

' 

Dastnr and Giri (Proc. Soc. Biol. Cbem. ·rnd. 1~36, 1, 40)' 
worki'og on the in-vitro digestion of butter fat and edible oils 
fonnd lhat sodium taurocholate exerts a selective action in the 
digestion ol tau. because. it actin tea the digestion of butter. 
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fat and cocoanut oil by pancreatic lipase, while the digestion 
of sesame and groundnut oil is not affected by the salt 

Jerroine ( Biochem. Z. 23, 429, 1910) found that the dil'lte 
solutions of NaCl, bromide and iodide increased the percentage 
hydrolysis of olive oil by pancreatic lipase, while concentrated 
solution decreases the octivity. Similar effects were noted by 
Loevenhart and Pierce on the animal lipase (J. Biol. Chern. 2, 
397, 1917) while Hansik (Z. Physiol. Chern. 71, 246, 1911) 
noticed retarding action of sodium chloride with pancreatic 
lipase and olive oil. -

(1) Effect of NaCI on the hydrolysis of oils.

TABLE No.8 
' 

Each set of expel'iments contains 10, 20, 40 mgms. of NaCI, 
in addition to 2 c.cs. of the oil, 2 c.cs. of the buffer of 4.8 pH 
and 100 mg. of castor seed lipase and incubated for a period of 
24 hrs. and 48 hrs. at 37.5°C. 

The extent of hydrolysis is expressed in terms of c.cs. of 
0.1 N NaO.I:l. 

Substrate NaCl 
Hydrolysis in terms of 

c.cs. of N/10 NaOH 
mgms. 

24 hrs. 48 hrs. 

c.cs e.es. 
1 Linseed oil 0 13.39 21.70 

10 12.28 16.15 
20 10.35 15.19 
40 8.90 14.50 

2 Safflower oil 0 7.64 11.99 
10 6.96 9.00 

, 20 5.80 8.32 
40 5.80 7.45 

a Cocoanut oil 0 9.57 13.73 
10 8.51 11.99 
20 7.54 11.32 
40 7.00 10.83 



It is observed from the above table that NaCl retards 
hydrolysis of oil with the castor seed lipase as concentration 
increases but the retardation is not proportional to the increase 
in concentration of NaCl. The decrease is more marked in 
linseed than in safllower and coeoannt oils. 

(2) Effect of cane sugar on the hydrolysis of oils :-

Next experiment.s were ear1ied out e:!'~ctly as s_!ated above 
but using 10, 20, 40 mgms. of cane .sugar, to see whether it 
affect-s the hydrolysis being the nP.rl common item in the diet. 

-
, TABLE No.9 

Hydrolysis 
Substrate. Sugar in terms of N/10 NaOH. 

mgms. 
24 hrs. 48 hrs. 

c.cs. c.cs 

1. Linseed oil 0 . •13.39 21.70 
10 13.15 21.19 
20 12.96 - 20.90 
40 12.19 19.90 

2. Safllower oil 0 7.64 11.99 
10 7.64 11.99 
20 7.25 11.70 
40 6.86 11.22 

3. Cocoanut oil 0 9.57 13.73 
10 9.57 13.54 

/ 
20 9.48 U.44 
40 t!.ftO '13.25 

It is seen from the above table that there is no action of 
tbe sugar at a small concentration and there is a slight retard&· 
tion at higher concentrations on the hydrolysis of oils with 
castor seed lipase. 

The retarding effect of sugar is more marked in the ease 
of linseed oil than safllower and cocoanut oils. 
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(3) The Effect 'of vitaniin~ on the hydrolysis- of oils:-

It is well known that vitamins are an essential factor in 
:r;mtrition, and normal life is not possible in the absence of 
these from the diet. 

However none of the vitamins are affe-cted by digestion, 
they are absorbed as such from the intestinal canal a~d utilised 
in the system for growth and repair of tissues. Their presence 
affects the digestibility of other food constituents. Thus Martin 
E.E. (Bioi. Abs. Vol. 13, 90\!5, 1939) studied :the effect bii 
carotene and ascorbic acid on the hydrolytic and synthetic 
activity of lipase and found that caroten'e inhibited fat hydrolysis 
while ascorbic acid stimulated hydrolysis-of fats by pancreatic 
lipase. 

~·. ,, 

While Mikhlin (Chern. Ab~tracts 1943 pp. 922) studied the 
influence of ascorbic- acid and other oxidising substances on 
the pancreatic lipase. The auto-oxidation of ascorbic. acid 
increased appreciably the activity of-pancreatic lipase. 

I 

Arnnlf Pu.rr (Biochem. Jr. 1934, 28, 1141) has studied the 
influence of vitamin 0 (ascorbic acid) on plant and animal 
lipase. He concluded that vitamin C has no action on the 
lipase. 

The vitamins themselves do not undergo arry material 
change during the process of digestion still we see that they 
effect the digestibility of other food con!':tituents more or less. 

The vitamin products -used in the present investigation's 
were boughtfrom Indo-Pharma, Pharmaceutical works, Bombay. 

The effect of the following vitamins on the hydrolysis _of 
oils by castor seed lipase is studied :-

(1) Vitamin A. 

(2) Thiamin Chloride 

(3) Nicotinic acid 

Vitamin B 1 - Antineuratic 
or Anti-beri-beri vitamin _) 
Vitamin B (complex P. P. 
Factor Antipellagra vita min 
factor. 
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It 1 "' :-~ Vibtlllin· ~ Bs, 'indicated. m 
. _ _ _ growth -, distnrbanees, an.d 
' - gasto intestinal diseases . 

• .. " • r ...... • j, ... :. . 
~ · ·- -~ WJ Ascorbic Acid 
.t.. ...- -l 

•• : . Vita~n C-ht~eorbntie. _ 
· vitamin . 

._ (6) Vitamin K . ~ ..... - - ••• Antihemorrhagie or eoagn • 
lation vitam!n. • 

Effect of -vitamins on the hydrolysis of oils:-
- - - - - .. ,-

Proeedur~; .2 e.es. of the oil. 100 mgms. of castor seed 
lipase, 2 c.cs~ of buffer solution of 4".8 pH and 10 mgros. and 

- 30 mgmL ~f vitamins kf:pt in an incubator at 87.5"0. for 24 hrs. 
The extent of hydrolysis is_ expressed as e.es. of N/10 NaOH. 

·· ·'· I~itial acidity of the Vitamin ~~duets were determined by_ 
. dissolving them either in wAter or' neutral alcohol. Strength 
of vi1:3mins used were 10 mgms. and 30 mgms. · . . • 

. . . 
· · ·TABLE 'No. :10 · · · 

~ Blank experiment (without 13.35 e.es 
~ , rltamins). :. _ . . .. - ' ./ 

With vJtamins (after deduct- .10 mgms. SO mgms. 
ing the initial acidity): · • : ' ~-

(1) Thiamin ehloride-Yit. B1 ••• 13.84: e.cs. 13.86 e.cs. 
' -

(2) Nicotinic Aeid-B. comp. ..:; ·13.38 13.44: 

~-..: {3) Rlb~flav~ ·:..Tit._: B~. . .. -.-.-:. - 1~2: i1·_·; .- _·: _13.~-6~·-.! -~ 
. {4) B. ~mplex (I_O_mgs. of Vit. 13.06 . 

B 1 ; B2; Nie. A). . 

, (5) Ascorbic acid (\"it. C) 
• • * ' 

{6) Vi~min K 
·- . ,._ 

(7) VitaDi.in A - 12.96 e.~s. 

. 12.01 

•••. 13.35 

11.41 

13.35 

From the above table we find that thiamin chloride and 
\o. a slight extent nicotinic acid has an accelerating effeet On 
\tr~~llsis: o_f _ }i~~eed _pi~- with. ~iltor _bean lipase, while_ 
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vitamin C, riboflavin vitamins Bt, B2, Nic. acid used in a 
synogenons condition retard hydrolysis. 

Vitamin A as such cannot be compared with the above 
vitamins as the quantity nEed was much greater than 30 mgms. 
This vitamin A was a higl>Jy active standardised solution of 
vitamin A (British Drug Houses Ltd. London- A Pby::;ician's 
sample) was also found to retard hydrolysis. 

Similar effects were also noted in the safllower oil. 
'-... 

Blank experiment (without vit.)- 7.64 c.cs. 

With vitamins {after deduct~ 
ing initial acidity). 

(1) Thiamin chloride 

(2) Nicotinic acid 

l3) Riboflavin 

(4) Mixed (Vit. B1, B2 and Nic. 
A, 10 mgms. each). 

(5) Ascorbic acid 

(6) Vitamin K 

(7) Vitamin A 

... 
<Ot 

7.06 c.cs. 

SECTION VI 

10 mgl!ls. 

7.94 c.cs. 

7.76 

7.25 

7.41 

6.59 

7.51 

, 30 mgms. 

8.06 c.cs. 

7.56 

7.06 

6.62 

7.64 

A study of the hydrolysis of oils by the lipase from the 
' seeds of Butea Frondosa. 

Besides the lipasa from the castor seeds nnmerons other 
seeds also contain lipolytic enzymes. 

At the Nowrosjee Wadia College, Sahasrabnddhe and 
Lilaoovala studied the enzyme lipase from the gronndnnt and 
linseed with gronndnnt, linseed and sesame oils as the 
substrate. 

N. R. Chaterjee, S. Gosh and R. N. Chopra (J. Ind. Cbem, 
Soc. 1!:.138 Pages 101, 107) were the first to investigate and con-
firm the presence of both proteolytic and lipolytic enzymes 
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from the seecls of Bntea Frondosa. Its lipolytic action was 
atudied in anbstrates like olive oil, rape seed oil and castor on 
and was found to act eqnally well on all these. 

~ntea Frondosa is a common Indian plant and a fair 
amonnt of chemical work has been carried out on all the 
constituents, flowers, gum and seeds. 

There being no other work on the enzyme from the seeds 
of Butea Frondosa in the literature after 1938, the present 
section deals with the lipase action on the oils, linseed, 
safllower and cocoanut and also a comparatin study of the 
_l~pase acti<>n from the Bntea Frondo.sa and ca~or seed. 

Extraction of the enzyme from seeds of Butea 
Frondosa:-

The seeds were powdered well and six"times the weight of 
carbon tetrachloride was added and rigorously shaken in a 
flask for some time. The solid material was filtered by means 
of the suction pump and wao;hed first with carbon tetrachloride 
and then with ether. It was then dried and stored in a bottle 
with the additi<>n of a few drops of toluene. 

N. R Cbaterjee, S. Gosh and R.N. Chopra (J. Ind. Chem. 
Soc. 1938, 107) found that the defatted seeds showed strong 
lipolytic action but the results obtained were-not uniform and 
therefore they used an enzyme extract with success, their 

-method is followed in the present investigation. 

Preparation of Aqueous Emulsion of enzyme:-
10 gms. of the defatted seeds were treated with 60 e. cs. of 

distilled water, added in small portions and rubbed intimately 
in a mortar, the cream was pressed out through a muslin 
cloth and the residue again treated in the same manner with 
60 c. cs. of distilled water and pressed out. The total extract 
amounted to 100 e. cs; therefore 10 e. cs. t>f this enzyme extract 
amounted to 1 gm. of the enzyme. The enzyme e:draet ..-as 
always prepared fresh each time, as a sample of the extract 
was kept for 48 hours and then used for the hydrolysis of the 
oil in one of the trial experiments and it w-.. foUDd that the 
lipase aetivity decreasea to the extent of 60%. 
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-- ,, Trial experiments were first carried ont to determine the 
factors, such as buffer nsed, substrate concentration and 
enzyme concentration. 

Determination of the pH for the enzyDle lipase :

According to Chaterjee, S. Gosh and R. N. Chopra (J. In. 
Chern. Soc. 1938, 107) the lipase eeems to act best in slightly 
alkaline medium, the optimum pH being near abont 8 varying 
slightly according to the buffer employed. Bnffer solutions of 
0.2 :M disodinm phosphate and 0.1 M citric llcid were prepared~ 
& range of buffer mixtures from acidic to ~;lightly alkaline i.e. 
from 6 pH onwards to 8 pB were made and the following experiA 
ments carried ont to determine the right pH valne for the 
enzyme lipase prepared from the seeds of Bntea Frondosa. 

Each set of experiments contains 1 c. c. of cocoanut oil, 
2.5 c.cs. of the enzyme extract equivalent to 0.~5 gm. of the 
lipase and 2 c.cs. of varying pH valne and incubated for a fixed 
period of 24 hours at 37.5°0. 

TABLE No. 11. 

The saponification valne of the oil = 45.88 e.cs. 
of N/10 alkali for 1 gm. oil. 

Acid value = 0.34 c.cs. of N/10 alkali for 1 gm. of oil. 

Set. Oil in c. cs. .flll value. hydrolysis (in 24 hours) • 

1 I 6 0.708% 

2 1 6.5 1.170% 

3 1 7 1.510% 
4 1 7.5 2.360%. 

5 1 8 3.077% 

The maximum pH required for hydrolysis was fonnd ont 
for the enzyme lipase as shown in table No. 11 was 8 tlH, 
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Effect of Buller coaeentratioDI 0111 the rate ol hydrolt;u ~ 

TABLE No. 12 

Ea.ch set of experimen.ts eontains 1 e.e. of cocoanut oil, 
2.5 e.es. enzyme extract equivalent to 0.25 gm. of. lipase and 
varying quantities of the bu1fer solution of 8 pH and ineobated 
for a ft.z:ed period of~! hours at 37J)C. 

Saponification value of Lhe oil == !15.88 e.es. 

Aeid value == 0.3! , 
•'l Quantity of hydrolysis (in 2-1 brs.) Set Oil in e.cs; -bntfer added % e.es. 

' 1 1 1 2.36 
2 1 2 3.31 
3 l 3 2.59 
4 1 4: 1.65 -
Ci 1 - 5 l.l'l 

It will be ohsened from the table No. 12 t'bat the optimum 
hydrolysis occurs at the eoneentratiou of 2 e.es. it being 3.31 
and subsegnently falling to a minimum 1.1'1 %. on increasing 
·the eont!.entrations to 6 e.es. hence buffer concentrations also 
influences in the eonrse of hydrolysis of oils. 

Effecll of Yariation in the substrate concentrati011 on 
the course of hJdrolyais :-

TABLE No. 13 

Each set of uperiments contains ur,ring quantities of 
cocoanut oil, 2 e.ea. of buffer of 8 pH 2.5 e.cs. of the en!]'Dle 
extract and incubated for a fixed period of 2.J hours at 37.5°0. 

Saponi11.estion value of the oil = .f5.88 e.es. 

Acid valoe ... = 0.3-1 t: 



Set. 

1 
2 
3 
4 

Oil in c.cs. 

1 
2 
3 
4 
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hydrolysis (in 24 hrs.) 

3.077% 
3.533% 
3.140% 
2.650% 

From table No. 13 it will be seen that a maximum hydrolysis 
of the oil occurs when the substrate concentration is 2 c.cs. of 
oil or its equal weight. 

TABLE No.14 

Each set of experiments contains 2 c.cs. of cocoanut oil, 
2 c.cs. of activator or buffer of'8 pH, and varying quantities of 
the enzyme extract and incubated for a fixed period of 24 hours· 
at 37.5°0. 

Sap. value of the oil = 45.88 c.cs. 

Acid value = 0.34 " 
Enzyme 

Set Oil in c.cs. extract. hydrolysis (in 24 hrs.) 
c.cs. 

1 2 2.5 3.53 % 
2 2 5 4.36 % 
3 2 7.5 4.71 % 
4 2 10 4.94 % 

It is observed that for an in<.'reased quantity of enzyme 
extract the hydrolysis is increased, the difference in the figures 
for the percentage hydrolysis of 2.5 enzyme extract cream with 
the others is 0.827, 0.35,023 with 5 c.cs., 7.5 c.cs. and 10 c.cs. of 
the enzyme extract, therefore with the increase in the strength 
of the hydrolysing agent, there is a slight increase thtmgh 
not proportional to the s11bstrates hydrolysed. 



l!'or the preieni investigation 5 e.es. enEyme ~:xtraet 1ras 
chosen for greatu increase 1ras noted here than in 7.5 c.cs. or 
10 c.es. ' 

SECTIOS VII 

A stwb in the hJdrolysia of (1) &seed oil, (2) sa£Hower 
oil. (3) cocoanut oil with the eDZJme lipue' fi'DID Butea 
F roodoaa teed&. 

A. In this section' the study of the effeetk of ~fining and 
heating on the hydrolysis of the linseed, samower and cocoa

.. , nut oils 'With the eneyme lipase from the seeds of Butea 
Frondosa is carried out to compare the two lipase actions i.e. 
with the castor seed. · 

The oils were refined and heated exactly as done before. 

Each of the 4 samples of the three oils - erode, neutra
lised, heated fori hr. at 160"0. and boiled 1\"ere hydrolysed 'With 
lipase from Butea Frondosa. · · · 

Method of hydrolraia :-

The quantity of the oil nsed 1ras 2e.cs. and its 1reight 
determined, Bnff~r 2 c.cs. of ~pB, and the enzyme added was 
5 c.es, of the eneyme extract eqninlent to 0.5 grm. of the 
defatted seeds and -incubated for varying time _from 3 _to 
2-l bo'Dl'8 at 37.-50C. 

The above factors 1rere detennined as will be seen from 
the previous section, for gettiDg the maximum hydrol,-si& of 
the oils under eon~ideration. ' 

At the end the mixture 1ras diluted with 20 c.cs. of water 
and SO c.er. of alcohol and titrated llith N/10 Na.OH usin: 
phenolphthalein as indicator. A ~ntrol experiment without 
the enzyme extract was done in every ease. The difference in 
the amount of N/10 NaOH required gne a measure of the 
Jipue action and the results are expressed as the percentage 
of the total oil hydrolysed at the different periods. 
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The saponification values of the oils in question were 
determined in_terms of c.cs. of N/10 alkali. 

\ 

Hydrolysis of the linseed oiJ with the Butea Frondosa 
lipase. 

TABLE No. 15: 

Sap. - Acid hydrolysis after (hrs.)% 
Linseed Oil. value value 

c.cs. c.cs. 3hrs. 24 hrs. 

1 Crude ... 34.43 1.230- 3.014 6.822 
.-

2 N entralised ... \ 34.10 nil 1.853 4.261 

3 Heated @ 34.43 1.100 2.847 6.34:6 
160°0 for! hr. 

4 Boiled 34.43 -0.768 2.190 ~.380 

Considering the time factor from the table No. 15 we find 
that the maximum hydrolysis is attained at the end of 24 hours 
and no further hydroly~;is takes place even at the end of 
48 hoUl's as recorded with the castor seed lipase. 

From the figures in the table No. 15 we find that 

In the "crude •• linseed oil 

rhe velocities of reaction in the two intervals are- 3.014 
and 3.808 with Bntea f'rondosa lipase: 

• Out of the total fats hydrolysed at the end of 24 homs 
44.2i;. and :55.8% are hydrolysed at the end of 1st and 2nd 
intervals of 3 and 24 hours each with the lipase from Bntea. 
Frondosa. 

In "neutralised" linseed oil 

The velocities of reaction in the two intervals are -1.84:3 
and 2.418. 
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Out of the total fats hydrolysed at the end of the 2nd inter· 
val of 2t hours 43.2% and 56.8% are hydrolysed by the lipase 
at the end of the 1st and 2nd intervals. 

In the linseed oil "heated"_ at l60°C. for t hour. 

The velocities of reaction in the two intervals are- 2.847; 
3.499. 

Out of the total fats hydrolysed at the end of the 2nd 
interval 44.8% and 56.2/~ are hydrolysed by the lipase at the 
end of th-e 1st and 2nd internls. 

In "boiled" linseed oil 

The velocities of reaction in the two intervals are- 2.19: 
2.19 respectively. I 

Out of the total fats hydrolysed at the end of the 2nd inter.:
val of 24: hours 501.': and 50% are hydrolysed by the lipase at the 
end ot the 1st and 2nd intervals. 

By comparing the maximum hydrolysis resnlt of the crude 
linseed oil at the end of 24: hours with the others, a retardation 
of 6.9;~; 35.8% and 37.5% occors with "heated", "boiled" 
and "neutralised" linseed oils with lipase from Bntea 
Frondosa. · -

Hydrolysis of the safflower oil with Butea Frondosa lipase 

TABLE No. 16 

Saffiower Sap. Acid percentage hydrolysis 

oil value value after (hours) 
e.cs. e.cs. 3 hrs. 24 hrs. 

1 Crude 34.45 0.368 2.621 5.394 

2 Neutralised 34.45 nil 1.830 3.400 

3 Heated at 34.45 0.23 2.457' 5.130 
160°0. for 
! hour. 

4 Boiled 3-!.45 nil 1.880 ii.584: 
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Table No. 16 contains the results of the hydrolysis of 
safilower oil. The conditions of experiment are similar to the 
previous ones. 

}'rom the above results we find that:

~ the "erode" safflower oil 

The velocities of reaction in the two intervals are-2.621: 
2.773. 

Out of the total fats split up at the end of 24 hours, 48.6% 
and 51.4% are split up at the end of the 1st and 2nd intervals. 

In the .. neutralised" safflower oil 

The velocities of reaction in the two intervals are-1.83; 
1.57. 

- -
Out of the total fats split up at the end of 24 hours 53.8% 

and 46.2% are split np at the end the 1st and 2nd inte!Vals. 

In the "heated" safflower oil 

The velocities of reaction in the two intervals- 2.457; 
2.673. 

Ont of the total fats split up at the end of 24 hours 47.8% 
and 52.2% are split np by the lipase as the end of the 1st and 
2nd intervals. 

In the "boiled" safflower oil -

The velocities of reaction in the two inter•als are - 1.~; 

1.704. 

Oo.t of the total fats split np at the ,end of the 2nd interval 
52.5% and 47.5% are split up at the end of the 1st and 2nd 
intervals. 

Comparing the loss percentages of heated an•i refined oils 
with the maximum• hydrolysis at the end of 2-i hours of erode 
s!lfl:lower oil and the others the results obtained are 4.8%; 
33.5% and 36.9% retardation for "heated", "boiled" and 
"neutralised" safl:lower oil. 
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Hydrolysis of coco~nut oil with Butea Frondosa lipase 

Linseed 
oil 

1 Crude 

2 Neutralised ••• . 
3 Heated at 160°0 
• • fori hour. 

4 Boiled 

TABLE No. 17 . 

Sap. Acid !J.ydrolysis after hours·% 
valne value -
c.cs. c.cs. 3 hrs. 24: hrs. 

45.88 0.3( 2.119 4.230 

45.18 ,nil 0.962 I 2.910 

45.88 0.31 1.982 4.00, 

45.88 nil 1.078 8.040 

In "crude" cocoanut oiJ 

The velocities of reaction in the two intervals are- 2.1_19 
and 2.111 with Butea Frondosa lipase. 

Out of the total fats hydrolysed at the end of the 2nd 
interval of 24: hours ~0.1% and 49.9% are hydrolysed by the 
lipase at the end of the 1st and 2nd intervals. 

In "neutralised" cocoanut oil 

The velocities of reaction in the two intervals are - 0.962; 
1.948. 

Ont of the total fats split up at the end of the two intervals 
33% and 67% are split np at the end of the 1st and 2nd inter
vals of 3 and 24 honrs. 

In "heated" cocoanut oil 

The velocities of the reaction in the two intervals are -
1.982 and 2.018. 

Out of the total fats split np at the end of two intervals 
49.5% and 50.5% are split nl> at the en!l of the lst an!l 2nd 
iuterv"ls by the lipase. 
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In "boiled" cocoanut oil 

The velocities of reaction in the two intervals are -1.078 
and 1.962. 

Out of the total fats hydrolysed at the end of 48 hours 
35.5% and 64.5% are hydrolysed at the end of the 1st and 2nd , 
intervals by the lipase. 

Now by comparing on the basis of maximum hydrolysis 
of the crude oil at the end of 24 hours the retardation is as 
follows:-5.4% ; 28.2%; and 31.2% with "heated", "boiled" 
and " neutralised" cocoanut oil. -

Now comparing the three oils among themselves, we find 
that the linseed oil out of the three is attacked to the highest 
limit by the Butea Frondosa lipase, then come in order the
safflower oil and cocoanut oil. By comparing on the basis of 
maximum hydrolysis for linseed oil at the end of 24 hours, the 
safflower oil is 20.9% less than the linseed and cocoanut oil 
37.9% less than the linseed oil. 

Then comparing the two lipase actions from the 8ection II 
Table Nos. 1,2 and 3 for castor seed lipase on the three oils 
and the results obtained in the above tables Nos. 15, 16 and 17, 
for the hydrolysis of the three oils with Butea Frondosa lipase 
the first thing noticed is that the hydrolysing activity of Butea 
Frondosa reaches its maximum after 2·l hours and stops at this 
stage: there being no further oil split up after this period of 
24 hours, while in the case of castor seed lipase, the 1·esults of 
hydrolysis are recorded even for 48 hours. 

- -

Both Bntea Frondosa and castor seed lipases split the 
linseed oil to the maximum limit then come in order the 
safflower and cocoanut oils. 

The descending order of reaction in the three oils refined 
and heated, hydroly~ed by Butea Frondosa lipase is "crude't, 
"heated",. "boiled", and ·'neutralised", "lin seed", "sa{· 
flower'' and "cocoanut" oils respectively, 
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While the descending order of reaction with castor seed 
lipase is "crnde", "heated", "neutralised" and "boiled", 
"linseed", "saftl.ower" and "cocoanut" oils. 

The maximum activity of Bntea Frondosa lipase is near 
about pH 8 i.e. toward~ the alkaline side of neutrality, while 
the· castor seed lipase has- an optimum pH of 4.8 i.e. acidic, 
comparing the activities at the optimum pH it can be noticed 
that castor seed lipase is 5 times as mueh powerful as the 
Butea Frot.dosa lipase. 

Then compaling just the maximum bydrolysis~f th~ three 
crude oils with Butea Frondosa lipase and castor seed lipase 
it is seen that at the end of 24 hours the retardation in percent· 
age hydrolysis is 64% while comparing on the basis of maximum 
hydrolysis of crude linseed oil at the end of 48 hours, the 
retarding effect is SO% with crude linseed oil. and Butea 
Frondosa lipase._ 

. Now comparing on the basis of maximum hydrolysis of the 
crude saftl.ower oil split up by castor seed at the end of 24 hours 
and that split up by Butea Frondosa lipase, a retardation of 
52% occurs and on comparing the maximum hydrolysis at the 
end of 48 hours with castor seed and the maximum hydrolysis 
at the end of 24 hours with Butea Frondosa a loss of 71% ocenrs. 

Similarly for the crude cocoanut oil hydrolysed by castor 
seed at the end of 24 hours and that by Butea Frondosa in the 
same period we find a retardatiOn of 62%, but comparing on the 
basis of maximum hydrolysis of the crude cpcoanut oil at the 
end of 48 hours with castor seed lipase and maximum hydro. 
lysis at the end of 24 hours with Butea Frondosa lipase a loss 
of 74% occurs. 

For the castor seed lipase comparing on the basis of 
maximum hydrolysis of linseed oil at the end of 48 hours, the 
saftl.ower oil is hydrolysed 43% Jess than the linseed and 
cocoanut oil 50% less than the linseed oil. While similar 
results for the Butea Frondosa lipase at the end of 21 hours 
for the saftl.ower oil is 20.9% less than the linJJeed and cocoanut 
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oil 37.9% less than the lmseed .oil. Therefore the safflower 
and cocoanut oils are split up to a greater extent by Butea 
Frondosa lipase than with castor seed lipase on the basis of 
maximum hydrolysis of linseed oil. 

Both the lipase& retard the percentage hydrolysis of refined 
and heated oils to a more or Jess extent. ~ 

SECTION VIII 

Effect of a few salts on the hydrolysis of the three 
oils with Butea. Frondosa lipase. 

Action of a few Salts on :-

(a) Linseed oil; Sap. Value = 3!.43 c.cs.; 
Acid Value = 1.23 c.e. 

(b) Safllow_er oil; , , 
" 

= 34:.45 c.cs.; 
Acid Value = 0.368 c.c. 

(c) Cocoanut oil; , 
" = 45.88" " 

= 0.34 c. c. 

TABLE No. 18 

Each set of experiments contains 2 c.cs. of the oil under 
consideration, 5 c.cs. of enzyme extract equivalent to 0.5 gm. 
of the lipase, 10 mgms. each of various salts and no buffer 
solution added. The mixture was incubated for yarying periods 
at 37.5°0. 

. Set. Salts added 
10 mgs. 

1 Nil 

2 MnSo• 

a 
b 

c 

a 
b 

c 

percentage hydrolysiS 
after (hours.) 

3 hrs. 24 hrs. 
' 

2.22 5.390 
1.85 3.392 
1.53 3.062 

2.23 5.39 

1.80 ~.29 

1.53 2.95 
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S CaCJ 2 • 1.90 3.11 
b 1.80 2.80 
c ·I.H 2.12 

4 NaCI • ' 2.06 3.65 • 
' b 1.70 3.00 

" 1.29 %.4:7 .. 2.22 4.U 
b '182 2.83 
c 1.(6 2.36. 

• 2.30 6.34: 
b 1.88 3.61 

• 1.76 3.17 

7 KCN • 2.69 6.817 
b 2.23 4.360 
c 2.00-, ." S.536 '• 

Table No. 18 contains the results of the hydrolysis of the 
three oils with- the action of salts . on the lipase. Buffer 
solution was not used in this experiment so that the actual 
effect of salts on the gain or loss percentage in hydrolysis is. 
noted. First, MnSO., was used to see whether it bas any 
effect on percentage hydrolysis because as it acts as an activator 
to the castor seed lipase (Falk. Hoyer, Niclonx etc.). From 
the ta'ble it is seen that MnSO! bas no action on linseed oil 
with the Butea Frondo~::a lipase at tbe end of 24 hours; for cocoa-
nut and samower oils a slight retardation occurs. 

Similarly retardation in percentage hydrolysis for the 
three oils occurs with CaCl 2 and Butea Frondosa lipase. while 
CaCls is known to activate castor seEd lipase. 

Since NaCl was found to inhibit the activity of castor st:ed 
lipase. from Section V. its action was tried on Butea Frondosa 
lipase and as it can be seen from the Table No. 18 common 
salt also retards hydrolysis with Butea Frondosa lipase. 
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Mastbanm states that in the case of Kolannt lipase KC:S. 
CaC12, bismuth nitrate etc. have an inhibiting effect on the 
activity, but that potassium chromate, salicylic acid have a 
stimulating effect. Van den Driesser Mareeuw (J. S. C. I. 
1909, 28, 612) on the other hand states that KCX has no action 
and that potassium chromate, mercury chloride have a 
deleterious action and potassium ferrocyanide, sodium 
carbonate a favourable one. 

Diff-=rent substances act differently on lipases from 
different sources. As castor seed lipase is activated by acids 
while that from Chelidonium Majus is not. Since Butea 
Frondosa lipase shows optimum activity on the alkaline side, 
salts Jike K2Cr04, KCX and Na2C03 were next tried on 
the lipase, and it was found that K 2Cr04 retards hydrolysis 
while Na2C03 and KCX accelerates hydrolysis, the effect is 
more marked in the case of KCX after 24 honrs. 

Conclusions :-

From the hydrolysis of the oils with the castor seed lipase 
it is noticed that:-

I (a) linseed, safllower and cocoanut oils stand in the 
descending order of susceptibility towards the hydrolysing 
action of the castor seed lipase. 

(b) Refining treatment with alkali, heating at i60~C for 
half an -hour and boiling the oil;; retards hydrolysis, the 
descending order of reaction is 'crnde'. 'heated', 'neutralised' 
and 'boiled' linseed, safllower and eocoanut oils. 

(c) Castor seed lipase is susceptible to heat and tends to be 
inactive as the temperature increases even thongh the rise is 
only abont t'to s~c. 

II A gradual fall in digestibility of linseed, safflower 
and cocoanut oils occurs with the duration of heating and also 
with rise of temperature. 

III (a) From the hydrolysis of the oib, hydrogenated pro. 
dncts and pure ghees with castor seed lipase, the descending 
order of reaction is, linseed oil, buffalo gbee, safflower oil, 
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cocoanut oil, cow ohee, "Y" and "X" hydrogenated pro
ducts. 

(b) The two hydrogenated products "X" and "Y" 
selected at random undergo very poor digestion on comparing 
with that of the linseed, saffiower and cocoanut <lils, also 
they are less easily hydrolysed _than the two ghees. 

IV (a) NaCl has an inhibiting effect on the hydrolysis_ of 
oils by castor seed lipase at the optimum pH. ' 

As the concentration of salt increases the percentage 
hydrolysis decreases though the fall is not proportional to the 
concentration of salt. 

(b) Cane sugar bas no effect in small quantity but a slight 
retardation occurs at higher concentrations on the ·percentage 
hydrolysis of linseed, saffiower and cocoanut oils at the 
optimum pH. The retarding effect of sugar is marked in the 
case of linseed oil than in the saffiower and cocoanut oils. 

(c) At the optimum pH, vitamin B1 (thiamin chloride) 
and nicotinic acid has a slight accelerating effect on the per
centage hydrolysis of the oils and vitamin Bi, vitamin C 
(ascorbic acid) and vitamin A a retarding effect while vitamin K 
bas no action. 

V The linseed oil is split up to a maximum limit then 
come the Faffiower and cocoanut oils with both Bntea Frondosa 
and castor seed lipases. _ Similarly the refining and thermal 
treatment of the three oils retard hydrolysis with both the 
lipases. 

However the castor seed lipase is 5 times as much power
ful as the Bntea Frondosa one. 

Saffiower and cocoanut oils are split up to a greater 
extent by Bntea Frondoea lipase than with castor seed lipase 
on the basis of maximum b~drolysis of linseed oil. 

On comparing the two lipases we find that Bntea Frondosa 
lipase acts best in an alkaline medium while the optimum pH 
Qf castor seed lipase is acidic. 
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The hydrolysing activity of Bntea Frondosa lipase stops 
after 24 hours while for castor seed lipase the results of 
hydrolysis are recorded even for 48 hours. 

VI KC~ and Xa2COa haYe an accelerating effect on the 
hydrolysis of linseed, saffiower and cocoanut oils with_ Butea 
Frondosa lipase, while MnS04 ,CaC12 K2Cr04 and NaClretards 
hydrolysis. -

PAPER XIX 

"A STODY OF CO~IPARATIVE DISINTEGRATION 
OF FATS FRO~I THE DRY FRUITS" 

BY 
Dr. R. S. KALE, Ph. D. 

(ll'ith the T..md permission of the authorities of the Bombay 
University) 

Introduction : 

It has been observed and provo:d that oil-seeds contain an 
enzyme _'lipase' which by its Yirtue of lipolytic activity brings 
about hydrolysis of the oils on keeping. This was first obser
ved by J. Pelonze in 1885 (C.R. 1855, 40, 605). He pointed out 
that seeds such as linseed, poppy, mustard and ground nut 
contain a substance which is capable of bringing about the 
hydrolysis of the oils present in the seeds when these ate 
crushed. 

The freshly extracted oils from the crushed seeds contain 
very negligible amount of acid, but on keeping for some days 
appreciable quantities of free acid can be detected and the 
amount tends to increase gradnalJy as the period increases. 
The decomposition has been attributed to the presence of a 
ferment which has been termed 'lipase'. 
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" -J. Reynolds Green (Proc. 'R.S. !1.890, 48, 370) was the first 
person to discover the "Ricinus lipase" from castor bean seed 
(Ricinus Communis). Green found that the plant enzyme is a 
typical lipase hydrolysing true fats to fatty acids and glycerol.
.Since that time the observations -of Green have been con
firmed many a time. Its optimum pH is between 4.7 and !).0 
.(Wil.lstatter and Waldschmidt-Lietz E. "UberRicinusLipase71 

-z. Physiol. Chem. 134, 161, 1923-24 ). It varies slighfl_y 
according to the buffer employed. ' 

/ 

Numerous other seeds also contain- lypolytic enzymes, 
(;r. Pelouze C.R. 1855, 40, 605). The well-known fact that the 
ground nut oil, cocoan nt oil and palm kernel oil rapidly develop 
acidity when kept, unless they are carefully t•efined, indicates 
the presence of small amounts of enzymes in these oils detivoed 
1rom the meal from which they are t:xtracted. -

It is well known that in the ~limentary canal of the hi_gher 
animals, glycerides undergo hydrolysis by the catalytic agency 
-of a fat-splitting enzyme 'lipase" secreted' by panereas. The , 
breaking down of the ~ats by this agent is greatly accelerated 
by the physical action of bile salts-sodinm glyeoeholate, 

111odinm taurocholate and bile pigments-bilirubin and biliver
din. These by their marked power of lowering surface tension 
tend to increase the dispersion of the oily droplets and to give 
rise to emulsions. 

Extraction of the enzyme lipase from the castor seed : 
' 

Numerous methods nave been devised for obtaining a 
product with a hydrolysing power greater than that of the seeds 
only crushed. All these consist in removing from the seeds 
the materials snch as oils, albuminoid substances devoid of 
hydrolysing properties. -

For the present investigation we have adopted two methods 
(i) Taylor's method and (ii) Tanaka's method and nave tried 
to compare the two with each other, 
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SECTION I 

A :Study of the comparative disintegration of the 
fats from dry fruits with castor bean lipase 

In this section it is intended to study the disintegration 
of the fatty contents of the dry fruits by the action of castor 
seed lipase. The castor -bean lipase was prepared in two 
different ways as stated before. 

Procedure :-

3 grams of each sample were taken. To this the following 
were added in order:-5 c.c of phosphate buffer (4.8 pH), 
10 c.c. of distilled water, 25 c.c. of neutral rectified spirit and 
lastly the enzyme lipase (50, 100, 150 mgms.) as the cas'l may 
be. The reaction mixture was incubated for varying periods 
i.e. one hour, three hours and five hours. A blank experi
ment was also conducted side by side. The difference between 
blank and the experimental sample gave the amount of hydro
lysis that had taken place in the same time. The fatty acids 
resulting from the hydrolysis of the fats by lipase we1·r. titrat
ed against N/10 NaOH, using phenolphthalein as the indicator. 
The results are expressed as the pe1·centage of the total fats in 
the sample hydrolysed in the time of reaction. 

, Before starting the actual work the acid value, saponifi
cation value, specific gravity and refractive index of oil from 
each of the dry fruits were determined. 

Hydrolysis with 50 mgms. of castor bean lipase prepared 
by (i) Taylor's method 

TABLE No.1 

Name of the sample 1 hour 3 hours 5 hours 
Cashew nut 1.33 1.77 2.00 

Almond ••• 4.12 5.25 6.19 

Pistachio nut 3.58 4.58 5.17 
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by (ii) Tanaka's' Method 

TABLE No.2 

llaJDe of the ~ample . 1 hour S hours 3 hours-

Cashew uut . 1.55- 2{3 2.89 

Almond ••• 5..63 6.73 7.50 

P"maehio 4.18 5.57 6.77 

Hydrolysis-of the fats in the fruits with 100 mgms. of 
castor bean lipase prepared by (1) TaJior's method 

TABL& No. s 

Name of the fample I OOUJ. S hours 3 houri 

Cashew nut 1.56 %.67 3.31 

Almonds.- :i.U 6.';5 7.69 

Pi&taehio not 4.18 5.97 6.77 

2. Tanaka• Methocl 

TABLE No .. 4: 

Name of the ~ample 1 hour 3 laour1 5 h011r1 

Cashew uui ·- %.6S 4.01 5.12 

Almond ••• ·- 1.56 7.88 8.81-

PiJtaebio DU& 4.98 U7 7.S7 



300 

Hydrolysis of the fats in the dry fruits with 150 mgms. 
of lipase prepared by 1 Taylor's Method 

TABLE No. 5 

Name of the sample 1 l.our, S hours 5 hours 

Cashew nut 2.23 3.51) 4.23 

Almond ••• . 6.19 7.13 7.88 

Pistachio nut 5.37 6.57 7.57 

2. Tanaka's Method 

TABLE No. 6 

Name of the sample 1 hour S hours 5 hour&-

Cashew nut 3.12 4.47 5.5T 

Almond ••• 7.31 9.00 9.94 

Pistachio not ' 5.57 6.95 8.16 

Now comparing the three fruits among themselves and the 
two lipases also, we find that :- . 

1. Almond ont of the three is most easily attacked and to 
the highest limit also. Then come in order pistachio 
nut and cashew nut. 

2. The Tanaka'slipase is more powerful than the Taylor's 
lipase, as it hydrolysis more fats from the dry fruits 
in the same period. 

Z. More than 60% of the total fats are hydrolysed in the 
· first interval. The rate then falls gradually as the 
hY;drolysis proceeds. 

4. The velocities of reaction in the three intervals in the 
case of Tanaka's lipase are greater than the corres· 
ponding velocities in the case of Taylor's lipase 
except in the case of almonds in the 2nd and 3rd 
interval. 
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SEC'l'ION II 

The effect of non-fatty material 0.11 the- hydrolysis of 
fata by the castor bean lipase : 

i ' 

l'n the former sectiontr of this work the effect of removing 
tile fatty contents of the dry fruits on the hydrolysis of the 
carbohydrate and protein materiar by the enzymes was noticed. 
l'n the pre!!ent section the effect of non-fatty material on the 
hyarolysis of hts by the castor bean lipase is studied'. 

·- For this purpose the non-fatty material was eliminated by; 
_ extracting pnre oils from the dry fruits by ether in· Soxhiet •. 

Traces of ether were then finally removed from the oils by 
heating in hot air oven and the.c. exposing to the sun.. :Before 
starting- with the work the necessary physical" and chemical 
properties of these oils were investigated which are given 
below:-

lL I Cashew nnt. oiL... Specific gravity 0.915 

.Acid value .••.••.•• ~ 1. 68-

Sap.-valne ......... 189.62 

Refractive index 1.462' 

2.. Almond oil' SpecifiC' gravity 0.917 

Acid value ....... ._. 4.49" 

Sap. value ......... 191.30 

Refractive index 1.463 

3. Pistachio oil ••• Specific gravity 0.919 

Acid value ... •.. ••• 5.61 

Sap. value ......... 190.74: 

Refractive index 1.461 

To find out the effect of "Non-fatty material" on the 
hydrol:rais of the fatty material. the oils extracted from the 
dr,}L Unit& w~ra alone subjected to tha e.n.zymic. action... 
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Procedure: 

2 c.cs. of each oil were taken in a flask and to it were 
added the following- phosphate bnffer (pH 4.8) 2-c. c., dis
tilled water !! e. c., neutral rectified spirit 25 e. e. and the 
required amonnt of lipase. This reaction mixture was kept in 
an incubater at 37.5"C and the reaction was allowed to proceed 
for three different periods- I, 3, and 5 hours. The fatty acids 
resulting from the hydrolysis of fats were estimated by titrat
ing against 0. 1 N ~aOH. The results in tbe following tables 
are expressed as the percentage of the total oil hydrolysed at 
different periods. 

Hydrolysis of the oils with 50 mgms. of Taylor's lipase: 

TABLE No.7. 

Name of the sample. 1 hour 3 hours 5 houn 

Cashew nut oil 0.81 1.14 1.36 

Almond oil ... 3.28 4.10 4.76 

Pistachio nul oil 2.81 3.47 4.14 

Tanaka's lipase: 

TABLE No.8. 

Name of the sample I hour Shoun 5 hours 

Cashew nut oil ... 0.98 1.31 1.95 

Almond oil 4.59 5.'14 6.22 

Pistachio nut oil S.Sl 4.41 5.80 
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Hydrolysis of the oils with 100 mgms. of lipase:

Taylor's lipase:-

Name of tho ~ample 

Cashew nut oil 

Almond oil 

Pistachio nut oil 

TABLE No.9. 

~ 1 hour 

0.97 

4.43 

3.6! 

Tanaka's Jipase :-

TABLE No. 10. 

Name of the sample 1 hour 

Cashew nut. oil 1.63 

Almond oil ' 5.41 ... 
Pistachio nut oil 3.80 

S hours " 5 hours 

1.46 1.79 

5.58 6.40 

4 '17 5.13 

3 hours 5 hours 

2.61 8.59 

6.72 7.22 

4.80 5.6S 

Hydrolysis of the oils with 150 mgms. of lipase :

Taylor's lipase:-

Name of the sample 

Cashew nut oil 

Almond oil 

Pi6bcbio nut oil 

TABLE No. 11. 

... 
1 hour 

l.S6 

5.09 

8.97 

S houra 

1.95 

5.91 

4.96 

5 hours 

2.U 

6.~6 

5.6S 



Tanaka's lipase::-

TABLE No. 12. 

Name of the sample 

.Caebew nut oil 

Almond oil 

Pistachio nut oil 

1 hour 

2.12 

6.01 

4.30 

S hours 

3.10 

7.55 

5.46 

a houn 

1S.96 

8.54 

6.13 

Taking- into consideration all the facts stated above it can 
b.e eonclnded that-

1. The 'non-fatty7 conte~~ of the dry frni.ts have an 
accelerating effect on .the hydrolysis of fats "by castor 
bean lipase. · 

2. Lipase obtained by Tanaka's method is more powerful 
than that obtained by Taylor's method. 

3. The descending serial order may be stated as almond. 
pistachio nnt and ~:ashew nnt as far as the disintegra
tion of the fatty constituents is concerned. 

4. With the increase in the strength of the hydrolysing 
agent, there is also an increase- though not propor
;ional-in the amounts of substrates hydrolysed. 
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PArER XX 

"KEEPING POWER OF LINSEED, SAFFLOWER. 
AND COCOANUT OILS.'' 

By 

(Mrss) SILWO P. ~AEGAMVALA, M. Sc. 

( ~fith the kind permission of the a~ttliol·ities of the 
Bombay· University) 

SECTION I 

General Analysis· of Linseed, SaffJower and Cocoanut Oils· 

· Extensive researches show that the estimation ()f' nrious 
values can only be approximate as the characteristics of an oil 
vary to a certain extent depending on the source as WPI.I. as on 
the conditiona of soilp climate etc., and therefore a general 
analysis as well as the keeping power on stotage of the 
linseed, safllower and cocoanut oils is carried out in this part. 

Linseed oil ( Linum usitatissium) when expressed in the 
cold, is a golden yellow oil with a pleasant taste, so that it can 
be used as an edible oil an4 considerable quantities are being 
expressed for this purpose in India, particularly in C.P., Berar 
and Northern parts of India. It is a dry!ng oil. -Eibner and 1 Schmidinger (J. S C. I. 1924, 43, 13, 10}, 
examined the composition of the fatty acids froll' an oil 
of iodine ~alue 173.5 and obtained the following resnlts:-
a- linolenic acid 20.1%, isolinolenic acid 2. 7%, a- liqoleic 
acid 17%. b-linoleic acid 41.8%, oleic acid 4.5%, oxyacid~ 0.5%, 
glycerol 4.1%, salnrated acids 8.3%; however, results di.ffel'ing 
considerably haYe been recorded by Yarions obset·Yers depend
ing on the oil. 

Saffiower oil (Carthamus tinctoriu) is a pale yel!ow 
coloured, semi-drying oil and iu the Deccan it is one of the 
most valued of edible ~ils. The component glycerides of 
Indian saffiower oil ha\'e been studied by X. L. \.idyarthi 
J. Ind. Chem. Soc. 1943, 45) who found that the oil contains 
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myristic acid (along with lauric and other lower acids), 1.5%, 
palmitic acid 3%, stearic acid I%, arachidic with a trace of 
lignoceric acid (0.5%), oleic acid 33%, linoleic acid with a 
trace of linolenic acid 61 %. 

Cocoanut oil is obtained from the kernels of the nuts of 
the Palm (Cocos mteifera), which grows along the coast lines of 
pradically all of the tropical regious. It is a non-drying oil. 
The fatty acid constituents have been studied by Allen, 
{Analyst 1925, 50, 16), Armstrong and others-(J. S.C. I. 1925, 
44:, 63 T). Allen finds the percentage of acids as caproic 0.2%, 
carprylic 7%, capric 7%, lauric 50%, myristic 18%, palmitic 
6%, stearic 3%, oleic S%, linoleic 1%. While Armstrong and 
others lind carprylic acid 9.5%, capric 4.5%, lauric -51%, 
myristic 18.5%,- palmitic 7 .5~~; stearic 3%, oleic 5% and 
linoleic 1%. 

The general analysis of the samples of linseed, safflower 
and cocoanut oils for determination of various values was 
carried out according to the official methods laid down by the 
Association of Official Agricultural Chemists (U.S.A. 1926) 
and from Technology of Oils, F'ats and Waxes by Lewkowitsch. 

General Analysis of the Linseed, Safflower and 
Cocoanut oils : 

TABLE No.1 

Linseed oil 
' 

Saffiower oil Cocranut oil 

Sap. value 191.8 193.1) 256:8 
Iodine " 165.54 141.50 9.96 
Acid ,, 6.30 1.48 1.39 
Hebner, 94.70% 95.90% 89.44/~ 
R.M. .. nil 1.25. 7.14 
Polenske No. nil nil 18.06 
M.P. ••• -16 to -20 -13 to -18 25.3°0 . 

(Lewkowitecb) (Lewkowitecb) 
Unsaponiliable matter 2.3!0% 1.26U% 0.435% 
T1tre test 21.6°0. -16. (Lew) 22.2°0. 
Percentage of liquid acid ••• 9t.5G% 94.76/~ 17.39% 
Percentage of solid ac1d ••• 8~0% 5 23% 82 71% 
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The above values obtained for different constants of the 
c;ils agree well rith the range of values ob!:ained by various 
obseners sneh as Lewkoritsch, and other workers. The only 
value which is rather low is the iodine value i)f linseed oil; for, 

.Lewkoritsch examined a number of seeds and obtained a 
range of iodme nines for linseed oil as lying between 170-201 
(Wij's), while the one obtainedabo¥e by Wij's method is 165.5-!, 

.but this low nine can· be attributed to; for,. in general, 
the composition of fats and fatty oi!s nries aeeording to the 
environment under-which the seeds are groWD. lva~ov, who has -

._studied the effect of climate upon the composition of vegetable 
fats for a considerable period of years, with particular refe
rence to drying oils has formulated CChfom. {;imehan 19~9, 36, 
40) that the climate of southern lands fa¥onrs the formation 
of linoleic acids. Tl!e investigations have indicated that the 
linseed and Soya beans grown in te~perate climates have 
higher iodine nlnee than those groWD in the tropics and on 
the basis of this finding, the linseed grown in- India mnst have 
a different composition than gr~wa elsewhere nuder different 
dimatic conditions. 

Besides the source and other factors sneh as soil, climate, 
diet-etc., lower iodine value~; for the linseed ha¥e been found 
occasionally in "genuine" linseed but. the adulteration may 
have taken place in the seed itself as it were, the pH baring 
been produced from impure 6eed itself. In this ease the seeds 
were bought from the local market, so that there is every 
likelihood of seeds being adulterated. 

Hebner and .Mitchell record the I. V. as low as 160.7 for 
o'ne samble. Similarly Hnbl found the I. V. of 5 linseed oils 
of different origin to be from 156-160, tb~ saturated acids of 
linseed oil appear to nry from about 6 to nz . .Morrell (.J.Soc. 
Chern. Ind. 32, 109, 1913). 

Doe to wide range of the iodine numbers and the com. 
paratit"e)y small differences in the quantity of saturated acids 
in oils from nriuns sonrees it is e\"ident that the proportion 
of the saturated acids are subject to notable variation. 

Extensive researches are being eondneted at the H. B. 
Technologieallnstitnte, Cawnpore, for the standardisation of 
oilseed11 and oils. 
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SECTIOX IT 

l. Keeping Power of the Linseed, Safflower and 
Cocoanut oils on storage :-

VE-getable and animal oils and fats deteriorate on keep~ 
ing, resulting in disagreeable-odour and acrid taste, in which 
state they are commonly described as having developed ran* 
cidity. No indnsh·y in which oils and fats are used can afford 
to overlook the factOl'S which conhibnte to the development of 
rancidity, parhcnlarly some vegetable oib are in enormous 
demand as the basis of edible products as '•egetable butter' 
etc. and therefor·e it is nry important to be able to produce 
an oil which as nearly as f05sible is free from fatty acids, 
rancid odour or taste and which at the same time may be 
stored 01· e:q:orted without the fear of deterioration·. 

Most iuoestigators agree that decomposition or rancidity 
proceeds in t~o stages (1) hydrolysis of the glycerides and 
consequent formation of f1·ee fatty acids and glycerol, (2) and 
atmospheric oxidation of the acid and glycerol thus .. formed 
and interaction of the oxidation pl'Odocts, the resulting com
pounds bf:ing responsible for the nnpleasant taste and odour 
of l'ancU fat. The cbange to~ards rancidity >aries with the 
type of fat and the conditions of storage. 

The tendency of an oil to beeom{' rancid depends upon the 
proportion of •olatile and unsaturated fatty acids, molecular 
structure of the glycerides it contains as well as a number of 
external agencies influence the atruosrl::nic oxidation such as 
heat, light, moisture, micro-organisms and the action of 
metals. 

Rancidity is aceorupanied by an increa~e in the saponi~ 

fication \·alne and acid ·mine and by a decrease in the iodine 
valne ~hich is dne to the absorption of oxygen by the nnsatn~ 
rated bonds of the liquid fatty acids. 

Oils and fats are solvents and car1iers of •itsmins besides 
the Margarine and \'egetable prodnets are fortified with 
vitamins, and it is known that rancid fat destroys t"itamin .A 



(Lease etal. J. Nutrition 1S3l!, 16, 571), therefore, if the 
conditions of storage and the factors that influences ran:!idity 
are known and controlled, fats and oils can be stored without 
deterioration for longer periods. 

Three samples of linseed oil, unfiltered, filtered and 
neutralised were filled in glass bottles with stoppers and kept 
in a cupboard for a period of · 6 months. Readings of acid 
value, iodi&e and saponification values were taken e\"ery 
month to find if any change- in free fatty acids, unsaturated 
acids or combined acids occurs on storage. .. . 

The unfiltered oil contained mucilage, moisture etc. and 
was therefore foggy in appearance, the filtered oil was cleare; 
and brighter while on neutralisation the oil becomes clearer 
and lighter-in colour. On nentralising the initial acidity, the 
saponification and iodine values fall from the original. 

Similar samples were also kept for safilower and cocoannt 
oils. • 

All these samples were filled it! glass bottles with stoppers 
and kept in a cnpboard so that they were protected from 'aerial 
oxidation, light, moisture etc. 

The determination of the sap., iodine and acid valnes is 
not a criterion for rancidity; for, changes may occur in these 
values with.>nt the oils becoming rancid dne to a number of 
factors. 

Keeping Power of Linseed oil on Storage. 

TABLE Xo. 2 
,, 

Linseed oil (Unfiltered): 

Period ia 
months 0 1 2 s 4 5 6 

Acid nlue 6.30 6.32 6.40 U2 6.67 6.69 7.05 

lodionalue 1ES.5! 165.01 16!.6S 16!.10 163.52 163 06 16.!.64 

Sap. nlue 191.80 19%.10 198.50 19!.70 19Ul 19S.U 193.95· 
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Linseed oil (Filtered): 

1 2 3 4 5 6 

6.09 6.09 611 6.14 6.U 6.17 

Io.iinevalue 165.54, 165.28 164.93 16<1.37 163.99 163.68 163.58 

Sap value 191.80 191.88 192.09 192.36 192.70 193.10 193 4o 

Linseed oil (Neutralised):_ 

Period in 
months 0 1 2 3 4. !'i 6 

Acid value nil nil ml 0.25 0.54 0.61 0.74 

Iodine value 157.60 157.28 157.20 157.11 156.91 156.54 156.34 

Sap. value 190.47 190.50 190.50 190.82 191:10 191.31 191.55 

-
From the Table No. 2 we find that in the unfiltered linseed 

oil after six months storage the ac1d value increases by 0.75 and 
saponificatiOn value by 2.15 while the iodine value decreases 
by 2.9 from the initial values. The oil becomes much darker 
in colour~ reddish yellow and also becomes slightly viscous 
from the original, as weil as dries and thickens on the sides of 
the bottles. The odour is more pronounced resembling that 
of fresh paint. 

In the filtered oil the acid value increases only by 0.22 and 
saponification value by 1.66 while iodine value decreases by 
1.96. The colour, odour and thickness of oil intt-nsifies though 
not as much as in the case of unfiltered oil. 

In the neuttalised oil the acid value is nil for the first two 
months and then increases gradually till 0.75 at the end of six 
months, the saponification ':alue increases by 1.08 while the 
iodine value decreases by 1.26. The colour and smell is 
slightly developed. 
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Here we find that unfiltered oil is more susceptible to 
change on storage, and filtered and neutralised oil keep better 
on storage. , 

Keeping Power of SAfflower oil on Storage. , 

TABLKNo.3 

Period in 
months 

Acid value 

Safflower oil (Unfiltered) : 

0 - 1 2 3 

1.48 1.51 1.58 1.64, -1.68 

6 

1.71 1.78 

Iodine value Ul.aO 1 U.S8 lU.OS 140.92 140.76 14.0.56 H0.34 

Sap. value 193.00 19U6 l!i3.80 193.72 193.78 19!.08 19!.29 

Period in 
months 

Aeid value 

Safflower oil (Filtered): 

0 1 2 3 4 

1.46 1.49 1.54 1.53 1.62 

5 6 

1.6! 1.62 

Iodine nlue IU.50 UUiO lU.U IU . .29 l U.l8 lU.OO ]!0.96 

Sap. nlue 193 00 1!13.22 193.40 193.47 193.51 193.5() 193.80 

Safflower oil {Neutralised J : 

Period in 
months 0 1 2 s ' 5 6 

Aeil nine nil nil 'nil oil oil Lil nil· 

Iodine value UUO 1U.40 U 1.32 1U.S2 Ul.26 IU.SO Ul.U 

Sap. nlue 190.50 190.50 190.50 190.60 190.76 190 70 190.80 

In tht- unfiltered safflower Oil after six months storage the 
acid value increases by 0.3 and saponification nlne by 1.29 nd 
the iodine nlue decreases by 1.16 from tho original T"alnes. 



The odour ii! not too fresh and rather rancid, while the oil 
dries in a tbin film and thickens on the sides of the l;>ottle, the 
thickness of the oil as such is not visibly altered. 

In the filtered safiiowe:r oil the acid ·value increases very 
slightly only by 0.16 and saponification value by 0.8 while 
iodine value decreases by 0.54. 

Now in the neutralised oil the acid value is nil throughout 
and the increase in saponification value is only 0.3 while 
decrease in iodine value is 0.26 so that the removal of original 
free fatty acids and other impurities improve the keeping 
power of the oil on storage, while filtered oil keeps better than 
the unfiltered saffi')wer oil. 

Keeping power of Cocoanut Oil on storage. 

TaBLE Xo. 4 

Cocoanut oil (Unfiltered) : 

Period in 
months 0 1 2 3 4 5 6 

' 
Aeid varue 1.39 1.46 l.H 1.50 1.57 1.71 1.80 

Iodme value 9.96 9.82 9.80 9.67 9 58 9.49 9.47 

Sap. value 256.80 257.00 257.30 257.63" 257.85 258.32 258.53 

Cocoanut oil ( Filtered) : 

Period in 
months 0 1 2 s 4 5 6 

Acid value 1 32 1.35 1.34 13! 1.35 1 37 1.40 

Iodine value 9.96 9.R3 9 81 9.77 9.74 9.7-J 9.73 

Sap. value 256.80 256.90 257.09 257.41 257.65 257.89 258.11 
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Cocoanut oil (Neutralised): 

Peri'ld in 0 1 2 -S - 4 5 6 
months 

Acid value nil nil nil nil nil ·nil nil 

Iodine nlue 9.05 9.06 9.06 '9.06 9.0& 9.1lG 9.03 
' 

Sap. value 254.00 254.00 !54.00 25U5 254.29 25Ul 254.53 

In the unfiltered cocoanut oil after six ~onths E>torage ,the 
acid value increases by 0.41-and saponification nine by 1.73, 
while the iodine value decreases oy 0.49. The odour intensi
fies and gives the peculia'r smell of 'copra but not a bad smell 
as is emitted by J"aucid copra, therefore apparently the cocoa
nut oil after six months storage keeps fresh and does not give 
the nsnal rancid smell. 

Now in the filtered cocoanut oil the acid value increases 
only by 0.08 while the saponification value by 1.31 and the 
iodine v~lne decreases by 0.23. Walker· also (1906, J. Phil.
Sc.I.ll7 and 1-12) observed that a sample of unfiltered cocoanut 
oil increru;ed in acid ulue from 2.6 to 3.4% in two months 
while the same sample filterea shows no change. HGwever he 
found, contrary to expectation that the difference between 
filtered and unfiltered oil is most pronounced during first few 
months, while on longer standing over a year the acid value 
tends to approach each other. - · 

In the neutralised cocoanut oil the acid value is nil 
throughout, while the iodine value remains constant, only in 
the last month a decrease ot '0.03 is ob~erved, while the sap. 
value increases slightly by 0.5 during six months storage, 
therefore the nentralised oil keeps by far the best on storage 
and next comes the filtered and then unfiltered oils. 

We find from the taule!l Sos. 2, 3, and 4:, that unfiltered 
oils containing mucilage, moisture etc. does not keep well on 
storage and even a simple process of purification like filtra
tion improves the keeping ~nality! while removing the initial 
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acidity and other impurities improves to a marked degree the 
keeping qualities of all the three oils. 

The slight increase or decrease in the above values which 
a pure oil suffers on long standing is probably due to simple 
hydrolysis,' air, heat, moisture, light, enzymes already present 
in the oil and the amount of surface exposed _Although the 
above oils were stored in glass bottles with stoppers and kept 
in a cupboard, the oils were exposed every month whilst" 
taking the readings to air, light etc. as well as the quantity of 
oil decreased m the bottles after taking readings, so that the 
amount of surface exposed increased and more air came in 
contact with the oil. So the above changes in the values can 
be attributed to these causes, for, Walker (1906, J. Phil. Sc. I. 
117, 142) working on rancidity of cocoanut oil, sealed one 
sample and took care that It was not exposed to any of the 
factors such as air, light etc. and kept for a period of one year 
and found that the acid value did not ehange at all from the 
original, while another sample exposed to air was found to 
develop rancidity rapidly. Therefore it seems that air is 
necessary for rancidity to be brought about. 

It is generally believed that cocoanut oil has a great 
tendency to become rancid, but above experiment shows that its 
keeping qualities are qmte good. Similarly Walker states 
that the keeping qualities of cocoanut oil prepared m a pure 
state are equally good if not superior, to those of most vegetable 
oils. While commercial p1·oducts having high acid value and 
bad odour deteriorate rapidly, this change being greater as a 
rule the greater the initial acidity of the oil. 

Most of the free acid accompanying bad odour and taste is 
produced in the copra itself before the oil is exprllssed for the 
oil from a sample of copra which had been cut and exposed to 
moist air for a month increased in acid~ty from 1.5 to 23.3%. 

Fresh oils when kept always thicken and develop some 
peculiar smell, which is ascr1b6d to rane1dit.r (W. C. Powick, 
R. S. Morrell, and H. R. Wood- ''The Chemistry of Drying 
Oils"). The odour of oils and fats are due to the presence 
of small quantity of volatile _substances either derived ft·om 



vegetable substances or formed by the decomposition of the oil 
itself. As according to the researches of Haller and Lassieurs 
(Comptes Rend. 1910, 150, 1013) the unpleasant odour of 
cocoanut oil must be due partly to a process of decomposition · 
of the glycerides with the liberation of free fatty acids with a 
pronounced odour and partly to the presence of certain sub--
stances which include methyl~heptyl-ketone and methyl
nonyl- ketone, traces of these may be detected in the refined 
fat and account for its odour. The odour of rancid fats that do 
J!Ot (like cocoanut oil) contain volatile fatty acids is due to the 
formation of aldehydes or of esters. 

In the above experiments it was fonud that the odour of 
particularly unfiltered oils was quite pronounced from the 
original though not rancid. 

The increase in thickness of linseed oil and to a slight 
extent of the eafllower oil may probably be dutt to the oxidation 
of the unsaturated acids. 

(2) Effect of addition of castor 'seed lipase on the 
keeping power of the linseed, safflower and cocoanut oils 
on storage. 

Abont 1 grm. of the castor seed lipase was added to about 
100 grms. of each oil and bottled in glass bottles with stoppers 
and kept for a period of 5 months. Readings of acid value 
and iodine valne were taken eveey month. 

TABLE No.5 

\ ' 
Linseed oil + Lipase 

Period in 
months ••• 0 1 2 3 4: 5 6 

Acid nine 6.30 10.61 11.86 13.20 17.06 2!.69 S9.82 

Iodine value 165.54: 164:.61 1ES.88 16!.66 160.80 lli9.2G U7.U 
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Safflower oil + Lipase 

Period in 
months ••• 0 1 2 3 4 5 6 

Acid value 1.41) 6 9') ... _ 6.95 8.15 10.07 19.U 29.82 

Iod1ne value 141.50 140.83 140 67 140.14 139.4! 138.89 137.93 

Cocoanut oil + Lipase 

Period in 
months ••• & 1 2 3 4 5 6 

Acid value 1.37 6 8:! 8.:!5 10.42 16.09 36.27 56.6& 

Iodine nine !) 96 9.87 !.l.87 9.62 9.46 9.22 8.98 

It is :,;een that the acid value increases a great deal it 
being 3.3.52 1>hile the iodine value decreases by 8.1~ after 
keeping the linH ed oil for six months, the lipase accelerates 
the hydrolysis of the oil and then by the action of light, air, 
etc. (to 1>hich the oil is exposed every mollth at the time of 
taking readings) further changes towards rancidity occur, the 
odour of l:nseed oil on ::;torage is rather strong thongh not 
quite unpleasant. It is noticed that the acid value increases 
by 10.76 in the first 4 months and then the increase is rapid 
bein~ 22.76 for the next mo months, this rapid increase at 
the end may perhaps be due to m_ore oi.l coming in contact 
mth the lipase as the quantity decreased every time when 
readings 1>ere taken. 

Xow in the saffio1>H oil the acid Yalue increases by 28.34 
and the iodine value by 3.57 at the end of six months. The 
odour is extremely rancid and not pleasant, therefore the 
lipase bas a deteriorating effect on the ::;afB.ower oil on storage. 
The acid value increases by 55.~9 and the iodine yalue 
decreases by 0.98 only in the case of cocoanut oil + lipa:,e 
after b•eping for six months, here too the odour of cocoanut 
oil is rather rancid. 
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The unpleasant odour or the rancidity in the (~lise of 
safilower and cocoanut oils is an extreme ease of lipolytic 
hydrolysis and subsequent -oxidation of the free fatty acid 
thus formed. 

U rancidity is defined as the formation of high percentage 
of f1·ee acids then the smell need not be ·always unpleasant 
but it generally happens that oils which are polymerised and 
are acted upon by lipolytic activity generally develop aldehy" 
die acids'having a bad smell but this is not a general rule, as 
Kale (Thesis submitted to Bom. rniv. 1928) exposed Niger seed 
oil to the action of these enzymes developed high percentage 
of acidity, the viscosity is increased and peroxides are formed 
but the smell is not unpleasant, therefore the rancid and 
unpleasant odour of cocoanut and safilower oil and not quite a 
bad odour_ of linseed oil may be accounted for_ from the above 
discussion (Salway A. H. studies on the Oxidation of unsatu· 
rated fatty oils and acids, J. C. S., Tran. U. 109, P. 138-145). 

(3) Aeration of Oils. 

The effect of atmosphere on oils and fats varies with the 
nature of the oil. As a general rule, it may be stated that 
greater the proportion of unsaturated acids in the oil or fat 
the greater its liability to change. 

About 50 grms. of the linseed, safllower and cocoanut oils 
were kept in a conical flask with an arrangement of two glass 
tubes as is done in wash bottles, the shorter tube is connected 
to the water pump so that air is sucked ont, while the other 
longer tube sucks in air which bubbles through the oil. In 
this way air was passed through each of the samples every day 
for 15 minutes and then the flasks were kept in a cupboard. 

Table No. 6 records the acid nlues at an inten·al of 15 
days of the three oils in which air is passed for 15 minutes 
every day. The acid nine is measured in terms of number of 
milligrams of KOH required to neutralize the free fatty acids 
in 1 grm. of the oil. 
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TABLE No.6 

Acid Value LinsEed oil Saffiol'fer oil Cocoanut oil 

Initial 6.30 1.48 1.39 

1st & 2nd week 6.30 1.48 J.8! 

3rd & 4th ,, 6.33 1.61, 1.84 

Dth & 6th •• 6.H 1.69 1.8! 

7th & 8th 
" 

6.66 1.81 1.85 

9th & lOth " 7.03 1.8! 1.88 

11th & ] 2th 
" 7.33 1.86 1.92 

13th & 14th 
" 

8.38 1.91 1.92 

15th & 16th 
" 11.00 2.00 1.96 

17th & 18th 
" 13.84 :?.03 1.96 

19th & 20th 
" 

Viscous Mass 2.70 1.96 

21st & 22nd 
" " .. 3.50 2.01 

23rd & 2!th 
" " •• 6.62 2.07 

(VIscous) 

In the aeration of linseed oil we see that the acid value 
increases rather slowly for the first two to three months, then 
there is a rapid increase till at the end of 4! months the. acid 
value has increased by 7.54 and the oil bad become quite 
viscous so that no more air could be passed. The colour of the 
oil lightens to a great extent. Linseed oil being oil with the 
greatest unsaturation absorbs oxygen from air and becomes 
viscous. 

In the ease of aerated safflower oil for the first five months 
the increase is quite gradual, being 0.54 but thereafter there is 
a sudden increase and in a month more the increase comes to 
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be 5.14 and the oil becomes quite viscous at this stage. One 
thing noticed about this oil is that it suddenly dried and 
became viscous when the quantity of oil was very little in the 
flask, as compared_ to the linseed which set to a resinous 
mass even when the quantity was much greater. 

Now in the cocoanut oil we find that the acid value 
increases rather rapidly in the b~ginning and then continues 
to increase gradually till at the end of 6 months the increase is 
0.68 so that the action of air is of relath·ely little importance 
on cocoanut oil than on linseed and saftlower oils, sq that atmos
pheric oxidation nries with the type of fat . 

. -. · Various theories have been put fo.1rward to explain the 
the process of oxidation of oils and fats. The first being the 
absorption of _oxygen followed by the formation of a loose 
addition compound and thereafter V"arions chemical changes 
occur, the initial being the formation of oxides or peroxides 
which either break down directly into aldehydes and acids of 
lower molecular weights or react with water to form sub
stance~ containing hydroxyl and keto groups. Po wick (J. Agri. 
Res. 1925, 58 B, 1075), Browne (Ind. Eug. Chem. 1925, 17, 44) 
and Ellis (J. Soc. Chem. Ind. 1925, 1926, 44:, 601T, 45, 193T). 

Acid values of all the three oils increase with time more or 
Jess because organic acids are the final auto-oxidation products 
of oils and fats. Joti Sarup .Aggarval (J. In. Cb. Soc 194:6, 
V. 5, P. 121-33) studying the pffects of storage on Indian 
vegetable oils for lubricating purposes f~und ~bat two fats 
may have the same acid values, but one may be mo1·e oxidised 
than tbe other, depeu<ling upon the amount of the intermediate 
oxidation products pr~sent; for, it is well known that the 
unsaturated nature of the oils is to a great measure the cause 
of their susceptibility to' antooxidation, thus the tendency of 
linseed oil to oxidation (this oil having the greatest unsatura. 
tion of all the oil) is so great that it sets to a resinous mass in 
all the containers exposed to air, enn after only six months 
storage. 

We find that aeiJ values of saftlow~r and cocoanut oils are 
p~actically the same in the beginning and both gradually 
increase npto the 5th month, and then the safilower oil on the 
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basis of its iodine value being more oxidised than cocoanut 
sets to a resinous mass, the acid value also increasing rapidly 
at this stage. 

Aggarval also states that the fact that some oils oxidised 
more or. the basis of iodine value shows that besides unsatura· · 
tion the inherent constituents of the fatty acids forming the 
oil also influence their autooxidation thus the comparatively 
high ret:istance to oxidation of castor and mustard oils is due 
to the presence of ricinolec and erucic acids. 

The increase in viscosity and setting to a resinous mass in 
the case of linseed and saffiower oils may probably be due to 
the oxidation of the unsaturated acids- not mainly to lower 
acids but o'f-ygen added acids which with internal condensation 
of molecules form bigger molecules, joined with oxygen 
atoms. 

(a) From the keeping power of the linseed, saffiower, and 
cocoanut oils - a noticeable change in linseed oil occurs on 
storage, it being a drying oil absorbs oxygen readily with the 
decrease in iodine value, then comes the saffiower and 
cocoanut oils. 

(b) The neutralised oils keep by far the best on sto:rage 
and then come the filtered and unfiltered oils, there~ore the 
keeping power of oil improves on simple purification. 

(c) Out of the three oils kept for a period of 6 months 
with the addition of lipase, .cocoanut oil develops rancidity 
with the highest percentage of free fatty acids then come the 
linseed and Eaffiower oils, while the decrease ir. iodine value 
is in keeping with the unsaturated nature of the linseed oil. 

(d) From the aeration of oils, linseed oil is affected to 
a maximum limit, setting to a resinous mass after 4 months 
storage, next comes the saffiower oil, while aeration has 
relatively little importance on cocoanut oil. The absorption 
of oxygen is in keeping with the unsaturated nature of the 
oil. Therefore the keeping powel' of the oil depends on the 
conditions of storage. 
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PAP.ER XXI_ 

.KEEPING POWER OF GROUNDXOT 

OIL-CAKE 

BY -

Dr. N. V. BmnE,- M. Sc., Ph. D. 

-
( Jliith lie kil&d permissioa of lie authorities of the Bo111bt1J 

Uaiversity altd also of the .Magazine, Agr. College, Poona) 
.-, 

Gronndnnt is a very common crop in the Bombay Deccan. 
The gronndnnt is chiefly, ru;ed for extracting oU, but it is alBo 
used as food for human consumption. The analysis of the 
gronndnnt seed s~ows that it is rich in proteins. 

. 
The oil-cake' is the residue which remains after the extrae

tion of oil from oil seeds. The oil-cake, therefore, is naturally 
richer in albuminoids and mineral matter than the seeds. 
The actual average composition of grouodnut oil-cakes bas 
been found to be as given below:-

Per cent. 

Water 8.0 

Albuminoids ... 49.0 

Fat 10.0
1 

Sol. carbohydrate~ 24:.0 

Fibre 4.0 

Mineral "matter .5.0 

The amino acids in the albuminoids are of greater impor
tance than even the total albnminoids. And the comparative 
value of the groundnut oil-cake "'rill be seen from the follow- ' 
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ing Table, which compares amino acids from four important 
food stuffs. 

Amino Acids IGronndnnt I 
Cake Milk l Soyabean I Gram 

Arginine 13 26 4.84 5.12 11.85 

Histidine 1.58 2.59 1.39 1.42 

Lysine 4.69 5.95 2.71 7.42 

Cystine 1.42 1.20 2.02 

Tyrosine 4.80 4.50 1.86 2.95 

Tryptophane 0.66 1.50 0.46 

These figures indicate that the groundnut oil-cake is very 
rich in albuminoids and mineral matter which are valuable 
constituents of human food. It may be stated that the figures 
given het·e are for an oil-:cake from an expeller. Care must 
be taken to remove the shells completely-. If the shells are 
not removed the cake will be unfit for human consumption. 

This valuable food in the form of an oil-r.ake is allowed 
to go out of India or fe-d to cattle or used only 'lS manure. 
When there is so much demand for food material we can ill
afford to waste the gronndnut oil-cake. As an oil cake, people 
have their prejudices againt using it as human fuod. This 
prejudice can be removed by putting correct information before 
the public. There are, however, two items which must be 
taken care of. The cake must be absolutely free from shells 
and secondly the cake should be kept properly, so that it will 
not go rancid. The groundnnt cake espPcially if it contains 
much water or is kept in contact with moisture soon gets 
spoiled and rancid. It is necessary to ascertain how to keep 
groundnnt cake from getting rancid. 

The Ron. Mr. A. B. Lathe, who was the Minister of 
Finance for Bombay under Congress Government wanted tQ 
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know exactly what the position was with regard to keeping 
power of gronndnnt cake. He asked the Chemistry Depart
ment of the Nowrosjee Wadia College to actually at range for 
experiments in this connection and give him the results of the 
experiments. 

At the suggestion of the Hon. Mr. Lathe a bag of oil~ 

cake free from shells was obtained from BeJgaum Oil Mills. 
The manager of the Mills deserves our best thanks for giving 
the cakes free of cost .• 

Samples ·wHe prepared both for flakes and flourg and kept 
under different conditions. The samples were kept in paper 

,. packets. in_ tins with covers and in closed bottles. For com· 
-parison samples were kept exposed to air and also in humid air 
in closed vessels. The samples in paper packets were in 
thick brown paper; thick white paper. thin transparent paper 
and semi-tra11sparent paper. 

The samples were kept nnder observation on the first of 
February 1939 and were tested for the development ·of acidity 
at intervals of~ one month and the experiment was continued 
for six mocths which included a period of rainy days. The last 
determinations of acidity were don_e at the beginning of August 
1939. The acidity in each ease is expressed in terms of acetic 
acid per cent. and the following Table -gives the figures for 
acidity per cent. to start with and at the end of six months. 
The flakes and flours showed the increase in acidity percentage 
as follows:-

Aciclity expressed i~ le~s of acetic acid per cenL 

.l<'ebruary August August Packet. .for flakes 
and flours. for flakes. for flours. 
-

1. Semi-transparent . .. 0.17% ,, 0.20% - 0.39% 

2. Thin transparent ... 0.171 0.22% 0.36% 

a. Brown paper ... 0.17% 0.23% 0.30%-
-. 

4. Ordinary thick white 0.17% 0.24% 0.39% 
paper. 
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All the samp!ea started with 0.17 p.c. of acidity in Feb
rnary and increased in different p1oportions by August but none 
of them went so bad as to be called rancid or became useless 
for food purpose. The rise was least in :flakes kep~ in semi
transparent paper packet and the highest was in :flour kept in 
ordinary thick white paper. 

In every case the :flakes showed a better ,keeping capacity 
than the flours. For samples in closed tins and bottles as well 
as for those kept exposed to air in glass cupboards the results 
were as follows:-

Acidity expressed in terms of acetic acid per cent. 

February Angnst August Container. flakes and 
flours. :flakes. flours. 

1. Closed tin 0.17% 0.21% 0.34% 

2. Closed bottle 0.17% 0.22% 0.27% 

3. Exposed to air 0.17% o•r% . ..... o 0 Epoiled 

In closed tins and bottles samples keep quite well as in 
paper packets. Here also in both the tins and bottles the 
:flours show more acidity than flakes. 

Samples exposed to humid air were spoiled very quickly. 
The sample of flour exposed to air was spoiled in about 
three months The conclusion- that can be drawn from 
experiments done is that if the oil-cake contains very 
little moisture as in the expeller cake and is kept closed in 
paper or tins with as little contact with moisture as possible 
the cake can easily keep well at least for six months and per
haps much longel'. It is always better to keep the cake in 
:flakes condition than in :flour condition. · 

In the ordinary ghani the cake contains mnch moisture. 
The best way to improve this is to dry it quickly in the sun in 
the form of small pieces. 
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PAPER XXU-

STUDY IN GERMINATION OF OIL SEEDS 

BY 

JASsiE S. LILAoowALLA, M. Sc. 

{lVith the kind permission ol the aulhorities of the Bombay 
University) 

SECTIO:N I 
Introduction 

- -
The object o~ the investigation was to study the chemical 

changes during the complete germination of oil seeds. Several 
investigators have worked on the chemical changes taking place 
during germination of oil seeds. H. T. Brown and G. H. Morris 
(Jr. Ch. Soc. Part I, Vol. LVII. 1890) have done mnch work on 
the germination of grass seeds. A study of the' chemical 
changes during the formation of the rice grain is done by 
D. L. Sahasrabuddhe and M. M:. Kibe {Jr. of U.'B. Vol. III. 
Part II. Sep. 1934 p.p. 121-134). 

Shinkichi Suski {Agric. Expt. Stu. Bull. No. 124 of 1917, 
Formosa) of· Japan in his publication "The growth of Rice 
Plant" and Sahasrabuddhe D. L. {Bom. BulL No. 154 of 1928) 
in his publication "Assimilation of· Nutrients" by rice plant 
have given indication of the way in which translocation takes 
place during the formation of rice grain along with the study 
of other parts of the rice plant. 

The present investigation is restricted here -only to the oil 
seeds, to the study of chemical changes taking place during the 
period of its complete germination. By complete germination 
is meant the stage of the plant development at which the new 
seedlings are capable or nourishing themselves with food 
material from the soil and that they can manufaeture from the 
air by the help of chlorophylJ, even in the absence of any such 
supply in the seed themselves. 
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For the above work the following two oil seeds were 
selected:- ( i) Linseed (Linum usitatissium), ( ii) GrQundnut 
(Arachis liypogaea)-the first drying and the second non-drying 
variety. 'rhe linseed :f:eeds were bought from the Poona market, 
while the groundnut seed:: were bought from the Agricultural 
College, Poona. l!'irst their general analysis was carried out 
to determine the following constituents:- moisture, ash, ether 
extract, proteins, crude fibre and carboh)drates (by difference). 

The seeds were cleaned and made free from dust particles 
and sand and then ground to a coarse powder with the help of 
a pestle and mortar. Then the powder was duly bottled after 
addition of a little toluene to preserve it against any 
bacterial action. 

The table No. 1 shows the geneml analysis of the linseed 
seed and groundnut seed before germination. 

TABLE- No.1. 

General Analysis of the Linseed and the Groundnut Seeds. 

I 
Ether Crude Carbohyd-

Moisture Ash extract Proteins Fibre rates (by 

I 
difference) 

- l Linseed 
seed ... 5.5% 2.85% 47.61% 27.17% 5.17% 11.70% 

Groundnut 
13.15% seed ... 4.9% 49.52% 36.34% 1.57% 4.62% 

Germination of Linseed 

The actual' work of germination of linseed was started 
sometime in the month of September 1942. The seeds }>·ere 
bought from the Poona market, and were spread in troughs for 
germination. But they were attacked almost very next day by 
fungus and the material was lost. So next time the sand which 
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' 
was used as a substratum was sterilised, and the seed~ were 
spread again after rinsing them with a little dilute alcohol. The 
germination was quite alright for first threa days, but again~ 
the seeds were attacked by fungus in part and the growth ·was 
rather arrested; besides it was not so luxuriant as it is found 
in the natural condition. The sand in the sand trough was 
again re-sterilised, this time by boiling the sand in water and 
taking all the necessary precautions to prevent the infection 
of fungus on the germinating materia( Thus the linseed was 
germinated with all the necessary precautions and samples 
were r~rpoved every twenty-four hours from the starting day 
of germination,. The last sample was collected when the 

··-green of the plant began to show its appearance. The whole 
process of germination, took five days, from. the day of its 
sowing till it was removed. The samples that were' removed 
every day were first washed-to remove the sticking sand parti· 
cle::;, and then dried in the sun. Finally they were dried in 
an oven at 98 degrees-centigrade, to d!·ive away the moisture 
and remaining water. They were then duly bottled after 
crushing them to powder with pestle and mortar. A little toluene 
was added to each sample as a preservative. The 'Original 
seed before germination 'was also crushed side by side and 
bottled in the same way with the rest of germinated material. 
All the samples were studied by analysing them completely 
for moisture, ash, ether extract, proteins, crude fibre, acidity, 
sugar, reducing and non-reducing, as will be seen in the next 
section. 

Germination of Groundnut 

An attempt was made to germinate the gronndn.ut using 
sand as substratum in troughs. It was found that the germi· 
nation was very slow. besides tbat it was attacked in most of 
the cases by fungus inspite of all the precautions taken. In 
order to avoid unnecessary delay and inconvenience, the seeds 
were finally germ inn ted in the college garden. The seeds 
were sown in n nrsery beds fonr feet by three feet of the 
college garden. The gronnd.1nt received the same treatment 
as was given to the linseed, but they were sown under natural 
conditions. The germinated seeds were removed every forty· 
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eight·honrs from the starting day of germination. The last 
sample was .collected as in the l'ase of the linseed, when the 
germinated seeds had a tinge of green colonl" in them, i.e. 
just as soon as chlorophyll in the plant began to show its 
appearance. The process of germination took six complete 
days. 

The samples that were removed every second day were 
:first washed under tap water to remove the mud and soil. 
Then they were first dried in the sun and then finally in the oven 
at 98 degrees centigrade to drive away the reJ'!laining wat_er 
before bottling them. Each sample of seeds was then crushed 
to a coarse powder with the help of a pestle and mortar and 
then bottled after addition of a few drops of toluene. The 
original sample before germination was also crushed and 
bottled along with the (lthers. 

All the above samples were studied by analysing them as 
in the case of linseed. 

SECTION II 

One of the must important manifestations of the vit.al 
activity of plants is their growth, their continuous increase in 
size. Growth is connected with the formation of new cells, 
tissues and prgans of plants as well as with the increase in 
volume of the cells. Growth is usually combined with a 
corresponding increase in the total mass of the plant, but there 
are cases where growth is accompanied by an expenditure of 
substance. For instance, during the first stages of germina· 
tion of seeds or utilisation of reserves from storage organs 
when the leaves have not developea, there may be observed 
considerable losses of organic substances due to respiration, 
but new cell formation occurs. 

The growth of seedlings is combined not with an accumul· 
ation but with redistribution of organic substances. 01ganic 
substances that have been stored during ripening of the seed 
are partly used for the creation of protoplasm as well as for 
laying down the walls of newly formed cells; they are con-

. sumed also, to obtain the energy necesc:ary for growth, 
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These two opposite functions, the consumption of reserves 
and creation of new .tissues, which characterize germination 
and growth are localised in different regions of most seeds. 
From a physiological point of view, there may be distinguished 
three main parts of the seed: (i) the seed-coat co\"eriug the 
seeds from outside and sei'\"e as a protection from various· 
injuries and nnfa\"onrable conditions; (ii) the embryo consist. 
ing of rudimentary rootlet, leaves and stem uniting them; and 
{iii) reserve tlssues, occupying_ usually the greatest part of 
volume of exalbnminons seed, when the reserves are stored 
mainly outside of the embryo itself in the endosperm. The 
endo;:perm may be small in the seeds whose reser\"es are stored 
in the cotyledons (exalbnminous seeds). 

The germination of seed begins with swelling. With the 
development of the embryo, the seed coat Lnrst~, ceasing to 
impede further growth. The growth of embryonic parts-of 
seeds proceeds at the expense of reserve substances, whieh are 
decomposed by enzymes in the process of hydrolysis. The 
depletion of reserve organs is usually accompanied by their 
shrivelling and desiccation and finally their detachment from 
the plantlet after the embryo has attained complete indepen
dence. With the' endosperm this is always the case. Fre
quently it is entirely dissolved and absorbed by the seeds so 
that only the empty seed coat remains. 'Vhen these reserve 
organs are cotyledcns and are carried above the ground, they 
usually become green and begin to function like real leaves, 
simultaneously inc1·easing in size. 

This is the stage where the seedling has completed its 
germination, that stage of the plant development at which the 
new seedlings are capable of nourishing themselve~ with food 
material that is present in the soil or with food material that 
they can manufacture from the air by the- help of chlorophyll 
even in the absence of any sueh supply in the seed them· 
selves. 

Chemical analysis of the seeds was done to detet-mine· the 
chemical changes that an oil seed undergoes during the process 
of germination. We have already discnssed the physiological 
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side of germination. The chemical changes were actually 
determined in the laboratory after germinating the two oil
seeds namely linseed and ground-nut. 

- . 
In the table No. 2. analysis of the linseed showing 

·changes during ger~ination is considered. All the figures 
excepting moisture are on oven dry bads. The general analysis 
is carried on the lines as laid down by A.I.O.C. (U.S.A. 1926) 
Moisture, ash, ether extract, proteins, crude fibre, and car
bohydrates (by difference) are calculated. 

Moisture 
The figures for moisture during the first two days of 

germination remain the same, but at the end of the third day 
the moisture falls subsequently rising fpr the fourth day and 
again falling a little for the fifth day. 

Ash 
The percentage of ash remains almost constant for the 

germinated seeds as well as the non-germinated seeds. It 
varies between 2.85% to 2.94% in all.the cases. 

Ether extract 

The ether extract or the percentage of oil at the end of 
the first day germination falls by 1%, but on the third day it 
falls by about 3% froni its original value. At the end of the 
fourth day the percentage fall of the oil is about 11%, and at 
the end of the fifth day it is 18%. We see from the above 
figures that as the germination proceeds the oil contents of 
the seedling goes on decreasing gradually for the first two days 
but very rapidly thereafter. 

Proteins 
As fa!" as the proteins are concerned they seem to remain 

constant throughout the process of germination. In this parti
cular case the protein percentRge varies between 27.17% to 
27.95%. 

Crude Fibre 
The percentage of crude fibre goes on gradually increasing 

on the whole. For the first two days there is hardly any 
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appreciable increase, but from the third day onwards the 
increase is alruo:;t lZ. Before the germination was started it 
was 5.17%, bnt at the end of the fifth day of germination it had 
reached to 8.48%. -

CarbohJdrates (by difference) 

The total digestible carbohydrates were calculated by 
subtracting the moisture, ash,._ ether extract, and crude fibre 
from hundred. The difference gave the carbohydrates. It is 
observed from the table that the carbohydrates show a general 
tendency of increase during the process of germination. Before 

'-the germination of the Eeed the carbohydrates were almost 11%, 
but at the end of complete germination they increased to about 
27%. A total increase of 16% during germination. It is 
observed as in the case of oil, erode fibre, that a definite 
change is brought about on the third day of germination. The 
carbohydrates also show this change. 

Side by side with the other constituents in table No.2, 
figures for sugars-reducing and non-reducing have been giten. 
The sugars are calculated by Bertrand's method. Acidity is 
also determined in terms of milligrams of acetic acid present. 

Reduc:iug sugars 

The reducing sugars were found to_ be absent in the case 
of linseed seed either hefore or after germination. 

Non-:Reduciog sugars 

In the ease of linseed seed there is hardly any non· 
reducing sugar in the .non-germinat.ed material, as well as fo~ 
the first three days after germination. It is present in very 
minute traces, bat at the end of the fourth day germination 
there is sudden increase of the same. It is found that the non· 
reducing sugar is 4.05 Z and it again increases to 4.90 % on 
the fifth day of germination. Excepting moisture, all the 
figures for sugars, in the table, are on oven dry basis. 



TABLE No.2 
Ahalysis of linseed seed showing changes during' germination. 

Excepting moisture, all figures are on oven-dry basis. 
\ Carboby-

Crude- Non-
Stage Moisture Ash Ether· Proteins d1ates Acidity Reducing reducing 'extract fibre by differ- sugars 

~ sugars ence \ 

Before I 

germination 5.5 2.85 47.61 27.17 5.17 11.70 0.36 nil trace 

1st day 
germination 5.0 2.94 46 52 27.74 5.26 12.60 0.54 nil trace 

I 

I 2nd qay 
germination ~:0 2.94 46.10 27.95 5.78 12.23 0.98 nil trace 

\ 

8rd day 
2.91 germination! 3.9 44.53 27.23 6.45 14.98 1.37 nil trace 

4th day 
4!05 germination 4.6 2.93 36.16 27.25 7.44 21.62 1.69 nil 

5th day ' 

germination 4.3 2 89 I 29.16 27.94 8.48 27.23 1.90 nil 4.90 



Acidity 

The acidity of all the samples was calculated side by side 
with the sugars. It was measured in terms of milligrams of 
acetic acid present per gram of the substance. The acidity 
during germination gradually goes on increasing from day to 
day germination. As it will be seen from the table on the 
fifth day it is maximum, being'l.90 z. 

A- himilar chemical analysi~ of the ground-nut seed was 
don~ to determine the chemical changes that the seed under
goes during the process of germination. As said before the 
seeds were germinateclnnder natural conditions. 

In the table No. 3, analysis of the grou~d·nnt showing 
chaogt'S during germination is eonsidered. All the figure& 
excepting moisture are_ on .oven dry basis. The general 
analysis is carried on the lines as laid down by A. L 0. C. 
(U.S. A. 1926). Moisture,. ash, ether extract, proteins, crude 
fibre, and carbohydrates (by difference) are determined. 

Moisture 
The moisture contents of the seeds decrease during the 

second day of germination; and still falls further on the third 
day as will be seen from the table, but again on the sixth day 
of germination the values increase and remain almost the 
same as those at the end of the second day of germination. 

Ash -
The percentage of ash contents remains almost constant 

as in the case of linseed, for the germinated seeds as well as 
the non-germinated seeds. It varies between 3.0! Z to 3.26 % 
in all the cases. 

Ether extract 
The ether extract or th& percentage of oil at the end of 

the second day germination falls by 3 Z. but on the fourth day 
it falls by about 9 Z from its original nine. At the end of the 
sixth day germination the pereentage fall of the oil is about 
16 %. Comparing the figures in table No. 2, with those of 
~e croUDd·nnt in table No. 3, we see that the percentage fall 
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of the oil contents in the case of ground-nut seeds is more for 
the first four days of germination. But at the entl of germina
tion the total percentage fall of the oil is very nearly in the 
neighbourhood with those of the linseed at the end of complete 
germination. 'Ve see from the figures for the oil, that as the 
germination proceeds the oil contents go on decreasing 
gradually for the first two days, but very rapidly thereafter 
for the subsequent days. 

Proteins 

A'i:. far as the proteins are concerned they seem to remain 
constant throughout the process of germination. In the case 
of ground-nut the protein percentage though higher than in 
the case of linseed behaves in the same way as far as germi
nation is concerned. The protein percentage varies between 
36.34 % to 36.73 /~. 

Crude fibre 
The percentage of crude fibre goes on increasing from day 

to day germination. On the second day of germination it is 
2% more than its original value. On the fourth day it is 5 % 
more and goes on increasing as the germination proceeds, 
reaching to 8.52% on the sixth day. The figures for the 
crude-fibre for the linseed and ground-nut are very nearly the 
same for the last day of germination, but to start with the 
ground-nut has very small perctntage of ::rude fibre before 
the germination, as compared to the linseed. 

Carbohydrates (by difference) : 

The total digestible carbohydrates were calculated by 
subtracting mobtnre, ash, ether extract, and crude fibre 
from hundred. The difference gave the carbohydrates. It is 
observed as in the case of linseed, that the carbohydrates show 
a general tendency of increase from day to day germmation. 
Before the germination of the seed had started, the carbo
hydrates were about 4 % in the resting condttion of the seed. 
At the end of secoud germination they increase to about 8 %. 
At the end of fourth day the increase was maximum being 
about 14 %, which increased to about 16% at the end of 
complete germination. It is observed from all the above 
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figures that a definite change is brought about at the end of 
fourth day germination in the percentage of oil crude fibre, as 
well as total digestible carbohydrates. 

Side by side with the other figures in table No. 3, figures 
for sugars, reducing and non-reducing, are also given. The 
sugars were calculated by Bertrand's method, in terms of 
glucose. Acidity too is determined in terms of milligrams o{ 

acetic acid, present. -..... 

Reducing sugars 

Reducing sugars were. found to be nbsent in the case of 
ground-nut seed either before or after germination. 

Non-reducing sugars 

.The non-reducing sugars were determined by Bertrand's 
method. Before the germination had started the percentage 
of non-reducing sugar was about 2 7a in the case of the gron:td
nut seed, but as the germination proceeded the quantity of 
non-reducing sugar went on increasing gradually. .At the end 
of sixth day germination it was 6.55 %. Comparing the figures 
for the linseed the gronnd·nnt contains higher percentage of 
non-reducing sugars. All the figures for sugars are on oven 
dry ba8is. 

1 

Acidity 

The acidity of all the samples were calculated side by 
~ide with the sugars. It was measured in terms of milligrams 
of acetic acid present per gram of the substance. The acidity 
during germinat.ion gradually goes on increasing from day to 
day germination. It is maximum ou the sixth day of germina
tion being 1.46"%. 



TAIH.JIC No. H 

Analy&is of ground-nut seed showing changes during germination. 
Excepting moi11ture, all figures are on oven-dry baHia. 

Onrboh~·- Non-
HtnJ:"Il 1\tohd.nt•o .AHIJ W.ltt'l'• l't•of.t•ittH Ut·n<lP· dl'lll.t•H Adtlit.y H.t11luuiut:~ 

t't~tluutng 
tJ X l.l'tl<IL 11 bt'tl b~· dtll:t•t·· Hllg'lll'H 

f'll<Hl 
Hl1/.!l\l'l:l 

~ ~ --....- ~- ~-~------ -- ---------------- ----~-- ----

Ht•ftH'n 
I l ~.:~<rminnt.iou ~.!> B.lli 4!}.42 ilfi.B ~ Ui7 ·Ui2 ().(il) nil ~.Hl 

~ntl <lny 
gt•nui n n tiou :!.0 ll.lil 4il.!ll 86.713 B.u7 ~.<H 0, 7U nil B.Oti 

4t.h lllly 
~II\' II\ i Ill\ t. j Oil 1.4 fi.(H H!J.M BG.ul G.7H 14.11 l.O!l nil G.GO 

Gl h tlny 
g ,, \'II ti 111\t.i () 11 2.0 !l.2G 82.GG (l(i, 7il s.u2 16.8-~ 1.46 nil G. M 

I 
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Loss or gain in the various constituents of ·the 
ground-nut seeds before and after germination 

The table No. 4, shows the changes that occnl' 
during germination of ground-nut seeds. In one column 
figures for various constituents of the ground:nut seeds, 
before germination are given. The adjoining column con· 
tains the figures for analysis of vari()_us constituents for the 
same seeds, but tbfl seedlings were analysed after their 
complete germination. In the ·extreme right column figures 
for gain or loss of each constituent after completion of 
germination are given. All the figures exceptiug moisture 

_are calcJ:!lated on oven dry basis. ' 

Moisture 

Moisture or loss in ~ry weigh£, for the ground-nut seeds 
is -2.90 after germination. 

Ash 

The ash contents remain very nearly the same, but here 
they show an increase of 0.11 after germination. 

Fats or oils 

The stored fats decrease during the process of germina• 
tion, here in this particular case the decrease of fat contents 
after germination is + 16.77. 

Proteins 

The proteins are almost constant but there is an increase 
of 0 39 in the protein contents after germinathm. -

Crude fibre 

The crude fibre too shows an increase of 6.95 after 
germination. 

Carbohydrates 

Totnl digestible carbohydrates also show a gain of 12.22. 
The gain is quite appreciable comparing the figures for 
carbohydrates before germination, 
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Acidity 

Acidity too shows a general tendency of increase. The 
increase is 0.83 after germination. 

Sugars: Reducing and Son- reducing: 

Son- reducing sugars show an im!rease of 3.74 after 
germination. 

Reducing sugar;: are ab<>ent in the seeds either before or 
after germination. 

TABLE No.4 

Loss or gain in the various constituents of the ground· 
nut seed, before and after germination. 

Excepting moisture, all figures are on oven-dry basis. 

Seeds Seeds Gain or 
before after loss during 

germina- germina- germina-
tion. tion. tion. 

Moisture 4.90 2.00 -2.90 

Ash 3.15 3.26 0.11 

Fats or oil 49.42 32.65 -16.77 

Proteins ... , 36.34 36.73 0.39 

Crude fibre ... 1.57 8.52 -6.95 

Carbohydrates (by diff- 4.62 16.84 12.22 
erence). 

Acidity 0.631; 1.46 0.83 

Sugars- reducing nil nil nil 

Sugars- non- reducing 2.81 6.55 3.74 
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Loss or gain in the various constituents of the linseed 
seeds before and after germination. 

The table No. 5, ~bows the:chauges that oe'!ur during the 
germination -of linseed seeds. As in the case of the 
ground-nut seeds, the table for linset'd too is prepared to , -
give a c:.mparative idea of the changes that occur during the 
germination of oil seeds. We shall now comp~re the results 
for both ground-nut and linseed. 
• 
Moisture 

Moisture or loss in dry weight for the linseed seeds is -1.2 
'after germination. Comparing the loss of dry weight with that 
of the ground-nut seeds after germination, it is slightly less. • 

Ash 
The ash contents also increase as in the case of the 

ground-nut but the increase of ash content is only 0.04, while 
in the case of the ground-nut it was 0.11. In the case of 
linseed the ash content remains very nearly constant before 
and after g~rmination. 

Fats or oil 

_The stored fats decrease dnri~g germination as in the ease, 
of the ground-nut seed. But the decrease of oil contents or 
fats is more in the case of linseed seeds being -18.45 compar
ing the figures for the decrease of oil in the ease· of ground-nut 
seeds, whieh only show a decrease of -16.77. 

Proteins 

The proteins show an increase of 0. 77 after germination. 
The increase is almost double that for the ground-nut seeds. 

Crude fibre 

The crude fibre shows an increase of 3.31 after germination 
while in the ease of ground-nut it was 6.95. Actually the 
increase of crude fibre material is less in the ease of linseed as 
compared to that of ground-nut after germination. 



Carbohydntes 

Total dig~stible carbohydrates z,h,"'w an iner~a:;e c,f 15.53 
aftet' germbation in the e~e of linseed eeedi!, while in the 
ease of gronnd-nnt seed-5 the increase wu only 12.22. 

Acidity 

Acidity too shows an increase of 0.6!, hnt the inert:ase is 
less when eomrJared with the gronnd-nnt. 

TABLE Xo. 5 

Loss or gain in the variou1 constituents of the linseed 
seeds before and after germination. 

Excepting moisture, all figures are on oven-dry basis. 

iS "'_ b • t • d ~ - I lo:,s or !!'a in , eewt <:c;:on~l ~ee ~ a1.tt:r d . "' 

I 
. . I . . 

1 
nrlL"" germmat1on germination . ~ germmau(JD 

Moisture i 5.50 4.30 -1.20 ... 
I Ash 2.b5 2.89 0.0! 

... f 

Fats or oil 47.61 2~.16 -18.:15 ... ! 
Proteins 27.17 27.91 0.77 •••! 

t 
Crude fibre ••• f 5.11 8.4~ 3.31 

f 

Carbohydrate:. by 
I 11.70 27.23 15.53 
r diiierenee). 
• I 

Acidity ' 0.36 1.90 0.64 •••t 

Sugars reducing nil nil nil 

Sngars - Son-rednc- trace 4.!:10 4.!10 
in g. 

• 
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Sugan: Reducing 

Reducing sugars are absent here as in the case of the 
gronnd-nnt seeds, either before or after germination of the 
seeds. 

Sugars: Non-reducing 

_ The non-reducing sugars were in tracea before germina· 
tion, bnt at the end of complete. germination they seem to 
have developed rapidly, being 4.90, e'\"'en more .ihan the 
gronnd-D nt seeds. · ' ' 

We see in the case of linseed that npto the_ end of third 
'clay germination thete is a slight decrease of oiJ and s!ight_ 
increase of carbohydrates. The same thing is observed in the 
case of the ground-nut up to the end of second day germina· 
tion. 

The minimum- of the oil and the maximum of the total 
digestible carbohydrates is precisely rt:ached at the same stage . 
of germination. The corresponding decrease in the oil con
tent of the seeds is balanced by a corresponding increase of. 
total digestible carbohydrates, simultaneously, during the 
period of germination. 

The above fact leads us to conclude that the carbohydrates 
are formed from the fatty acids or fats in the seeds. 

te_ clere dn Sablon (1893) ha~ shown- that in almonds 
carbohydrates are first brought in the seed and subsequently 
transformed into oil. Another important observer is Eyre 
(192!). He has shown that in the ftax seed the accumulation 
'of oil is as rapid as three per cent. of the dFy seed per day. 

-The nnsatnration of th& oil incresses only at the end of the 
de'\"'elopment of the seed. Similarly D.L. Sahasrabnddhe and 
N. P. Kale, in their "The formation of the oil in the Niger' 
seed", have indicated that the fatty acids or fats are formed 
from carbohydrate~ in the seed. In all the above eases it has 
been s~own that an enzyme is present in the developing seed 
which has the property of brin~ing about synthesis of fats 
from the free acid and glyceride. 
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· ~s regards the nature of the agents which are responsible 
for the changes that the seed material undergoes during 
germination only few facts are known. The resting seed 
especially rich 1n oil contain~ an enzyme 'lipase' which is 
supposed to bring about the hydrolysis of the fat so as to 
liberate the free fatty acids and these in their turn are broken 
down into still smaller units of carbohydrates which are 
ne<'essary ior the newly developing plant. 

With a view to solve the above problem "Study in Ger
mination of Oil Seeds'' has been considered in the preced
ing pages. The composition of the seed from day to day 
germination has already been determined. 

Looking to the figures of chemical changes during ger
mination of the oil seeds studied for this paper it is clearly 
observed that during germination, when calculated on dry 
matter, the ash and protein constituents remain fairly 
constant, but there is a regular fall in the percentage of oil 
throughout the period of germination and this is shown by 
both the seeds under study. It will also be observed that 
corresponding to the percentage fall of oil there ii> a rise in 
the percentage of carbohydrates. The carbohydrates include 
crude fibre and other carbohydrates put together. There is a 
small amount of acidity developed, which perhaps comes 
during the change of the oiL 5.nto carbohydratEs. 

Ordinarily during germination there is a loss in the total 
weight, calculated on dry matter, this is due to respiration of 
the germinating seeds. It will, therefore, be proved that 
during germination there is some necessary loss which will be 
found in all germinating experiments. In proteinaceous and 
starchy seeds the change is by converting 'glucose, but in the 
case of the oil seeds as has already been proved by so many 
workers the most important change is conversion of oil into 
carbohydrates. The formation of acidity and its increase 
is perhaps an intermediate change from the oil to 
carbohydrates. 
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PAPER XXID 

SYNTHESIS AND HYDROLYSIS OF ESTERS BY 
I RICINUS LIPASE 

Ey 

C. V. RAMKRISHNAN, M.Sc. 

' ( With the kind permission of the authorities of tl•e Bombay 
University) 

SECTION I I 

General study of the Ricinu; Lipase from Castor seed. 

Introduction 

In this twentieth century which is an enzymic age, 
enormous amount of work is carried out"thronghout the world 
to investigate the great role which enzymes play-theoretically 
as well as practically. Theref01e th-e present work bas been 
undertaken to investigate the generiil nature of the enzyme 
'lipase' from castor seed. 

J. Pelouze (C.R. 1855,40, 605), W. Sigmund (Monats: 
1890, 11, 272) bad found that several seeds contain the active 
part called as enzyme. J. Reynolds Green (Proc. R. S. 1890, 
48, 370) discovered &the enzyme 'ricinus lipaEe' pt·esent in 
castor seed. Willstatter and Waldschimidt bad fonnd that 
the optimum pH for the ricinus lipase from castor seed is 
between 4.7 and 5.0 (Willstatter and Waldschmidt-Lietz. 
E. Uber ricinus lipase Z. Physiol. Chem. 134. 161-1923-24) 
varying slightly according_ to the buffer used. 

So fat• Tanaka's method (eighth int. Con g. of applied 
chemistry. 1912, see. Vd, 11, 37; J.S. C.l-192, 31, 884) bas 
been used by all the workers to get a powdered form of the 
ricinus lipase from castor seed. Bnt for the present work 
Longnecker. H. E. and Haly's D. E. (J. Am. Chem. Soc. 57, 
2019, 1935) method bas been used since it is the n;wst modern 
JDethod and the lipase obtained is the most active one. 
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Experimental 
The fresh well ripened castor seeds are purchased from 

the local market in large quantities. The outer skin -of the 
seeds is removed, the decorticated seeds weJ·e ground well in 
a mortar and packed in a filter paper. The packet is kept in a 
soxhlet and extracted with low boiling petroleum _ether for 
about 3 hours i.e , till it is completely free from oil and other 
fattv materials. Then the packet is opened, the extracted mass 
is spread on a long sheet of filter paper and dried completely 
from petroleum ether at room temperature. When it is 
completely dried, it is llJowdered and sieved through a 60 mesh 
sieve and the fine powder obtained is preserved in a bottle 
after addmg few drops of tonlene to prevent bacterial action 
and used for tue present work. 

It is found that the lipase is acidic which may be due to 
the presence of 9-10 dihydi'oxy succinic acid and the acidity 
goes on increasing with the period of incubation but it 1s 
independent of the aging of the lipase. 

J. J. Sndbourough, H. E. Watson, P. S. Varma (Jr. In. 
Int. :::ic.; Vol. 2, Part XV, pp. 213-273), Hoyer (Ber- 1904, 
37, 1436), Xicloux (1906) and Falk (J. Am. Ch. Sec. 1923, 35, 
601) have studied the alltion of different substances on 
the activity of lipase. In 'the present work, the study of 
different factors which control the activity of the lipase has 
been made by studying the hydrolysis of olive oil by ricinus 
lipase from castor seed under different conditions. 

Effect of the nature of the buffer on the optimum pH 
of the ricinus lipase:-

Disodium phosphate-citric acid buffer mixtures of 
different pH are prepared according to MCILV AlNE'S method 
(J. Bioi, Chern. 1921, 49, 183), Sodium acetate-hydrochloric
acid and sodium acetate-acetic acid buffer mixtures of 
different pH are prepared according to Walpole's method 
(Biochem. Jour. 1914, 105, 105, 2501, 2521). The hydrolysis 
of olive oil by ricinus lipase is carried out at different pH 
using the above prepared buffer mixtures. 
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Each set of experiment3 contains 1 e.c. of olive oil, 2 e.e. 
of water, 0.1 gram of lipase, 5 e. c. of buffer of varying pH 
value and a few drops of toluene in a conical flask. It is corked 
well and incubated for 2-l hours at 37°C. Always a blank 
accompanied each sample. After the period of incubation, 
each flask is taken out and the contents are titrated against 
N/10 sodium hydroxide. The results are gi\"en in the ft>llow
iog tables:-

TABLE No. 1 

Determination of optimum pH for lipase using disodium 
phosphate-citric acid buffer. • 

Set Oil in c.c. of N/10 c.c. of e.o. of N/10 

No. c.cs. pH value NaOH for N/10 NaOH NaOH for 
sample for blank free acid 

1 1 e.c. 2.4 19.0 15.9 3.1 
2 .. 2.8 18.8 14.0 4.8 
3 •• 3.1 15.5 10.6 4.9 
4' .. 4.8 10.2 5.2 5.0 
5 " 5.2 4.!J 4.2 0.7 
6 .. 5.5 3.8 3.3 0.5 
7 " 5.7 7.1 6.1 1.0 
8 " 6.2 9.2 9.0 0.2 

TABLE No.2 

Determination of optimum pH for lipase using sodium 
aceta~e-hydro.chlorie acid buffer. 

Set Otl in c.cs. of N/10 e.es. oftN /10 i'ree 
No. pH value NaOH for NaOH for acid c.cs. sample blank 

1 1 c.e. 1.5 13.8 12.9 0.9 
2 .. 2.9 18.2 10.3 7.9 
3 , 3.8 25.3 11.5 13.8 
4 .. 4.3 25.2 9.9 15.3 
5 " 

4.8 31.0 10.4 19.6 
6 •• 5.2 10.8 8.3 2.5 
7 .. 5.5 9.5 7.3 2.~ 
8 .. 5.7 8.6 7.2 1.6 
g 

" 
6.0 7.2 6.1 1.1 
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TABLE No. 3 

Determination of optimum pH for lipase using sodium 
acetate - acetic acid buffer 

Set Oil in c.c.s. of N/10 c cs. of N/10 Free 
No. 

pH value NaOH for NaOH for acid c.cs. sample blank 

1 1 c.c. 3.8 16.2 9.1 7.1 
2 

" 
4.1 19.4 8.2 11.2 

3 
" 

4.8 23.1 7.3 1~.8 
4 

" 
4.9 37.8 6.1 31.7 

5 , 5.5 35.7 5.2 10.5 
6 ,; 5.7 11.6 4.3 7.3 
7 

" 
5.9 9.6 3.8 5.8 

8 
" 

6.0 6.9 2.6 4.3 

From the above tables, it is found that in disodium phos
phate-citric acid buffer, the optimum pH is 4.8 since the 
hydrolysis is maximum i.e. equal to 5.0 c. c. in terms of N/10 
NaOH. In sodium acetate- hydrochloric acid buffer, the 
optimum pH is 4.8 where the maximum hydrolysis is 19.6 c.c. 
in terms of ~/10 NaOH. In sodium acetate- acetic acid buffer, 
optimum pH is 4.9 where the maximum hydrolysis is 31.7 c.c. 
of N/10 NaOH. It is inferred that tb'e optimum pH for the 
hydrolysis of the olive oil by ricinus lipase from castor seed 
is constant i.e. 4.8 to 4.9 pH varying slightly according to the 
buffer used. But at the same time the percentage hydrolysis 
of olive oil is the greatest in sodium acetate- acetic acid buffer 
and the least in phosphate buffer. Therefore the percentage 
hydrolysis depends upon the nature of the buffer. 

Effect of buffer concentration on the hydrolysis of 
olive oil by lipase-

Each set of the experiments consists of 1 c. c. of olive 
oil, 2 c.cs. of water, 0.1 gm of lipase and varying quantities of 
acetate buffer of ~.9 pH and incubated for 24 hours at 37°C. 
Always the blank experiwent is carried out in each case. 
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After the period of incubation, the contents of each flask a.re 
titrated against N/10 NaOH after adding 25 c. cs.~of neutral 
alcohol. The results are given in table No. 4, 

TABLE No •. 4 

Set Oif in c. cs. of c.cs. of N/10 e.es. of N/10 
No. c.es. buffer NaOHfor NaOHfor free acid 

added. the sample the blank 

1 1 c.c. '1 c.c. 80.3 1.2 29.1 

2 
" 

2 •• 25.0 1.8 23.2 

·3 
" 

3 .. 20.5 2.1 -18:4 

4 
" 

4 
" 

18.3 2.3 16.0 

5 .. 5 " 17.4 2.5 14.9 

6 
" 6 " 

- 15~7 3.4 12.3 
/ 

7 .. 7 " 14.8 3.8 :_ 11.0 

From the above table it is fonnd that maximum hydrolysis 
is obtained at the buffer concentratio_!! of 1 c.e. and falls 
gradually as the concentration increaees which definitely 
shows that the percentage hydrolysis goes on decreasing with 
the increase of buffer concentration. 

Effect of substrate concentration on the hydrolysis of 
olive oil by lipase:-

Each set of eXJ>eriments consists of varying quantities of 
olive oil, 2 c.c. of water, 0.1.gm. of lipase aud 1 c.c. of acetate 
buffer of 4.9 pH, incubated for 24 hours at 37° C. After the 
incubation, the contents are titrated a~ainst N/'0 NaOH aftt>r 
addition of 25 c.c. oi nentt·al alcohol. Each t>tt 1s accompanied 
by a blank. The results are given in table No. 5. 
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TABLE No.5 

c.cs. of N/10 c.cs. of N/10 
Set Oil in NaOH for NaOH free acid No. c cs. the sample required for 

the blank 
1 1 c.c. 43.0 1.2 41.8 
2 2 

" 
50.4 1.2 49.2 

3 3 
" 

57.3 ~,1.2 56.1 
4 4. ,. 54.4 1.2 53.2 
5 5 

" 
48.2 1.2 47.0 

6 6 
" 

42.5 1.2 41.3 

From table No. 5 it is found that the hydrolysis increases 
from the concentration of the substrate one c.c. to 3 c.c. and 
then gradually decreases as the concentration of the oil 
increases. Therefore the JUaximum hydrolysis is obtained 
when the concentration of the oil is 3 c.c. 

Effect of enzyme concentration on the hydrolysis 'of 
olive oil by lipase:· 

Each set of the experiments consists of 1 c.c. of olive oil, 
2 c.cs. of water, 1 c.c. of acetate buffer and varying quanti
ties of the enzyme lipase and incubated at 37° C. for 24 hours. 
After the period of incubation the contents are titrated against 
N/10 NaOH. Always a blank experiment is carried out in 
each case. The results are given in table No. 6. 

TABLE No.6 

Set Oil in 
. c.cs. of N/10 c.cs. of N/10 

Enzyme m NaOH for N~OH free acid. No. c.cs. gms. th 1 reqmred for 
e samp e. the blank. 

1 1 c c. 0.1 gram - 38.1 1.6 36.7 
2 0.2 38.3 . 1.6 36.7 .. " ~ ,; I 0.3 

" 
39.1 1.7 37.4 

4 
" 

0.4 
" 

40.3 2.0 38.3 
5 

" 
0.5 

" 
46.2 2.0 44.2 

6 
" 

0.6 
" 

48.9 2.1 46.8 
7 

" 
0.7 

" 
52.1 '2.3 49.8 

From the above table, it is found that the percentage 
hydrolysis of olive oil increases with the increase in the 
concentration of the enzyme. It-appears that it is better to 
use a concentrated form of lipase. This agrees with the state
ment of Oonstein, Hoyer and Wartenberg stating that increase 
in the amount of seed accelerates the hydrolysis. 
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Effect of aging on the activity of the lipase:-
' There are so many factors which affect the activity of the 

enzymes e. g., heat, light, time, chemicals ere. out of that 
almost all other factors can be prevented- except the time, 
factor. So an investigation _has been carried out to study the 
effect of aging on the activity of the lipase. 

The hydrolysis of olive oil by ricinus lipase is studied 
from the time of preparation of the lipase upto a period of_ 
4! months. Each set of the-experiments consists of 1 c. c. of 
olive oil, 2 c. c. of water, 0.1 gm. of lipase and 1 c. c. of 
acetate buffer. It, is: kept in the Incubator at 37°0. for 20 
minutes and then titrated against N/10 NaOH. The results, 

.-are given in. Table No. 7. · _ 

TABLE No.1: 

Set No. Time 
. 

e.cs. of oil Activity in terms 
of N/10 NaOH 

1 0 minute 1 c.c.' ' 7.5 e.c. 
2 20 minutes 1 ,, 7.9 ,, ; 
3 40 1 7.9 ' .. ,. , 
4 1 hour 1 , 8.4 " 5 24 hours 1 , 13.7 

" ,6 2 days 1 " 23.2 ,, 
7 3 days ' 1 " 

23.3 ... 
8 4 days 1 " 23.4 

" 9 5 days 1 .. 23.5 .. 
10 6 days 1 .. 24.4 .. 
11 8 days 1 " 24.8 

" 12 11 days 1 .. 20.5 .. 
13 15 days 1 II 20.2 .. 
14 23 days 1 " 19.9 II 

15 71 days 1 
" 

17.9 .. 
16 78 days 1 .. 10.7 ,. 
17 85 days '1 " 10.2 .. 
18 -93 days 1 .. 9.8 .. 
19 100 days 1 .. 8.9 •• 
20 114: days 1 .. 8.6 .. 
21 121 days I .. 7.8 

" 22 134 days· 1 •• 6.5 .. 
23 142 days 1 .. 5.1 

" 24 150 days 1 " 3.9 .. 
25 155 days 1 

" 
2.8 II 

26 160 days 1 •• 0.5 .. 
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F1•om the above table, it is found that the activity 
increases upto 8th day and then ~lowly decreases and on 160th 
day, it is almost lost. The reason may be due to a little 
amount of petroleum ether which adheres to the lipase or due 
to some physical change which takes place in the enzyme after 
some time. 

Preparation of different samples of lip&.se :-

As it is found that lipase dried by petroleum <:ther is not 
keeping its activity constant, several preparations of lipase 
have been prepared and the effect of aging on their activities 
bas been studied to select a sample which will keep its activity 
fairly constant1'or a long time. 

So :first petroleum ether extract of the lipase is prepared 
by usual method and then three samples are prepared by drain· 
ing for 2 hours one with petroleum ether, the other with 
ethyl ether and the third with boiling acetone. All the three 
samples are completely dried, sieved through a 60 mesh sieve 
and used for the experiment. 

It is found that acidity of lipase is the same in case of all 
samples and it also remains constant with change of time, 
Then the activities of three samples are determined at different 
intervals. 

Each set of experiments consists of 1 c. c. of olive oil, 
2 c. c. of water, 1 c. c. of acetate buffer and 0.1 gm. of lipase 
of each variety at different intervals of time kept in the 
incubator at 37°0. for 20 minutes and immediately titrated 

·against N/10 NaOH. The results are given in table No. 8. 

From table No. 8, it is found that in case of petroleU:m 
ether dried and ether dried samples, the activity :first increases 
and then falls. In case of petroleum ether samples, it is 
increased upto. the 8th day and then falls gradually and on 
160th day it is almost nil. In case of ether dried sample it 
increases upto the 5th day and then decreases and on 142nd 
day it is almost zero. In case of acetone dried sample, it is 
almost constant throughout even though it is very low. So 
acetone dried sample is a modified sample of lipase which 
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retains its activity fairly constant for a long time even though 
the activity is less and it can be used for all the synthesis and 
hydrolysis experiments, 

TABLE No. 8 

Set 
No. Time Gms. of 

Lipase 
c.cs. of N/10 NaOH required for 

P. E. sample E. sample A. sample 
---------------------------------
1 
2 
3 
4 
5 

0 time 0.1 gm. 
20 minutes 
40 minutes 

1 hour 
24 hours 

6 2 days 
7 3 days 
8 4 days 
9 5 days 

10 6 days 
11 8 days 
12 11 days 
13 15 days 
14 23 days 
15 71 days 
16 78 days 
17 85 days 
18 93 days 
19 100 days 
20 114 days 
:!,1 120 days 
22 134 days 
23 142 days 
24 150 davs 
25 155 days 
26 160 days 

Summary 

" 
" 
" 
" 
" 
" ,, 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

7.5 
7.9 
7.9 
8.4 

13.7 
23.2 
23.3 
23.4 
23.5 
24.4 
24.8 
:w.5 
20.2 
19.9 
17.9 
10.7 
10.2 
9.8 
8.9 
8.6 

• 7.8 
6.5 
5.1 
3.9 
2.8 
0.5 

5.2 
5.8 
5.9 
6.1 

10.2 
• 11.5 

12.1 
14.8 
18.2 
16.5 
15.8 
10.2 

9.2 
8.4 

4.6 
3.7 
2.9 
2.7 
1.2 
1.1 
0.8 
0.4 

1.4 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

(1) The optimum pH of the lipase is independent of tpe 
nature of the buffer mixture used but the percentage hydrolysis 
depends upon the nature of the buffer mixture and sodium 
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acetate-acetic acid-buffer is the best activator for the hydro
lysis of oils- by ricinus lipase. 

(2) The hydrolysis of olive oil decreases as the buffer 
concentration goes on increasing reaching a maximum value 
at concentration equal to 6 c.cs. 

!3) The hydrolysis of olive oil increases as the concentra~ 
tion of the substrate increases upto 3 c.cs. and then gradually 
decreases as concentration of substrate increases. 

(4) The hydrolysis of olive oil increases as the concentra
tion of enzyme increases reaching maximum value of 49.!:1 at 
concentration 0.7 gm. of lipase. 

(5) On aging, the activity of petroleum ether dried 
lipase goes on decreasing and after 160th day almost becomes 
zero. In case of acetone dried sample, the activity remains 
fairl:y constant even though it. is low and therefore it is used 
for the work to be described in synthesis and hydrolysis of 
esters. 

SECTION II 

Synthesis of some aliphatic esters by ricinus lipase. 

Introduction 

Bodenstein and Dietz and Dietz (Zeitschr. F. • Elec· 
trochem. 12, 605, 1906; Zeitschr. F, P]lysical. Chern. 52. 279, 
1907; Siebe such euler, diese Zeitschr. 52, 146, 1907) 
investigated in the initial experiments the formation and the 
splitting of isoamyl butyrate catalysed by pancreatic powder. 
In the year 1931, P. Rona and R. Ammon (Vel. Rona Ammonu: 
Fischgold, diese Zeitschr. 241, 460, i931) synthesised normal 
butyl butyrate by pig's pancreatic lipase. They found that 
it was possible to synthesise and hydrolyses that ester by 
pig's panm·eatic lipase and further it worked in greater excess 
of alcohol. Afterwards the syntheses of butyl and phenyl-ethyl 
oleates were carried out using ricinus lipase and the peraentage 
reached is 85. <Bull Sochin-1939). 
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In 1939, Leon Velluz (loc. cit) synthesised butyJ. oleate 
using 17 organic solvents to study the effect of the solvent on 
th~ synthesising action of the lipase.< He found that in petro• 
leum ether the synthesis is maximum i.e. 81! per cent. 

In 1942, fat was synthesised from glycerol, oleic acid and 
lipase obtained from 21 seeds at 30 degrees centigrade and it 
was inferred that the synthesis was much app~;eciable in case 
of ricinus communis (effect of glycerol concentration on 
enzymic synthesis of fats by seed lipases - Z. Physiol. Cliem. 
1942·C.A. 6706, 194;3). 

_ From the above data it is seen that only ·small amount o~ 
work has been done on the synthesising, action of the lipase. 
Ia the present work the synthesis of eleven aliphatic. esters 
has been carried out to study the effect of change of nnmbe11 of 
carbon atoms in the a~cohols and acids on the synthesis of 
esters by ricinus lipase. 

/ 

Synthesis of butyl oleate U.$ing different aamples of lip~e: 

Leon Vellnz (Loc. cit.)· synthesised. butyl oleate using 
petroleum ether dried lipase in 17 organic solvents., In t.h~ 
present work, the synthesis of butyl oleate is carried. out wit:Q. 
different solvents such as petroleum ether, carbon tetrachlo· 
ride, acetone, ether, benzene and chloroform, and,_ it is 
observed that the mixture is homogeneous only in ether 
solvent. As all the work is to be carried out with a view to 
find out the effect of number of carbon atoms in the aleohol and 
the acid on. the synthesis and hydrolysis of esters, ether is 
chosen as a solvent for all the experiments. 

Here the results of the synthesis of butyl oleate by
petroleum ether dried lipase at•e compared with the results 
obtained by Leon Velluz. The results obtained. in case o.( 
petroleum ether dried lipase agree with that of the French 
author within the limits of the experimental error where~s 
when the synthesis is carried out using acetone dried lipase, 
the percentage synthesis is always low which is due to the less 
activity of the acetone dried sample. 
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Synthesis of butyl oleate by petroleum ether dried lipase: 
The chemicals used a~e :-
(1) Butyl alcohol (normal)-Density-0.809; mol. wt=74.1 

B.P.=ll7°C 
(2) Oleic Acid- B. P. 286°c-Density-0.895; mol. wt. = 282.5 

In different conical flasks, 5 c.c. of acid and 3 c c. of 
alcohol are added. One g-ram of lipase and 10 c.c. of different 
solvents are added to each flask, which was shaken well and 
kept in the incubator at 37°C after corking them well. At 
different intervals of time, 1 c.c. from each flask is taken, 25 
c.c. of neutral alcohol addedr warmed for some time and 
titrated against N/10 NaOH. Always the blank is carried out 
in case of each experiment. 

The same experimental procedure is followed for the 
synthesis of the remaining esters in this part of the. 
work. 

The comparison of the percentage synthesis of butyl 
oleate by petroleum ether dried lipase with the results 
of the French paper is given iu table No.1. 

It is found that the results· of the synthesis of butyl 
oleate by petroleum ether dried lipase is almost the same as 
that obtained by the French author, the small difference 
existing may be due to -difference in the castor seeds used by 
the authors. So after verifying the results, the same synthesis 
has been carried out using acetone dried lipase and the result$ 
are given in table No. 2. 

From the results, it is inferred that the synthesis is 
always less in case of acetone dried lipase due _to its less 
activity than in case of P. E. dried lipase. So the synthesis 
of all the esters' is carried ont u~ing acetone dried lipase in 
the following paragraphs since the activity of the acetone 
dried lipase is fairly constaBt even though it is less. 

Synthesis of some aliphatic esters :-
Study of effect of change of number of carbon atoms in alco

hols and in acids on the synthesis of esters by l'icinus lipase:-

The synthesis of the following esters has been carried out 
in ethyl ether solvent to see whether the syntbesits of those 



TABLE No. 1. 

Solvent Number of days 

let day 2nd day 8rd day 4th day 5th day 6th day 7th day 

A B A B A B A. B A B A B A B 

Petroleum 
ether. 82.4 85.5 li4.9 69.0 70.8 82.8 80.7 85.6 77,4 I 85.6 . .. • •• 

Carbon tetra- 0-' 
chloride. 27.3 86.7 84.2 64.5 60.9 67.8 69.6 75.6 68.4 ••• 82.8 ' C1t . .. 01 . 

Acetone 2t8 26.7 53.3 35.5 45.6 46.7 47.4 63.4 52.5 ,65.6. 59.1 66.7 

Ether 16.5 17.8 29.7 81.! {0.2 42.7 60.7 53.4: 52.5 56.7 62.7 66.7 ••• ' 

Benzene 18.5 15.4 21.9 25.6 81.2 88.4 ' 46.5 48.9 .52.5 ... 65.7 F2.8 . .. ' 

Chloroform ... 1.2 2.8 1.8 2.3 9.3 11.2 11.4 12.0 11.2 12.8 \ . .. .. .. . .. 



TABLE No, 2. 

A c A c A c A c A c A c A c 

Petroleum 
ether. 32.4 25.2 54.9 37.5 70.8 42.3 80.7 51.9 77.4 :60.6 ... 59.7 

Carbon tetra-
chloride. 27.3 17.7 34.2 21.9 6fl.9 35.1 69.6 41.1 68.4 47.7 ... 50.7 47.4 

.Ac11tone 24.3 13.5 33,3 20.1 45.6 28.5 47.4 $2.1 62.5 37.~ 59.1 39.6 54.6 38.7 
eo 
<:}l 

Ether 16.5 16 5 29.7 19,5o 40.2 ~7.0 5;).7 30.3 52.5 39.6 52.7 42.6 58 5 41.1 a. 

Benzene 13.5 6.9 21.9 8.4 31.2 11.7 46.5 15.6 52.5 25.2 66.7 32.1 61.8 30.3 
I J 

Chloroform 1.2 0.0 1.8 1.2 9.3 IU 11.4 8.4 12.0 8.4 12.8 12.3 ·13.5 10.1 
... 

A. The percentage synthesis usi~g petroleum dried lipase. 

B. The percentage synthesis according to the French paper. 

c. The percentage synthesis using acetone dried lipase. 
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esters is possible:-methyl, ethyl, n-propyl, iso-propyl, 
normal-butyl, iso-butyl, normal amyl, iso-amyl bntyrates, 
amyl-formate, acetate and propionate-. . 

In the present experiments, eqnimoleenlar quantities- of 
alcohols and acids are taken (0.054 gm. molecule) and the 
percentage synthesis is calculated.. In the first 8 syntheses,' 
butyric acid is common and only different alcohols are used. 
In the second case, amyl alcohol is c9mmou and different 
acids are nsed. From the results, conclusions regarding the 
effect of change of number of carbon atoms in the alcoholic ana. 
acidic groups on the synthesis of esters have been drawn. 

For expt. Aeid -0.054 gm. mol 
Alcohol-0.0~4 ., 
Ether solvent- 10 c.c. 
Lipase - 1 gm. 

Discussion of the Results 
The synthesis is maximum in case of n-amyl butyrate on 

5th day i.e. 78.1% and minimum in ease of methyl butyrate on 
1st day i.e. 3.28%. ' -

'From the first 8 syntheses, it is found that the percentage 
synthesis steadily increases from methyl to amyl butyrate. 
It shows clearly that as the number of carbon atoms goes on 
increasing in the alcohol group, the synthesis also increases 
np to amrl butyrate. 

Secondly the synthesis is greater in the iso forms of the 
alcohol than in the normal one.' 

The difference iU. percentage synthesis in case of normal, 
propyl and iso-propyl butyrate is due to the difference in 
structure (n-propyl alcohol is primary where as iso-propyl 
alcohol is secondary). In ease of normal and iso butyl esters, 
difference in percentage. is not due to the difference in 
structure because both are primary, but it may be due to the 
difference in densities. - -

(Density of n-Butyl alcohol is 0.809 gm/ml.) 
(Density of iso· , ., is 0.802 gm/ml.) 

But however in iso variety of amyl alcohol, the percentage 
is always less which can be only stated as unexplained. 
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Thns these results give in .general the effect of change o~ 
number of carbon atoms in alcohols in synthesis of esters and of 
structure and density of alcohol on the synthesis of these esters. 

By comparing last four syntheses, it is found that the 
percentage synthesis is almost the same in case of these 
esters, the difference being very small. So it can be concluded 
that the synthesis of esters is independent of number of carbon 
atoms in the acids and only depends upon the number of carbon 
atoms in the alcohol. 

I. Percentage Synthesis of Different Esters in Ether Solvent 
Lipase - 1 gm. Acid Bo.tyric :-o.054 gm. mol. 
Ether Solvent - 10 c.c. Alcohols : -0.054 gm. mol. 

Always Blank is accompanied 

Percenta~e Synthesis . Days Name of the Ester ~ 

1 I 2 I 3 I 4 I 5 I 6 

(1) Methyl Butyrate ... 3.28 4.51 6.97 9.02 11.48 . .. 
I 

(2) Ethyl Butyrate ... 3.20 4.21 11.60 16.80 16.5 . .. 
(3) n-Propyl Butyrate ••• 3.25 4.6 8.2 9.2 15.8 16.9 

" 
(4) iso-Propyl Butyrate u.u 18.04' 21.76 22.8 26.8 ... 
(5) n-Butyl Butyrate ••• 11.20 13.3 14.8 20.5 24.5 28.3 

(6) iso-Butyl Butyrate ... 14.70 23.4 83.3 42.9 68.4 ... 
(7) n-Amyl Cutyrate ••• so. so 55.0 64.9 69.3 78.1 ... 
(8) iRo-Amyl Butyrate.- 6.6 12.1 26.4 131.9 47.3 ... 
n-Amyl Formate •. .1 32.4 140.8 63.6,75.8 78.2 ... 

" Acetate ... 26.1 32.1 38.7 74.5 82.9 . .. 
.. - Propionate ... 45.1 55.7 71,2 77.2 76.8 . .. 
" 

Butyrate ... 1 ••. 8 ····I .... . ... 178.1 
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II. Synthesis of Propionates 

Percentage Synthesis 

N•me of the Ester Days 

1 2 3 I 4 I) 6 

(1) Methyl Propionate ••• 4.2 4.9 6.2 10 1 11.6' 

(2) Ethyl Propionate ••• 5.1 6.3 10.~ 15.4 17.2 ... 
(.3) n.Propyl Propio~at~ ' 

5.5 6.8 9.1 u.s 16.8 18.2 

(4) iso-propyl Propionate 123 19.1 22.8 25.4 27 6 .... 
(5) n-Butyl Propionate::.,l2.5- 15.6 21.7 !6.2 ~8.4 29.2 

(6) iso.Butyl, Propiou~ste 15 2 25.3 Sl.S 39.5 43.8 65.4 

(7} n-Amyl Propionate •. 45.1 55.7 71.2 77.2. 76.8 

(8) iso-Amyl Propionate. 9.2 123 20.5 30.8 u.~ ... "' 
I 

/ 

QL Synthesis of n·Butyl • Formate, Acetate, Propionat~ 
and Butyrate 

N-BntJl Formate 12.8 16.2 22.5 25.6 27.2 

.. Acetate 11.8 14.5 18.2 2:.& 25.4 

.. Propionate 12.5 15.6 21.7 26.2 28.4 29.2, 

" 
Butyrate ... , 11.2 13.3 u.s 20 5 ,24.5 128.3 

Summary:-
(1) Synthesis of butyl oleate bas been carried out using 

P. E. dried lipase and acetone dried lipase. The results in 
ease of P. E. dried lipase agree with that of the results 
obtained by Leon Velluz. In case of acetone dried lipase, the 
synthesis is less due to less activity of the lipase. Still the 
acetone dried lipase only is nsed for further experiments since 
its activity remains constant for a fairly long tirue. 
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(2) The synthesis of eleven aliphatic esters has been 
carried out by taking equimolecular quantities of alcohol and 
acid.· The synthP.sis of methyl, ether n-propyl, iso propyl, 
n-bntyl, iso-butyl, n-amyl, iso·amyl butyrates, amyl formate, 
acetate and propionates has been carried out in , ether 
solvent. 

(S) From the first eight synthesis experiments, it is found 
that the percentage synthesis steadily increases from methyl 
to amyl butyrate showing that as the number of the carbon 
atoms goes_ on increasing in the alcohol, the percentage 
synthesis also increases. 

(4) Further, a clear distinction is shown between primary 
and secondary alcohols due to difference in structures. Differ
ence in case of n-and iso-propyl butyrate is due to the difference 
in structures (n-propyl~alcohols is primary whereas isopropyl 
alcohol is secondary). In case of n-and iso·butyl esters, the 
difference i 3 not due to the difference ir. structure because 
both are primary~ but it may be due to the difference in 
densitie~ (Density _of n-butyl alcohol is 0.809 gm/c.c.) 

( iso , 0.802 , ) 

In case of iso-amyl ester, the peJ.;fjentage is always low but the 
results obtained remain unexplaine.d. 

(5) 'From the last four syntheses, it is found that the 
percentage is always the same showing that the percentage 
synthesis of the ester is independent of the number of carbon 
atoms in the acid group but always depends upon the number 
of carbon atoms in the alcohol. · 

SECTION Ill 

Hydrolysis of some aliphatic esters by ricinus lipase:-

Introduction 

In 1932, P. Rona and R. Ammon (Versuche uber enzy· 
matische ester hydrolyse und synthase - 1932) carried out the 
hydrolysis of normal butyl butyrate by pig's pancreatic lipase 
and obtained valuable results. The hydrolysis of benzy. 
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stearate and butyrate were carried out at i0°C by pancreatic 
lipase and it was found out that the hydrolysis is independent 
of the substrate concentration ((!. A. 9109-3-1938). Another 
investigator has found that triacetin is rapidly hydrolysed by 
pancreatic lipase in presence of calcium chloride (C. A. 1287. 
10,_1938). . 

F. E. Kelsey has found out that the hydrolysis of olive 
oil, beef fat, lard, tristearin and tripalmitin by castor bean 
lipase goes to completion ("use of lipase in lipid analysis"
F. E. Kelsey- J. Bioi. che~.-130, 1939).- Also the hydro· 

·lysis of butter fat by pancreatic lipase has been studied by 
Erkki Peltola - Suomen Kemistilchti (C. A. 1213·5·6, 1939). 

1!'. ~- Mazza and C. Mala Gnzzi. Valeri have studied the 
hydrolysis of 2-3 dimethyl, 1-stearyl glycerol and 1-3 dimethyl 
2-stearyl glycerol by pancreatic lipase and concluded that 
lipase splits up ester linkage of primary and secondary 
alcoholic groups (Arch. Sci. Bioi. Italy, 19a9). 

But so far nobody has studied the' hydrolysis of esters of a 
homologues series. So in the present work, the hydrolysis of 
the following esters by ricin us lipase has been investigated to 
study the effect of change of alkyl and carboxyl groups on the 
ester hydrolysis:- methyl, ethyl, n and'iso propyl, normal and 
iso butyl, normal and iso amyl bntyrates, amyl formate, 
acetate and propionate. As all the esters were not available, 
they were prepared in the laboratory according to the standard 
methods and the physical constants were found out. 

Hydrolysis of butyl oleate by different samples of lipase:-

As it is compared in case of synthesis experiments, 
here also bydrt>lysis of butyl olt>ate is carried out nsing acetone 
dried lipase as well as petroleum ether dried lipase and the 
results are compared in table No. 1. 

Each set of the experiments- consists of 2 c.c. of ester 
solution, 10 c.e. of the solvent, 1 gm of lipase and a few dropa 
of toluene; the mixture wns shaken well and 1 c. e. of it is taken 
and immediately titrated against N/10 NaOH, which gives the 
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reading for the blank. Then the flask is cor~ed_well, incubated 
at 37°0 and at different intervals of time 1 c.c. of it is taken, 
25 c c. of neutral alcohol added, warmed and titrated against 
N/10 NaOB. This gives the reading for the sample.. From the 
difference in reading between the sample and the blank, the 
percentage hydrolysis is calculated. The same experimental 
proced~u·e is followed for the hydrolysis of other esters also in 
this part. 

l!'rom table No. 1, it found that the percentage hydrolysis 
is always greater ln case of petroleum ether dried lipase than 
in case of ace'tone dried lipase. But only acetone dried lipase 
is used for further experiments since its activity remains fairly 
constant. 

Hydrolysis of some aliphatic esters 
(To study the effect of change of number of carbon atoms 

in the alcohol and acid on, the hydrolysis of esters). 

As it_is done in synthesis experiments, the hydrolysis of the 
following esters has been carried out by taking the same mole
cular quantity of ester in each case (0.018 gm. mol):- methyl, 
ethyl, n·propyl, iso-propyl, n and isobutyl, n and iso amyl 
butyrates, amyl formate, acetate and propionate in ether 
solvent. 

For each experiment, Ester sol. - 2 c.c. 1 
Ether solvent - 10 c.c. ~ 

The results are tabulated. 
" " Lipase - 1 gm J 

Discussion of the Results :-
The h~drolysis is maximumJ~ case of metryl butyrate on 

3rd day and minimum in case of iso propyl butyrate on 
1st day. 

The percentage hydrolysis goes on decreasing from 
methyl to iso-amyl butyrate and so it can be inferred that 
the number of carbon atoms in the alcohol group decreases 
the percentage hydrolysis. In other words hydrolysis- is 
difficult in case of higher esters. This is quite· in agreement 
with the results ot the Japanese investigator who bas found 
that inctease of carbon atoms in alcohol group decreases the 
hy~rolysis by studying the different esters of valerie acid 
(Jour. of Agri Soc. Japan-1940). 



TABLE No.1 

Percentage Hydrolysis 

ht day 2nd day Srd day 4th day 5th day 6th day 7th day 
Solv~nt 

A ·B A B A B A B A B A B A B 

retroleum 
ether. 22.0 20.0 82.0 26.0 48.0 42.0 66.0 50.0 68.0 56 0 78.0 68.0 76.0 66.0 

I» 
Carbon tetra- = 

chloride. 16.0 12.0 22.0 20.0 82.0 26.0 42.0 32.0 38,0 40.0 88.0 
OJ. . .. . .. . .. 

Acetone 12.0- 10.0 18.0 16.0 86.0 22.0. 50.Q 86.0 620 42.0 70.0 40.0 66.0 ... 
Eth£r 28.0 8.0 32.0 14.0 42.0 20.0 54.0 32 0 66.0 50.0 10.0 54.0 68.0 

Benzene ... 30.0 16.0 86.0 20.0 48.0 38.0 48.0 84.0 . .. ... . .. 
Chloroform ••• 12.0 6.0 20.0 10.0 24.0 16.0 26.0 20.0 24.0 18.0 ... ... ... . .. . 

A- Hydrolysis of Butyl oleate by pettoleum ether dried Lipast. 

B - Hydrolysis of Butyl oleate by acetone dried Lipase. 
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- The percentage hydrolysis is always greater in case of 
ester obtained from primary alcohol than in the one obtained 
from secondary alcohol. -In case of n and iso propyl esters, 
the difference in percentage hydrolysis is dne to the difference 
in structure of alchohol nsed for preparing ester (normal is 
primary whereas iso is secondary). In case of n and iso butyl 
butyrates and n and iso-amyl bntyrates, the difference in 
percentage is due to the difference in densities _ 

(n. B. ester- 0.872 
I. B. ester - 0.861 
n. A. ester- 0.871 
I. A. ester- 0.862) 

From the last four hydrolyses, it is found that the per
centage hydrolysis is almost the same in all cases. So it can 
be inferred that the change of numb£:r of carbon atoms in acid 
group does not affect the percentage hydrolysis of esters. In 
other words the hydrolysis of esters is independent of the num
ber of the carbon atoms in acid but depends upon the number 
of carbon atoms in alcoholic group. 

Summary. 

(1) The hydrolysis of butyl oleate bas been catTied out 
nsing both petroleum ether drie!l lipase and acetone dried 
lipase. The hydrolysis is less in case of acetone dried lipase 
due to its less activity but since it retains its activity for a fairly 
long time, it is only used for other experiments. 

(2) The hydrolysis of the following esters has been 
carried out in ether ~olvent by taking the same molecular 
quantity of different esters. (O.Oi8 grm molcnle):-methyl, 
ethyl, n and iso propyl, n and iso butyl, n and iso amyl 
butyrates, amyl formate, acetate and proptonat~. 

(3) From the bydrolrds of first eight esters, it is found 
that the percentage hydrolysis decreases from methyl to amyl 
butyrate showing that increase in the number of carbon atoms 
in the alcoholic group decreases the hydrolysis. 

(4) The hydrolysis is always greater in ester got 
from normal alcohol than in one got from iso-alcohol. The 
difference in percentage hydrolysis in case of normal and 
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isopropyl esters i9 due to the difference in· structure whereas 
in case of n and iso butyl as well as n and iso amyl esters, it 
is due to difference in densities.-

' (5) From the last four hydrolyses, it is found that the 
percentage hydrolysis is the same in case of all the esters 
which clearly shows that the percentage hydrolysis is inde· 
p'endent of the number of carbon atoms in the acid group but 
always depends upon the number of carbon atoms in alcoh91ic 
group, 

· L Hydrolysis of some aliphatic esters by ricinus lipase:-

Lipase -1 g.m. Ester Sol. =0.018 gm. mol. 

Solvent-Ether -10 c.c. 

Name of the Ester l 
1 

Percentage Hydrolysis 
D.iyB ' . I 

I· 2 I s t 4: 1 5 J 6 

Methyl butyrate ... 44.0 46.0 51.5-- fi0.5 ... ... 
Ethyl butyrate ' 4:5.5 51.5 43.5 ... ... ... . .. 
n-Propyl buty1 ate ... 38.2 40.9 43.7 45.9 43.7 ... 
iso-Propyl butyrate ... 15.5 18.8 22.6 29.2 36.7 34.8 

n-Butyl butyrate ... 21.2 28.8 30.9 33.7 S2.S ... 
-

iso-Butyl butyrate ... 2!.6 25.8 S3.4 S8.7 S1.8 ... 
n-Amyl butyrate ... 19.8 28.1 29.2 81.2 30.5 

I 
... 

iso.Amyl butyrate ... 21.1 124.9 29.2 1 30.8 28.7 . .. 
N-Amyl fo!'mate ... 1o.8ju.2 28.8 28.2 30.9 . .. 

I 

.. acetate ... 16.1 20.8 81.8 30.4: ... . .. 

.. propionate ... 14.9 25.8 83.7 32.5 . .. .. . 

.. butyrate ···j 19.8 28.1 129.2 SUI 1 30.5 ... 
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II. Hydrolysis of Propionates :-
Percentage Hydrolysis 

Name of the Ester Days 
1 2 I 3 I 4 5 I 6 

Methyl propionate 40.1 H.S ~9.2 I b:J.8 48.5 

[ Ethyl propionate 45.0 48.5 50.7 51.9 51.5 

n-Propyl propionate 37.0 39.2 42.5 46.7 45.8 

iso-Propyl propionate ••• 17.2 19.1 24.8 -:n.6 35.8 3(.5 

n- Bnty I propionate 20.4 24.7 31.2 34.5 33.5 

iso-Bntyl propionate ... , 21.6 25.0 32.6 33.9 32.5 

n-Amyl propionate 

""J "·' 
25.8 33.7 3.2.5 

iso-Amyl propionate ... 15.5 26.0 32.8 32.1 

Ill 

n-Bntyl formate 20 9 22.9 129.8 34.0 33.2 ... 
,, acetate ... 19.8 25.7 32.4 35.3 35.0 

" propionate ... 1 20.4 24.7 31.2 34.5 33.6 

" 
butyrate 

···\ 21.2 I 23.8 30.9 I 33.7 32.3 1 

SECTION IV-

Effect of salts on the synthesis and hyd~olysis of some 
aliphatic esters by lipase. 

Introduction 
Con stein, Hoyer and Wartenberg found that the hydrolysis 

of oils is accelerated by the addition of chloral hydrate. 
Armstrong (Proc. R.S., 1905, 76 B, 606) has found that the 
accelerating action is due to the liberation of small amount of 
hydrochloric acid. It was found by the same investigators that 
the acids accelerate t~ hydrqlysing action of the lipase. 

/ 
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Hoyer (1907), Nicoloux (1906) and Tanaka (1912) found 
that manganese sulphate in dilute form can be used as a eofer· 
ment. Falk and H~mblim (J. Am. Chern. Soc. 1910, 35, 210) 
investigated the reaction and found that manganese sulphate 
in dilute form oxidises inactive Z;rmogen of castor seed into 
active enzyme, 

It was also found that alcohol_. formaldehyde act as poisons 
to castor seed lipast> wh~reas NaCl, FeS04 have no action 
(Constein, Hoyer and Wartenberg-1902). 

Van den Driessen Marecuw (Pharm. Week blad, 1909, 46, 
346, J.S.C.I. 1909, 28, 612) stated that potassium cyanide has 
no action in case of kolanut lipase and potassium' chromate, 
mercuric chloride have deleterious action and potassium ferro
cyanide, a favourable effect. Falk (J. Am. Chern. Soc. 1913, 35, 
601) has also studied the effect of various salts on the activity 
of the lipase. 

In 1932, P. Rona and R. Ammon (Loc. cit.) studied the 
action of calcium chloride, chinin chloride and strychnine 
sulphate on the synthesis and hydrol:p•is of normal butyl 
normal butyratfl by pancreatid lipase. Calcium chlol'ide acts 
strongly in hydrolysis and the others have no action. 

In ]934, D. E. Haley has found that chlorides and acetates 
retard or inhibit the action of enzymes, salts of Mbalt, copper 
and mercury showing great inhibiting action. Iron, lead, nickel 
and zinc salts definitely retard the reaction, calcium and 
cerium salts to less extent (C . .A. 2161, ~156-D. E. Haley-Jour. 
Am. Chern. Soc. 1934). 

A mixture of albumin and calcium chloride was found to 
be superior to sodium oleate in the· hydrolysis by pancreatic 
lipase (J. Agr. Chern. Soc. ,Tapan-l\>39) whereas Ed . .K.eeser 
has found that acetone acth·ates the lipase (C.A. 477918-19!3). 
The effect of 36 salts on the activity of the l'icinus lipase is 
studied and two lipol~ tic series, one for cation and one for 
anion, are reported. (Effect of salts on riciuus lipase-C.A. 3299 
-l944-J. Chinese Chern. Soc.-19!3). 
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In this paper, the action of the following eleven snbstanee!l 
has been studied on the synthesis and hydrolysis of all aliphatic 
esters, carried ont in Paper IT and Paper III :-acetic acid, 
potassium cyanide, sodium chloride, calcium chloride, 
aluminium chloride, sodium sulphate, sodium phosphate, 
magnesium sulphate, manganese sulphate, barium chloride 
and potassium dichromate. The ether solvent has been chosen 
in case of each ester 'and in that solvent, the action of the 
above eleven substances has been studied and the results 
are tabulated. 

Experimental 
Decinormal solutions of the above eleven subtances are 

prepared and used for the experiments. 

For synthesis experiments, each set of the experiments 
consists of 5 c.c. of acid, 3 c.c. of alcohol, 1 gram of lipase, 
10 c.c. of the best solvent and 1 c.c. of the salt solution. The 
blank experiment is also carried out for reference. After 
thorough shaking, all are kept in the incubator at 37°C and at 
diff~rent intervals of time, l c.c. of each is taken, 25 c.c. of 
neutral alcohol added, warmed and titrated against N/10 NaOH. 
The results, in t1e form of difference in reading "between the 
sample and the blank, in case of each salt are given in tabular 
form. The di1ference between the two readings show whether 
a particular salt is an accelerator inhibitor depending upon 
whether the difference is a positive one (showing the accelerat
ing effect) or a negativ~ one (showing the inhibiting action). 
The same experimental procedure is followed in case o.f all 
the esters. 

For hydrolysis experiments each set of the experiment 
consists of 2 c.c. of ester solution, 1 gram of lipase, 10 c.c. of 
the best solvent and one c.c. of salt solution. The blank 
is carried out without salt solution. All are kept in the 
incubator at 37°0 and at different intervals of time, lc.c. of 
each is taken, 25 c.c. of neutral alcohol and titrated against 
N/10 NaOH. The difference in reading between the sample 
and the blank shows whether particular salt is an accelerator 
or retarder depending upon whether the difference is a + ve 
one (showing accelerating effect) or a negative one (s~owing 
the retarding effect). 



Remits:-
Synthesis of methyl butyrate TABLE No.1 Solvent • Ether 

Difference in e.es. of N/10 NaOU for the sample and the blank 
D11ys A B c D E F G n 1 J K 

1 2.0 4 71 ~.0 6.7 - o.s -81.2 5.7 2.8 8.4 •51. 5.4 
2 - 0.3 - 8.8 1.2 4.1 -11.0 - 35.5 1.5 -1.0. 3.8 48 4.4 
3 • - o.~ - 4.2 0.9 8.9 -15.2 -86.8 -20.8 - 1.2 3.8 3.2 3.8 

' -0.7 - 6.6 0.7 8.2 -19.4 -88.5 -85.8 - 1.5 8.9 1.8 22 
5 - 1.1 - 18.5 0.4 so - 18.6 -89.5 .. U.l - 1.8 4.1 1.7 2.0 
6 - 1.2 - 11.0 - 0.4 4.4 - 8.5 -40.0 -47.0 - 2.0 4.2 - 0.9 -0.2 

Synthesis of ethyl butyrate -TABLE No.2 Solvent-Ether 
1 -0.7 0.0 -2.2 -l.S· -1.\ -2.2 -1.4 -1.5 0.5 0.7 -0.9 "' I 

0> 

2 -0.4 -0 7 -1.7 -0.9 0.1 '-1.4 -0.8 .1).9 0.7 0.9 0.1 
~ 

8' 06 -0.8 0.8 2.2 2.0 -0.4 -0.8 1.3 0.7 -0.4 5.8 
4 1.4 0.9 . 1.0 2.4 -t.5 0,6 2.4 2.1 0.6 -1.8 4.1 
5 -t.8 1.8 1.6 2.5 -4.!1 2.B 30 2.0 -1.8 "'Tl.S Ui 
6 -o 7 -1.8 -3.2 -1.8 ... -5.~ -2.8 J.7 0,8 0.0 -1.9 -3.2 

Synthesis of normal propyl butyrate TABLE No.3 • r . Solvent-Ether' 
1 -2.0 -2 6 -2 5 -4.5 -1.8 0.4 -2.8 0.5 -0.4 7.8 -2.9 
2 -1.9 -2.2 -2.0 -8 9 -!.\ -0.5 -2.2 0.8 0.4 7.5 -2.9 
8 -1.8 -1.7 -0.4 -2.2 00 _, 3 -2.1 1.2 l8 8.3 -1.6 
4 12 1.2 1.0 05 0.0 -3.7 -2.8 48 I 8.1 10.5 85 
5 -1.3 2.6 4.6 10 o.o -U -so 2.1i 1.2 18.6 0,!1: 
6 ·8.4 8.2 "'!.2.8 1.8 0.0 -5.2 -8.8 '1.8 0.8 12.1 0.1 
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Synthesis of iso-propyl butyrate TABI.JFJ No. 4 Solvent·· Ether 

DiJft•rence in c.os. of NJ)O NnOII fol' the snmplfl nnll t.ho hltmk 

Days A n 0 ]) E F G ll I J K 

1 8.1) 2.8 ~2.6 -1.2 ~ 1.8 -1'>.2 ~~.9 -2.1 -1.8 -ll.O -8.~ 
2 6.1 6.1 -8.8 -0.6 -2.0 -4.1 -1 7 -1.0 -1.4 -7.0 -4..6 
8 ll.S 8.8 2.9 2.8 8.2 8.2 6.0 -1.0 },4, 1.6 _q,2 

' 4 4 6.7 -0.2 -8.0 0.4. 1.2 0.6 0.2 IU -7.7 -8.4-
6 8.1 4.9 -1.8 -8.9 -0.1 -2.6 0.4. -~.2 -1.2 ... s.u -1'> 4 

Synthesis of normal butyl butyrate TADLE No.5 Solvent-Ether. 
CQ _, 

1 -1.2 -0.9 -O.R 2.7 2.4 4.0 2.2 -4:.1 4.9 O.!l -0.8 c:: 
2 -6 2 -1.1 -1.8 2.6 2.8 2.!1 -10.1 -8.8 8.2 8.9 -0,4. 
8 -8.7 -1.4 -2.7 2.6 29 0.4 -17.9 -8.6 2.1 4.8 0.4. 
4 -12.8 -2.2 -S.& 0.8 2.6 -11.4 -28.2 -ll.!l 0.6 -0.11 -8.9 
~ -a.s -6.1 -4:.1 -4.2 2.2 -8.9 -28.8 ' -8.9 -8.8 -2.1 _, 1 

Synthesis of iso-butyl butyrate TADLE No.6 Solvtnt~ Ether. 

1 2,3 0.9 -1.8 2.8. 2.8 -0.6 2.1:1 1.4 2.8 8.4 0.6 
2 8.1 1.2' 2,2 4.1 8.6 8.8 6.2 0.6 2.4. 4.2 0.8 
8 8.7 1.4 2.7 2.6 8.9 8.4. 7.9 6.8 8.1 4.8 1.4. 
4 4.7 2.4. 4.7 2.2 6.4 2.9 4.0 6.6 8.8 ll.1 1.7 
~ 4.9 8.9 4.6 1.8 4..1 1.8 2.2 (j,4 2.!1 ~.2 2.9 



Synthesis of n·amyl butyrate TABLE No.7 ' 
Solvent-Ether. 

1 1,9 8.2 1.2 2.9 -1.8 8.9 1.7 2.2 -1.9 2.5 1.2 
2 2.5 4.5 1.6 4.1 0.2 4.4 2.5 ' 2.8 -1.7 8.0 1.5 
8 8.2 .5.8 -58 5.2 1.8 0.4 !.1 0.6 0.0 -0.6 -2.7 
4 4.2 0.6 -5.8 8.8 -2.8 -1.8 . -0.8 • -1.8 0.7 -1.7 -2.8 . 
5 8.6 4.8 -6.2 2.5 -2.7 -2.6 -2.5 -1.5 2.1 -2.0 -8.5 

Synthesis of iso-amyl Butyrate TABLE No. 8 Solvent-Ether. 
1 8.2 1,1 2.8 1.5 8.9 8.5 -4.1 -1.7 -2.2 89 0.8 
2 4.5 2.0 8.8 2.7 4.2 4.0 -8.9 -2.7 -8.1 4.1 1.0 
3 6.8 4.2 4.5 3.8 4.8. 4.9 -2.6 8.4 -2.4 8.7 -2.7 
4 -3.0 8.7 2.2 2.2 8.6 8.8 -8.4 -8.9 -6.4 1).8 -2.8 
5 -4.1 8.5 1.2 1.8 8.2 8.8 -8.8 -4.4 -7.5 4.3 -8.5 I» 

~ 

Synthesis of normal amyl formate TABLE No.9 Sol~ent-Ether. 
..... 

1 0.8 -2.8 -2.1 1.8 -1.8 -8.8. -4.5 8.2 28 2.5 0.6 
2 0.8 -~.0 -8.4 1.8 -~2 -1.9 -4.2 4.1 8.1 ' 8.1 1.0 
8 2.1 1.8 -5.2 1.8 -81 2.4 -2.7 8.6 .4.8 4.2 2,4 
4 8.2 1.6 2.1 2.9 o.o ... 5.8 5.1 . 2.2 
5 -1.6 - 1.4 -1.2 ... 0,0 5.4 4.9 ... . .. 

Synthesis of n-amyl acetate TABLE No. 10 Solvent-Ether. 
1 1.7 -0.8 l.S 2.5 -0.9 1.4 2.8 -0.4 2.1 8.2 -0.4-
2 1.9 -1.8 2.5 8.4 -1.5 2.8 2.8 1.6 2.2 6.5 -0.6 
8 2.8 -2.1 2.9 4.2 -2.9 1.9 2.1 ·2.1 8.9 7.2 -1.2 
4 -0.5 0.0 8.6 5.1 8.2 &.2 6.9 ... 
5 -1.9 -1.2 8.2 4.6 2.9 8.7 .. , 



Synthesis of n-amyl propionate TABLE No. 11 Solvent-Ether. 

, Difference in'c.cs. N/10 NnOII for the sample and the blank 

Days A ll 0 D E F ·G II I J K 

1 0.2 1.2 -0.5 3.1 -1.2 0.8 3.1 -1.9 1.6 4 5 -1.2 
2 0.4 2.8 -1.2 4.6 -1.8 0.4 1.2 2 8 1.5 5.0 -1.8 
3 OB 3.1 -2.6 3.9 -3.5 ~2.8 3.8 5.3 -2.5 

' 1.2 4.5 -2.3 ••• 4.2 ... ' 5.0 
5 0.0 8.8 ... ... 

Hydrolys~s of methyl butyrate TABLE No. 12 Solvent-Ether. 
Cl!l 
-l 

1 8.7 2.0 4.6 5.2 3.2 8,2 0.9 4.8 6,3 4.0 3.0 l~ 

2 4.9 4.9 7.8 6.8 6.8 8.9 2.0 6.6 6.9 4.9 8.2 
8 4.fi 6.8 4.8 11.8 5.6 5.2 8.l> 7.0 9.4 6.8 4.1'i 
4 8.7 10.2 5.8 5.9 1.0 4.7 .9.8 7.0 4.4 
5 10.1 ... 5.7 ... . .. 6.5 

'Hydrolysis of ethyl butyrate TABLE No. 
l 

13 ~olvent-Ether. 

1 8.1 . 0.0 1.8 0.6 1.6 0.4 0.7 0.9 1.4 1.0 0.9 
2 8.7 o.o 1.8 1.4 1.6 8.7 1.9 3.1 2,6 I 2.7 0.9 
8 8.6 0.0 1.6 0.9 2.7 2.6 2.3 8.1 89 4.0 0.0 
4 0.0 2.7 2.9 25 s.o 8.7 45 
5 2.7 8 1 2.7 ... 8.8 



Hydrolysis of n-propyl butyrate TABLE No. 14: Solvent-Ether 

1 57 4.4 6.1 6.4 6.9 7.6 6.1 8.3 6.0 6.3 4.4 
2 8.7 6.0 7.7 8.1 7.3 6.9 5.9 7.2 8.7 7.7 5.7 
s 8.9 8.5 8.2 8.5 7.5 ••• 5.7 6.4 8.5 8.2 6.2 
4 8.8 10.2 " 7.9 8.9 8.5 ... . .. 7.5 9.5 7.3 

Hydrolysis of iso propyl butyrate TABLE No. 15 Solvent-Ether 
/ 

1 2.8 38 5.2 7.2 3.1 2.2 6.5 5.1 6.3 !.2 1.2 
2 2.5 5.2 6.9 8.1 4.2 2.8 7.2 5.4 7.2 lJ-4 1.8 
s 8.4 6.1 6.5 Sl.li 4.1) 2.8 7.4 5.8 8.1 4.1 2.1 
4 4.2 7.'a 6.4 9.5 4.4 2.5 6.9 6.1 9.6 5.2 1.9 
5 5.2 6.9 8.9 ... ... 6.4 9.9 4.8 

0.:1 

Hydrolysis of n - butyl butyrate TABLE No. 16 Solvent-Ether 
..:! 
0.:1 

1 -0.7 1.2 o.s 0.6 -1.7 -2.1 -1.7 0.5 -0.7 -2.8 -1.8 
2 1.2 2.2 1.1 1.8 -0.8 -3.2 1,5 1.2 -1.5 1.2 1.1 
3 2.8 8.8 2.4 8.1 1.9 0.8 2.2 2.8 0.4 8.4 0.8 
4 2.1 8.4 2.0 2.6 1.4 1.1 2.0 8.1 ~.2 8.2 ... 

Hydrolysis of iso - butyl butyrate TABLE No. 17 Solvent-Ether 

1 18 2.1 -1.8 1.2 0.4 -1.8 o ·o 0.2 0.4 -1.8 0.5 
2 2.4 3.2 2.2 1.9 1.5 0.3 1.2 1.8 2.2 0.9 1.2 
3 3.2 4.5 3.1 2.1 !.3 1.5 2.4 3.1 3.8 1.6 2.1 
4 3.8 39 45 2.8 2.9 1.2 2.3' 3.8 4.1' 2.1 1.9 
5 3.5 4.5 2.6 2.4 ... 3.5 3.9 . 2.0 • •• 



Hydrolysis of n - amyl butyrate TABLE No. 18 Solvent-Ether 
' 

Difference in c.cs. of N/10 NaOII for the sample and the blank 

Days A D 0 D E F G II I J K 

1 2.6 1.2 0.6 1.1 1.0 2.5 2.7 1.2 2.9 1.2 1.8 
:2 2.8 8.8 1.1 1.2 J.O 2.8 1.9 1.8 8.1' 1.6 8.4 
8 22 6.7 2.2 2.8 1.4 2.1 1.11 2.l'i 8.6 2.5 4.1 
4 -0.8 8.9 1.9 8.1 1.6 1.8 Ill 2.2 11.2 2.4 2.0 
c; ••• 10.7 8.0 1.4 • •• 18.0 ... . .. 

Hydrolysis of i&o - amyl butyrate TABLE No. 19 Solvent-Ether w 
-t 
~ 

1 8.1 0.5 0.4 0.8 1.0 2.5 1.8 1.9 2.8 1.6 0.5 
2 8.8 1.2 1.0 1.5 1.5 8.2 2.1 2.2 4.1 2.1 1.2 
8 4.2 2.6 1.8 2.6 1.8 8.8 2.6 8.5 10.6 8.2 

' 
1.8 

4 Vi 8.1 1.5 8.4 8,6 2.5 ·4.1 11.8 8.2 1.5 
6 4.4 49 I 8.1 ... . .. ... 8.9 11.1i 2.9 . 

Hydrolysis of n amyl formate TABLE No. 20 Solvent-Ether 

1 -1.6 O.ll -1.2 1.(1 0.0 1.4 1.2 0.8 2.2 0.8 0.8 
2 -2.1 0,9 0.8 2.2 0.8 2.8 1.8 1.2 8.4 1.1 0.8 
8 -8.2 1.2 . 1.5 8.1 0.6 2.6 2.1 2.8 4,6 2.2 1.2 

' - -8.4 1.5 1.8 4.2 0.5 2.5 2.4 8.1 4.5 8.9 1.5 
6 -8.8 1.4 1.6 89 .... ... 2.0 8.0 • •• 8.6 1.8 . 



Hydrolysis of amyl acetate TABLE No. 21 
. 

Solvent-Ether 

1 2.S 1.2 -O.S 1.5 1.4 2.5 1.2 0.5 - 2.9 ' 1.1 1.8 
- 2 8.4 1.8 0.8 2.1 1.4 8.1 2.7 1.2 8.9 1.8 2.8 

s 4.2 2.1 1.8 2.8 1.8 3.8 2.9 2.3 8.2 1.5 8.2 
4 ·5.8 2.5 2.8 8.1 1.6 4.2 2.fj ~.8 10.6 2.8 3.4 
li 48 2.6 2.1 3.0 - 8.9 8,6 9.5 2.4 3.0 f ••• . .. 

Hydrolysis of amyl propionate TABLE No. 22 Solvent-Ether 

1 S.l 0.8 0.4 2.2 0.5 1.9 2.1 J.o 3.8 ' 1.9 0.5 
2 8.8 2.8 1.2 3.1 1.2 ;.s 2.9 2.5, 5.2 2.3 0.8 
3 4.1 ' 8.1 2.6 4.2 2.1 3.1 3.2 3.1 75 8.1 1.2 1:1:1 
4: 4.8 2.15 2.9 3,9 1.9 2.l> 8.6 4.8 11.2 4.2 ( 0.9 -a 

~ 

5 4.6 2.5 2.3 ... . .. 3.4 4:.5 10.8 3.9 -
A = Acetic acid; B = KCN; 0 =' NnCl; D = CaCh; E = Al013 ; F = Na2S04; 

G = Na2 HP04; H = MgS04; '1 = MnSO~;· J- BaCI,i K =: KtCre07 • 
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Results 
Even though a clear distinction between the accelerators 

and retarders is not possibl~ in general for the synth_esis of all 
esters, still it is found that CaCl2, BaCl2 and MnS04 are the 
best accelerators for most of the synthesis and AlCl3, Na 2S04, 
NaCl and K2Cr201 are poisons for most of1the syntheses. 

Further -smce the same salt appears for one ester as 
the best accelerator and fo1•' somfl other ester as a poison 
(i.e. MnS04 is accelerator for methyl butyrate and poison for 
amyl formate), it may be concluded that the accelerating or. 
the retarding effect may also be depending upon the substances 
used for synthesis. 

As regards the hydrolysis of the esters in general MnS04 
and KCN are the best salts for most of the esters. K2Cr201 
in general has got least accelerating power. 

Summary 
(1) Action of 11 substances has been studied on the 

synthesis and hydrolysis of est_ers. 

(2) Salts can be classified as accelerators, retarders and 
poisons for the synthesis as well as the -hydrolysis from the 
results given in tabular form. ' ' 

(3) In synthesis experiments, CaCl2, MnS04, BaC12 are 
best salts and A1Cl 3, NaCl and K 2Cr20 7 are poisons for most 
of the syntheses. 

(4) In hydr~lysis experiments, KCN and MnS04 are best 
salts and K2Cr20 7 retards the reaction. ' 

(5) In synthesis as wel! as in hydrolysis, MnS04 appears 
to be the best accelerator and K 2Cr207 appears to be a 
retarder. 

(6) The accelerating or the retarding effect depends upon 
the nature of the salt as well as the ester. 

(7) Finally it appears to be difficult to conclude anything 
definite as regards the effect of the nature of. ions on the 
synthesis and hydrolysis of esters. 
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PAPER XXIV 

A STUDY OF THE ENZYMES PRESENT IN 
GERMINATlNG SEEDS 

BY 

Dr. N. V. BHIDE, :M:. Sc, Ph. D. 

(With the kind permission of the authorities of tlle Bombay 
University and also of tile Agrl. College, Poona,· Magazine) , · 

Since 1842 the study of the germinated grains bas been· 
carried out by a number 't>f workers, many of whom have con
centrated their attention mainly on oil-seeds. Some of the: 
workers in this field are De S!J.nssare (Uber. Des. Chemen. Der. 
OcesamEscieen--Poripp Notium, 1842, pp. 24.), Helriegel tBot. 
Ztg., 1859, pp. 187), Brown and Morris (Jour. Chem. Sec. ,1895. :_-_ 
LVII, pp. 485), and Sahasrabuddhe and Kibe (J. Uni. Bom.:- • 
1934, Vol. III, Part 2). These workers have studied the 
enzymes in the extract of the seeds by using eithe,r pure fat or 
pnre starch as the substrate. It is proposed to study the 
amylase and proteinase activities of the extract of the germina- ·
ted grains employing the flours of the same grains as substrate. 
The flours of the following grains were used: 

1. Ba3ri (Pennisetum typlioideu!") 

2. Vari ( Panicum mllaceum) 

3. Gram (Oicer arietinum) 

4. Black-gram (Phaseolus radiatus). 

Preparation of the Enzyme Extract 

Twenty grams of bajri seeds were soaked in water for 
three hours and kept aside tor germination with usual precau
tions. Samples were removed after every twenty-four hours, 
crushed and extracted wi~ 250 c.c. of water, filtered and the 
extract thus obtained was subsequently -used for its amylase 
and proteinase activity. · 
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Amylase Activity of the Enzyme Extract 

1 gram of each of the flours was gelatinised in 50 c.c. of 
water in boiling water bath for ten minutes and on cooling to 
the room temperature, 10 c.c. of the enzyme extract were added 
together with 30 c.c. of the acetate buffer solution of pH 4.8. 
After the intervals of l, 2 and 3 hours the enzyme was inacti
vated by 5 drops of NaOH (10%), clarified with ZnO, the 
volume was made (100 c.c.), filtered and 10 c.c. of the filtrate 
were used for the determination of the reducing sugar by 
Bertrand's method. The percentage hydrolysis was expressed 
on the basis of the total hydrolysable starch as determined by 
the method given in the methods of a.,nalysis of A.O.A.-C, 1926, 
p 119, (oven·dry). The results have been given in Table 1. 

TABLE No. 1 

Percentage hydrolysis of the flours with- enzyme extract (bajri 
amylase) expressed on the basis of the total hydrolysable starch 

Extuct after 24 Extract after 48 Extract after 72 
hours hours hours Total 

_ hydro 
-------:---,,---,--~------.------,---- . lysahle 

_Name II hr. 2 hrs.]3 hrs.]l hr.l2 hrsl3 hr,s.j1 hr.l2 hrs./3 hrs. starch 

Bajri flour... 5.05 8.16 10.88111.39 22.27 ~4.99 16.15126.01; 28.73 59.82 

Tari flour ••• 4.37 7.69 10.70 10.26 16.15!21.47 15 58j23.18l25.27 56.23 

G~am flour.~. 6.44 7.59 12.42 . 9.8_9 18.66

1

,21.16 14.26

1

20.08!25.74 42.32 

Black-gram - I 
flour ... 4.001 6.20 8.22 8.20 24.60!27.0~ 11.60j14.80I18.00 50.87 

It is seen that the extract of the germinated bajt•i seeds 
contained an active amylase which can hydrolyse the starches 
from the flours of different grains which include both the 
cereal and pulse grains. Although the enzyme is obtained_ 
from bajri seeds it is not behaving ln any special way towards 
bajri flour. The activity of the amylase goes on increasing 
for the first 72 hours, then it begins to decrease (Table 2). 
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TABLE No.2 

The activity of the bajri amylase from day to d~y of the 
germination expressed on the total hydrolysable 

starch from bajri 

-
- %of Total 

Period of germination 1 hour 2 hours 3 hours bydroly• 
sable starch 

2i hours ... 5.01 I 8.16 10.88 59.82 
- . 

48 hours 
... 

11.89 22.27 24:.99 59.82 ... 
7 2 hours ... 16.15 26.01 28.7S t9.82 

' - ' 
96 hours ···j 7.82 15.47 l 23.46 59.82 

' 

(B) 

The Proteolytic Enzymes lrom Bajri Seed Extract . 
For studying the proteolytic activity the enzymes extract 

was prepared in exactly ,the same way as above. The activity 
of the enzyme was expressed in mgm. of amino-nitrogen as 
determined by the Van Slykes method. 

Experimental 

1 gram of the flour was suspended in 10 c.c. of the phos• 
phate bnffe1· of pH 9.6 (which was found to be the optimum) 
together with 10 c c. of the enzyme extract and kept at 
37°0. The activity of the enzyme was killed with dialysed 
iron 5 c c. followed by magnesium sulphate (50%) solution, 
the volume was made up (100 c.c.}. 

It was filtered and 5 c.c. of the filtrate were used for the 
determination of the amino-nitt·ogen by Van Slyke's method. 
The results are given in Table 3. 
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TABLE No.3 

Hydrolysis of the flours with enzyme extract (proteolytic from 
bajri seeds) expressed as mgms. of amino-nitrogen 

per 100 gms. of the flour 
--------·~---------------

1

1 Extract after 481 
hourH 

Extra~t after 24: 
hours 

Extract after 72 I % of 
hours ' Total 

----
~ pro

teins 

Name 1 hr. 12 hr~ 13 hrs.j1 hr./2 hrs.l3 hrs. 1 hr.,2 hrs.f 3 h in the 
rs. flonrl! 

Bajri flour ... 
Vari flour ... 
Gram flour ... 
Black-gram 

flour 

. I 
188.0 227.8 269.8 2119.2 310.6 331.3 310.5~ 352 41 

20.70 82.8168.0 40.3 H5.+07.3 IOS.41186.21 

209.13 3 !6.2 385,21.,;,, 420 81492.3 517.61579,8 

2<2.80 367.9 420.21315.9 490.2 520.616<I.2 72U 
I I 

372.7 9.6 

227.8 7.63 

679.8 20.03 

74:4.5 23.21 

The proteolytic enzymes from baJri seeds act well on all 
the flours. The activity of the enzymes goes on increasing as 
in the case of the amylase; The pulse flours gi\':e higher values 
of hydrolysis th~tn the cereal flours, as they CQntain a higher 
percentage of proteins. The order of the susceptibility was 
fcund to be as udid (black-gram), gram, bajri and va1·i. It 
may be stated that the comparison is made on the basis of the 
weights of the flour--without any consideration of their protein 
contents. The activity of the enzyme was maximum at the 
end of the 72 hours. It then began to decrease. 

II 
Enzymes From Gram Seed 

Gram-amylase:-The enzyme was not obtained in the 
form of the extract as above as the process was found to be 
impracticable due to the difficulties in :filtration, adJusting the 
equality of the nuruber of seeds, etc. The plimules of the 
germinated seeds were cut and dried at 55°0, powdered and 
used as such. The changes in the activity of the enzyme along 
with the advancing period of germination could not obviously 
be studied as before. The experimental procedure was exactly 



the same as in the previous case except that the buffer used 
was of pH 5.2 instead of 4.8 as it was found to be the optimum. 
The results are given in Table 4. 

T.A.BLE No. 4 

Hydrolysis of the flours with gram-amylase expressed on 
the basis of the total hydrolysable starch -I I _ \Z of Total 

Name I 1 hour 2 bOUl'S 3 hours hydrolys-

I , ' able starch 
. 

Bajri flour ... 2.88 5~37 13.74: 59.82 

Vari flour ... 2.41 4.94 14.13 50.23 

Gram flou,r ... 4.6 I 5.98 11.11 42.32 

Black-gram flour . 4.0 5.30 161~8 50.37' -
It is seen that the enzyme bas a preferential action on 

the flours. ,The flour of the seed from which the enzyme is 
obtained is more easily hydrolysed than any other flours. 

Gram-Pzoteinase 
The experimental procedure was the same as in the case 

of the bajri seed except that the buffer solution used was of 
pH 9.0. The results are given in Table 5. 

TABLE No. 5 
Hyarolysis of the flours with gram-proteinase expressed as 

mgms. of amino-nitrogen per 100 gms. of the flour 

Name 

Bojri flour 

rari tlour 

Gram flour 

Black-gram flour 

I 2 hours I 3 hours 

182.3 217.4 

90.4 123.5 

:::1 
253.3 333.3 

294.0 430.8 

I %of Total 
, proteins 

9.6 

7.53 

20.03 

23.21 
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Summary 

(i) The activity of the amy]ase and proteina!;e from the 
extracts of the germinated bajri and gram seeds was stndit>d 
by using the flours of bojri, t·ari, gram and black-gram as 
substrates. 

(ii) The extract of the germinated seeds was found to 
contain both amylase and proteinase which act equally well on 
the flo11rs of all the grains studied. 

(iii) The activity of the enzymes goes on in~reasing for 
the first 72 hours, it then begins to decrease. 

PAPER XXV 

A STUDY OF THE ENZYMES PRESENT IN 
GERMINATING SEEDS 

BY 

DR. N. V. BmnE, M.Sc., Ph.D. 

(lVith the kind permission of the a"thorities of the Bombay 
Un!versity and also of tl•e Agri. College, Poona, Magazine) . 

In part I, (J. Uni. Born., 1943, 12, 5A, 81) an account ·of 
the simultaneous presence of amylase and proteinase in germi
nating bajri (Pennisetum typhoideum) and gram (Cicer 
arietinum) seeds is ginn and some experiments on the acti
vities of these enzymes on different flours are also described. 

The importance of the pH for the activity of the enzyme 
has been recognized since long and a large amount of work 
bas been done in this connection. The specific effect of the 
different buffers on the action of the enzymes was studied by 
Sherman (J. A. C. S., 1925, 47, 28). The optimum pH values 
for some enzymes were found by K. S. Murti. (J.I.C.S., l!HO, 
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17, 578). In the present article the optimum pH for the 
amylase and proteinase from' the germinating bajri and gram 
seeds are described. 

Experimental 

Bdjri seeds were germinated for two days and were dried 
with hot air at 55°0-, powdered and passed through 100 mei;h 
sieve. 25 c.cs. of l% stare? solution were mixed with 0.2. gm. 
of bajri powder together with 25 c.cs. of the buffer solutions of 
different pH values, in separate flask\!., The mixtures were 
then incubated at 37°C for two hours; clarified with ZnO and 
filtered, Ten c. cs. of the filtrate were nsed for the determina
tion of the reducing sugars by Bertrand's method. The 
following buffers were used :-

( i) 0.5 M borax: and 0.05 M sodium carbonate for pH 
9.2 to 11 (Kolthoft and :Vlecolhhower, Biochem., Z., 1927, • 
189, 191). 

(ii) 0.1 M citric and 0.2 M disodium phosphate for 
pH 2.2 to 8 (Mcilvaine, J. Bio. libem .. , 1921, 49, 183). 

The optiwum pH for the bajri amylase lies between 4.7. 
and 4.9. This value is practically the same as that for :the 
diastase viz. 4.8. It therefore seems that the extract from 
the germinated seeds of bajri contains !liastase to a large 
extent. 

pH c.cs. of KMn04 pH I c.cs. of KMn04 

2.6 0.4 5.0 3.8 
3.2 1.2 b.2 -3.5 
3.5 1.9 5.9 2.8 
3.6 2.7 7.0 1.7 
3.9 30 8.1 1.7 
4.2 3.9 9.0 0.4 
4.7 4.0 9.6 0·4 
4.9 40 10.7 0.2 

i'or the determination of the optimvm piT for the bajn 
proteinase 0.2 gm. of casein (whieh was specially prepared for 
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the present work from milk) was thoroughly mixed with_25 c.cs .. 
of different buffer solutions and 0.2 gm. of the powder of 
bajri germinat~d for three days was then added to it together 
with some quantity of toluene. The reaction was allowed to 
proceed for two hours at 37c-C. The enzyme activity was killed 
by boiling the solution. It was then treated with dialysed 
iron followed by 1 c. c. of 50% magnesium sulphate solution. 
The volume was made to 100 c. cs., filtered and 5 c. cs. of the 
filtrate were used for the determination of amino nitrogen by 
VanSlyke's method. 

-
pH c.cs of amino nitro-

pH-
c.cs. of amino nitro-

gcn at N. T. P. gen at N. T. P. 

3.3 I 0.33 7.0 0.30 
4.2 0.33 8.1 0.40 
4.9 ~.41 H.O 0.50 
5.~ 0.3;) 9.6 0.54 
5.9 0.33 10.7 0.45-

-
Here we find that there are two values for the optimum 

pH, 4.9 and 9.6, with a minimun at pH 7. The first optimum 
pH corresponds to the optimum pH for the ;ajri amylase. The 
second value is a little more than that for trypsin. It may also 
be noted that one value is on the acidic side like that for 
pepsin while the other is on the alkaline side like that for 
trypsin. It therefore appears that the extract contains both 
pepsin and trypsin, each acting according to its respective pH 
range. 

An observation of two optima in the case of emulsin bas 
already been made by BL'Dns Wike (Oester. Bot. Z., 1923, 
Nr. 105, 58). This has been explained as due to the simul
taneous presence of amygdalase and prunase in the enzyme 
preparation. So the two optima observed in the present case 
may be due to the simultaneous existence of two enzymes as 
mentioned above. 

-
For the determination of the optimum pH for gram 

amylase the experimental details are exactly the same as those 
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for bajrj except that t:Q.e ,quantity of, the enzyme powder 
was 0.1 gm. 

pH I c. es~ of KMn041 pH 
1 

c. cs . .of KM.n04 __ .._ 

l . 2.6 0.40 5-.2 2.00 
3.5 0.40 5.9 1.20 
3.6 0 60 '..7.0 ' ~ 0.80 
3.9 0 80 8.1 0.40 
4.2 1.80 9.0 . ' 0.40 • 
4.7 1.90 

' 1 
9.6 . '0.30 

. 49 2.00 10.7 0.20 

Here the optimum value lies between 4. 9 and 5.2: Th.i~ 

value also is not much different from the optimum value for 
tb.e diastase viz. 4.8. The enzyme therefore appears to be 
diastase. It may be noted that in bojri which is a typical 
cereal and in gram which is a pulse, the amylase is ionnd to' 
be of the same tSJle. · 

The optimn~ pH for the gram" protein was determined as 
in the case of bajri, taking 0.1 gm.· of the enzyme powder. 

pH ~ c. cs. of amino-' pH c. cs. of amino-
nitrogen at N. :r· P. nitrogen at N. T. P 

-
3.2 0.36 7.0 .0.45 
4.2 0.37 8.0 • 0.53 . 
4.9 O.i:7 9.0 0.56 
5.2 0.47 9.6 I 0.55 
fi.9 0.50 10.7 0.53 

Here also there are two optima, one at pH 5.9 and the 
other at pH 9.0. 

-
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PAPER XXVI 

STUDIES IN .THE ENZYMES DURING THE 
PERIOD OF GERMINATION OF THE.SEEDS OF 

RALA ..AND HARIK 
r 

BY 

MR. ;M. V. SATHE, M. Sc. 

(With the kind permission of the authorities of the 
Bombay University) 

SECTION I 

(A) Introduction 
The work in this paper is restricted to the amylolytic 

activity of the enzymes only. During some preliminary trials 
it was observed that the enzyme extract of the rala and harik 
seeds contain the amylase with varying degree of concentration. 
It was also observed that the enzyme activity changes with 
change in the period of germination. 

During the previous chapters we have studied the com· 
parative disintegration of the different flours alone and their 
isolated starches. Hence we have obtained the comparative 
idea of their disintegrations with bydro:Jbloric acid and a 
number of regular enzymes like diastase, pancreatin, pepsin 
alone and pepsin superimposed by trypsin. All these ferments 
were obtained from the bodies other than the grains, the flours 
of which were used. 

It was thought interesting to study the comparative dis· 
integration of the flours by hydrolysis with enzyme extracts of 
germmated seeds of rala and harik. A study of this type 
would be interesting in two ways. In the first place- it would 
give some idea about the ability of the enzyme for hydrolysis 
of the other flours and if it is able to do so, it would also be 
interesting io see whether it behaves equally well with the 
grains from which it is prepared; secondly side by side the 
information about the activity of the enzyme with advancing 
period of germination may be obtained, 
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(B) (a) Determination of the optimum pH for rala -and 
harik amylases 

1. Rala amylase : Experimental:-
The- rala seeds were germinated for -four days and the 

germinated seeds were dried, _powdered and passed through 
a 100 mesh sieve. The powder thus obtained was used for the 
determination of optimum pH, keeping powers and suseepti; 
bility to different temperatures. , 

. 25 c.e. of one per cent. starch solution were mixed with 
0.2 grams of the rala enzyme powder together with 20 c.c. of 
buffer solutions of different pH values in separate flasks. The 
mixtures were then incubated for two hours at the end of which 
the activity of enzyme was killed with a few drops of 10 per cent. 
sodium hydroxide solution, Then it was clarified and the 
volume was made to 100 c.c., and filtered through a dry filtered 
paper. 10 c.e. of the filtrate were used for the determination 
of reducing sugars by Bertrand's method. The following 
buffers were used for various ranges of pH values. (!) 0.05 M 
borsx and 0.05 M sodium carbonate for pH 9.2 to 11 (Kohlthoft 
and Vel~ocbhower, Biochem. Z.1927, 189,191). (ii)O.l M 
citric acid and 0.2 M sodium hydrogen phosphate for pH 2.2 
to 8 (Mcilvaine, Jour. Biol. Chern. 1921, 49, 183, 191); Snell's 
calorimetric estimations 1939. 

TABLE No. 1 
Rala amylase 

c.cs. of decinormal 
various pH values. 

Observation No. 
1 
" .. 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

KMn04 for c.c. of the filtl·ate for 

pH value. 
2.4 
2.8 
3.2 
3.6 
4.0 
4.2 
4.4 
4.6 
4.8 
5.2 
5.6 
6.0 
7.1 
8.0 
9.1 

c.cs. of KMnO, 
0.9 
1.6 
2.0 
2.2 
2.6 
2.6 
2.5 ... 
2.3 
2.2 
1.8 
1.5 
1.1 
0.9 
0.6 
0.25 



From the· above table it is 'observed that the optimum pH 
for the rala' amylase is between 4 and 4 2, as the values of 
KMn04 are maximum at thls range of pH values. If we 
oonsider this optimum pH value with that of pure diastase this 
value is slightly low. 

TABLE No. 2 
Harik amylase 

c.cs. of decinorroal KMn04 for 10 c.cs. of the filtrate for 
various pll values. 
Observation No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

pH values. 
2.2 
3.4 
4.0 
4.8 
5.6 
5.8 
6.0 
6.2 
6.8 
7.2 
8.0 

- 8.4 
9.4 

c.cs. C?f KMn04 
0.4 
0,6 
0.9 
1.25 
1.5 
1.8 
1.8 
1.6 
1.4 
1.1 
0.7 
0.5 
0.25 

.From the above t:ible it is observed that the optimum pH 
valne for the harik amylase is between 5.8 and 6 as the 
values of decinormal KMn04 are maximum for this range. 
Even though rala and harik are cereals, the amylases 
obtained from their germinated seeds have different optimum 
pH values. 

SECTION II 

THE EFFECr OF AMYLASE EXTRACTS FROM 
GERMINATED SEEDS OF RALA AND Hd.RIK 

. ON THE FLOURS AS SUCH. 
Effect of. harik amylase on flours-

Experimental:- One g1·am of each of the flours (oven dry) 
was weighed in a conical flask and 50 c.c. of water were added 
to make a thin paste. The flasks were heated in a boiling 
water bath for 5 minutes. It was then cooled to room temper· 
ature and 10 c.c. of the en'zyme extracts were added together 
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with 20 e.c. of phosphate buffer of pH 5.8 which is the optimum 
pH valae for harik amylase. .A.t the end of each period the 
enzyme was ~illed by a few drops of 10 per cent. sodium· 
bydroxiqe solution. It was then clarified )Vith zinc oxide and 
the volume was made exactly 100 c.c_. [twas filtered through 
a'dry filter paper .and 10 c.c. of the filtrate were used for the 
estimation of reducing sugars by Bertrand's method. The 
percentage hydrolysis was expressed on' total hydrolysable 
starch basis (oven dry). Periods of hydrolysis were 1, 2 and 
3 hours. The seeds were germinated for r, 2, 3, 4, and 5 days.
The extracts at the .end of each day were used for the hydro• 
lysis of the flours. 

· Percentage hydrolysis of tlle flours expressed on total 
hydrolysable starch basis Cover dry) with enzyme extracts from 
harik seeds after 1. 2, 3, 4 and 5 days germination. 

· TABLE No. 31 

Period of Name of Hour' Hours n •• ,; I Totalhy· 
germina· the flour 1 2 3 drolysable 

tion - Starch 

lday Rala 0.93% L43% I· 1.77% 66.83 ~ . 
!day 

( 
Harik 1.21 z 1..87 z 2.63 i.: 70.52 :r . 

2 days Rala 1~85% 3.24% 3.87% 66.83% 
2 days Harik 2.34 i. 3.86% . 4.37 7. -70.52% 

' ' 
3 days Rala 3.81 io 7.13% 9.15 ~ • 66.83% 
3 days Harik 4.73% 8.31% 1~.43 :t.: I 70.52% 

4 days Ba.la 5.83% 8.15 %' 10.46 k 66.83 ~ 
4'days Harik 6.61% 9.52% 11.53% 70.52% 

5days Rala 4.11% 6.47% 7.93% 66.83 2 
5 days Harik 4.77 io I 6.98 t.: 8.72' 70.52 ° 

-
Fr~m the above considerations it is observed that the 

extract of germinated Aarik seeds eo ntain an active amylase. 
The diastatic, power of the amylase goes on changing from day 
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to day of germination. Thl:l enzyme obtained from harik 
seeds has some more affinity for harik flour. Hence it seems 
that the enzyme from the same seeds has more action on the 
starchy material of it3 grain than- that of the other grains. 
The extracts after three days and- four days germination 
contain a more concentrated and act1,ve form of amylase as the 
values in these cases are higher than those in the other cases. 

' Effect of rala amylase on the flours of rala and harik 

Experimental :-The exp'erimental proc~dure is similar to 
that in the case of the harik amylase. The only change is that 
pf the optimum pH value for the rala amylase which is found 
to be 4.2. All the reactions for rala amylase are carried out 
at this pH value 4.2. 

TABLE No.4-

Percentage hydrolysis of the flours expressed on total 
bydrolysable starch basis (oven dry) with, enzyme extracts 
obtained from rala seeds after 1, 2,' 3, 4 and 5 days 
germination. 

Period of Name of Hour Hours Hours Total Hy-

germination flour 
/ 

1 2 3 drolysable 
starch 

. 
1 day ... Rala~ 1.83% 4.38% 6.42% 66.83% 
1 day ... Harik 1.12% 2.81% 4.21 % 70.52% 

2 days ... Rala 6.23% 10.31% 12.57% 66.83% 
2 days ... Harik 4.82% 7.73% 8.93% 70.52% 

--
3 days ... Rala 11.27% 13 83% 14.26% 66.83% 
3 days ... Harik 13.44. % 115.34 % 16.87 % 70.52% 

4 days ... Rala 23.37% 26.29% 30.87% 66.83% 
4 days ... Harik 19.51% 22.::!5 % 25.92% 70.52% . 
5 days ... Rala 20.83% 22.18% 24.53% 66.83% 
5 days ... Harik 18.57% 21.31% 23.31% 70.52% 

- -
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From tb.e above results if we consider the activity of the 
rala amylase of different periods of germination with diffe~;t:nt 
periods of hydrolysis expressed on ·total hydrolysable starch 
basis it is observed that the activity goes on increasing from 
day to day up to four days germination. After this the 
activity decreases which is shown by the hydrolysis- by enzyme 
extract after five days germir.ation. · 

SECTION III 

. A STUDY OF ·suSCEPTIBILITIES OF THE 
AMYLASES FROM RALA AND HARIK SEEDS 
AT DIFFERENT TEMPERATURES AND THEIR 

KEEPING POWER. -

Susceptibilities of the enzymes at different temperatures 

It is a well known fact that the enzymes lose their activity 
when they are subjected to higher temperatures. In order to 
get some· idea as_ regards the stability of the enzymes at 
different temperatures their activity was studied at diffetent 
temperatures. 

Experimental :-0.5 gram of the enzyme was taken in a 
conical fl11sk. The enzymes were kept at different tempera
tures for half an hour. To these flasks were added 26 c. c. of 
1 per cent. potato-starch solution. Then to the rala enzyme 
powder 25 c. c. of buffer solution of pH 4.2 and to the harik 
enzyme powder 25 c: c. of buffer solution of pH 5.8 were 

I 

added. The reaction was carried out for one hour at the end 
of which the enzyme was killed by a few drops of 10 % sodium 
hydroxide solution. It was then clarified by zinc oxide and 
the volume was/made to 100 c. c. The mixture was then 
filtered through a dry filter papeJ· and 10 c. c. of the filtrate 
were used for the determination of the reducing sugars by 
Bertrand's method. 

Percentage hydrolysis of the starch by the rala and harik 
Jn;tylase at diffel·ent temperatures. 



Temperature in 
centigrade. 

27 

37 

40 

42 

45 

47 

52 

57 

67 

77 

87 
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TABLE No.5 

Rala enzyme 
powder 

21.68% 

~9.87 

31.12% 

£f1.12% 

21.32% 

10.2% 

6.93% 

0.0% 

Hari.k enzyme 
powder 

16.23% 

20.93% 

20.93% 

13.83% 

3.67% 

0.0% 

••• 

From the above table it is observed that the optimum 
temperature range for harik amylase is 37°0-40°0, whereas 
for the rala amylase it is 42°0-45°0. As the temperatures 
increase more than the room temperature the activity in
creases upto a certain temperature and falls down beyond the 
optimum temperature. The harik enzyme loses its activity 
at 67°0. whereas the rala amylase loses its activity at 87°0. 
Hence it seems th~t the mla enzyme is more stable at higher 
temperatures than the hari!. enzyme. 

Keeping Powers of the Enzymes 
It is a well known fact that the enzymes lose their activity 

due to keeping. In the preliminary trials with tbe enzymes 
used in the previous sections it was observed that their activity 
did not remain constant. In order to get the idea about the 
fltability their keeping power was studied. The ~tudy was 
restricted to_ the amy lolytic activity. 
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.Experimental- 0.5 gram ·oi .ibe enzyme powder was 
taken and 25 c.c. of l per cent. potato starch were added to it. 
25 c.c. of buffer solutions of pH 4.2 were added to rala ~nzyme 
powder and of pH 5.8 to harik enzyme powder. The flasks 
were incubated at 31 degrees centigrade for" two, hours at the 
end of which the enzymes were inactivated by two drops of, 
10 percent· sodium hydroxide solnti~n. It was theJ;J clarified by 
zinc oxide and the volume was made ·to 100 c.c. It was then· 
filtered through dry filter papE:r and 10 c.c: of the filt~ate were 
used for the determination of the reducing sugars l>Y :Bei·t-
rand's method. · • 

• _ Percentage hydt·olysis of the sta.rch by the enzymes at 
different periods (expressed in days). , ' 

TABLE No.6 

Observation No. Days I Rala enzyme Harik enzyme 
powder . powder 

1 0 29.12% 23.32% 

2 30 14.62% 13.64% 

3 45 11.73.% 12.41% 

4 60 ~ 10.42% ,7.83% 

5 80. 9.13% 5.31% 

6 100 6.26% 2.92% 

7 130 4.73% 2.23% 

In both the cases there is rapid fall in the activity of the 
enzymes during the first month. The fall is about 50 per eent. 
in the first month in case of raltf" amylase and 34: percent. in 
case of harik amylase. The rate falls down slowly after 30 
days in both the cases. After four months the rala amylase 
loses activity to the extent of about 80.% and ltat'ik amylase to 
about 90 per cent. It seems that the rala enzyme keeps 
slightly better than the Aarik enzyme. · • 



ConclusioDS 

1. The extracts from the germinated seeds of both rala 
and harik contain an actiYe amylase. -

2. The enzyme extract;; act'upon both the flours. How
ever the enzyme extracts fr<~m the same seeds ha\"e more 
action on the starchy material of its own grain than the starchy 
material of the other grains. 

3. The actiYity goes on increasing from the :first day of 
germination up to the fourth day of germination. Then it 
decreases gradually in the Cll.Se of both the enzyme extracts. 

4. The optimum 1 H for the rala amylase is between 
4 and 4.2, whereas for haril.: amylase it is between 5.8 to 6. 

5. Both the enzymes lose their actinty at higher tem
peratures. The rala amylase loses its actiYity at 87°0. 
whereas harik amylase loses actinty at 67~0. 

6. Both the enzymes lose their actiYity after the first 
month of their preparation. The actirity slows down at the 
end of the fourth month. It is obsened that the rala amylase 
keeps slightly better than the harik amylase. 
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PAPER XXVII 

STUDY OF THE ·ENZYME 'LIPASE' 

BY 
J.ASSIE S, LILAOOWALLA1 M.Sc. 

(With Che kina permission of the authorities of the Bombay 
University). ' 

SECTION I 
Introduction 

It has been observed and proved that 'Oil-seeds' contain 
an enzyme 'Lipase' which by its virtue of lipolytic activity 
brings abont hydrolysis of the oils on keeping, 

The above observations were first made by .t. Pelonze in 
1855 (C.R. 1855, 40, 605). He drew attention to tb.e fact that 
seeds, such as linseed, poppy, mustard, sesame, ground-nut 
and almonds contain a substance which is capable of produo-' 
ing comparatively rapid hydrolysis of the oil present in the 
seeds when these are crushed. 

' 
The oil extracted from freshly crushed seeds contains very 

negligible amount of acid, but if the oil is kept for some days 
after extraction, appreciable quantities of free acid can be 
detected, and the amount tends to increase gradually as the 
perio<t iucre.ases. 

The above decomposition bas been attributed to the pre• 
sence of a fJ~rment which has been termed ,'lipase'. Similar 
obserYations have been made by Chevreul (loc. cit. ~11) in 1853 
when working on an African seed, Pentadesma. 

J. Reynolds Green ,Proc. R. S. 1890, 48, 370) was the first 
person to discover the 'ricit~us lipase' frow ca:.tur Lean :oeed 
(Ricinus communis). Green found that the plant enzyme is 
a typical lipase hydrolysing true fats. Since that time the 
observations of Green have been confirmed many a time. 
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Its optimum pH is betw_een 4.7 and -5.0 (Willstatter and 
Waldschmidt-Lietz. E. Uber Ricinus 'lipase Z. Physiol. Uhem., 
134, 161-1923-24). It varies slightly according to the buffer 
employed. 

Constein, Hoyer and Wartenberg (Ber, 1902, 35, 3839) 
were the first to recognise the technical Importance of vegetable 
lipases from a chemical point of view. Their first experiments 
consisted in grinding together a given weight of castor seed 
with its own or twice its weight of a one per cent.' chloral 
hydrate solution. The results proved that in the latter case 
95% of the oil preseut in the seed was hydrolysed within four 
days at 35 degrees centigrade. In their .later experiments they 
added small amounts of acid to the mixture of water, oil and 
ground seed, and found that the 1·eaction was much accelerated. 
They also showed that many other oils besides castor oil can 
be saponified by the lipase present in the castor see_d, but that 
some oils ure not readily hydrolysed. 

Numerous othel' seeds also contain lipolytic enzymes 
(J. Pelouze C. R. 1855, 40, 605). The well Known fact that 
the ground-nut oil, cocoanut oil. and palm kernel oil rapidly 
develop acidity when kept, 'unless they are carefully refined, 
indicates the presence in these oils of small amou~ts of 
enzymes derived from the meal from which they are extracted. 

So far a good amount of work bas been done in studying 
the 'Ricinus Lipase' from the castor beans seed by (J. ,J. 
Sndborongh, II. E. Watson and P. S. Varma. Jr. Ind. Inst. Sc., 
V?l. 2, Part XV pp. 213-273, 1919). 

Among the recent workers in this field the following may 
be mentioned. Falk 'Effect of proteases on lipase action' 
{J. Bioi. Chern. Vol. lOS, 1935. pp. 421) Bregman and Frusten 
have studied the 'Proteolytic enzymes' (J. Biol. Chern .. 
Vol. 118, 1937, pp. 715). Kelsey has given his contribution 
to the 'Action of castor bean and pancreatic lipase on blood 
neutral fat'. (J.Biol. Uhem. Vol. 130, 1939, pp. 199). 
Kelsey has also studied 'The use of lipase' in lipid analysis 
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(J. Bioi. Chem. Vol. 180, 1939, pp. 187}. Hellburman, Lestie, 
and Perkins "Act.ivation of enzymes"., (J. Bioi. Chem. 
Vol. 112, 1935-36, page 175). Greenstein and Jessie 'The 
action of proteolytic enzymes On synthetic substances' (J. 
Bioi. . Chem. Vol. 112, 1935-36, Page 517). Weinstein, 
"Studies on pancreatic lipase (J. · Bioi. Chern. Vol. 112, 

. 1935-36, page 641-648). Mulin H. Peterson, Mavin J. Johnson 
and W. V. Price "Determination of milk lipase" (J. Bioi. 
Chern. Vol. 37, 1943): I. A. Could,. 'Influence of 'pH, type of 
fat and pancreatic extract on -lypolysis in homogenised milk. 
(J. Dairy Sci. 25, 1942, 869-75). Longnecker, H. E. and Haley 
D. E. "Ricinus Lipase and its nature and specificity"·. 
(J. American Che. Soc. 57, 20111, 1935). 

This paper contain's the work done on the 'Study of the 
enzyme lipase from the ground-nut and linseed'. Itt' also d"eals 
with the. hydrolysis of the following oils, ground-nut, linseed, 
and sesame with en~)me 'lipase' extracted from their corres· 
ponding meals. 

It is well known that in the alimentary tract of the higher 
animals, glycerides undergo hydrolysis by the catslytic agency 
of fat splitting enzyme ' lipase' secreted by one of the 
digestive glands, the pancreas. The breaking down of the fats 
by this agent is greatly accelerated by the physical action of 
the salts of the bile acids, which by their marked power of 
lowering surface tension tend to increase the dispersion of the 
oil droplets and to give rise to emulsions. 

The adsorption of the majority of the edible oils and fats 
is almost quantitive, that is, values ranging from 95 % to 100% 
are obtained for the digestibility coefficients. Lower values 
have been recorded for some fats, more particularly in cases 
where the melting point approaches, or is higher than the 
body temperature, so that the emulsification of the fatty 
globules in the intestinal contents may possibly be less satis· 
factory than in the case of oil. (Oils, Fats and Fatty foods, 
by J. C. Drumond, Professor of Biochemistry, University of 
London). · 
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Extraction of the Enzyme 'Lipase ' from the Oil Seeds 

The enzyme 'lipase' from the oil seeds ground-nut and 
linseed· was extracted in' the three following ways :-

(A) From the resting seeds. 

(B) From the resting seeds, but with Tanaka's dry powder 
method. 

(C) From the germmated seeds. 

SECTION II 

Determination of the pH for the enzyme 'lipase' 

The pH for the enzyme lipase was determined as follows. 
Since it has been stated before that acids accelerate the hydro
lysis, an acid buffer of 0.2 M disodium phosJ>hate and 0.1 M 
citric acid was made to be used as a buffer solution. A range 
of buffer mi'.x:tures was made from 2.2. pH onwards to 4,6 pH. 
The maximum pH required for hydrolysis was found out for 
the enzyme lipase was 4.2 pH. Thus we see that the optimum 
pH for the 'lipase' lies in the neighbourhood of 4.2 pH for the 
above acid buffer and the lipase. According to W1llstatter and 
Waldschmidt-Lietz E. (Ube1 Ricinus Lipase Z. Physiol. Chern. 
134, 161, 1923-24). The optimum pH for the 'Ricinus Lipase' 
lies between 4.7 and 5.0 pH, varying slightly llccording to the 
buffer employed. 

It is observed at first that the hydrolysis of the oil goes on 
increasing slowly from 2.2 pH to 3.4 pH. Here the increase 
is very gradual, but there is an abrupt rise in the hydrolysis 
of the oil from 3.8 pH and it reaches 1ts maXImum at 4.2 pH, 
while again it falls abruptly at 4.8 pH, the hydrolysis falling 
from 3.359% to 2.239%. It is quite evident that the optimum 
pH for the lipase is in the neighbourhood of 4.2 pH.~ 

I 
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TABLENo. 1 

Determination of the Pli for the Enzyme Lipase 

Buffer used-0.2 M disodium phosphate and 0.1 M citrie 
acid. -

A range of activators from 2.2 onwards to 4.6 pH wa!i 
prepared and the following experiments were carried out to 
determine the optimum pH value for the lipase enzyme pre
pared from the ground-~ut and linseed. 

Each set of experiment contains 1 o.c. of sesame oil, 2 
c.cs. water, and 200 mg. of enzyme lipase, ~ c.cs. of buffer of 
varying 'pH value, and the mixture was incubated for a 
fixed time of three hours at 37.5°0, 

Set. 

1 

2 

-3 

4 

5 I 
6 

7 

Saponification value of the oil = 45.36 
Acid value of the oil. = 1.53 

Oil in pH value c.cs. 

--
1 c.c. 2.2 

1 
" 

2.6 

1 
" 

3.0 

1 
" 

3.4 

1 
" 

3.8 

1 
" 

4.2 

1 
" 

4.8 

C.Cs. of N/10 
NaOH required 

0.3 c.c. 

0.4 .. . 
0.5 

" 
0.6' " 
0.9 

" 
1.2 

" 
0.8 

" 

Percentag e 
s. , hyd1·olysi 

0.840 0 

1.1189 ° 

1.402 0 

1.682 
.. 

2.519 

3.359 

2.239 
I 

Effects of Buffer Concentrations on the Rate of 
Hydrolysis 

It will be seen from the table No. 2, that buffer concen. 
tration plays a very important part in the course of hydrolysis 
of oils. An increase in the quantity of the buffer brings about 
a shift in the percentage hydrolysis, 
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A number _of control experiments was carried aiong as 
shown.in the table No.2, keeping other factors conEtant. A 
buffer of 4.2 pH was added from 0.3 c.c. to 1.0 c.c. as shown 
in the table,- to study the rate of hydrolysis. It is observed 
that the maximum hydr9lysis is attained at the concentration 
0.5 c.c. it being 3.359% and subsequently fallmg to a minimum 
l.U59% when the concentratwn is gradually increased to 
1.0 c.c. T4us we see that on doubling the concentration of 
the buffer solution the hydrolysis does not increase but it 
drops. ' 

T.ABLE No. 2 

Effect of buffer concentrations on the r~te of 
hydrolysis 

Each of the experiments contains 1 c.c. of sesame oil, 
2 c.cs. of water, 100 mg. enzyme lipase, and varying quantities 
of the activator or buffer of 4.2 pH and incubated for a fixed 
period of 3 hours at 37.5°0. 

Saponification value of the oil = 45.36 
Acid value = 1.53 

Set Oil in Quantity of I C.Cs. of N/10 Percentage 
c.cs:- buffer added NaOH required hydrolysis. 

I . 

1 1 c.c. 0.3 c.cs. 
J • 

1.0 c.c. 2.799% 

2 1 
" 

0.5 
" 

1.2 ,. 3.359% 

3 " 1 0.6 1.1 3.107% " ., " 
4' 1 

" 
0.9 

" 
0.8 " 2.239% 

' 5 1 
" 

1.0 
" 

0.7 " 1.959 % 

Effect's of variation in the substrate concentration 
on the course of hydrolyais 

A further study was done by changing the substrate con
centrations and keeping other factors constant, to see whether 
the variations in the substrate concentration influences the 
rate of hydrolysis. 
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From the table No. 3, it is seen that a change of 
substrate influences the hydrolysi;; of oil to a greater extent. 
It is obviously seen that a maximum hydrolysis of the oil takes 
place when substrate concentration is 2.0 c.cs. of oil or its 
equal weight. At 3.0 c.cs; it falls slightly but when the 
quantity of the oil is increased to 4.0 ~c.cs. it falls still further. 

Thus we see from the table No. 3 that the substrate con
centration plays a very important part in influencing the rate 
of hydrolysis. -

TABLE No. 3 

Effect of variation in the substrate concentrations on the 
course of hydrolysis · 1 • 

Each set of experiments contains varying quantities of 
sesame oil, 2 e'.cs. of water, 100 mg. of the enzyme lipase, 
0.5 c.cs: of activator or buffer of 4.'2 pH, and incubated for a 
fixed period of 3 hours at 37.5°0. • 

Saponification value of the oil = 45.36 
.Acid value = 1.53 

Set. Oil in c.cs. I C.CR. of N/10 I Percentage 
NaOH required hydrolysis 

] 1 P.. cs. 0.5 e. cs. 1.402% 

2 2 " 
1.3 

" 
1.820 %' 

a 3 
" 

1.7 
" 

1.586% 

4 4 , 2.6 " 1.092% 

Effects of variations in the enzyme concentration on the 
amount of hydrolysis 

Study of enzyme concentration was next taken to Ree 
wl1ether 11 variation in the enzyme concentration ln·ings' about 
anr change in the rate of hydrolysis of the oil. : 
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Three varying quantities'of enzymes were used as shown 
in table No. 4. The factors, that is, oil, water, bu:lier solution 
added, temperature 37.5 degrees centigrade and time were 
kept constant as in the previous cases. It is observed from 
the table that for 50 milligrams of enzyme and 100 milli
grams of enzyme the hydrolysis carried out is the same. While 
for 200 millig1·ams the hydrolysis is increased, but the increase 
is from 2.519 %to 2.6b9 %-a very negligible one. It appears 
that 50.0 milligrams of the enz_yme--.lipase' work best. Accord-

' ing to Constein Hoyer, and Wartenberg the proportion of seed 
or enzyme to oil is important. On the whole an increa~e in the 
amount of seed accelerates the hydrolysis, but the velocity of 
the decomposition is by no means proportional tO- the amount 
used, as small quantities act relatively more energetica~ly 
than larger ones. (cf. Fokin J.S.C.I. 19,04, 23, 1152). 

TABLE No. 4 

Effect of va~iations in the enzyme concentrations on the 
course of hydrolysis 

-
Each set of experiments contains 2 c.cs. of sesame oH, 2 

c.cs. of water, 0.5 c.cs. of activator or buffer of 4.2 pH, and 
varying quantities of the enzyme lipa&e and incubated for a 
fixed period of 3 hours, at 37.5 degree~ centigrade. 

1 

2 

3 

Saponification value of the oil := 45.36 

Acid value == 1.53 

Oil. I Enzyme in I C.Cs. of N/10 I 
mgm. NaOH required 

Percentage 
hydrolysis 

2 c.cs. 50 mg. l.s' c.c. 2.519% 

2 
" 100 

" 
1.8 

" 
2.519% 

2 
" 200 

" 
1.9 

" 2.659% 

-
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SECTION III 

Study of the Hydrolysis of the Edible Oils In-Vitro 

A study of hydrolysis of the following two oils was done 
in-vitro. The oils-ground·nut and linseed-were preserved 
after extracting their corresponding meals, which were used 
as enzyme 'lipase'. The oils were purified by filtering and 
the ether driven off by keeping them in oven at 98 degrees 
centigrade. Then they were duly bottled after cooling and 
filtering them. The filtering was done to remove any suspended 
material. · -

A comparath·e study of hydrolysis of the above oils was 
then done in-vitro, keeping them at 37.5 degrees centigrade, 
and incubating them from t.hree hours to twenty one horu·s, to 
study their hydrolysis. ' 

The enzyme lipase at first used was from ite own oil meal 
but treated in three different ways as given previously. c The 
other factors such as substrate concentrations, buffer used·, 
water added, and the temperature under consideration were 
the same in all cases. The above factors were determined as 
will be seen from the description already given, for getting 
the maximum hydrolysis of the oils under consideration. 

In the first mstance three different preparations of the 
enzyme lipase from the ground-nut Jneal were used on the 
original oil. The enzymes were respectively named A, B, 
and C, in order of their extraction. The quantity of the oil 
used was 2 c.cs. and its weight determined, buffer 0.5 c.o. of 
4.2 7JH,- water added 2 c.cs., and the enzyme added 50 milli
grams and incubated for varying time from 3 hours to 
21 hours at 37.5 degrees centigrade. A blank experiment was 
also conducted side by side using all the above factors except 
the oil. The difference between the blank and-the real ex
periment gave the amount of hydrolysis that had taken place 
in the same time. The hydrolysis was measured in terms·of 
N/10 NaOH used up. Before starting the actual work the acid 
value and the saponification value of the oil in question were 
determined in terms of N/10 NaOH. 
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Study of hydrolysis of the ground-nut oil with the 
enzyme 'lipase' as present in the grount-nut meal 

In the table No. 5, three different preparations of the 
enzyme from the ground-nut meal, that is, ground-nut 
enzyme meal on the ground-nut oil are used. The enzymes 
are named A, B and C, respectively in order of their 
extraction. As stated above th~ other factors were kept con· 
taut except the time factor. It will be seen from the table 
that the enzyme 'lipase'. B, which has been treated with 
Tanaka's dry powder method is more active than the enzyme 
'lipase' from A, which has been extracted from the resting 
seeds of the ground-nut. While on the -other hand the 
enzyme 'lipase' 0 from th; same table is almost as active as 
enzyme A. Sigmund (Sitz. Kais. Akad, Wiss. 1892, 100, 328) 
~otates that germinating seeds are more active. Constein and 
co-workers deny this and Walker and Bourne (Tech. Quart., 
1904, 17, 284) claim that get:_mination lessens the activity of 
the seed. .According to Hoyer (Ber., 1904, 37, 1436) seeds in 
process of germination, the enzymatic activity is weaker in 
the portions of seed adjoining the germ than in those further 
removed. K. G. Liawala (Jr. Ind. Inst. Sc., Vol. 2, Part XV. 
pp. 226- 267, 1922) states that germinated seeds on the whole 
are not as efficient as resting seeds from the point of view of 
lipolytic activity. Our experiments show that the lipolJtic 
activity of the resting ground-nut seed and germinated 
ground-nut seed is nearly equal. But at the end of 21 hour8 
we find that the percentage hydroysis is gnater in the case of 
enzyme 'lipase' C, which is extracted, from the germinated 
seed8. Thus we see that the germination does bring about the 
activation of tile enzyme 'lipase', to a certain extent. 

Now we shall consider the time factor from table No. 5. 
it is evident in all cas~s that as the time is inc,·eased from 
three hours to 21 hours, the hydrolysis of the oil gradually 
increases. It is almost one and a half times in all the three 
cases. Ou the whole the hydrolysis is less than even one per 
cent. The maximum hydrolysis is attained in the table at the 
end of twentyone hours with enzyme B, being 0.533 %. 
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TABLE No. 5 

Study of hydrolysis of the ground-nut oil with enzyme 
•lipase' as present in the grounCl-nut meal 

\ 

Each set of expel'iments contains 2 c.cs. pf gro-und-nut oil, 
2 c.cs. of water, activator or buffer 0.5·c.c. of 4.2 pH 'and 
incubated at 37.5° C. 

Saponification value of oil = 42.5 

Acid value = nil 

Set Enzyme Oil in Time in C.C>. of N/10 I Pereeotoge 
in wge. c.cs. hours NaOH required hydrolysis 

~ 

' 

1 A 50 2 c.cs.l 3 (),20 0.266 
A 50 2 .. ' 21 0.35 0.354 

I - ' 
2 B 50 2 c.cs. 3 0.30 0.400 . 

B 50 2 
" 

21 0.40 0.533 - -

3 J 
c 50 2 c.cs. 3 

1 
0.20 0.~66 

c 50 2 
" 

21 0.40 
-l 

0.467 

Study of hydrolysis of the linseed oil, with the enzyme 
•lipase' as present in the linseed meal 

Now, we come to the study of the hydrolysis of the linseed 
oil, with the enzyme 'lipase' as present iu the linseed meal. 
The table No. 6 shows all the details. Here ' too we 
bave got th'ree prepal·ations of the enzyme 'lipase' namelt, 
A, B, and C, in order of their extraction. It is seen from the 
table that the enzyme 'lipase' from the linseed acts on linseed 
oil better than the ground-nut 'lipase' on ground-nut oil. 
Comparing the figures for hydrolysis in table No. 5, with those 
of table No. 6, it is seen that the percentage hydrolysi~ of 

-linseed oil is wore than the hydt·olysis of the ground-nut oil. 
while the enzyme extraction behaves in the same order as fat• 
lli their lipolytic character is concerned. The enzyme B1 
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treated with Tanaka's method is more active than the enzyme A 
or C. The maximum hydrolysis attained i~ the table with 
enzyme B is 0.769%. ' The other conditions remain the same 
as iu the previous enzyme from the ground-nut. 

Here allw we observe that the hydrolysis of the oil is 
greater with enzyme 'lipase' C, at the end 1Jf 21 hours, while 
at the end of three hours the figures for hydrolysis for the 
enzyme 'lipase' A and 0 are just the same. 

Further study in 'hydrolysis' of the oils was', done by the 
same enzyme 'lipase' from the ground-nut and linseed meals, 
but here the substrates used were interchanged to see whether 
interchanging of substrates effects the rate of hydrolysis of the 
oils in any way. The other factors were kept constant as in 
the case of tables No. 5 and 6. 

TABLE No.6 

Study of hydrolysis of the linseed oil with the enzyme 
'lipase' as present in the linseed meal 

Each set of experiments contains 2 c.cs. of linseed oil, 
2 c.cs. of water, activator or buffer 0.5 c.cs. of 4.2 pH and 
incubated at 37.5°0, 

Saponification value 40.3 
Acid value nil 

sfnzymel e m mgs. 
Oil in 
c.cs. 

I Time in I C.Cs. of N/10 I Percentage 
hours NaOH required hydrolysis 

9 

1 A-50 2 c.cs. 3 0.30 0.419 
A 50 2 

" 
21 - 0.40 0.559 

2[ 
B 50' 2 c.cs. 3 0.35 0.489 
B 50 2 

" 
21 0.55 0.769 

3 c 50 2 c.cs. 3 0.30 0.419 
c 50 2 

" 
21 0.50 0.699 
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Study of hydrolysis of the linseed oil with the enzyme 
as present in the ground-nut meal 

In the iahle No. 7, the results of hydrolysis of the 
linseed oil, l'vtth the enzyme 'lipase' as present in the 
ground-nut meal art~ tabulated. As in the previous cases 
three different preparations of the enzyme 'lipai\e' A, B and C 
are respectively used. Comparing :figuresin table No. 6 with 
those of table No. 7, we see in the first instance that the 
activity with the enzyme- 'lipase' at the end of three hours is 
just the same, while at the end of 21 hours, it is less in the 
former case being 0.559%, while in tha latter case it is 0.769%. 
Same observation is met with in the enzyme 'lipase' B, the 
acth·ity increasing at the end of 21 hours. ,While in the case 
of enzyme C, there is no change at all, the activity remaining 
constant. · -

TABLE No.7 
Study of hydrolysis of the linseed oil with the enzyme 

•lipase' as present in the ground-nut me~l 

Each set of experiments contains 2 c cs. of linseed oil, 
2 c.cs. of water, activator or buffer ~0.5 c.cs. of 4.2 pH and 
incubated at 37.5°0, 

Saponification value = 40.4 
Acid value = nil 

-
Set Enzyme Oil in Time in C.Cs. of N/10 Percentage 

in mgs, c.es. hom·s NaOH requhed hydrolysis. 
' 

1 A 50 2 c.cs. 3 0.30 0.419 

A 50 2 c.cs. 21 0.55 0.769 

2 B 50 2 c.cs. 3 0.3:> 0.489 

B 50 12 c.cs. 21 0.65 0.909 

3 c 50 2 c.cs. 3 0.30 0.419 

c 50 2 c.cs. 21 0.50 0.699 
-
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One important observation that is made here is that as in 
the previous tables No. 5, and No. 6, the figures for hydrolysis 
of the oil with the enzyme 'lipase' a-which bas been extracted 
from the germinated material-is just 'the same at end of three 
hours hydrolysis. But at the end of n hours the hydrolysis is 
a little less, when compared to the hydrolysis with the enzyme 
'lipase' A, l:'xliracted from the resting seeds, in the same table 
No. 7. Thus we observe that the percentage hydrolysis 
with enzyme 'lipase' .A, and C is just the ~:arne, but in the 
latter case it 1s even 'less as the hydrolysis proceeds for 
21 hours. 

Study of hydrolysis of the ground-nut oil with the 
enzyme 'lipase' as present in the linseed meal 

In the following table No. 8, we observe that a change of 
substrate with respect to the enzyme 'lipase' brings about an 
accelerated hydrolysis on the whole. Comparing figures in 
table No. 5, with those in table No. 8, we observe that in all 
the three cases of the enzyme A, B, and C, greater percentage 
ot oil is hydrolysed at the end of 21 hours, and the percentage 
hydrolysis is almost doubled in the latter table. The figures 
of the above two tables could be easily compared to see the 
acceleration in hydrolysis. 'rhe hydrolysis actually incrensing 
after three hours and reaching its maximum at the end of 
twt>nty-one hours. 

From the tables No. 7, and 8, we conclude that a <>hange 
of substrate with respect to the enzyme 'lipase' used infiuen<>es 
the hydrolysis of the oil to a greater or lesser extent. Eneh 
substrate responding in its own way towards the action of the 
enzyme 'lipase', from different sources. By using the ground
nut oil and the enzyme 1 ljpase' from linseed meal, and vire 
versa, the hydrolysis is increased on the whole in both the 
cases, as it is evident from tablt> No.7 aud tnble No. R. 
Compare figures in tnhle No.5 with those of tahle No. 8, fot· 
the _ground-nut oil and' tables No. 6 and 7, for the linseed 
oil. 
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TABLE No.8 

Study of hydrolysis of the ground-nut oil with the enzyme 
'lipase' as present in the linseed meal 

set Enzyme Oil in l Time in C.Cs. of N/10 Percentage 
in mgs. c.cs I ho~rs NaOH require~ hydrolysis 

/ 

1 A 50 2 c.cs 3 0.25 0.3ll -
A 50 2 

" 
21 0.50 0.666 \ 

' 
2 B50 2 

" 
. 3· 0.35- - 0.466 

B50 2 .. 21 0.70 0.936 
~ 

-c 50 2 3 0.20 0.266 
31 .. 

c 50 2 21 0.40 - 0.533 " I 

Each set of experiments contains 2 c.cs. of ground-nut oil, 
2 c.cs. of water, activator or buffer 0.5 c.c. of 4.2 pH and 
incubated at 37.5 degrees centigrade. 

SaponificatioL val~e 

Acid value 

' 
42.5-

nil 

SECTION IV 

Study of Hydrolysis of Sesame an/ Ground-nut Oil · 
extracted from Ghanny 

A comparative study of the hydrolysis of the above two 
oils was done by using three different preparations of the 
enzyme 'lipase' - whirh were ext,t·acted from ground-nut and 
linseed meal - as 8hown in section II. 

The oHs were locally bought from Agricultural College, 
ghanr1y (country oil press), in order to be sure that the oils 
were pure and unmixed. The above study was specially done 
to see the difference between ghanny expelled oil, and ether 
expelled oil, as shown in the previous section III. 
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The oils were duly filtered after buying, to remove sus pen· 
ded material that might have been , there and then bottled. 
The acid and saponification values of b'oth the oils were noted 
before starting the actual work. The method of hydrolysis 
of both the oils was th~ same as that of the ground·nut and 
linseed oil in section III. 

Study of hydrolysis of the sesame oil (ghanny pressed) 
with the enzyme 'lipase' as present in the ground-nut meal 

In table No. 9, three different preparations of the enzyme 
'lipase' from the ground-nut meal were used to hydrolyse the 
oil. As before the other factors were ke})t constant th~oughout 
the experiment. -

We see from the table No. 9, that the hydrolysis is 
maximum with the enzyme B, i.e. the enzyme 'lipase' which 
is treated with Tanaka's method is more active than the enzY,me 
'lipase' A, or C, the former is extracted from the resting seeds 
of ground·nut -while latter is from the germinated seeds of 
ground-nut. On the whole the hydrolysis is more' than 3% in 
all the cases. One important fact that we come across in the 
table is that the hydrolysis at. the end of three hours and 
twenty·one hours is just the same. It is evident from the table 
that the oil is completely hydrolysed within a period of three 
hours. .This rapid hydrolysis may be attributed to the higher 
acid value of the oil, which in the case of sesame oil as used 
is 1.53 iri terms of N/10 sodium hydroxide, while in the case 
of ground-nut nnd linseed oil 'in section III, the acid value is 
nil for both -the oils. 

Stucly of hydrolysis of the sesame oil-ghanny pressed 
with the enzyme 'lipase' as present in linseed meal 

In table No 10, three different preparations of the enzyme 
'lipase' extracted from th,e linseed meal were used to hydro· 
lyse the_sesame oil. , ' 

Comparing figures in table No. 9 with those in table 
No. io, we see that the 'lipase' extracted from ground-nut 
meal is more active than the 'lipase' in the linseed meal, as 
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lar as its lipolytic activity is concerned, while in other res~ 
pects tbe enzyme 'lipase' behaves in the same way as in table 
No. 9. The sesame oil being eompletely hydrolysed as in 
table No. 9, at thE' end of three hours, the J"espective 
enzymes A, B, and C behaving in the same manner as in the 
previous cases. The rapid hydrolysis may be again attributed 
to the higher acid value of the oil in question. The maximum· 
hydrolysis .attained is 3.560 % while in the ~a~e of ground-nut 
enzyme 'lipase' it is 3,90 % (refer table No, 9). 

TABLE No.9 

· Study of hydrolysiJI of the sesame oil with the enzyme 
'l~pase' as present in the ground-nut meal 

Each set of experiments contains 2 c.cs of sesame oil, 
2 e.cs. of water, activator or buffer 0.5 c.c. of 4.2 pH and 
incubated at 37.5°0, , ,-

Set 

I 
--

1 

2 

3 

Saponification valne 

Acid value 

Enzyme inril in •. ; Time in 
mgs. s. hcnrs 

. 
A 50 2 c.cs. 3 
A 50 2 c.cs. 21 

' 
B 50 2 c.cs. 3 
B 50 2 c.cs. 21 

0 50 l 2 c.cs. 3 
0 50 2 c.cs. 21 

45.36. 

1.53. 

NaOH he~en ~e 
O.Cs. o! N/1~ p Ia 

required Y rolysls 

l I 2.6 3.6!4 
2.6 

I 
~.644: 

~ 

2.8 3.910 
2.8 3.910 

2.4: 3.359 
2.4 3.359 

Thus keeping the same substrates i.e. sesame oil, 
constant ll.nd using enzymes from two di1feren1i sources, one 
from gronnd-uut mea.lllnd the other from the linseed meal, 
w~ observe that the enzyme from th, grouDd•nnt mt~al hydro-
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lyses the oil more than the enzyme from the linseed meal. 
Thns we observe that the activity .of the. enzyme 'lipase' is in 
keeping with the substrate under consideration. 

TABLE No. 10 

Study of hydrolysis of sesame oil with the enzyme 'lipase' 
as present in the linseed meal 

Each set -of exper\ments contains 2 c.cs. of sesame oil, 
2 c.cs. of water, activator or buffer 0.5 c.c. of 4.2 pH and 
incubated at-37.5°C. 

l Enzyme 
Set! in mgs. 

/ 

I 1 A 50 
A 50 

2 B 50 
B 50 

3 

l 
c 50 
c 50 

Saponification value 45.36 

Acid value 1.53 

Oil in Time in C.Cs. of N/10\ 
NaOR Percenta~e 

c.cs. hours required I hydrolysis 
-

2 c.cs. 3 2.3 3.211 
2 

" 
21 2.3 ~.211 

5 c.cs. 3 2.55 3.560 
2 .. 21 2.55 3.560 

2 c cs. 3 2.2 3.072 
2 

" I 21 2.2 
J 

3.072 

Study of hydrolysis of the ground-nut oil (ghanny 
pressed) with the enzyme 'lipase' as present in the ground
nut meal 

In the table No. 11, a study of hydrolysis of the 
ground-nut oil- ghanny pressed- is undertaken. The oil was 
bought from Agricultural College, Poona, and the method of 
hydrolysis was the same as in the previous cases. 

It is seen from table· No. 11, that the total hydrolysis of 
the oil varies from 0.743% to 1.487% depending upon the 
'lipase' used. The lipolytic activity of the enzyme 'lipase' 
being invariably constant for the 'lipase' A and C. 
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Comparing tabl~ No. 5, in section III, in which case the 
substrate ground-nut oil is extracted by the help of chemical 
means, i.e. dissolving the oil in ether, with table No. 11, in 
which the same substrate ground-nut oil is extracted with the 
help of a country oil press - commonly known as ghanfly- in 
the Bombay Deccan areas, we see in the latter case that the 
hydrolysis is one and half times more than in the former ease, 
where the oil has been extracted by chemical means. We also 
_observe that the acid value of the oil is nil in case of table 
No. 5, whil~ in the ease of table No. 11 the -oil has an acid 
value of 0.28 in terms of N/10 sodium hydroxide. It seems that 
the acid value of the oil plays an import.ant part in accelerat
ing the lipolytic activity of the enzyme 'lipase' indirectly or 
directly. As in the previous cases the hydrolysis is maximum 
at the end of 21 hours and does not stop after three hours as 
we have seen in the case of sesame oil (table No. 9 and 10). 

TABLE No. 11 

Study of hydrolysis of the ground-nut oil (ghanny·pressed) 
with the enzyme 'lipase' as present in the ground-nut meal 

Each set of experiments contains 2 c.cs. of ground·nut 
oil, 2 c.cs. of water, activator or buffer 0.5 c.c. of 4.2 pH and 
incubated at 87.5°0. , 

S~ponification value 
Acid value 

42.23 

0.28 

IE . T' . C.Cs. ofN/10 p t 
e 1 lD c.cs. h h d 1 ~· S t nzyme m 0 .1 . tme 1n 

1 

NaOH ercen age 
mgs. ours required y ro y:sts 

1 A 50 2 c.cs. 3 0.5 0.743 
A 50 2 

" 
21 0.7 1.041 

2 B 50 2 
" 

3 0.7 1.041 
B 50 2 

" 
21 0.9 1.487 

8 c 50 2 
" 

3 0.5 0.743 

I c 50 2 
" 

21 0.7 1.041 
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Study of hydrolysis of the ground-nut oil (ghanny-pressed) 
with the enzyme 'lipase' as present in the linseed meal 

In the table So. 12, a study of hydrolysis of the 
ground-nut oil (ghanft!l-pressed) is done. The oil was hydroly
sed as before, keeping the yarions fachns constant, and using 
the enzyme 'lipase' from the linseed meal. 

It is seen from table So. 12, that the hydrolysis of the oil 
Yaries according to the preparation of the enzyme used, as well 
as time, the minimum hydrolysis being 0.593 Z in the case 
o: enzyme C, at the end of three hours, and the maximum 
bting 1.338 io in the case of the enzyme 'lipase' B, at the end 
of 21 hours. One important point to --be noted is that the 
hydrolysis with enz_m1e 'lipase' A, and 0 is not the same as we 
have seen in table So. 11, and other foregoing tables where 
the activity of the enzyme 'lipase' A and Cis wry nearly tht" 
.same. The activity of the 'lipase Cis much less than either 
A orB. 

TABLE No. 12 -
Study of hydrolysis of the ground-nut oil (ghanny 

pressed) with the enzyme 'lipase' as present in the linseed 
meal 

Each set of experiments contains 2 c.cs. of ground-nut 
oil, 2 c.cs. of water, activator or bnffe1· 0.5 c.c. of 4.2 pH and 
incubated at 37 .5°C. 

Saponification value ... 42.23 
Acid value 0.28 

Set 
Enzyme Oil in !Time in C.Cs. of N/10 I Pmenlago 
in mgs. c.cs. I hours NaOH required hydrolysis. 

11 
A 50 2 c.cs. 3 0.7 1.041 
A 50 

" 
21 0.8 1.189 

2 B 50 
" 3 0.8 1.189 

B 50 
" 

21 0.9 1.338 

3 c 50 
" 3 0.4. 0.593 

c 50 
" 21 0.6 0.892 



Comparing figures in table No. S., and those_ in tabla 
No. 12, in the former case the substrate is ground·nnt oil, but 
is extracted by a different process (ether extracted oil}. The 
similar observation is met with the enzyme 'lipa~e' C, in table 
No. 8, wbet·e the adivity of the lipase is minimum as in the 
oase of table No. 12. :r'hus we--come to a conclusion tbat the 
acth•ity of the 'lipase, is in keeping with the substrate under . 
considel'ation, it being different for two different substrates, 
but agreeing with the same substrate. 

SEOTION V 

Effect of beating the oil on the course of its 
hydrolysi_, 

-A comparative study ri heating the _ oil was done to see 
whether bflating the oil bl'ings about any change in the 
1-ate of its hydrolysis. 

The oils that were selected fot the experimental work 
were sesame and ground-nut, which were bought from the 
Agricultural College, Poona. The oils U'3ed :were first heated 
on a stove till they started boiling. They were then duly 
cooled and bottled. The saponification value and the acid/ 
values were once again determined to see whether heafling the 
nil brings about any difference in their values. The saponi
fication nlues of both the oils, sesame and ground-nut 
remained constant-for the former it was 45.36 in terms of 
N/10 NaOH end for the latter it was 4~.23. 

However a change in the acid values was observed. Tbe 
acid value of the sesame oil fell from its original \·alue 1.53 
to 0.18 iu terms of N{IO NaOII and for the ground-nut oil the 
Reid valne fell from its original 0.28 to 0.12 both mesured in 
terms of N/10 NaOU. The only explanation for the fall of 
the add value can be attributed to certain \'olatile acids which 
might have been present iu the oils before beating and which 
on heating the oil were driven off. 
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Subsequently 'the hydrolysis of the heated oils was 
done with the three preparatiom of the enzyme 'lipase' to see 
whether heating of the oil brings about any change in the 
rate of hydrolysis. 

A study of the sesame oil (ghanny-pressed) with the 
· enzyme 'lipase' as present in the ground-nut meal. before 

and after heating the oil 

Two sets of experiments were conducted side by side, one 
with the ordinary ghanny-pressed oil cold, and the same after 
heating. 

In the table No. 13, three enzyme preparations from 
the ground-nut meal, extrat'ted in three different .ways 
A, B, and C were used as in the previous cases. From the tab-le 
we observe that in all the three case:; the perc~ntage bydr6lysis 
falls in the case of the 'oil which has been pre-heated, though 
the same oil bas been used. The perce!ltage hydrolysis of the 
sesame oil, with the ground-nut enzyme meal falls from 
3.910% to 1. 219% in the ca~e of enzyme 'lipase' B. Similarly 
it falls in the case of the enzyme 'lipase' A, as well as for C. 
The total percentage fall 1 of the hydrolysi.;; in all the three 
cases is near about 70%, a er heating the oil. 

1 
The only ex· 

planation for the fall of ydrolysis is due to the low acid 
value ()f the oil, which after heating the oil stands at 0.18 in 
the case of sesame oil. ,The cid values,of the crude oils are 
much higher than those of th~ corresponding refined oils 
which are not appreciably by ·olysed under similar conditions, 
and hence it is presumably tb free fatty acids and volatile 
acids p!•esent that act 'as co enzymes and perhaps help the 
hydrolysis. 

I 

In the case of cocoam oil and mohua oil, it was 
found possible to isolate" vola:tile acids~ and aqueous solutions 
of such acids were used in place of acetic acid it was found 
that crushed castor seeds produced appreciable l1ydrolysis. 
(J. J. Sudborough and H. :If. Watson, Part V, Vol. 5. Part 
IX pp. 120 • 122, Jr. Ind. Iqst., Sc. 1922). 

I 
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TABLE No. 13. 
~ 

Effect of beating sesame oil on the course of its __ 
hydrolysis ' 

A study of hydrolysis of the sesame oil (ghanny-pressed) 
with' the enzyme 'lipase' as present in the ground-nut meal, 
before and lifter heating the oil. · · 

Each set of experiments contains 2 c.cs. of sesame oil 
(ghanny-pressed) 2 c.cs. of water, activator or buffer 0.5 c.c. 
of 4.2 pH and incubated for a fixed p-eriod of three houri!! at 
37.5 degrees centigrade. 

Enzyme Set in mgs. 

1 A 50 
ADO 

2 B 50 
B 50 

s l 0 50 
u 50 

0 I ·j S•p·IA "d I C.Co. ol \ p. 1 10 value 61 Heating NflONaOH er 
c.cs. of oil I valu: , I Required byd 

centage 
rolysis. 

2 c.cs. 45.36 ····I ...... 2 .. 45 36 0.18 After 

2 
" 

45.34 1.53 ' Before 
2 •• 45.36 0.1811 After 

I 
2 " 45.ll6

1

1.531 Before 
2 •• 45.36 0.18! After 

2.6 c.es. 
0.8 " . 
2.8 .. 

. 0.9 .. 
2.4-

" 0.8 
" 

... 
i), 

1. 

3. 
1 . 

s. 
1 

6U 
ORS 

910 
219 

35t 
083 

A atudy of hydrolysis of the sesame oil, (ghanny-pressed) 
with the enzyme 'lipase' as present in the linseed meal, 

before and after beating the oil 
In the table No. 14, three preparations of the enzyme 

from the linseed meal were nsed on the 'sesame oil'. As in 
the case of table No. 13, the effect of heating the oil on 
the course of its hydrolysis was ~he main object of investiga· 
tion. We observe from the table, that in all the three sets of 
enzymes, the percentage hydrolysis of the sesame oil, with 
the enzyme 'lipase' as present in the linseed meal, falls from 
3.560 % to 1.151 % in the case of the enzyme 'lipase' B. 
Similarly in the case of the enzyme 'lipaFEe' A, as well as c; 
the peruentage hydrolysis falls. The total percentage fall of 
the hydrolysis in all the three cases is more than 70 % after 
heating the oil. While in the case of table No. H, the total 
percentage fall of the hydrolysis is near about 70/o, after 
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heating the oil. The above fall can be attributed to the weaker 
activity of the enzyme 'lipase' in the linseed meal. Hence 
the enzyme 'lipase' as present in the linseed meal is not able 
to hydrolyse the oil which has been pre-heated, to the same 
extent as the enzyme 'lipase' present in the ~ground-nut meal. 
Comparing the figures in table No. 13, with those of table 
No. 14, we see that the lipolytic activity of the enzyme 
'lipase' from the ground-nut meal is greater than that of the 
enzyme 'lipase' as present in the linseed meal when the 
substrate used is the saJX1e. This also confirms our observa· 
tions in the previous tables No. 9 and No. 10. 

TABLE No. 14. -
Effect of heating the sesame oi[ on the course of its 

hydrolysi~ 

. A study of hydrolysis of the sesame oil (ghanny-pressed) 
with the enzyme 'lipase' as present in the linseed meal, before 
and after heating. 

Each set of experiments contains 2 c.cs. of sesame oil 
(ghanny-pressed) 2 c.cs. of water, activator or buffer 0.5 c.c 
of 4.2 pH and incubated for a fixed period of three hours at 
37.5 degrees centigrade. / 

' Sap. H t I C. Cs. of Enzyme Oil in Acid Percentage Set value _ea "jNflONaOH in mgs. value hydrolysis c.cs. of oil IDg . :i requne 

1 I ~ I ' 

A 50 2 c.cs. 46.36 1.53 Before 2.3 c.cs. 3.211 

-2 

8 

A 50 2 ,, 45.86 0.18 After 0.7 
" 

- 0.948 

B 50 2 .. 45.86 1.53 Before 2.55 " 
3.560 

B50 2 " 45.86 0.18 After 0.85 ,, 1.151 

c 50 2 I 45.36 1.53 Before 2.2 8.072 
" 

,, 

I CliO 2 •• 45.36 0.18 After 0.6 
" 

0 812 

A Study of hydrolysis of the ground-nut oil • (ghanny 
pressed) • with the enzyme 'lipase' as present in the 

_ground-nut meal before and after heating 
In the table No. 15 we have studied the effect of 

heating the ground-nut oil on the course of its hydrolysis 
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Two samples of the ground-nut oil were used, bnt'OI1e was 
heated to boiling temperature and then cooled, while the 
other was taken as it was,- from the ghanny-press. All the 
factors were kept constant a& before including temperature 
and the samples were incubated for a fixed period of three 
hours, after adding the respective enzyme preparations A. 
Band Cas .present in the 'ground-nut meal. We observe from 
the.table that in all the three sets of enzymes, the percentage 
hydrolysis of the ground-nut oil falls, in the case of the oil 
which has been heated to the boiling temperature. The fall 
of hydrolysis varies from 20 % to 28 % according to the enzyme 
preparation used, it bei~g maximum with the enzyme 'lipase' 
B being 28 % while in the case of the 'lipase' A and C, the 
fall of hydrolysis is 20 % • The acid value of the oil falls 
from 0.28 to 0.12 after heating the oil. 

TABLE No. 15. 

Effect of healing the 'ground-nut oil on the course of ila 
hydrolysis 

A study of hydrolysis of the ground-nut oil (ghanny
pressed) with the enzyme 'lipase' as present in the ground~ 
nut meal, before and after heating. 

Each set of experiments contains 2 c cs. of ground-nut oil 
(ghanny pressed) 2 e.cs. of water, activator or buffer 0.5 c.c. 
of 4.2 pH and incubated at 37.5 degrees centigrade, for a fixed 
period. of three hours._ , · 

Enzyme Oil in Sap. Acid Heat- C.Cs. of 
Percentage Set value NJlO NaOB in mgs. c.cs. value ing hydrolysis of oil I required 

1 A 50 2 c.cs. 42.28 I 0.28 Bef~rel 0.5 c.cs. 0.748 
A oO 2 e.cs. 42.28 0.12 After 9.4 c.cs. 0.592 

1 

' 2 B 50 2 c.ce. 42.28 0.28 Befote 0.7 c.cs._ 1.041 
B 50 2 c.ce. 42.28 0.12 After 0.5 c cs. 0,7,0 -

8 coo .2 c.cs. 42.23 0.28 Befo1e 0.5 c.cs. 0.748 
c 50 2 c.es. 42.2S 0.12 After 0.4 c.cs. 0.592 
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A study of hydrolysis of the ground-nut oil .:. (ghanny 
pressed) - with the enzyme 'lipase' as present in the linseed 
mea), before and after heating the oil. 

In the table No. 16, we have studied the effect of heating 
the ground-nut oil on the course of its hydrolysis. But 
instead of the enzyme 'lipase' as present in the ground-nut 
meal, enzyme 'lipase' as present in the linseed meal ill used. 
All the other factors have been kept constant as in table No. 15. 
As before three enzyme preparations A, B and Cas present in 
the linseed meal were used. The samples were-incubated for 
a fixed period of three ·hours, after adding the respective 
enzymes and the hydrolysis of the oil calculated as usual. We 
observe in general from the table, that in all the three sets of 
enzyme 'lipase' A, B, and C the percentage hydrolysis of the 
oil in question falls. In the case of oil which has been pre
heated to boiling temperature the .fall of hydrolysis varies 
from 50% to 57% . The maximum fall of hydrolysis is noted 
here in the case of enzyme 'lipase' A, being 57%, while in the 
case of enzyme 'lipase' B and C it is only 50%. Thus we see 
that in the case of oils, which have been-p1·e-heated the hydro
lysis is retarded. The retardation in all the cases, though 
varying for different enzyme preparations is quite marked in 
all the case$. It is in keeping with the oil and enzyme used. 
The retardation in the hydrolysis of ,the oils might be due to 
the distribution of the 'lipase' initially presen.t in the oils, 
'\~bich gets destroyed when the oil is heated to the boiling 
temperature. 

TABLE No. 16 

Effect of heating the ground-nut oil on the course of its 
hydrolysis 

A study of hydrolysis of the ground-nut oil (ghanny
pressed) with th.e enzyme 'lipase' as present in the linseed 
meal, Qefore and after heating the oi~. 
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Each set of experiments contains 2 c.cs. of ground-nut oil, 
(ghanny-pressed) 2 c.cs. of water. activator or buffer 0.5 c.c. 
of 4.2 pH and iucubateti for a fixed period of three hours at 
37.5 degrees centigrade. , 

' 

I U.Us. of 

Set Enzyme Oil in Sap. value Acid H r NflO Percenlag 
in mgP. of ml value ea 10gj e.ce. N aOH bydrolysJ 

' reqd. 

1 A 50 2 c.cd. 42.23 0.23 ' I Before 0.7 c.cs. 1.041 
A 50 2 " 4t.23 0.12 After 0.3 c.es. 0.4U 

2 B 50 2 c.cs. 42.23 0.28 Befo1e 0 8 c.cs. 1.169 
B 50 2 .. 42.23 0.12 After 0.4 c.ce. 0.592 

' s c 50 2 c.es. 42.23 0.28 Before 0.! c.cs. 0.593 
c :;o 2 .. 42.23 0.12 After 0.2 c.cs. 0.29ti 

' 

PAPER XXVIII 

STUDIES OF THE ENZYMES OF THE DRY 
FRUITS 

Br 

DR. R. s. KALE, Ph. D. 

e 
s 

( Witla the kind permission of the authorities of tlie Bombay 
University) 

SECTION I 

Lipolytic enzyme of the dry fruit 

Numerous seeds have been examined to see whether they 
contain any lipolytic ehzyme. In this field mention may be 
made of the original researches of Pelouze (C.R. 1855, 40, 605); 
S. Fokin Chem. Rev. l<'ett. Ind. Harz. Ind. 1904, 11, 30, 
48, 69). 
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In the present section it is intended to study t~e lipolytic 
activity of the three dry fruits. Amongst all, pancreatic lipase 
of animal origin and castor bean lipase of plant origin have 
been the favourites for many research workers. 

Lipases from all the three fruits/ are prepared according 
to Tanaka's method as given before. Olive oil and castor oil 
are used as substrates. The foll<!wing properties of these oils 
were determined before starting the actual work. 

1. Olive oil Sp-ecific gravity······ •••••. 0.916 
Sap. value ............... 188.49 

Refractive index ........ :2.462 
Acid value .................. J.68 

2. Castor oil Specific gravity ............ 0.96 
Sap. value ............... J80.1 

Acid ~value ••••••••••••••••••2.244 

Refractive index ......... 1.471 

Preparation of the aqueous emulsion of enzyme 

This was prepared always by treating the lipase powder 
(10 grams) with distilled water 60 c.c., added in small portions 
and rubbed intimately in a mortar. The cream was pressed 
out through muslin and the residue again treated in the same 
manner. The total extract was made to 100 c.cs. which was 
shaken every now and then vigorously before use. 

Procedure 

2 c.cs. of the substrat~ oil were taken in' a conical flask 
and mixed with 10 c cs. of enzyme cream (equivalent to 1 gm. 
of dry lipase powder) with addition of 5 c.es of a phosphate 
buffer. The contents of the flask were thoroughly shaken and 
kept in an incubator at 37°0 for 24 hours. The mixture was 
then treated with neutral absolute alcohol and titrated with 
N/10 NaOH using phenolphthalein as the indicator. 
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The end point was noted immediately when the colour of 
the mixture became distinctly red. A control expel'iment 
without the enzj·me extract was done in ·avery case. The 
difference in the amount of N/10 NaOH required, gave a 
measure of the lipase action, 

In the table No. 1, hydrolysis is expressed in terms of 
c.cs, of NaOH N/10. 

TABLE ~o. 1. 

Hydrolysis with lipase after 18 hours 

Cashew nut 
l1pase 

Almond 
lirar.e 

fistecbio 
nut lipase 

r pH 
Substrate 
Castor oil 

Olive oil 

Castor oil 

Olive oil 

Castor oil 

olive oil 

Castor seed Castor oil 
lipase 

Olive oil 

s 

0.6 

0.5 o.s 

5 

o:8 

0.6 

1 1.1 1.4 

0.7 ~0.8 1.1 

O.S 0.8 0.7 1.1 ·1.4: VJ 

0.2 0.7 0.6 0.9 1.1 1.4: 

0.9 1.4: 1.3 1.4 1.6 2.1 

0.6 1.0 1.2 1.1 1.5 1.9 . 

7.6, 10.4, 12.2, 11.4, 10.8 10.0 

7.2, SA, 10 2, 9.6, 9.0 8.2 

From the 11bove table it is noticed that every. one of the 
three dry fruits does contain a lipolytic enzyme though very 
weak in action. The maximum activity is shown by all of them 
nea1• about pH "8" i.e. towards the alkaline side of 
neutrality. Comparing all of them with the castor seed lipase 
we find that the optimum pH for castor bean .lipase is near 
about "5" i.e. acidic, while the optimum pH for the.dry fruit 
lipases is about "8" i.e. alkaline. Comparing the activities 

- at the optimum pii, it can be noticed that the Cusbew not 
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lipase is not even one-ninth as much powel'fnl ns the castor 
bean lipase while the almond lipase is not even one-eighth 
and the pistachio lipase not even one-sixth as much powerful, 
pistachio nut, almond, and cashew nut stand in the descend
ing serial order as far as the lipolytic aeti vity is concerned. 

SECTION II 

Study of the proteolytic enzyme from the clry fruits 

As in the last case our next intention is to seek for the 
existence of any protease in the dry fruits by which they could 

- bl'ing about the proteolysis of some of the common proteins. 
Amongst pro teases -,pepsin, ' trypsin, erepsin, pepsin and 
renin have been the favourites for the research workers all 
peptone , and casein are used as _substrates and aqueous 
extracts of the fruits as the hydrolysing agents. In all the 
experiments Sorenson Formol titration method is used and the 
results are expressed in terms ofN/10 caustic soda. Toluene is 

_ nsed as a preservative in all expet·iments. 

Substrates-20 c.c. o~ a 5 per cEmt. solution of peptone 
were used as the substrate in the first case and 0.5 gram of 
casein which were thoroughly mixed with 5 c.cs. of bnffe; and 
10 c.cs. water in the 2nd case. 

Enzyme cream-5 grams of the prepared sample were 
treated with 30 c.cs. of di-stilled water and rnbbed in a mortal' 
for so'me time. The extract was squeezed through muslin 
cloth and the residue was again ti·eated with water, and the 
total extract measured 50 c.cs. 10 c.cs. being equivalent to 
1 gram of the sample . ..._ 

· Procedure-To the substrate (2v c,cs. of peptone solution ,, 
or 0.5 gram's of casein) 10 c.cs. of tl1e enzyme cream were 
added together with 5 c.cs. of phosphate buffer. The mixtm·e 
was kept in an incubator at 37°C and the reaction was allowed 
to proceed fo1· 24: homs. The extent of bydt•olysis was then 
finally determined with the Sorensen's fOI·maldeh}de titration 
m,ethod !l:nd the results are- expressed i o tel'lns of c.es, of 
~/10 NaOH, 
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rABLE No. 2 

Hydrolysis with the protease in the dry fruits after 24 hours 
'' 

pH 3 4 5 ~ 7 !3 
Substrate 

Cash(,w not P~ptone 3.5 ~.2 ~.5 4.-s 4.~ 5.0 
protease 

Castin 0.4 0.5 ~ 0.8 0.7 0.!} 0.9 

. 
Almond Peptone 2.6 2.7 29 2.8 3.0 3.5 

protease 
C'asein 0.3 0.~ 0.5 0.4 O.G 0.8 

Pistachio not Ptpton'e 2.1 2.4 2.8 2.6 2.9 3.1 
protease 

Casein .0.2 0.3· 0.6 0.4 0.5 0.7 

From the figures in table No. 14, we find that the proteo· 
lytic activity of the dry fruits is maximum at pH "8" i.e. 
towards the alkaline side of neutrality though there is a slight 
tendency bwards increasing hydrolysis at pH" 5 '', while in 
the case of pepsin the optimum pH is 1.8 i.e. towards the 
acidic side of neutrality, The results show that casein is very 
little acted upon by the fruit enzymes. Thi.s is in accordance 
with the observation made previously by various workers 
(Chopra, Ghosh and Chatte1·jee-Jr. Ind. Chem. Soc. 1938 ), 
that plant erepsins are not usually capable of hydrolysis as 
casein like animal erepsins. These results should be more or 
less looked npou as qualitative rather than qnantitath•e. 
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PAPER XXIX · 

STUDY OF THE AMYLASES FROM SOME 
EDIBLE ROOTS AND TUBERS 

BY 

DR. U. A. SANT M. So., Ph.D. 

(With the kind permission of the authorities of the Bombay 
University 'and also of the Agri. Oollege, Poona, Maga2ine) 

Introduction 

The work deseribed in this paper- forms a part of the 
investigation undet•taken by the author to elueidate the natnre 
of the amylase. · This enzyme was the first to be diseovered by 
Irvine in 1785 having observed that malt extract produced 
sugar from starch. Payeu and Peroze (Ann. 1834, 53,·73) 
obtained the enzyme by precipitation with al(!ohol. 

' . 
More recently amylases that were prepared from unger

minated grain were termed as Saccharogenic or "b" amylases; 
while germinated grain is supposed to contain both ''a'' and 
u b" amylases, from which" a'' amylase could be prepared 
according to· methods suggested in literature for preparing 
them. 

The enzyme had attracted the attention of numerous 
investigators. Isolation and study of the same was mainly 
undertaken by the earlier investigators, till Grntzn er (Pflugei"'s 
Archiv. 12, 1876, 285) found that heating the enzyme for a 
short period at 80°0 inhibited the saccharifying activity con
siderably without affecting its power of liquefying starch. 
Wijsman • (Rec. Trav. Oheim.•9, 1890, 1) was the first to express 
the two enzyme theory in a definite form. From evidence 
based on some diffusion experiments, he concluded that 
diastase is a mixture of two enzymes, one hydrolysing starch 
to maltose and erythrogl•anulose and another which converts 
this erythrogranulose to- leueQ dextrin and starch to malto 
dextrin. 
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Pottenvin (Ann. Inst. Paste us. 13, 1899,- 665) also believed 
that the hydrolysis proceeds in two successive phases. He 
assumed the existence of two different enzymes, one trans· 
forming starch to dextrin, and another which effects the further 
cleavage to maltose. He found like Grntzner (Loc. cit.) that 
heating the enzyme at 80°C affected the saccharifying power to 
a far greater extent than the liquefying capacity. This has 
recently been confirmed by E. Ohlsson (Compt. rend. Soe. 
Bioi. 87, 1922, 1183). Frankel and Hamburg (Hofm. Beitr. 
8, 1906, 389) claimed that they had separated malt diastase into 
two components by dialysis, the sugar producing enzyme 
diffusing out and the liquefying component remaining behind 
in the dialyser. On the other hand, Chrzaszcz- (Biochem. Z. 
142, 1923, 417; ibid 150, 1924. 60) also recognised three distinct 
stages in starch hydrol.} sis namely liquifaction, dextl'in forma· 
tion, and sugar production. He could effect a selective altera· 
tion of any of these processes by precipitation, application of 
high ttlmperature, or aging of the enzyme. He claims to hava 
effected a partial separation of the enzyme by fractional pre· 
cipitation witu ammonium sulphate. He also observed that 
the relation between saccharification, and iodine colouration · 
varied with the origin of the malt. Fdcke and Kaja (Ber. 
57, 1924, 313) found that during electro-dialysis of bal'ley malt 
diastase with increasing purification, the liquifying power 
decreased with an increase in the saccharifying power. It was 
observed by Non·is and Vishwanath (Agri. J. Ind.18,1923, 362) 
that cholam malt diastase is a mqre powerful liqui.lier and a 
weaker saccharifier than the corresponding barley enzyme. 
Their experiments lend further support to the two enzmye 
theory and indicated the preseMe of liquifying component in 
greater proportion than the saccharifying component in cholam, 
Patwardhan, D. Narayanamurti and Norris (J. Ind. Inst. Sc. 
Vol. 11 A 1928, Part XI) gave further support to the two 
enzyme theory. • 

Oppenheimer (Die Fermente, Band 1, Page 665) had drawn 
-attention to the fact that it was highly improbable that the 
various phases of starch hydrolysis were catalysed by one and th~ 
same enzyme. According to him three quite different processes, 
were to be recognised; the dil5solution of the crystal lattice, 



428 

·the Iiquifaction of the starch, the depolymerizatlon, usually 
measured by the vanishing of • the iodine reactiont and 
the cleavage of the dihexosan to maltose and all 
sorts of transformations, in addition to the above in 
h the case of amylopectin and glycogen the splitting of 
trihexosan. The existence of two enzymes seems most pro
bable one which disaggregates the _starch molat, and another 
which attacks the anhydride ring. Karrer-(Helv. Chern. 
Acta, 4, 1921, 678) also inclines to the same viewt while he 
postulates as a logical comequence of the present conception 
of starch constitution, the existence of two enzymes, one de· 
polymerising and the other anhydride splitting. 

According to Ohlsson ~z. Physiol. Chern. 221, 1933, 174) 
malt amyl:!se of cereals consists of an" a" and" b" a!!!ylase. 
Myrback (Woch. Bran. 49, 1932, 246) have shown that un
germinated barley contains mostly only "b" amylase, ·whilst 
after germination considerable amounts of "a" amylase is 
formed. In malt according to research!:JE of Ohlsson (Z. Phy
siol. Chern. 189, 1930, 70) there are to be distinguished 
a starch liquifying enzyme and one which converts starch into 
sugar, that is, a dextrinogen and s~ccharogen amylase. Since 
then the separation of the amylatic COD"ponents in malt 
extracts has been accomplished by help of adsotbents.' Thus 
Waldschmidt Leitz and Pnrr-(Z. Phy. Chern. 203: 1931: 117) 
have separated amylase from maltase. Contrary to Ohlsson's 
view Waldschmidt, Leitz and Purr (Natur Weise 20, 1932, 
253) have come to the conclusion that ungerminated barley 
contained both "a" and " b" amylases and that 'the amylase 
was present in an inactive form, and required amylokinastl for 
activation. This kinase was developed during germination. 
In question of the formation of amylases during the germina
tion of seed~, as well as Hi the question of the proportion at 
any time between the liquifying and saccharifying powers, the 
coaction of specific natural activators of starch degradation has 
to be taken into account. Waldschmidt Leitz and Purr 
(Loc. cit.). Borchardt and Pringsheim (Biochem. Z. 239, 
1931, 193) working on the amylase prepared from pressed 
juice of the potato, which was deproteinised with colloidal 
ferric hydroxide had shown that the potato amylase occupied 
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an intermediate position between- thll malt amylase particu-
larly rich _in "b" amylase, and the taka amylase which was 
pure "a" amylase as it contained less " b" than "a" 
amylase. Willstatter and Rohdewald (Z. Phy. Chern. 221, 
1933, 13) have shown that the amylases of leucocytes are 
dextrinogenic in character, thereby resembling pancreatiu 
amylase and differing from malt amylase. The foregoing 
obset vations bring out a distinct difference between the two 
amylases, the former belonging to the -class of-" a" amylase 
and the latter to that of "b" amylase. According to Bor· 
chardt and Pringbheim (Loc. cit.) the saccharogen amylase 
is a" b 1' amylase, "a" and "b-, 1 amylases are present in 
different proportions in malt. -

SECTION I 

Methods of Preparation of Amylases 

Several methods have been used in separating the 
amYlases. Among plant amylases those from leaves and 
grains have been mostly studied, but only comparatively 
meagre information is available regarding the nature and 
behaviour. 

So far for the investigation in hand the work done by 
various workers on amylases has been given. It was therefore 
decided to carry on the work on roots and tubeu; such as sweet 
potato, yam, suran, and carrot. 

Stamberg and Bailey (J. Bioi. Chern. 126, 1938, 479) pre· 
pared amylases ·from ungerminated wheat, which they termed 
as "b" amylase and "a" amylase which were also prepared 

. by them from the germinated wheat. Sandstedt, Kneen. Blish, 
(Cereal Chern. 16, 1939, 712); Van Klinkenberg ( Z. Physiol. 
Chern. 209, 1932, 253): Hanes and Cattle <Proc. Roy. Soc. 
Loud. Series B, 125, 1938, 387); Ballow and Luck (J. Biol. 
Chern. 1:.J9, 1941) prepared "b" amylase ft·om wheat: J.1'ot·d 
and Peat (J. C. 8. 858: 1941) prepared ''b" amylase from 
wheat. According to investigators amylases prepared from 
germinated material is supposed to contain "a" plus "b" 
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amylases together, 1rom whieh "a" amylase could be separat
ed according to methods suggebted by them. Ungerminated 
material is l"nppor;ed to contain "b" amylase only. So in the 
present investigation amylases pre:pared from swett potato, 
carrot, yam and suran are ttrmed as "b" amylases. .Amylase 
prepared from gtrminated sweet potato will be termed as "a" 
plus "b" amylase. 

Among the tubers selected for preparing the am)·laEes, 
Girl (J. Ind. Chern. Soc. 1934, 339) bad also prepared "b" 
amylase from sweet potato. Bnt we wanted to find out whether 
the sweet potato had the_ same strength of activation at 
different stages of growth. In addition to the preparation of 
the amylases from two different 1;et.<:, in the present investiga
tion, experiments were also carried out to germinate the full 
developed sweet potato, and then to prepare amylase from 
germinated sweet potato. The activity i~ this case was judged 
by studying $he action of the amylase so }Jre:pared on starch, 
and was also compared with the activity of the_ "b" a~ylase 
prepared from ungerminated one. Jnst as grains were ger
mi:cated and the amylase activity was tben ~tudied from the 
amylases S'l }:of'epared, among the tubers H·ltcted by m for 
preparing the amylases, sweet potato was also gt-rminattd, 
and the amylase was prepartd from the same. Stndy of the 
amylase from sweet potato does not seem to have been carried 
out so far. Hence the rreparation of the amylase from gtr
minated one will give additional information regarding the 
tuber like the sweet potato. 

SECTIO:X ll 

Study of the "b" Amylase from Sweet Potato 

"b" amylase from sweet potato was prepared by Giri
( Loe. Cit.). But we wanted to find ont whtther the sweet 
potato (red "Variety) bad the same strtngtb of ar:tintion at 
different stages of growth. In one case ·• b" &mylase was 
~xtracted from sweet potato when its size was .5" in lt-ngtb, 
approximatt-ly and 4" in circumference; and in the other case 
'When the siz" was 7" to 8'' in circnmfuence. The object wal! 
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to judge whether the activity of the a~ylases remained praeti· 
eally the same, or went on increasing or diminishing in the 
ease of these two sets. 

Method o£ Preparation 

.After mincing the tuber in a chopper, the -ground tissue 
was spread on trays and kept for drying, and the dried mate
rial was then ground to a fine powder. The powdered mat~rial 
was preserved in bottles with a few drops of toluene. The 
method of preparing the-'' b." amylase was according to the 
method carried out by Ford and Peat ( Loc. Cit. ) tor preparing 
"b '~amylase from wheat, with a slight modification. 

100 gms. of the powdered meal was extracted with appro· 
ximately 4.5 times_ volume of distilled water containing 20% 
for twelve hours in the presence of toluene. - It was then, 
centrifuged, and 90% alcohol was added to the supernatant 
liquid which' contained the colloidal material, so that the total 
volume of alcohol was 80/~. Usually the precipitate requires
two to three hourli to settle down the fine enzyme material. 
But in order to make sure that most of it settled down, the 
material was allowed to stand for three hours, suflernatent 
liquid wa;; siphoned off. The sediment thus obtained was 
treated with absolute alcohol and finally dried in a desiccator 
over anhydrous calcium chloride to remove last traces of 
moisture. The, resultant powder is light brown in color. 

Effect of H ion concentration 

The first experiment was tried to determine the Optimum 
pH. Acetate buffer mixtures of varying pH were prepared. 
"b'' amylase used in this case was from sweet potato. 

Experimental 

Four different conical flasks ( 200 c.c. capacity) were taken 
and to these were added 20 c.c. of distill~d water, and 10 mgms. 
of the amy lase powder was also added to !'ach of these four 
flasks. To one flask was added 10 c.c. of buffer solution 
(pH 4.8 ). To the second flask was adde!l acetate butfer 



432 

(pH 5.3) 10 c. c.; to the usual 10 c.c. of the buffer solution 
(pH 6.0 ); and to the fourth flasks 10 c. c. having pH 6.8 were 
added. When the required temperature was reached, to these 
four flasks were then added 10 c.c. of 1% soluble starch solution 
which bad attained the required temperature. The reaction 
mixture was kept at 29°0 in an incubator for twenty-four hours. 
A control was also run by side. After the reaction was allowed 
to proceed for twenty-four hours. the reaction was stopped by 
adding !l few drops of alkali, and the sugar formed was then 
estimated~ The object of performing this experiment was to 
obtain the optimum pH in the case of sweet pob_1 to. The 
results obtained are given below:~ 

TABLE :So. 1 

Hydrolysis of starch with ,. b '' amylase from sweet potato 
_ at varying pH 

Temperature Varying pH Time in Starch 
(oC) used. hom·s hydrolysed . Ia 

29 4.8 ! 24 . 36.4 

It 5.3 " 
37.3 

" 6.0 ot I 37.2 

" 6.8 •• I 36.5 
' - -

, After dete;rmining the optimum pH the experiment was 
carried ont to the effect that conid be produced by the addition 
of the different quantittes of the omylase to the :fi:Ked quantity 
of the substrate. In other words in order to see whether the 
addition of the greater quantity of the amylase bad any 
infinence upon the saccharifying action, experiments were 
thl'n carried out in the C&lie of sweet potatoes~ which wt>re 
sm~tller in size, 
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Three D.asks were taken which contained 20 c.c. of distilled 
water. To one of these 1lasks wet·e added 10 mg. of am}·lase 
powder, to another was added 15 mg. ,of the powder, and to the 
third was addetl 20 mg. of the amylase powder. These flasks 
were kept in an incubator , to attain the required temperature. 
10 c.e. of the buffer solutions were also added as usual (pii 5.3). 
When the reaction mixture had reached the deshed temper
ature, 10 c.c. of the starch solution which was kept in the 
incubator were added to each of these flasks. The reaction was 
allowed to proceed for twenty four hours. A control was also 
carried out. ·After twentyfonr hotirs the reaction was stopped 
by adding a few drops of alkali, and the sngnr formed :was_ 
estimated as usnal according to the method of Bertrand. The 
tesnlts obtained with amylase from sweet potato {yonngedn 
age) are given in table No. 2. 

TAB~E No.2 

Hydrolysis of starch with "b" amylase (rom sweet potato 
(small size) 

Temperature 
Quantity of ·Time in stareh 

amylase added . hydl'Olysed (oC) 
in mgms. hours ! 

29 10 24 37.3 

" 
15 " 45.8 

.. 20 .. 54.7 

From the valnes of hydrolysis obtained it will be observed 
tb.at when, 10 mgms. of the amylase 'was used, the valae of. 
hydrolysis is 37.3/::; while when 20 mgms. of the amylase is 
used, the value of hydl'Olysis is. 54.7%. That is, by doubling 
the quantity in this case in particular, one and half times 
hydrolysis is vroduced. The data obtnined shows the e1:.isten<'e 



434 

of a sharp saccharification, the values being dependent upon 
the concentration of the amylase used or added. The results. 
indicatll that with greater quantity of t!le amylase, we get 
more hydrolysis, 

~ I 

, After determining the_ extent to which starch is hydro~ 
lysed by using differen,t quantities of amylase,-tbe next point 
was to determine wh~ther fully developed sweet potatoes of 
large size contain more actiye amylase, or- whether it is less 
active than the one given above, experiments were carried out 
side by side with the above by using flasks containing amylase 
from larger size,,keeping the conditions exactly identical, but 
in this case the sample of the amylase was different, that is 
"b" amylase was prepared from 'sweet potato of large size, 
according to the procedure already giv'en, with a view to com
pare the saccharogenic activity. ~ 

In table No. 3 are given the. results obtained when "b" 
amylase was prepared from sweet potatoes of large size, and 
the changes occurred in starch hyd-rolysis, due to variation in 
quantities of the amylase,. --

TABLE No.3 

Hydrolysis of st.rch with "b'' amylase from sweet potato 
(large size) ' 

I 

' Quantity "Of Temperature Time in starch 
(oC) , amylase added hours hydrolysed 

in mgms. · % --

29 io 
,, 

24 32.5 

" 20 ;, 35.0, 
I 

, 30 II 39.4 

40 " 45.8 II " 



From the results it is observed that by using 10 and 20 
mgms. of the amylase, the difference in the percentage of 
hydrolvsis produced is 2.5% indil!ating thereby that upto this 
much .quantity, the hydrolysis does not very a appreciable; 
while with so or 40 mgms. greater hydrolysis is produced. 
However, from the values of saccharification obtained, it is 
clearly seen that with the addition of more quantity of the 
amylase to the substrate, the values of hydrolysis_increase, but 
more readily with 30 and 40 -mgms. than with 10 and ~0 mgms. 

I 

The values of hydrolysis obtained in the case of large size 
do not !!how any increase very rapidly as is found in the case of 
sweet potato younger in age. The results obtained in the case 
of the two different sizes of sweet potatoes, soine-.of them'are 
given in table No: 4 for the sake of comparison. When 10 and 
20 mgms. were used, the values of hydrolysis obtained were 
37.3 and 54.7; while in the other mise the valnf's obtained were 
32.5 and 35. In tbe latter case the different>e in these values 
is practically very small. 

\. 

TABLE No. 4: 

Comparison of "b" Amylase from sweel potato (having two 
different sizes). -

Small size L,arge size 

:Mgms. added starch dd d - starch 
hydrolysed - mgms. a e hydrolysed 

% - % 

10 37.3 10 32.5 

20 54.7 20 35.0 

From the results obtained it could be observed that the 
saccharogenic values are higher in the case of small size 
indicating thereby that "b" amylase h: m01·e active when 
extracted from the younger one than in the 'C&Ee of fully deve· 
loped one. Falk, McGuire and Blount (J. Biol. Chern. 88, 
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19l!J, 2"2~) !>tudifd the fnzyme aetir~n Ly extracting JUice from 
carrot. He :-tates. "In eonsidering the enzyme resulti, it may 
be pointed ont that the state of ripeness, and the age of the 
vegetable undoubt~:dly in:flu~:nce the aetirities''. When the 
proportion of the enzyme concentration and the substrate con
centration were maintainf'd 1:10, this difference is not very 
markedly obH:rnd. ·with still lvwer quantity than 10 mgms., 
that ~. with the pror•ortion more than 1;10, this difference 
may not be much. When the proportion of the enzyme to the 
substrate eonef'Dtration is maintained 1: 5, the diiference is 
disri.Letly obsernd as 5!.7 and 35.0 being the values of 
respt'CtiTe hydrolysis. 

It was found that in the case of sweet potato, the acti\';ty 
of the "b" amylase was m:>re during gro"\\"th than during the 
fully denl·~ped stage, and the aetirity of the amylase rapidly 
inerfa:;:es in the case of the youngH one. 

SECTIOX ill 

Study of the amylase from germinated sweet potato 

Preparation of the amyla:;:e from germinah:d swHt -,:•otato 
Li more important as tlle amylase 1rill contain both "a" and 
••li'~ amylases togf'thH. Stndy_of the germinated grains such 
as wheat, Larley, jowar etc. bas been done, but in the ea:;:e of 
tnber like swef:t potato, strdy of the germinated swHt potato 
does not set-m to bal"e been done. According to .Bon:hardt and 
Pringsh~im (Loe.Cit.) potato amylase oeeur·ies an intermt=diate 
position bf'twHn the malt amylase which~ rartieularly rich in 
"b'' amylase and the taka amylase wl,ieh is a -,:•ure "a'' 
amylase. -

&fore gin..ng the detailed rroet-dure of the prPJ•ararion of 
the amylase, it is n£-ce:,sary firEt to gh-~ the procf'dure re6ard
ing !:he germination of swtf"t potato, as the J•roeHs of germina
tion and period of growth are quite di1Ierent from what is 
generally obsnn:d in. the ease of grains such as wheat, 
jowar, Larley ete. 

Denlop£-d sweet potatoes wHe kf'pt in the wt=t suil for a 
period of fiftet-n days, wbt-n tht=y germinated. They got 
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plnmules, the phimules produced measured about H. ·They 
were then washed with water. That end of sweet potato which 
had these p!umules, was cut from the test of the portion. 
These were then chopped into fine pieces, dried and powdered. 
The powdered flour was preserved with a few drops of toluene. 
The amylase ("a" and "b") was prepat·ed from the _dried 
flour. · ' ' ' 

The method of preparing the amylasexrom the tlour of the 
germinated sweet potato was the same as was followed in the 
ease of _ungerminated sweet potato~ ' · 

The Optimum pH of the amylase so prepared was the s'ame 
as was obtained in the case of ungermin-ated one. The
activity of the amylase was judged by studying its action on 
soluble starch as usual. 

' 
, Differrent flasks were tak_en. To these were added 20 c.c. 
of distilled water and different amounts of the amylase powder 
was added to each' of these flasks. The flasks were kept in an 
incubator. Buffer solution was also added, and when ·the 
required temperature was reached, 10 c.c. ot 1 per cent. starch 
solution were also added, which had also attained the t·eqnired 
temperature. The reaction was allowed to proceed for twenty. 
four hours. After twenty-four hours, the reaction was stopped 
by adding a few drops of alkali and tl.Hl sugar formed was 
estimated, and the amount of starch hydrolysed was calculated. 
The results obtained by using amylase from germinated 
sweet potato are given in table No. 5. 

TABLE No.5. 

Hydrolysis of starch with amylase from germinated 
sweet potato 

' 
'!'em perature Quantity of· Time in starch 

l°C) amylase added hours hydrolysed tn mgms. ' % 
29 10 24 ~4.9 

" 20 " 39.6 

" 30 
" 47.5 

" 40 
" 54.7. 
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From the resnlh obtained it is found that with increase 
in quantity of the amylase, the amount of hydrolysis also 
increases. 'Vhen the amylase concentration of 10 mgs. is nsed, 
the hydrolysis obtained is 34.9/.:; _while with 4<rmgms. the 
value is 54.7%. -

It is found that the values of starch hydrolyEed are not 
independent_ of- the amylase concentration nsed. It will be 
seen that with the addition of more amylase, the degree of 
hydrolysis is also mo~e. From the results of .saccharogeii.ic 
activity obtained it is seen that an active amylase is present in 
germinated sweet potato. The reSlllts obtairied in both the 
eases are given in table No. 6 for the sake of comparison. 

TABLE No.6 

Comparison of the activity of the amylase from germinated 
and ungerminated sweet potato 

Germinated sweet pota~ Ungerminated sweet potato 
Quantity of starch Quantity of starch 

amy lase added hydrolysed 
• o Of m mgms. to 

amylase added hydrolysed 
in mgms. % 

10 34.9 10 32.5 

20 39.6 20 35.0 

30 47.5 30 39.4 

40 54.7 40 45.8 

From the results obtained it is clearly seen that the values 
of the germinated amylase from sweet potato are higher than 
those of amylase from ungerminated one. Perhaps, in the case 
of germinated one "a" amylase is present in combination wifh 
"b" amylase. On comparing the results of germinated with 
ungerminated sweet potato, it is observed that if 10 mgms. of 
the amylase are used, in both the cases, the difference in the 
saecharogenic values is small. Bot if higher concentration of 
the amylase is used, the Taloes show a marked difference. 
Thus when 40 mgms. of the concentration of the amylase is 
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used, the difference in the values is more, as the values 
obtained are 54.7 and 45.8 respectively. ~.,rom these values 
it is clear that germinated sweet potato contains an amylase 
which becomes more active on germination as it contains both 
"a'' and "b" amylases together. ,Aec9rding to Myrbaek (Loe. 
Cit.) germinated grain contains active amylases namely "a" 
plus "b", while unget·minated seed contains "b" amylase ~nly. 
Hence on germination the amylase is more active than before 
germination. According to Waldschmidt Leitz and Purr (Loe. 
Cit.) ungerminated seed contains both "a" and "b" amylases, 
but "a" amylase is 'Present' in inactiva form, and require11 

- amylokinase for activation. This kinase is developed during 
germination. Hence the amylase becomes more active. 

It is observed that in both the , eases hydrolysis increases 
by increasing amylase concentration, but the values of hydro
lysis due to ungerminated one are always lower than those of 
germinated one. 

v -

SECTION IV 

Study of the ''a" amylase from grains such as jowar, and 
cornparison of the activity of the same with that of "b" 

' amylase from sweet potato · . 

As the results obtained from germinated sweet potatG 
were higher than those of ungerminated ope, because ger
minated one contained both "a" and "b" amylases together, 
while ungerminated one contained "b" amylase only, it was 
thought that it would be interesting to prE-pare an "a" amylase 
from sweet. 'potato and to compare its activity with an amylase 
from germinated tuber such as potato. But according to 
Borchardt and Pringsheim (Loc. Cit.) potato- amylase occupies 
an intermediate position between the malt amylase which is 
pnrticnlarly rich in "b" amylase, and the taka amylase, 
which is pure "a" amylase. Hence "a" amylase, was pre
pared from germinated gra~ such as jowar. As detailed 
,;tudy of the amylase containing both "a" and "b" has 
•)een alrt'ady done in the rl]se ef germinated sweet potato, 



440 

and also detailed stody of the "b" amylase from sweet potato 
has been done, "a" amylase from sweet potato was prepared 
with a view to compare its activity only with that of ~'a" amy· 
lase from jowar grain. 

Before preparing \'a" amylase from jowar grain, con· 
ditions of germinating jowar grain were follow-ed acccording to 
Patwardhan and Narayunamurti (J. Ind. Inst. Sc. Vol. XI, 
Part XII, 1928). Jowar grains were soaked in water, for 24 
h~urs. The grains were then spread on a moist cloth over 11 bed 
of sand. Grains were kept moist by frequent supply of water. 
In about three days the seeds had nearly an inch of plumule, 
when germination was stopped. The grains were dried in the 
sun for a day and the dried material was then powdered. 

\ ' - ' -

Among the various methods suggested in literature for 
preparing "a" amylase by various investigators ·- Hanes, 
Bailey, Giri (Loc. Cit.) etc., "a" amylase was prepared from 
jowar grain as follows :-.. 

To 100 gms. of the germinated jowar flour was added 400 
e.c. 9f distilled water, containing 0.025 io of potassium 
dihydrogen phosphate. It was kept for eighteen hours. It 

I 

was then centrifuged and snpernatent liquid was heated to 
70°0 for fifteen minutes, which' inactivated most of the "b" 
amylase present. lt was then heated in nine minute!!, heated 
at 70°0 for fifteen minutes, and cooled to the room temperature 
in eleven minutes. It wa~ centrifuged, and then 60io_ of alcohol 
by volume was added. When the precipitate settled down, 
after three hours, the precipitate was washed with 90io alcohol 
and finally with absolute alcohol and dried in · va('uO over 
C'alcium chloride. 

Experimental 

To three different flasks containing 20 c.c. of distilled 
water we~·e added different quantities of the amylase powder, 
namely to one were added 20 'lngms., to another 30 mgms, 
and to the third were added 40 rngms. These flasks were kept 
in incubator till the requii·eq temperatnl'e was rN\('hed. As 
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tbe.amylase aetivity was n·ot .affected RP'Preci~J:y by using 
lbt:dfers lbetwe~n 'llli 5.3 and .6:0, ·anj as the amrlase aetivtty 
-was to be ·compared, buffer salntion having '5.3 as pH w.as 
!D.Ire<l. Buffer solutions and sta:rch solutions were :atilde'l as in 
last experiments to tn.ese 'flasks. - A control was also run. The 
flasks were :lrep:t for twen-cy--:fonT hours and the sugar farmed 
was estimated and the amount of -starch hydrolysed was 
calculated as usual. The object t~'f this experiment was to 
ascertain whether b.Y varying the quantity of· .the "a" amylase 
there was any variation in starchhydrolysis 1l.B was observed 
in the case of "b" amylase. The results obtainea are given 'ln 
the foUowing table:-

TABLENo. 7 
/ 

Hydrolysis of starch with ua" a~ylase from jowar grain 

'l'empe.rature Quantity of 
Time iu starch 

l°C) .amylase ·a4ded hours lhydre15'Sed 
in mgms. .% 

.29 20 24 2l.Oi 

" 
30 

" 
26.80 

,, 40 " 30.60 

By w.T5ing the qnali'ty 'Of '"ri" 11.my1hu;~ it was -o'bs-erved 
that even by doubling the quantity of the amylase, starch is 
hydro'lysed by about 6% more. 

Study of the "a• a.my'lase from germinated sweet potato 

"a" amylase was also prepared according to the proeednre 
followed in the case of jowar grain. 

In order to .find out the saccharogenic Mtivi.t,y of .the "a)! 
am.ylase from sweet potato. the following ex:pefimoot wu 
pecformed. 
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To tw"o flasks were added 20 c.c. of distilled water. Then 
20 and_30 mgms. of "a" amylase from sweet potato were added. 
The flasks were kept as nsual in an incubator, and buffer 
solutions and starcli solutions were added. A control was also 
run_ and the amount of starch hydrolysed was determined as 
usual. The results obtainGd are given in table No. 8. 

• TABLE No. B 

Hydrolysis ~f starch with "a" amylase from sweet potato 

Temperature Quantity of Time in starch 

ec> amy lase added hours hydrolysed 
in mgms. % 

29 20 24 28.7 
\ 

" 
30 " 30.6 

From the results obtained in tables No. 7 and 8 it will 
be seen that the activity in both the cases differs but slightly 
by increase in quantHy of the amylase. The results obtained 
from tbe cereal amylase is not stronger than the material 
obtained from sweet potato. 

SECTION V 

Study of the Characters of the "a" and "b" Amylases 

From what has been studied so far it is observed that "b" 
amylase prepared from developed sweet potato is more 
saccharogenic in character than "a" amylase. "a" amylase is 
a weaker saccharifier. · 

"b" amylase in the case of sweet potato in a large size is 
less active than the "b" amylase prepared from small size. 

In the case of "b" amylase by adding greater quantity of 
the "b" amylase to the 'substrate concentration, the values of 
hydrolysis increase while in the case of "a" amylase with the 
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addition of more quantity of "a" amylase to the substrate, the 
values of hydrolysis increase very slowly. 

In the case of germinated sweet potato, (which contains 
both "a" and "b" amylase) the values of hydrolysis are h'igher 
than those obtained in the case of "b" amylase from sweet 
potato of large size. • 

In order to study the characteristics of the "a" and "b' 1 

amylases, experiments were tried, which are described further. 

It is widely accepted that starch can be divided into two 
, fraction~: amylose, which is water eoluble and amylopectin a 

mucilaginous substance with the characteristic pae:te forming 
properties. Their relative proportions vary considerably. 
Samec - (Trans. Farad. Soc. 31, 1935, 395). r~ing and Nanji 
(J.C.S. 123, 1923, 2666f determined the ratio of amylose 
to amylopectin in the molecule of starch, and found it 
to be 1:2. According to them when starch is kept at 8. point 
below gelati,nising point, thus in the case of potato l!tai·ch say 
tlie temperature should be 60°. The mass will dissolve in 
water and amylose will pass into -solution. 

Experimental 
To 5 gms. of suran flour were added 100 c.c. of distilled 

water. It was heated at 60°0 for fifteen minutes, It was 
supposed that amylose will pass into solution. T~e solution 
was then cooled and kept for half an hour and then centri· 
fuged. 

To two different flasks containing 20 c.c. of distilled 
water were added 20 mgms. of "a" amylase and 20 mgms. of 
"b'' amylase and 10 c.c. of the buffer solutions as usual •. When 
the temperature bad attained 37°0, 20 c.c. of the amylose 
solution prepared as described above were added to each of 
these flasks. It had already attained 37°0 temperature. The 
reaction was then carried out for 4 hours. Estimations were 
carried out according to method of Willstatter and Schudel. 
N/100 sodium thiosulphate solution was used for estimation. 
The results obtained were as follows:· 

"a" a~ylase required 2.0 c.c. of sodium thiosulphate solution. 

"b" amylase required 7.0 c.c. of sodium tbiosulphate solution. 
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Although. the amylose pre:pared is not pure, yet, this 
experiment shows- that the two amylases are different in 
character. 

According-to Ohlsson (Compt. rend. Trav. Lab. Carlsberg. 
16, 1926, 7) '~a'" amylase is prepared by heating an extract to 
70° fo1· fifteen minutes, thus inactivating most of the .. b, 
amylase present in germinated seed. It has also been stated by 
Myrback tLoc. Cit.} that ungerminated seed contains only- "b" 
a:mylase. An experiment was an•anged to see whether in the 
case of sw-eet potato (ungerminated) "b" amylase becomes. 
completely inactive at 'Z0°0 by heating for fifteen minutes. 

Two flask£ were taken. To these 20 c.c. of distilled water 
w:ere added and 20 mgms. of amy lise powder were also added. 
One of these flasks was_ kept in a waterbath and the solution 
was heated to 70°0 for fifteen minutes. It was then cooled to. 
the room temperature and the tw& flasks were kept in an 
incubator. When the temperature was 29°0, buffer solutions 
and starch solutions which were kept in an incubator were. 
taken out and 10 tl.c of each of these solutions were added. 
The reaction was allowed to proceed for twenty-four hours. 
After twenty-four hours the reaction was stopped by adding 
a few drops of alkali and the sugar formed' was estimated and' 
tlie percentage of starch hydrolysed was , calculated. The 
results obtained' are given in table No. 9. 

TABLE No.9 

Effect o£ heat on the hydrolysis of starch with amylase· 

Quantity of 
amylase 

used 

20 

20 

Action of heat 

without heating 

Heated to 70°0 
for 15 minutes 

, starch hyarolysed". 
% 

34.9 

5.9 
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This resuU sho\\S that by heating "b" amylase tot'i.0°C for 
fiftee11 mi11ntes, the byd:rolysiug a«tion is not eompletely 
stopped. , . 

It has already bee-n. stated that the germinated materiaL 
contains both "a!' and "b'' amylases together, and the activity 
of the a~ylase remaining after beating to 70°0 fot: 15 minutes: 
is due to "a" alone. The results obtained in the case of 
germinated and lin germinated sweet potato by heating to 70°0 
for 15 minutes and without heating, which are given in the 
preceding tables are mentioned below::-

TABLE No. 10. 

Hydrolysis of starch with amylase from germinatea and 
ungerminated sweet potato 

. 
Amylase used -

2.Q, mgms.. of the amylase from germinated 
one {"a." and "b" together). 

20 mgms. of the amy lase from germinated one 
after heating to 70°0 for fifteen minutes 
("a" only). • 

20 mgms. from ungerminated one ("b" only) 
20 mgms. from ungerminated one h~ated to 

70°0 for 15 minutes. 

. starclh -
hydrolysed 

% 
39.6 

28 .. 7. 

/ 
35.0 
5.9' 

Amylase obtained from germinated sweet potato is taken 
tCl contai'll both "a" andr "71" amylases, while ungerminated 
one is supposed to contai11 "71" amylase only. Germinated 
sweet petato. which was heated to 70°0 for :fifteen minutes 
which can. b.e taken• to contain originally "a"' and "b'~. but 
after heating only "a" amylase. From the results obtained 
it is elearly observed that "b" amylase alone hydrolyses 
starch· to 35%; while ua" amylase hydrolyses to 28.7; while 
tlie combination of the two gives us 39.6%. This means that 
there is some overlapping in their hydrolysis, and that is why 
we get 39.6% in the mixture; while separately when their 
fi~;:ures are added together they give us a total of 63.7%. 



Study of the "a'' and "b" amylases has bee_n done from 
grains such as wheat or barley by several investigators. 
Study of the germinated grain practically amounts to- the 
study of the "a" ana "b" amylases together. It was thought 
that it would also be interesting to study the combination of 
the "a" amylase from grain such as jotear and the "b" amy
lase from tuber snch ss sweet potato, with a view to study the 
saccharogeuic activity as a result of their combination. The 
object was to see whether a combination of this type al~o gives 
the same types of results as are usually obtained when "a" 
and "b" amylases from grains are studied in combination. 

Kuhn (Annalen, 1925, 443, 1) (abstr. from Girl's paper 
J. Ind. Chem. Soc. 15, 1938) has made the discovery that there 
are two different types of amylases which are separable under 
certam conditions. One of these amylases con, verts starch 
into a-maltose, the other produces only b-maltose under simi
lar conditions. The existence of two different specific 
amylases is a stronger point in favour of the existence of 
correspondingly different components in starch molecule •. 
.More recently Van Klinkenberg (Proc. Acad. Sc. Amsterdam, 
1931, 34, 893; Z. Physiol. Chem. 1932; 209, 253; ibid 1932, 
212: 173) has put iorward the view that the liberation of a and b 
maltose by "a" and "b" amylases ~ due to the selective 
hydrolysis of two components of starch, which he designated 
as a and b starch. The hypothesis developed by Van Klinken
berg is based oa the following points:-

{1) When soluble starch is hydrolysed to completion by 
"b" amylase, the reducing power of the products corresponds 
to 64% of the theoretical maltose. The residual fraction is 
designated as a starch and _constitutes about 36% of the 
starch. 

(2) When soluble starch is hydrolysed by "a" amylase 
the reducing power rises rapidly to a value that coiTesponds to 
36% of the theoretical maltose, after which it continues to rise 
slowly. The initial rapid rise is interpreted as being doe to 
the selective hydrolysis of a starch (36% of the total substrate) 
to maltose. The ~low hydrolysis beyond 36% in presence of 
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"a" amylase was expained by th~ supposed slow transforma
tion of b into a starch. ;J.'he converse- transformation (a starch 
into b starch) does not occur because a sharp "Saccharification 
limi.t" is always observed in the hydrolysis of starch by "b" 
amylase. 

Aecording to Freeman and Hopkins (Biocbem. J. 1936, 
30, 446) (1) Both "a" and "b" amylases readily attack and 
hydrolyse completely amy loamy lose component {about 20%) of 
starch, and a portion of the erythroamylose component. (2) 
Both enzymes hydrolyse much the same fraction: 60% of the 
starch; but whereas the remainder (a amylodextrin) is almost' 
if not com::>letely, resistant to the "b" amylase, it can be with 
difficulty hydrolysed by the "a" enzyme. (3) a-amylodextrin, 
the hydrolysis of which has been commenced , by the "a" 
amylase can be further degraded to a certain extent by the 
"b" amylase. The "a" enzyme holds the key to further 
hydrolysis. (4) In degrading starch to the 50% stage, the "a" 
enzyme does so mainly at the expense of the portion which 
is other than amylodextrin, since action on the residue 
by the "b" still leaves about 30% of the original starch 
unattacked. 

It is well known that when starcu ia decomposed by 
amylases CAbstr. Giri's Paper J. Ind. C. S. 1938) inhibition 
zones and saccharification limits are formed, which are ,found 
to vary with different types of amylases and the results 
obtained by several workers are fouJ;td to be of varying magni
tude. The following table represents the values given by 
several workers. 

Author Reference Inhibition 
zones 

"a" amylase 
Syniewski Annalen, 1925, 441, 288, 214 • about 34% 

.... 
Polak & Tycbowski Biocbem. Z. 1929, 214, 216 36% 

' * 

Van Klinkenberg Z. Physiol. Chem~ 1932, 209, 253 36%, 

Hanes Canad. J. Res. 1935, 138, 185 34-38% 
' 

]31om, Bak & Brae Z. Physiol. Cheln.1936, 241,273 33-40% 
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Author Reference 

"b" amylase 

Baker J. C. S. 1902, 81, 1177 
Ling & Nanji J. C. S. 1923, 123, 2666 
Polak& Tycbowski (l. .. oc. Cit.) 
Van Klinkenberg (Loc. Cit.) 
Hopkins, Cope 

& Gres 
.J. lust. of Brew, 1933, 39, 487 

Sacchari
fication 
limit 

60-65/. 
67/o 
66% 
64% 

64-65/o 

Hanes (Loc. Cit.) 61% 
BJorn, Bak & Brae (Loll. Cit.) 53.1-0.5% 

The whole problem of the hydrolysis of starch seems to 
have been found to be a difficult one and every worker has 
arrived at his own conclusion. It was therefore thought nece.s
ssary not to enter into the controversies, which are prevalent, 
but to take an independent line to see bow this problem could 
be attacked. The procedure that was followed can be said to 
be based on determining whether the starch actually contains 
two parts of which one is attacked by "a" amylase, (to the 
exclusion of the other part) and the other by "b" amylase (to 
the exclusion of the other part). Experiments were arranged 
where equal quantities of starch solutions were taken in two 
parts, to one "a' 1 amylase was added, and to the other "b 1

' 

amylase was added. 

Experimental Procedure 
To one of the two different flasks containing 20 c.c. of dis

tilled water were added 20 mgms. of ''a" amylase and to the other 
20 mgms. of "b" amylase. Then to each 10 c.c. of buffer solu
tion and 10 c .c. of starch solution were added. The procedure 
followed as usual. They were kept in an incubator ut 29°C 
and after the fixed period, sugar formed was estimated. 
Another experiment:- In one flask 20 mgms. of ''a" amylase 
was allowed to comp~ete its action on starch for 2,1 hours, and 
then 20 mgms. of "b" amylase were added to it. Another 
flask was taken in which 20 mgms. of "a'' and "b" each were 
added together, other procedure followed being similar as 
a:bove. The ·-,suits obtained are as follows;-
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Amylase used starch hydrolysed 
- % 

"a" a~ylase alone 

"b" amylase alone . 

"a" amylase sup~rimposed by "b" amyla~·e 
"a" amylase plus ''b" amyla~e together 

' 

24.1 

35.4 

57.0. 

56.0 

When -=a"· amylase was allowed to react first for twenty .. 
four hours, and then "b" amylase was added next day, the 
value of hydrolysis obtained on the third oay was 57/;;. This 
distinctly shows that after the attack of "a" amylase, some 
starch remains, which is then hydrolysed by "b'~ amylase. 

Similarly when "a" and "b'' amylases were allowed to 
react in combination, after 48 hours, 56% starch was hydro· 
lysed. This makes it cleat• that there are two types of starchy 
materials, one attacked by "a" amylase, and the other attacked 
by "b" amylase, whe,tber experiments were tried separately 
or in combination. 

Experiments were carried out further with 30 and 40 mgms. 
when "a" and "b" amylases were allowed to act separately 
and in combination as described' above, and the results obtained 
are as follows :-

Results with 30 mgms. amylases 

Starch hvdrolysed ' % 
"a" amylase alone ' 26,9 

"b" amylase alone 39.3 

"a" amylase and "b" amylase together 
in combbation 61.2 

If the value of "a" and "b" amylases 
obtained are added, the total is 66.2 

Results with 40 mgms. 

"a" amylase alone 

"b" amylase alone 

30.5 

45.~ 
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Am,rlase used Starch hydrolysed 
% 

"a" amylase and "b" amylase together 
in combination 70.0 

If the values of "a" and "b" amylases 
obtained are added, the total is 76.1 

In every case with different strengths of the amylases, we 
find that the two working separately hydrolyse more ~tarch 
than when they are added together i.n one flask. This is found 
to be true with 20, 30 and 40 mgms. 

In the case of 20 mgms. "a" and "b" amylases together 
in combination gave 56% hydrolysis, but the two working 
separately, when added, give the total of 59.5%. Similarly 
in the case of 30 aiid 40 mgms. the results obtained with "a'l 
and '.'b" amylases in combination are 61.2% and 70%. But 
the two working separately whEm added together give the 
total of 66.2% and 76.1%, the difference in the two cases 
being 5% and 6.1% respectively. Similarly with 20 mgms. the 
difference is 3.5%. In every case we find some difference. 
It means, therefore, that although ''a" amylase attacks one 
part and "b" emylase attacks- .another part, yet there is a 
certain part, which can be attacked by "a'·' amylase or by "b" 
amylase. Freeman and Hopkins tBiochem. J. 30, 1936, 442 

' 446, 451) have also arrived at a similar conclusion. Blom, Bak 
and Brae (Z. Phy. Che. 241, 1936, 2?3) made an extensive study 
of the separate and simultaneous actions of different purified 
"a" and "b" amylase --preparations on starch from potatoes. 
On the basis of a :rather single conception of the simultaneous 
action of two enzymes upon the same substrate. they came to 
an interesting and somewhat astonishing conclusion that l/4 to 
1/5 of the glucosidic linkages in the sta!·ch molecules, are split 
by "a'' as also by "b" amylase. 

The limit of temperature for the inactivation of "b" 
amylase in case of grain such as wheat or barley bas been 
found to be 70°C, when "b" amylase becomes inactive. 
Andrews and Bailey (Cereal Chern. 11, 1934, 551); Stamberg 
and Bailey (J. Biol. Chern, 126,1938, 479) ~tc. There is, 
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nowever, one difficulty-in as much as when the "b" amylase is 
superimposed by "a" amyl11se or vice versa, the full quantity 
hydrolysed is-less than when "a" and "b" amylase; are made 
to act separately, and the_ figures for hydrolysis are added 
together, iLdicating as we have already said that th_ere is some 
overlapping in this hydrolysis where "a" and "b" amylases 
are in a mixed condition. This means that there is a part of 
starch which is acted upon by ''a" and "b" both, and that is 
why there is some overlapping and difference in the total 
hydrolysed starch. In order to make sure that there is no 
ambiguity left, an experiment was ananged to see whether the 
"b" amylase is completely made inactive at 70u0. In the 
experiment 'conducted, the solution containing "b" amylase 
was heated at 50°, 60°, and 70°0. and made to act on equal 
amount of the start'h solution. 

To three different flasks were added 20 c.e. of distilled 
water, and 20 mgms. of the amylase powdet• were added to each 
of t!ese flasks; One of the flasks containing the amylase 
solution was heated' to 50°0., the other was heated to 60°0, and 
the remaining -flask was heated to 70°0. These flasks were 
heated at the respective temperatures for exactly fifteen 
minntes. They were then cooled to the room temperature, 
and then they were kept in an incubator to attain the required 
temperature of 29°0. -Buffer solution and starch solutions 
wtore then added as usual. The reaction mixtures were kept 
for 2i hours and the sugars formed were estimated as usual. 
The results obtained are given below : 

T t (00) e_mpera nre 

50 
60 
70 

starch hydrolysed 
% 

9.8 
7.1 
5.8 

This experiment cleal'ly shows that at 70°0. "b" amylase is not 
completely destroy~d by heating for fifteen minutes, but a 
certain amount of activity is still left there. l!'rom this ex
periment it is observed that when "a" amylase is allowed to 
react on starch, the value of hydrolysis obtained is not due to 
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''a'' amylase alone, but also due to some proportion of '"b" 
amylase, which remains along with "a" amylase. Hence "a" 
amylase bf'ing. not sufficiently pure, value of hydrolysis of 
"a" amylase, will depend on its freedom from "b" amylase. 
That is why the anomalous position pointed out above occurs. 
The experiment that the "b" amylase is not completely des
troyed at 70°0. in the case of tuber like sweet potato, or jowar 
grain was repeated and it was found that a small proportion 
of the activity took place by "b" amylase which had been 
heated to 70°0. 

It was also considered necessary to find out the extent to 
which starch is hydrolysed by these amylases. From experi· 
ments carried out with 20, 30 and 40 mgms., it was found that 
"a" amylase hydrolyses soluble starch to about 40-41 io; and 
"b" amylase from fully developed sweet potato, hydrolyses 
soluble starch to about 59-60 %. -

From experiments given in this section, it was observed 
that-

"b" _amylase prepared from ungerminated sweet potato is 
saccharogenic in character. -

''a'' amylase is a weaker saccharlfi.er. 

Germinated sweet potato containing both "a" and "b' 
amylases is of course a better saccharifi.er, but the total values 
of hydrolysis obtained in combination are, however, less than 
when added together additively, when their reactions take 
place separately. 

It seems that there are two types of starchy materials, one 
attacked by "a" amylase and the other by "b" amylase, but 
there is a certain part which is attacked by "a" as well a~ by 
."b" amylases. 

In the case of "a" and "b" amylases we find that the two 
working separately hydrolyse more starch than when they are 
in combination. 
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When ''a" amylase was allowed to act first followed br 
"b" amylase, about the same amount of hydrolysis bad taken 
place, as when both the amylases acted together. 

In the case of the "a" amttase as it iii to be prepared from 
germinated material, if "b" amylase is not destroyed at 70°0. 
by heating for fifteen minutes, value of hydrolysis due to 
"a" amylase, will depend npvn its freedom from "b11 

amylase. 

It was found that 14a11 amylase hydrolyses soluble starch 
to about 40-41%. 

'' b" amylase from fully developed sweet potato hydrolyses 
soluble starch to about 59-60% · 

SECTION VI 

(A) Determination of sugar from sweet potato d~ring 
growth 

The object was to find out whether both reducing and non· 
reducing sugars are present during growth of sweet potato. 
Hasselbring and Hawkins (J. Agri. Res. 5,1915,331,543) 
investigated the general course of carbohydrate transforma· 
tiou in sweet potato during storage and observed that in the 
stored sweet potato, starch is first converted into reducing 
sugars and finally cane sugar is synthesised from reducing 
sugar. 

Cuttings of sweet potatoes were put iu the soiL After the 
period of five, six: and seven months, newl)' formed sweet 
potatoes were taken out from the soil. They were divided into 
three sections. Transverse sections were taken. First section 
was nt-ar vine, second section was the middle portion, and the 
third section was the end portion remaining, the object being 
to determine in which portion the sugar was more. These 
difforent portions were dried and flours were preserved, 
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for sugar determination. Thl'l resuUs obtained are given 
below. 

TABLE- No, 11 

Determination of reducing sugar during growth 

Section. 
(No.) 

1 

2 

3 

sugar after 
· five months 

% 

0.551 

0.998 

1.020 

sugar after 
six months 

% 

1.525 

2.150 

2.154 

sugar after 
seven months. 

% 

4.252 

4.488 

4.251 

From the results obtained it will be seen that the middle 
portion finally contained more sugar than the other two por· 
tions, and that no non-reducing suga;r was found during the 
period of five, six and seven months. Starch percentage was 
found to be approximately the same in different portions. 

(B) Study of the ''b" amylase from yam and saran 

Buran crop when taken out from the soil was two years 
old. Yam crop was one year old. For preparation of the 
dried flours of these materials, the outer skin was removed. 
They were then cut into very thin slices. Both these materials 
were sticky, b;nt among them yam was more sticky than suran. 
Hence dried material was obtained after about four days. It 
was then powdered, and the amylases were prepared according 
to the method followed in the case of sweet potato. 

The experimental procedure and method of estimation was 
the same as described in the case of sweet potato. 
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TABLE No. 12 

Hydrolysis of atarch with "b"' amylase from yam and 
sur an 

Name of the 
flour 

Yam 

Buran ... 

Quantity of the 
amylase added 

in mgms. 

20 

20 

Time 
iu 

hours 

24 

24 

Percentage of starch 
hydrolysed. 

18.1 

15.6 

If these values of hydrolysis obtained in the ease of yam 
and .surat~ are compared with that of sweet potato, the activity 
of these two amylases is very low. 

(C) Study of the ''b" amylase from carrot 
/ 

After the preparation of the "b" amylase from sweet 
potato, yam and suran, and their actions on starch carrot was 
the next that was selected. As already described, like the 
sweet potato, carrots were cut into 'vet·y thin slices, and -were 
dried. The dried material was then powdered, and flour was 
preserved. ' 

Experimental procednre for preparing the amylase was 
the same as that followed in the case of sweet potato, with 
slight modification. In order to prepare an amylase in solid 
form, 50 gms. of the flour w_ere mixed with 300 c.c. of water 
containing 20% alcohol ~s by adding 20.) e.c. of distilled water. 
The mixture became rather thi<:!k. ' Other p1·ocedure followed 
was the same as described in the case of sweet potato. 

Exper~mental " 

To the flask containing 20 c.c. o~ distilled water were 
addeq 20 mgms. of the amylase powder, and after adding the 
required amount, it was kept in an incubator to attain the 
required temperature. When the temperature had been reached. 
!0 c.c. of the btlffer solution 11nd 10 Q.c, ot the starch solutiops 

J 
I 
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were added as usual. A blank experiment :was also run. The 
mixture was kept for 24 hours, and the sugar formed was 
~stimated as usual. -Similar experiment was also ca_rried out 
by usi~g 40 mgms. --

The results obtained are given below:-

TABLE No. 13 

Hydrolysis of starch "b" amylase from carrot 

Temperature , Quantity of Time Percentage of starch 
(

0 0) amylase ~dded in hydrolysed 

29 
29 

in mgms. 

20 
40 

hours 

24 
24 

38.6 
46.1 

From the 1·esults obtained it will be observed that when 
20 mgms. of the amylase are used, starch is hydrolysed to the 
extent of 38.6%j while when 40 mgms. are used, it is hydro· 
lysed to the extent of 46.1%. It will be seen that with increase 
in concentration of the amylase, the value's of hydrolysis also 
increase. The vB;lues of hydrolysis vary according to the 
concentration of the amylase used. 

l!,or the sake ~f comparison values of hydrolysis obtained 
in the case of sweet potato and carrot are given below~-

TABLE No. 14 

Comparison of "b" amylase from sweet potato and carrot 

Quantity of 
amylase added in 

mgms. 

20 
40 

starch hydrolysed 
in case of sweet 

potato 
io 

o5.o 
45.8 

stafch hydrolysed 
in case of 

carrot 
io 

38.6 
46.1 
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From the results obtained it. wil be seen that "b" amylase 
in the case of carrot is slightly more active than "b' • amylase 
from sweet 'potato. 

In order to see whether "b" amylase from carrot also 
becomes inactive by heating to 70°C for fifteen minutes, the 
following experiment wa~ carried out. 

To one flask was added 20 c.c. of distilled water, and 
20 mgms. of the "b" amylase from carrot was added. The 
flask was then heated to 70°C for fifteen minutes. It wal'l then 
cooled and kept in an incubator to attain the required temper
ature (29°0). Then 10 c:c; of the buffer solution and.IO c.c. of 
the starch solution were added as usual. Similar experiment 
was carried out simultaneously without heating. After twenty 
four hours, the amount of sugar formed was estjmated and the 
perc,entage of starch bydrolys~d wa.s calculated. 

T.A BI ... E No. 15 

Action of heat · 
(Amylase) Without heating 
(Amylase) Heated to 70°C 

starch hydrolysed • ~ io 
138.5 
'7.1' 

This result sh~ws that even by heating at 70°C for 15 
minutes, hydrolysing action is not completely stopped in the 
case of "b': amylase. Similar observation was made in the 
case of "b" amylase from sweet potato. As in the ease of 
sweet potato, starch hydrolysed if calculated theoretically, is 
hydrolysed to the extent of 59· 60%, similarly iu the case of 
carrot, if "a" and "b" amylases are allowed to act on stareh, 
starch is hydrolysed to the extent of 60-62%. 

It is found that "b" amylase from carrot as well as from 
sweet potato is saccharogenic in character. However, "b" 
amylase from carrot is slightly more active than "b" amylase 
from sweet potato. 

In both the cases with increase in concentration of the 
amylases, values of hydrolysis also increase. 

By heating "b" amylase to 70°0 it does not become com· 
pletely inactive in both the eases. 
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In the case of "b" amylase from sweet potato, starch is 
hydrolysed to the extent of 59-60io; while in the case of "b" 
amylase from carrot, starch is hydrolysed to the extent of 
6Q-62%. 

Summary and Conclusions 

For studying amylase activity, amylases were prepared 
from 1·oots-and tubers such as sweet potato, -yam, suran and 
canot. They were termed as "b" amylases. Sweet potato 
was also germinated, and amylase ("a" plus "b'') was also 
prepared from the same. "b" amylase from two different 
sizes of sweet potatoes was also prepared in order to determine 
w:hether activity remains the same or not at different stages 
of growth. In order to study the characteristics of the ''a" 
and "b" amylases experiments were tlied with two types of 
amylases that were prepared, namely "a" am:} lase from grain 

' such as jorc~r, and "b" amylase from sweet potato. ,Another 
obJect in trying these experiments was to se.e whether com· 
bination of this type produces similar types of reactions, as 
when "a" and "b" ~ylases behave in combination when 
extracted from grains.- From the results it was observed that:-

In the case of ~'b" amylase-from two different sizes of 
sweet potatoes, the saccharogenic values were higher in the 
case of small size indicating thereby that "b" amylase was 
more active when -extracted from the younger one than in the 
case of fully' developed one. 'Vhen the proportion of the 
amylase concentration and the substrate concentration was 
maintained 1:10, this difference was not very markedly 
observed. When the proportion was maintained 1:5, this 
difference could be distinguished. 

' 
In the case of "b"- amylaEe from canot, the >alues of 

s3ccharification do not differ much from the values obtained in 
the case of "b" amylase from sweet potato. The values of 
saccharification in the case- ()f "b" amylase from yam and 
suran are low. "b'' Amylase is saccbarogenic in character. 
In the case of sweet potato a11d carrot by_ adding greater 
quantity of ~my lase to the substrate concentration, h.rd!'olysis is 
also increased. In the case of "a" amylase with the addition 
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~f more quantity of the amylase to tke substrate concentration, 
the values of hydrolysfs , do not show _much variation "a'' 
amylase is a weaker saccharifi.er. 

In· the case of amylase from germinated sweet potato,
the values of hydrolysis were higher than those obtained in 
the case o~ "b" amylase. The values o( hydrolysis were not 
independent of the fixed concentration o( the substrate • 

• 
In the case of "b" amylase from carrot or sweet potato it.. 

was observed that by heating· to '70°C fOJ: fifteen miuutes, it did 
not become completely inactive. 

Germinated sweet potato containi~g both "q." and "b" 
amylases together, is of course a better saccharifi.er, but the 
total values of hydrolysis obtained in combination, are 
bowever, less than when added together additively when their 
reactions take place separately. 

, In the case o"t "a" amylase as it is to be. p1·epared from 
germinated material, if " b" amylase is not. completelY 
-destroyed, by heating to 70°0 for fifteen minutes, the value Of 
hydrolysis due to "a" amylase_ will depend on its freedom 
from "b" amylase. "II" amylase from developed swaet potato 
hydrolyses soluble starch ta about 59,60%, and •'b'' amylase 
from cartot hydrolyses starch to about 60-62%. 

When "a" amylase was allowed to a~t first followed by 
''b" amylase about the same amouljl.t of hydrolysis was obtained 
as when both the amylases acted to~ether. 

When experiments with "a" and "b" amylases were tried 
in combination and separately, it was found that the two work· 
ing separately hydrolyse more starch than when they are in 
combination. From the results it was observed that although 
a put of star~h is attacked by "a" and the other by ''b", yet 
there is a certain pa\·t of starch, which is attacked by both "a" 
as well as by "b" amylases, whether e~periments are tried, 
separately or in comuiuation, \ 

-
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PAPER XXX 

PHOSPHATE SUPPLYING PO,VER OF SOME 
TYPICAL SOILS FROM WESTERN INDIA 

By , 

, DR. V. K. 'I~ELEY, ~1. Sc. Ph. D. 

( Wi~h kind permission of the authorities of the Bombay University) 

Introduction 
Phosphates present in- soils- and their snpply to plants, 

are two questions of long standing interest, before the soil 
chemist. Voluminous __ work done in past many ye_ars, has 
thrown much light on the nature of soil phosphates and the 
mode of tbeir supply to plants. Yet a satisfactory method of 
universal application to diagnose phosphatic status of a soil, 
is still not available. - -

Soil phosphates which are , insoluble' in water ar~ not 
directly useful to plants. It was originally believed that plant 
roots prodUcE> acidic exudations, which bring in solution, some 
of ,these insoluble phospha_tes, before they are absorbed by 
plants. Phosphates which are soluble in weak acidic solu
tions, are, therefore, considered to be available to plants. 
Phosphates of Fe, Al, Ca, Mg, etc., fall in this category. 
Recently phosphates adsorbed on soil colloids, and the organic 
phosphorus, are also considered to be available to plants. 

A number of acidic extractors have been suggested from 
time to time to remove these phosphates from soils for_ 
estimation. (5) This figure is taken to represent the total 
quantity of soluble phosphates in the soil, which plants can 
utilize for absorption. -

A comparison- of ~vailable phosphate figures with -the 
phosphatic status of the soil, as judged from the plant growth. 
is many a time not borne out. In calcarrons or alkaline soils, 
acid extraction methods very often give misleading results 
{1, 2, 3, 4). ,Plants, grown on a soil containing fairly good 
amqunt of available phosphAtes, often show symptoms of phos
phates-deficienc;r and respond vigorously to the application_ of 
a comparatively small amount of superphosphate. 



The fact that, in spite of a good reserve of available 
phosphates, plants fail to get an adequate supply of phosphorus, 
appears to indicate that, all stock of these phosphates are not, 
all at a time, at the disposal of plants, but they are fed at a 
definite rate-which is not necessarily related to the available 
P04 content alone. If this rate is high enough to meet the 
plant requirements, the plante would grow satisfactol'ilf, other· 
wise they wouid show deficiency symptoms, in spite of the fairly 
high concentration of available phosphates in the soil. Boil 
factors other than the available phosphates, seem to control 
thie rate of phosphate supply. These factors being in integral 

- part of the soil, this rate of_ supply is a characteristic of the 
soil rather than a function of the total quantity or the nature 
of the available phosphates. This rate may, tberefore, be 
designated as the Phosphat,e Supplying Power of the soil. 

Carbon dioxide also appears to exert considerable influence 
on the rate of phosphate supply to plants. It has been observed 
that increase in C02 production in soil favours the phosphate 
absorption by plants. _ Baure {6) has also observed that when 
rock phosphate is supplied to fields with, organic matter, a 
marked increase in yield is obtained. Troug (quoted) by 
Cook (10) attributed this to the carbon dioxide produced in 
the decomposition of organie matter. He suggested the 
following reaction :-

Cas (P04)2 +2H2UOs =Ca2H2(P04h + Ca (HCOs):~ 
and stated that the amount of calcium biphosphate in solution 
depends on the rate of removal of calcium ions ft·om soil 
solution. McGeorge et. al. (7) have similarly observed in the 
case of calcareous soils, a better absorption of phosphates when 
the eoil is treated with acidic water. They considered this 
being due to the production of C02 in the decomposition of 
carbonates. Carbon dioxide should, therefore, be considered 
as a major external factor in controlling the rate of phosphate 
supply, and consequently the phosphorus supplying power of a 
soil (18). 

It is evident that, the amount of phosphates retained 
in soil solution, in the presence of excess of carbonic acid, 
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may be used as a measure of the phosphate supplying power of 
the soil. The following method wa<> found convenient in the 
present ~;tudy to determine chemically the phosphate supplying 
power of soils. 

10 gms. of soil passing through 1 mm. ~;ieve were mixed 
with200 ml. of distilled:water and saturated with carbon dioxide 
under a pressure of 5 em. of mercury. It was shaken at room· 
temperature for an hour under the same pre:.sure and kept 
overnight. It was then filtered and fJhosrJhates were estimated 
colorimetrically from the filtrate. The Phosphate Supplying 
Power is expressed as p.p.m. (parts per million) of P 2 0 5 • 

In this method, carbonic acid, the only variable factor in 
controlling the Phosphate Supplying Power of a soil, is kept in 
excess. The results will, therefore, be proportional to the 
Phosphate Supp}j·ing Power of .the soil under optimum condi
tions. 

Scope of Work 

Phosphate suppl)ing powers of some typical soils of the 
Bombay Province are reported here. The effects of some of 
the factors influencing this property and also that of addition 
of non-phosphatic substances to the soil have also been 
included. 

Physical &: Chemical Characteristics of Soils Studied 

A few typical soils of the Bombay Province were selected 
for this study. The samples were taken from the first 9q layer 
and after passing through 1 rum. ~>ieve they were stored in 
closed tins. Particulars regarding th~ locality, crops grown, 
ete., are given in table 1. 
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TABLE No. 1 

Particulars of the aoila 
Locality _ Crops grown · Average yield. 

per acre in lbs. 
Arbhavi Sngucane 8836 

Cotton 978 
Maize 2233 

Belgaum Paddy 1980 
Watana \389 

Broach Cotton 511 
JowaY 

Dharwar Groundnut 74:9 
Jowar 1410 
Uotton 517 

Jalgaon Cotton fiR7 
Ground nut 1929 

N11diad Bcjri 2000 
Poona Tobacco 1000 

(dry leaf) 
'!able 2 below shows tbe important chemjcal constituents 

of the soils. 

TABLE No.2 

Chemical analysis of tbe soil 
(Percentage of drJ fine matter) 

Soils Sesqui Cal· Magne· Potas· Phospho- Carbo- Humus 
oxides c;um sinm sinm rio acid nates 

Ca Mg K P1105 CaC03 

Arbbavi 8.40 3.32 . · o.2o 0.80 0.09 7.88 2.48 

Belganm . 26.80 0.-!9 0.28 0.71 0.22 Trac:e 2.58 

.Broach 10,30 0.71 0.32 0.60 0.09 0.17 1.56 

Dbarwar 1L80 0.81 0.36 0.61 0.06 0.19 6.35 

Jalgaon 12.40 2.71, 0.24/ 0.63 0.11 4.33 4:.16 

Nadiad 6.75 0.72 0.13 0.94: 0.21 1.14 0.69 

Poona 11.70 l.lO 0.31 0.52 0.09 0.51 2.76 
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Mechanical analysis and other important physical pro-
pel'ties of the son·samples are given in table 3. 

TABLE No. 3 

Mechanical analysis of soils 

Soil Coarse Fine Silt Clay Water Moisture 
sand sand holding 

% % % % 
capacity 

% % 

Arbhavi 38.22 14.12 5.50 29.00 54.46 3.34 
~ 

Belgaum ~.68 10.94 3.75 75.25 E7.85 4.29 
Brt~ach 0.26 31.35 16.00 45 50 55.91 5.16 
Dharwar 6.03 13.24 20.50 47.00 65.10 6.69 
Ja]gaon 0.21 29.11 22.50 32.50 76.07 7.19 
Nadiad 2.38 76.95 5.75 11.75 40.63 1.34 
Poona 3.51 38.18 21.50 27.75 75.53 5.79 

From the results of meehanical analysis the soils may be 
divided into three gronpR. The first group comprises sandy 
soils from Nadiad and Arbhavi. These contain more than 
50 per cent. sand (coarse and fine together). Soils fl'Om Poona 
and Jalgaon containing sand, silt and clay more or less in the 
same proportion,. form the second group of medium soils, 
while soils from Belgaum, Broach, and Dharwar, forming the 
third group, are decidedly clayey in .nature. Belganm soil 
again contains a high percentage of sesqnioxides in which 
-iron oxide predominates. Thi.s gives it a distinct red colour. 
Percentage of sesquioxides, in the soils, amounts to about 
10 per eent. Arbhavi and Ja]gaon soils contain a compara· 
tively nigher percentage of calcium, most of whi('h is in the 
form of carbonates. These soils may be taken as representa· 
tives of calcareous type. Phosphoric acid content of all the 
soDs, varies from 0.06 to 0.1 per cent. (P2 0:l) except those 
from,Belganm and Nadiad which contain 0.2 per cent. pho:;;
phorie acid. 



As regards their geneTal fertility nothing definitely can be 
aaid. In the first place weatbar conditions are different at the 
various places, and the crops grown are also different. If com
pared ronghly, Nadiad soil is very fertile, followed by Arbbavi; 
and then by the rest, which are more or less of the sa~e 
quality. 

. 
Available Phoapbates 

Available phosphate contents(){ these soils were estimated 
by the method of extraction with one per cent. citric acid 
solntiou (Dyre's method)., The extracted P04 was determined 
colorimetrically, by reducing the phospho-molibdate compou::~d 
with 11tannous-chloride solution (8). Resnlts are recorded in 
table No.4. 

TABLE No.4 

Availabl~ phosphate contents of the different soils 

Soil 

Arbhavi 

Belgaam 

Broach 

Dharwar 

Jalgwn 

Nadiad 

Poona 

Available phosphates 
P20:~ 

p.p.m. 

66.50 

37.81 

57.64 

19.21 

67.72 

80.31 

28.11 

' ' 

Compat·ed with the total phosphate contents of the soils 
(table No. :2) Nadiad soil, rich in total phosphatee also stands first 
in the available phosphate,coutent. This soil is very sandy in 
charaeter. It contains on y 11.75 per cent. clay. The seS<tui· 
oxides are alsa verr low (6. 78 per cent.). The fixation of P04 
i11, therefore, only slight. 
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Belgaum soil containing an equal quantity of total phos
phates, possesses only half the quantity of available phosphates, 
indicating a high phosphate fixation. This is to be expected 
from the very clayey character of the soil and the high 
sesquioxide content. 

Jalgaon, Arbhavi and Broach soils, though they contain a 
much less quantity of total P04 compared with the Nadiad or 
Belgaum soils, possess almost the same quantity of available 
phosphates as the Nadiad soil. Arbhavi soil which is poor in 
clay and sesquioxides, is not expected to show mnch P04 
fixation. - But Jalgaon and Broach soils, containing a pretty 
high percentage of clay and sesquioxides, still show a fairly 
high content of available phosphates. Poona soiJ, thongh 
containing the same quantity of total P04 and much less clay 
show~ a very high P04 fixation resulting in a low available 
P04 content. Dharwar soil, is poor in total and so also in 
available P04 content. Arbhavi- and Jalgaon soils are 
calcareous in natnre, bnt the calcium carbonate appears to have 
no significant effect on their available P04 content. The 
percentage of the total phosphates that are in the available 
form are shown in table No. 5. 

TABLE No.5 

Percentage of total P04 in the available form 

Soil Available phosphates 
In the soils from as per cent. of total P20s 

Arbhavi, Broach, and 
Arbhavi 7.4 Jalgaon abont 6 to 7 
Belganm 1.7 per cent. of the total 

Broach 6.4 P04 is in the available 
form. Arbhavi is a 

Dharwar 3.2 sandy soil, Jalgaon is 
Jalgaon 6.2 of medium type, while 
Nadiad 3.8 Broach is clayey in 

Poona 3.1 character. 
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.Again .A.rbhavi, Jalgaon both contain appreciable quantity 
of CaCOa, while Broach soil is almost free of that. Similarly, 

·soils from Dharwar, Nadiad and Poona which represent the 
above three types again contain almost equal per cent. of total 
P04 in the available form. S~squio:x:ide content of all these 
six: soils is almost the same . 

. This is in agreement with the finding of Murphy -(9) who 
has shown that, citrate ion replaces P04 adsorbed on soil 
colloids. Similarly, citric acid dissolves P04 in combination 
with sesquio:x:ides, tb·us ~endering both these ingredients, 

·ineffective in P04 fixation. Available P04, estimated by 
extraction with citric acid solution will naturally u'ot bear any 
correlation with these soil factors. 

It is also interesting to know whether the above figures of 
available P04 · represent the total quautfty of available P04 
in the soils, and soils are completely deprivt::d.. of their avail· 
able P04 after extraction with the citric acid solution. 
Walkoh (15) has found· that when soils, which had betJn 
previously treated with phosphatic fertilizers, were extracted 
with 0.2N nitric acid, about 50 per cent. of the added phos· 
phates were recorded at the first extraction, while the sub· 
sequent extractions failed to remove appreciable quantities of 
P04. This is verified by extracting once more, the same soil 
sample with one per cent. citric acid, solution. The quantity 
dissolved out in the second extract was almost equal to the 
first. The same soil sample was, therefore, repeatedly 
extracted with the citric acid solution and P04 dissolyed out 
in each extract was determined separately. Seven such 
extractions were possibl~. Afterwards, it became very diffi· 
cult to filter the soil suspension. The quantity of P04 
dissolved out in the seventh extract had also appreciably 
reduced. It had, however, not completely disappeared in the 
case of any of these soils. Results of these repeated extrae· 
tions are given in table No. 6. 
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TABLE No. 6 

Repeated extractions of the different soils with 1 per cent. 

Citric _acid solution 

_(expressed as P20~ p.p.m. of soils) 

Soil Number of extractions Total 
1 2 3 4 5 6 7 quantity 

extracted 

Arbhavi 66.50 27.80 30.91 29.83 27.13 15.11 7.14 204.42 
Belgaum 37.81 37.63 43.31 54.30 58.80 72.18 66.77 370.80 
Broach, 57.64 30.97 _31.00 27.73 15.31 13.40 13.00 189.05 
Dharwar 19.21 16.63 16.01 12.32 8.93 10.97 11.03 95.00 
Jalgaon 67.72 43.75 41.70 39.44 40.48 26.31 14.71 274-.11 
Nadiad 80.31 52.41 56.33 49.72 27.00 18.05 8.63 282.45 
Poona 28.11 28.84 ~3.21 31.17 34.13 10.10 9.11 184.67 - / 

It is evident that, the results of the first extraction with 
the citric acid solution do not represent all the available 
(easily soluble) P04 in the soils. Alm~st equal quantities of 
P04 1 in some cases even greater qualities, can be removed 
at subsequent extractions, and it may take a pretty large 
number of extractions to completely free the soils of the 
available phosphates. 

The last column of Table 6 shows the total quantity of 
P04 dissolved from each soil sample, in the seven extractions. 
This may be taken to mean the total quantity ot easily soluble 
(available) phosphates in the soils, a~S the further addition to 
this quantity will be comparatively small, except in the 
Belgaum soil. The 'amount of P04 removed from this soil is 

- already much greater than any of the other soils. It is' evident 
-,that available P04 as shown by the first extraction is not in 

any way related to the total quantity of easily soluble phos· 
' phates present in the soils. 

It becomes, therefore, apparent that the figures of avail
able phosphates, as determined by extraction with one per 
cent. citric acid solution do not represent the total quantity of 
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Results when plotted graphically show that the cmrvee 
obt~ined for the Nl\diad aod Broach soils ar& of the ss.me 



type. The quantities of P04 extl·acted are continuously 
decreasing and roughly they are inversely as the number of 
extractions. Soils from Arbhavi, Jalgaon show a sudden drop 
at the second extraction, similar to the first two, but latet·, 
almost equal quantities of P04 are given out at the next 
four extractions and then the proportionate fall commences. 
The curves for the 10oils from Poona and Dharwlu are also 
similar to the above' curves except that the first drop at the 
second extraction is absent. 

The first sudden drop at the second extraction may be 
due to the removal of all the easily soluble phosphates at the 
first extraction. Flattening of the curve _at the subsequent 
extractions indicates the presence - of sparingly soluble 
phosphates, which are removed at each extraction, in quanti
ties sufficient to saturate the solution. The gradual fall in the 
end, appears to indicate an extraction of the adsorbed phos
phates from soil colloids. At each stage an equilibrium seems 
to be reached between the solid and the liquid phases, and the 
quantities at equilibrium with the solid phase are removed. 
As the soil colloids get progressively unsaturated less and less 
quantities in the liquid phase get at equilibrium with the 
solid phase. -

Behaviour of the Belganm soils under the repeated extrac
tions, is very peculiar. The quantity of PO-t dissolved out, 
rapidly increases from extraction to extraction, and only at 
the last extraction a slight fall is recorded. This soil contains 
a very high percentage of sesqnioxides which may -be 
responsible for this unique quality. -

(Continue on page 468 para tUJo) 
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the easily soluble phosphate present in the soil and is also 
not in any way related to it. -It is representative of a rate at 
which P04 is brought into solution from the soil under the 
conditions of extractioD.. This rate alters when P04 is remov
ed from the solution. The nature of these alterations differs 
from soil to soil and appears to be a characteristic of the soiJ. 

This rate, however, cannot be taken to indi~ate the actual 
rate of P04 supply to plants i. e. the phosphate supplying 
power of the soil. In the first place the acidity of the extrac-

. taut was very high. Under normal_ condition of cultivation 
soil never shows such a high acid reaction. The phosphates 
'which are soluble at this acidity will not be in solution iu the 
sam.e amount at the usual soil reaction. !:leeondly, the citrate 
ion is strongly adsorbed by soil colloids with a displacement of 
P04 ion.' A plant cannot do this unless it exudes citrate 
ions. I 

I 

Phosphate Supplying Power of the Soils 

'!'his was determined by the method outlined previously. 
Resulls are recorded in table No.7.· 

'/• 
TABLE No. 'l 

Phosphate supplyin8' powers of soils 

Soil 

-----
Arbhavi 

Belgaum 

Broach 

Dharwar 

Jalgaon 

Nadind 

Poona 

P.S.P. 
(P20o) 
(p.p.m.) 

8.81 

1.42 

2.46 

Trace 

Trace 

74.87 

5.98 

Available Cl Easily soluble 
phosphate ay phosphates 

(PliOa) per cent. (P20s p.p.m.) 

66.50 

37.81 

57.64 

19.21 

67.72 

80.31 

28.11 

29.00 

75.25 

45.50 

47.00 

32.50 

11.75 

27.75 

38.70 

0.18 

26.67 

2.58 

23.97 

27.90 
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The figures of available phosphate contents, clay per cent. 
and the easily soluble phoshates are also included in the table 
for comparison. The figures in the last column are based on 
the inference drawn previously (pp, 468) and show difference 
between 'the first and the second extractions of the soils with 
1 per cent. citric acid solution./, 

No correlation between the Phosphate Supplying Power of 
these soils and their available phosphate contents or the easily 
soluble P04, is traceable. It is, therefore, apparent that 

' the Phosphate Supplying Power of a- soil is independent of the 
available phosphate content. When compared with the clay 
perce~tages of the different soils, an inve1se correspondenee 
is evidtcmt. Higher the clay per cent. lower is the Phosp'l:tate 
Supplying Power of the soil. Belgaum soil for instance con
tains 75.25 per cent. clay and bas Phosphate Supplying Power. 
1.42. On the other hand Nadiad soil, containing 11.75 per 
cent. clay, has Phosphate Supplying Power ·74.87 units. 
Other soils alsQ show a similar relation. However, since the 
nature of the clays, their degree of saturation, vary from soil 
to soil no quantitative relation between the clay per cent. and 
the Phosphate Supplying Power of the soils is to be expected. 
Soils from Dbarwar and Jalgaon, though they contain much less 
clay than the Belgaum soil, still have o_nly a negligible 
Phosphate Supplying Power. 

The changes in the rate of _extraction of P04 from these 
soils, with 1 per cent. citric acid solution have been very 
characteristic of the soils. Changes in the Phosphate Supply
ing Power when dissolved phosphates are continuously 
t•emoved from solution, have also been studied by repeatedly 
extracting the same soil sample with the carbonic acid :wlution. 

' -The results are tabulated in table No. 8. 
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TABLE No. 8 

Repeated extraction with the carbonic acid solution . 
(Expressed as P205 p.p.m. of Soils) 

Soil Number of extractions 

1 2 3 4 5 6 7 

Arbhavi 8.81 8.33 7.39- 9.89 9.81 10.68 ' 11.50 
Belgaum 1.42 1.31 1.41 0.70 0.72 Traces 
Broach 2.462 2.90 2.33 3.89 3.99 3.90 4.07 

Dbarwar Traces Traces Traces 

JalgaoJ;l. Traces 2.81 2.68 3.87 8.63 9.12 
Nadiad 74.87 81.45 64.83 '66.22 67.56 66.49 61.12 
Poona 5.98 6.57 8.98 8.53 5.42 3.36 3.18 

Ne very sudden changes occur in the P.S.P. (Phosphate 
Supplying Power) during seven repeated exttactions, as 
happened in the case of citric acid extractions. In soils from 
Belgaum, Nadiad and Poona, P.S.P . .slightly decreases at lattet• 
extractions while in soils from Arbhavi, Broach a'nd Jalgaon 
it shows a gradual increase. The increase is very distinct in the 
case of Jalgaon soil only. This trend of changes appears to be 
no way related to the clay content of the soils. When. compared 
with carbonate percentages in these soils(table No.2) i(appears 
that P. S. P. ·shows an increasing trend' in soils containing 
calcium carbonate, while in soils, containing little or no 
calcium carbonate, the trend is decreasing. 

Carbonic acid, besides dissolving insoluble phosphates 
such as those of calcium and magnesium also acts on calcium 
carbonate bringing it in solution as bicarbonate. This in
creases the Ca-ion concentration in solution, which has been 
shown to have a depressing effect on the solubility of phos
phates (9,10,11). In the repeated extractions, the calcium 
carbonate is gradually leached out from the soils, and hence 
more and more P04 is btought in solution. This may explain 
the increasing P.S.P. of Arbbavi and Jalgaon soils. Broach 
soil contains much less CaC03 but the percentage of clay is 
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higher, which seems to be the cause of the very gradual rise in 
the P.S.P. Nadiad and Poona soils also contain CaCO 3 but it 
appears, to be in a finer state of division and is leached out 
within the first or the second extraction. This l"esults- in a 
momentary rise in the P.S.P. and then the decline commences. 
The degree of saturation of the P04 adsorbing complexes, 
also appears to influence the P.S.P. o( the soil. Dharwar soil 
contains almost the same quantity of CaC03 as the Broach soil, 
but its P.S.P. is almost nil at the first extraction and does not 
show any increase at the subsequent e~traction similar to the 
Broach soil. This may indicate a \ery unsaturated state of 
the colloids with respect to the PO~ ion. 

The gradn:!l decline of the P. S. P.~under the conditions 
of repeated extractions appears to suggest a partition of P04 

between the solid and the liquid phases as has been inferred 
in the case of similar extractions with one per cent. citric acid 
solution. ~ 

The depressing effect of CaC03 on_ the P.S.P. is further 
confirmed by adding precipitated chalk to some of the soils 
and extracting them as above. The results are tabulated in 
table No.9. 

TABLE No.9 

The depressing eflect of the increasing quantities of 
CaC03 on the P. S. P. of the Poona soil 

(Expressed as_P205 p.p.m. of the s~il) 

Calcium 
carbonate Number of extractions 
added per 

cent. 1 2 3 4 5 6 7 

1 2.8;! 2.84 814 8.63 5.45 4.19 3.27 

3 Trace 1.39 1.93 2.82 4.9-! 5.87 5.56. 

5 Traces Traces 0.73 2.11 3.56 3.23 

Blank 5.98 6.57 8.97 8.53 5.42 3.36 3.18 
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Next Arbhavi soil which contains considerable quantity
of CaCOs (7.88%) and the Nadiad soil contains only 1.14 
per cent. CaCOs but with very high P. S. P. (74.87) are mixed 
with precipitated chalk and repeatedly extracted with the 
carbonic acid solution. Results 1rre recorded in table No. 10. 

TABLE No. 10 

Depressing effect of CaC03 on the P. S. P. of the Nadiad 
and Arbhavi soils 

No. of Arbhavi Soil Nadiad Soil 
extractions 1% CaCOs O% CaCOs 1% CaCOs O% CaC03 

P205 p.p.m. of the soils . 
1 0.092 8.810 32.60 74.87 

2 Q.070 8.330 51.98 69.45 

3 0.98 1.93 62.04 64.83 

4: 1.49 9.89 62.92 66.22 

5 2.67 9.81 . 63.05 67.56 

6 2.86 10.68 69.69 66.49 

7 4.14 11.55 71.71 - 61.12 

The effect of the particle size of calcium carbonate is very 
clearly brought out in the 'above experiments. The original 
P. S. P. of the Arbhavi soil, in presence of 7.88 per cent. 
CaCOa was as high as 8.81 units but after addition of only 
1 per cent. finely powdered CaCOs it is reduced to a very in
significant figtire. 

\ . 
The presence of calcium ion has also been found to 

depress the absorption of P04 by plants (19), Cook 00) has 
also observed that when bentonite, which has been pre\·iously 
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leached with ammonium oxalate, is added to cultnre pots to 
adsorb Ca ion, the phosphate content of plants increased 
manifold. This effect of CaC03 , which is not shown by the 
citric acid extractions, is clearly brought out by the stndy of 
the P. S_.. P. of the soils. 

Additions of non-phosphatic salts 

Sodium nitrate and ammonium snlphate are used as 
nitrogenous manures. Addition of gypsum is often recom· 
mended to improve the calcium status of soils. Their effect on
the P.S.P. of the Poona and Nadiad soils was !!tudied, by 
adding 1 per cent. of these salts separately -and extracting the 
soils with the carbonic acid solution. Results are tabulated 
in table No. 11. 

TABLE No. 11. 

Effects of additions of non-phosphatic salts on the P. S. P. 
of the Poona and Nadiad soils 

(Expressed as P 20s p.p.m. of the soils) 

No. of Poona soils Nadiad soil 
extrac- 1% NaNOa 1%(NH4)2 1%CaS04 1%NaNOa 1%(NH4}2 
tions 804 so4 

1 6.50 6.03 4.87 81.98 74.13 

2 8.58 8.67 5.61 89.10 82.76 

3 9.78 11.35 8.26 68.38 63.11 

4 7.87 9.68 7.12 62.94 67.78 

5 6.00 5.42 5.50 60.53 67.14 

6 8.32 3.23 3.54 57.31 61.34 

7 2.92 Traces 3.27 56.39 56.13 
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Humus 

Humue:, the organic colloids of soils, is believed to' play 
an important role, in making soil phosphates available to 
plants. ~t is usually attributed to the strong adsorbing pro
perties possessed by the colloid. Peterson (12) has observed a 
considerable increase in soluble phosphates when organio 
matter in the soil was de10troyed by hydrogen peroxide. Humus 
contents of the soils under inveEtigations were estimated 
colorimetrically by the method described by Eden (13). Results 
are shown in table No. 2. 

No correlation exists between the P.S.P. of the eoils and 
their humus contents. Next, to confirm the results of Peterson 
( loc. cit. ) humus from the Poona soil was oxidised with 
hydrogen peroxide. ' Latter contained large quantity of soluble 
phosphates. It was first removed by, adsorptions on freshly 
precipitated aluminium hydroxide at pH 4.8. When the treated 
soil was next extracted with the carbonic acid solution, no 
phosphate was dissolved out by thll, extractor. Presence of 
humus thus appears to favour thE: solution of phosphates. This 
was further confirmed by adding different qua~tities of humio 
acid to the Poona soil1 and measuring th_e P. S. P. by seven 
repeated ex:tt·actions. The results are tabulated below. 

TABLENo.l2 

Effect of humus on the phosphate supplying power of 
the Poon• soil 

(Expressed as P2011 p.p.m. of the eoil) 

Humic Acid No. of extractions. 
added 1 2 3 4 5 6 7 

2 per cent. 9.60 8.38 7.85 6.90 6.29 5.15 4.87 

4 per cent. 11.52 9.04: 6.61 6.31 5.90 5.87 4.85 

Blank 5.98 6.57 8.97 8.53 5.42 3.H6 8.18 
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The gradual rise of the P. S. P. of the Poona soil has 
been· attributed to the washing down of Ca ion during the 
course of repeated extractions - When humus was 
added to the soil this tendency disappeared. The P. S. P. 
increased at the first, extraction, an,d then declined 
contiuuousJy. This appears to suggest that the added humic 
acid has removed calcium ion f'rom the solution, relieving Jts 
depressing effect, on the P. S. P. To verify this, humic acid 
was added to the Poona- soil along with precipitated chalk, 
which alone has been found to depress the P. S. P. to a 
considerable extent (table 9). ~he quantities of P04 obtained 
et the different extractions with the carbonic acid solution 
are shown in table No. 13. 

TABLE No. 13 

Changes in the phosphate supplying power of the 
Poona soil mixed with humus (2 per cent.) and calcium 

-carbonate (1 per cent.)' 

(Exp1·essed as P20s p.-p. m. of the soil) 

-
Treatmen~ , No. of extractions 

1 2 3 4 5 ,6 7 

Soil + 
Humus 2% + 
Calcium 
Carbonate (1%) 4.38 4.87 7.22 6.90 6.30 5.19 5.41 

Soil + 
Calcium_ 
Carbonate (1%) 2.84 2.84 8.14 8.63 5.45 4.19 3.27 

Soil+ 
Humus t2%) 9.60 8.38 7.85 6.90 6.26 5.15 4.87 

Soil p~ly 5.98 6.57 8.97 8.53 5.42 3.36 4.87 
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This effect of humic acid appears to be very similar to that 
of leached bentonite described previously.-

Conclusions . 
Available phosphate conte~ts of the soils, as estimated by 

a single extraction with one per cent. citric acid solution do not 
bear any relation either, to total P0 4 contents of the soils or 
to other soil charactel'istics such as-clay per cent. etc. The 
figure of the available f0 4-eontent, also does not indicate the 
total quantity of easily soluble phosphates, present in the soil, 

-but it represents a rate of dissolving phosphates, from the 
soil, under the conditions of extraction. The nature of fluc
tuation in this rate, under repeated extractions, appears to be' 
regulated by the nature and the amounts of phosphates present 
in the soil. A continuously decreasing .rate may be indicative 
of extraction of adsorbed P04 from soil colloids. 

For reasons, discussed previously this rate may not be 
representative of the actual rate of supply of P04 to growing 
plants. In addition, the presence of calcium ion which has 
been shov:;n to have a depressing effect on the absorption of 
phosphates by growing plants, does not seem to influence this 
rate. Secondly, pho~phates of iron and aluminium which are 
believed to be not readily available to plants are removed in 
·appreciable quantities in the citric a-cid solution. 

There is also not sufficient evidence to justify the use of 
such organic acids to determine the available P04 content, or 
to nssay the rate of its supply to plants. Parker et. al., 04,17) 
on the other hand conclude that carbonic acid is the only acid, 
exuded from plant-roots in any significant amounts. Car_ 
bon dioxide is also produced in soils by a variety of agencies, 
keeping soil atmosphere usually rich with the gas. Insoluble 
phosphates are also dissolved in carbonic acid producing phos
phate ions (16). Even though 1 adsorbed phosphates-may be 
available to plants by contact reactions, phosphates in solutiott 
are much more readily absorbed by plants and must be con· 
sidered as extremely available. 
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The rate ,of extraction with the carbonic acid solution shows 
an inverse proportio:1 to the clay content of a soil. The carbonic 
acid also seems to extract adsorbed P04 from the colloidal 
complex as evidenced by a gradually decreasing rate of extrac
tion. This phosphate may thus be available to plants but its 
late of supply would be controlled by the degree of saturation 
of the colloids. 

Phosphate absorption by plants is also known to bear a 
:,;imilar type of relation with the soil colloids. 

Carbonic acid extractions are conside_rably reduced by the 
presence of calcium carbonate. The extent of this reduction 

. is proportional to state of division of the carbonate. This 
brings out very clearly the unavailability ot soluble phosphates 
in calcareous soils. The repeated extraction of the soils sample 
again brings out the fact that if soluble salts, especially calcium 
ions are removed from thtl soil by plant absorption or other
wise, phosphates are supplied to the plants at a higher and 
higher rate from this type of soils.' Tlie favourable· effect of 
addition of humic acid to such soils, appears to be limited to 
the removal of calcium ion from solution, which increases the 
P04 solubility. 

Thus some of the factors which are known to influence 
adversely or otherwise, the P04 absorption by plants, a!so 
shows a similar effect on the rate of extraction of P04 with the 
carbonic acid solution. This, to some extent, justifies the 
designation of this rate as the phosphate supplying power of 
the soil. 

Summary 

(1) A single extraction of soil with one per cent. citric 
acid does not remove all easily soluble phosphates. 

(2) The citric acid extractions show a rate of dissolving 
soil phQsphates. Fluctuations in this rate of extractions are 
dependent on the nature and amount of the easily soluble 
phosphates and do not bear any any relation to other soil 
constituents., 
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(3) Rate of extraction of P04 with the carbonic acid 
solution, that is the P.S.P. of the soils shows an inverse pro
portion to the clay content of the soils, and also to the per
centage of calcium carbonate. 

(4) When calcium~ carbonate is leached out in the 
repeated extractions, the P.S.P. of the soils gradually increases. 

' 
(5) Addition of calcium carbonate considerably lowers 

the P.S.P. of the soil. The amount of lowering depends on 
the degree of fineness of calcium carbonate. 

' 
(6) Addition of humic acid has a favourable effect on the 

'P.S.P. of a soil. 
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PAPER XXXI 

A STUDY OF NITRIFICATION or RA. W BONE 
MEAL, BONE GRIT, DRIED BLOOD, HORN 

SHAVINGS AND GROUNDNUT CAKE 
IN DIFFERENT SOILS OF BOMBAY 

PRESIDENCY 

BY 
lt!R. N. N. DASTUR, bl. Sc. 

(With tlie kind permission of the Unit•ersity of Bombay) 

) 

Introduction 

SECTION I 

Nitrogenous manures' are important and their value is 
usually judged by the percentage of total nitrogen they con
tain but the real value of such a manure. should be judged 
by the rate at which the nitrogen from that particular manure 
becomes available to the plant. The availability of various 
manures is a very important problem as all the plants depend 
upon available food materials far their nutrition. Nitrogen 
becomes available only when it is soluble in soil water and 
then it is taken np by the plants. Thus the real value of a 
nitrogenous organic manure depends more on its available 
nitrogen than on the amount of total nitrogen present. 

According to Waksman {1927), · nitrogen added as 
manure is not assimilated l1y higher plants as such but has 
to be first broken down into simpler compounds. This pro('ess 
is carried out in the soil through the agency of micro·organisms, 
the final prod net of hydrol.} sis being chiefly ammonia. The 
latter is either used up by the plant as such or is oxidised 
further to nitrates. Nth·ates are either assimilated by plants 
or washed out in the drainage waters. Sahasrabuddhe and 
Gokhale (1933), remark that nitrogen is generally taken up 
by plants in the form of nitrates. The rate of nitrification 
may therefore be taken as a measure to determme the value of 
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nitrogenous manure. Plyman and Bal (1919) suggest that 
organic manures undet·go physical, chemical and biological 
changes before they reach the plants and that the last of the 
changes is probably the most important. 

According to Rnbins and Bear (1942), "The nitrogen of 
fertilizer materials of animal _or vegetable origin is, for the 
greater part, eombined jn complex proteil!aceons compounds 
many of which are largely insoluble in water. If sueh nitro
gen is to be converted into soluble forms that are utilised 
by plants, the parent materials must be subjected to agencies 
of decomposition in the soil." Thns in order to con vert organic -
matter into humus and the nitrogenous material in_to nitrate, 
it is neeessary that the manure should first be deQomposed. 
Waksman (1924), explains bow the decomposition takes place 
as follows, "After organie substance is added to the soil, it is 
acted upon by various groups of micro-organisms, including
the fungi, actin()ruycetes, and bacteria and possibly also the 
protozoa. A part of tbe' organic matter is comp-letely de
composed with the formation -of ' C02, H20, NH3 , H2S etc. 
Another part is reassimilated by the organisms and synthesis
ed i!'to protoplasm; a part is left nndecomposed being more 
resistant to the action of micro-organisms; a _part is left in the 
form of intermediate products, due either to the greater resist
ance of these to the action of the micro-organisms in geliet·al 
and in certain specific groups in particular, or to the fact that 
pt•oducts are formed hindering the further development of the 
organisms.'' 

Thus during this 'Ill'Ocess of changes by·prodncts important 
to -plant life are formed, S<lme of those by-products snch as 
NHs, C02 and H2 play a very important part in the nutri
tion of the plant through micro-organisms. C02 is taken up 
by plant leaves to form carbohydrates by photo-synthesis, 
water acts as a solvent for so many important minerals which 
are thus absorbed by the root hail's··~f the plant and ammonia 
is either taken up as web or is further oxidised to nitrite and 
nitrate and absot•bed by the -same root hairs to supply the 
nitrogen in the synthesis of protoplasm. This oxidation of 



483 

NHa to nitrite and ultimately to nitrate by means of micro
organism£ is commonly known as nitrifieation. This work of 
nitrification is done by special micro-organisms and it will be 
seen in this work through what stages it proceeds and to what 
extent nitrification takes place and how long it takes to 
nitrify such nitrogenous organic matters as taw bone zqeai, 
bone grit, dr.ied blood, born shavings and groundnut cake 
in different soils. As Waksman (1923), says, "Either the low 
grade nitrogenous materials should be used or a low concentra· 
tion of high grade materials for the study of nitrification of 
organic materials in the soil", we• have made use of a low 
concentration of high grade nitrogenous materials. ' 

The chief aim-is to study the different phases of nitrifica
tion and to find out which manure- is suitable for-: which parti
cular soil. So a study was made of the various changes in 
amounts of ammonia, nitrite, nitrate and total nitrogen in 
about five months, when t4e above mentioned manure~ are 
added separately in each of the three soils. The three soils 
chosen were 'the garden soil of Poona collected from the 
compound of Pooua Water Works, the laterite soil from 
Belgaum and the sandy soil (alluvial) from Nadiabad. -

·Since the first inorganic decomposition product in any 
manure is ammonia, its changes were first observed and 
later on those of nitrites and nitrates. According to Waks· 
man, (1923), the fact that ammonia i~ the final product of 
decomposition of nitrogenous organic materials was known as 
far back as 1893. He says, "The fact that soil organisms 
both bacteria and fungi, are active in the breaking down of 
various proteins with the formation of ammonia was pointed 
out in 1893 by Muntz, Condon and Marshal,. and soon afterwards 
by other investigators". About how ammonia is formed he 
writes, "Ammonia is formed by the various groups of soil 
micro-organisms chiefl.y as a waste product in the utilization 
of proteins as a source of energy. It is also produced, of 
course, in the nitrogen metabolism of the organisms, in the 
hydrolysis of proteins and their degradation products by 
enzymes and in the autolysis of microbic cells, but to a eom· 
paratively less extent". 
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Next the studies of how the changes in amounts of nitrites 
and nitrates take place were taken during these five months 
of experiments, in these soils containing added nitrogen in 
the form of manures as shown above. This is the real study 
of nitrification. Gopal Rao (1934), says, "This oxidation of 
ammonia to nitrite and nitrate is technically known as "niti+ 
fication" and is oue of the most important of soil chemical 
processes from the point of soil _fertility". To show the 
importance of nitrification, Stephenson (1936), writes, "There 
is good evidence that nitrification is of more than passive signi· 
ficance in plant nutrition. Nitrates are ab~orbed and renewed 
in the soil many times throughout the growing season". .lie 
further adds, "with nitrification eliminated there are no 
adequate means -for dissolving a sufficient quantity of the 
cations of the mineral soil and for getting sufficient quantities 
of cations into the plant." 

Then a study was made as to how the total nitl'ogen was 
changed in the same pots of soil during these five months of 
experimentE, to get some knowledge as to ~hat is most res. 
ponsible for the loss of, total nitrogen from_ soil during this 
most importan~ biological process known as nitrification . 

.The material used was finely powdered bone (raw bone 
meal) passed thl·ough 100 mesh sieve and bone grit of 60 mesh 
sieve to compare· how the particles of the same material but 
d1fferen t in size nitrify. 

The pots were kept at I'oom temperature and the water 
added was 50% of its maximum wat,er holding capacity. As 
regal'ds the temperature and moisture for nitrification A. M. 
Smith (1927), sa.rs "Nitrification takes place at all tempera
ttll'es between 15° and 40°0. Optimum temperature is neady 
35°0. Seasonal vatiations in the rate of nitrification are 
largely due to temperature, moisture and other seasonal 
changes in soil". He further adds~ "Harris and Butt found 
that soil moisture contents of 23 to 28% was optimum for 
nitrification. Coleman, Jacobs, Allison and Braham's work 
indicates that 50 to 60% of the water holding capacity is the 
optimum." 
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The methods employed to determine- various 
constituents of the manures and the soils_ 

First the~nalysis of manures wet·e taken up. Each was 
analysed for' its total nitrogen and total phosphoric acid con· 
tents. Duplicate samples were taken for this analysis. 

The-percentage' of total introgen was determined by 
Kjeldahl method given in "Methods of Analysis A. 0. A. C." 
p. 21 (1930). 

The phosphoric acid determinations were done from the 
ash of the manures by the volumett·ic method of Pemberton 
given in "Volumetric An;lysis'~ by Sutton, p. 13!, 2nd method 
(1925), and "l\Iethods of Analysis A. 0. A. C." (1930), 
pp. 15-16. -

Mechanical Analysis 'of Soils 

For the mechanical analysis of soils; "Soil Analysis" by 
C. H. Wright, p. 33, (1934), was followed throughout the 
analysis. For dispersion the Agricultural Education Associa
tion's method was used. 

Chemical Analysis of the Acid Extract of Soil 

The soil was extracted with HCI by the method giyen in 
"Soil Analysi~" by C. H. Wright, p. 170, (1934). 

The mixed oxides of iron, aluminium, titanium and 
phosphorus were determined by the method. given in "Soil 
Analysi~" by C. H. Wright, p. 170, (1934)~ 

Calcium, magnesium, potassium and phosphoric acid were 
determined by the methods given in "Soil Analysis" pp. 76-77 
method (iii), p. 79, p. 171 and pp. 102-103 respectively. 

The methods employed to determine the changes 
brought about every fortnight in soils as regards 

their Ammonia, Nitrites, Nitrates and Total 
Nitrogen Contents 

As all the determinations were calculated on overdry 
matter it was found necessary to determine the moisture 
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contents of the soil samples as well as with the other deter 
ruinations. 

As the moisture contents of -soil sample tlld to be kept 
constant it was first necessary to determine how much and how 
many times per fortnight water was to be added. For the 
former the maximum water holding capacity of each -soil 
sample was determined. 

Ammonia was determined by MacClean and Robinson's 
method given in "Soil Analysis" by C. H. Wright, (1934). 

For nitrite Griess-Ilosva colorimeter methotl given in 
Treadwell and Hall, "Analytical Chemistry", Vol. ii, pp. 306-
307 (1928) was used. 

Devarda's alloy was used to determine nitrate and the 
usual Kjeldahl method for determination of total nitrogen was 
made use of. -

To determine organic carbon, wet combustion method 
was employed. There the C02 evolved was allowed to _be 
absorbed by KOH in potash bulb and the increase in its 
weight gave the weight of C02. From the weight of C02 per· 
centage of carbon was calculated. 

Results of Mechanical and Chemical Analysis of the Soil 

According to the methods given above the different 
proportions of coarse sand, clay, silt, fine sand and 
sesqnioxide and silica were estimated mechanically in the 

• soil; as well as moisture, carbonates and organic matter 
Here carbonates were calculated from the figures of CaO 
obtained in chemical analysis and organic matter was calculated 
from the figures of organic carbon determined by the wet 
combustion method as described before. The figure for carbon 
was multiplied by Van Bemmelen factor 1.724 to give organic 
matter as given by Leighty and Shorey, (1930). 
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Moisture 

Carbonates (CaCOa) 
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Mechanical analysis 

Garden soil Laterite soil Sa~dy . 
of Poona. of Belgaum alluvial ~011 

of Nad1ad 

5.460% 4.200% 0.960% 

8.000" 0.312 .. 0.750" 
\ 

Sesqnioxide and silica 4.110 ,, 0.370" 0.810" 

Organi'c matter 3.641" 2.638" 1.514 .~ 

Coarse sand 15.320 JY 8.090 " 1.6!5 " 

Clay '16.650 " 30.860" 10.705 ". 

Silt _10.420" 23.670" 1.845" 

Fine sand 37.040" 20.885 ,. I 82.245 •• 

Maximum water holding capacity 

I 69.I5 % I 61.47 % .. 144.06 % 

Chemical analysis 

Fe20a, Al20a etc. 15.138 % 35.500% 5.630% 

CaO 4.460 
" 

0.175 •• ' 0.420" 

MgO 1.230 
" 0.310" 0.620" 

K20 0.214 
" 

0.268" 0.179" 

P:i!OII O.OS5 
" 

0.139 ,. 0.078" 

N2 0.2156 ,, 0.147 " 0.078 ,, 



488 

SECTION- II 
-

A Study of Nitrification in the Garden 

Soil of Poona 

The Poona garden ,soil was first taken for experiments, 
after passing through 2 mm. sieve. Five samples of 2000 
grams of soil were put separately in five different earthen 
pots. Now finely powdered a_nd weighed raw bone meal, 
bone -grit (which was not powdered ve!'Y tine), dried blood 
and ver~' small thin scrapings of horn were sterilized at 15 
lbs. pres>:ure for one hour. Care was taken that no 1\loisture 
could come in contact with the organic matter, for which they 
were put separately in air tight wide-mouthed glass bottles 
having glass stoppe1·s. These organic-materials were weighed 
in such a way thQt each pot would receive approximately 0.10% 
of nitrogen with the addition of each manure to different pots. 
They were separately examined for their total nitrogen and then 
weighed in such a manner thap the weight of total nitrogen in 
each sample was equal, to 2 grams. Table No. 1 gives the 
amount of total nitrogen present in different organic mar.urE:s. 

TABLE No.1 

R.aw bone Bone gl'it. Dried Horn 
meal. blood. shavings. 

-
Total 
nitrogen ... 4.00% 4.29% 12.47% 13.00% 

Therefore 50 gre.ms of raw bone meal, 46.62 grams of 
powdered bone grit, 16.04 grams of dried blood and 15.38 
grams of horn shavings in separate glass bottles were taken 
and sterilized as stated above. 1 

The 50 grams of raw bone meal was first mixed in 2000 
grams of soil thoroughly and its moisture, ammonia, nitrite, 
:::litrate and total nitrogen were determined on tht~ first day. 
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For each determination dnpli<>ate s:lmples' were taken. These 
results were noted down as determinations at start. Now 
wateY WaS added to the extent Of 50 per Cent. ot its maximum 
water holding capacity and kept for further determinations of 
its nitrogen changes aft~r 14 day.;;, Thus eacli sample was 
analysed after every fortnight., . 

Tl!e experiment was so arranged as to get the turn of 
analysis of each pot every alternate day. ' ,Thus pot No. I was 
taken for analysis on Monday, pot No.2 on Wednesday, pot 
No. 3 on Friday, pot No. 4 on next Monday and pot No. 5 on 
the next Wednesday. To each was added the manure on th!l. day 
of first analysis except in control whieh was without any manure., 
The exper!ments were carried on for nearly five months i.e. 
154 days, a~ it was found that the time taken for nitrifying 
these organic substances was v~ry l<>ng. 

The figures in table Yo. 2 giv~ an idea as to how the 
ammonia changes every fortnight. 

TABLE No.2 

Mgs. of ammonia (NH3) per 100 grams of oven dry soil 

-
Time Raw bone Bone Dried llorn Control 

meal grit blood shavings. 

At start 0.994; I 0.876 1.066 0.840 I· o.s75 

14 days 1.066 I 1.064 1.105 1.008 0.920 
--

1.048 0.980 28 days 1.156 1.113 1.126 

42 days 1.245 '1.152 1.352 1.050 1.006 
, 

56 days 1.257 1.240 1.371 1.081 1.3l6'" 

70 days 1.442 1.375 1.423 1.116 1.440 

84 days 1.473 1.518 1.451 Ul!l4 l.48S 
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I 
-

Time I Raw bone I Bone I Dried Horn Control meal grit , -blood shavings 

98 days 
I 

1.581 1.523 1.810 1.407 1.586 

112 days 1.625 1.575 2.013 1.527 1.664 

126 days 1.613 1.657 2.223 1.480 1.664 
\ 

140 days 1.562 2.130 1.596 1.580 1.480 

154 days 1.168 1.386 1.089 1.3HO - 0.505 

From the above figures of ammonia in the garden soil of 
Poona containing about 0.10 %-of nitrogen in the form of raw 
bone meal, bone grit, dried blood and horn shavings it 
could be s-een that there is very little ammonification as com
pared to the control soil i.e. the soil receiving no form of 
manure. There h~ gradual increase of-ammonia in all the 
five pots of soils; pots containing raw bone meal, dried 
blood and control show maximum figures on the 126th day and 
later on thete is a marked decline in the figures; this indicates 
that there were set np certain forces which retard further 
ammonification or the organic matter is no longer prese!lt, all 
being used up in nitrification., Bone grit and born shavings 
show maximum ammonia on tne !40th dar indicating it takes 
a longer time to ammonify bigger particles. 

These figures of ammonia 'indicating low ammonia in the 
soil of all the pots lead us to believe that ammonia is notaccumn· 
lated in the soil and whatever organic nitrogen was ammoni.fi
ed is at once oxidised to nitrite and nitrate or is lost in the 
atmosphere. l!'urther Puri, Rai and Kapur, (1946), suggest that 
the rate of nitrification is considered to be greater than that 
of ammonia production. Ammonia;tberefore, does not tend oo 
accumulate, as it is converted into nitrite and nitrate as soon 
as it is produced from organic matter. 

Now the study of the figures of nitrite in the soil of 
different pots will be taken up separately, 
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TABLE No. 3 

Mgs. pf nitrite (N203) per 100 grams of oven dry soil 

-
Time. Raw bone Bone Dried H~r~ I Control meal grit blood shavings! 

' 
o.o1oo I At Start ... 0.0180 0.0143 0.0129 0.0101) 

. 
14 day'!. ... O.OU9 0.0140 0.0170 0.0157 0.0119 

-
28 daya ... 0.0192 0.0141) 0 0200 0.021)3 0.0185 . 

42 days ... 0.0201 0.0238 ~o:o .. sj•~•m 0.0151 

56 days ... 0.0204 0.0833 0.0264 0.0408 0.0157 

70 days ... 0.0281 0.043£ 0.0214 11.0412 0.0200 

84 days ... 0.0300 0.0477, 0.03J8 0.0421 .().0207 
I 

-
98 days ... 00348 0.0506 0.0411 0.0!24 0.0217 

" ' 
112 d~ys ... 0 0894 O.O:HS 0.0428 0.0514: 0.0268 

I 

126 days, ... 0.0405 0.0:)88 o.-0490 0.0551 0.027l 

140 days ... 0.04U 0.0817 0.050Q 0.0810 0.0820 

JM days ... 0.0462 0.0900 0.0700 0.0870 0.0326 
I 

From table No. 3 it will be seen that all the four pots 
containing added manure show higher amounts of nitrite than 
the contro1, which indicates that the organic manures them. 
selves were decomposed first to ammonia then to nitrite and 
later on to nitrate. Bone grit shows 0.0900 mg. of nitrite 
in 100 grams of oven dry soil on the 154th day whilst raw bone 
meal shows only 0.0462 mgs. This discrepancy may be due 
tl) varying sizes of bone pieces. Raw bone meal being a very 
finely powdered form must be getting oxidi1>ed almost imme· 
diately to nitrate thus keeping the amount of nitrite low. Raw 
bone meal being in finer form than bone grit has a greater 
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chance of coming in contact with oxidising agents. Dry blood 
and horn shavings also show nitrites as high as 0.0700 mg. and 
0.0870 mg. respectively on the 154th day. As horn shavings 
could not be powdered to very minute particles;here again the 
oxidation seems to be slow and similar to that of bone grit. 
Here nitrite, is accumulated to some extent and then oxidised 
t_o nitrate. On the whole we can safely say that the organic 
matter is first converted to ammonia by ce~tain micro-orga
nisms, this ammonia is further oxidised by certain oxidising 
micro-organisms to nitrite and at once again further oxidic;ed to 
nitrate, i.e. the state of nitrite is very unstable as can be se~en 
from the figures in the table No. 3, where it is shown that 
the highest figure of nitrite is never higher than 0.090 rugs. 
per 100 grams of oven dry soil. So there seems to be no 
chance of accumulation. 

Now from the- figures of nitrate in the table No. 5 it 
could be seen that nitrate i'l allowed t6 accumulate indicating 
that it is the final product of nitrification and both the oxidis
ing mici·o-organisms must be living together. In this connect
ion Dr. G. J. Fowler (1934) sars: "These two organisms the 
nitric and nitrous, work together in nature and neither can do 
its work without the help of the other; the nitric organism is 
incapable of directly oxidising ammonia and the nitrous 
organism cannot carry out oxidation. of ammonia further than 
tl.Je stage of nitrite". He further proves by pointing out the 
figures as a 1;esult of the experiments carried out by Dr. W. E. 
Adeney, where the nitrate forming bacteria are destroyed or 
l'endered inactive. In· table No. 4 is shown the results of 
spontaneous oxidation of sewage and comparative mixtures 
of sewage and fresh water and sewage and sea water res
pectively. 

At commenc~n'lent 

N1trogen as ammoni<:t 
Nitrogen as nitrites 
Nitrogen as nitrates 
Organic nitrogen 

TABLE No. 4 

Sewage 

OJ:l25 
0.0 
0.0 
0 675 

Parts pe~ 100,000 

Sea water 
mixture 

0.165 
0.0 -
0.01 
0.135 

'

Fresh water 
mixture 

0.165 
0.0 
0.01 
0.135 
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At conclusion 

Nitrogen as ammonia 0.02 0.0 0.0. 

Nitrogen as nitrites 0.0 0.14 0.0 

Nitr'Oge,n as nitrates 0.5 0.0 0.142 

Organic nitrogen 0.5 ,. 0.072 0.076 

Thus Dr. Adeney showed from the above figures that the 
ultimate product of oxidation of nitrogen was nitrite and not 
nitrate in sea water which seems to inhibit the action of nitrate 

·forming bacteria. ' 

Also the same fact gets further proof through Gopal Rao 
and Dhar, (1931), who say in their article in Soil Science, 
"The biological character of nitrification was first indicated by 
Muller and by Soyka. From the painstaking researches of 
Warrington, Frankland and Winogradsky, we now know that 
this nitrification is really due to the joint action of two 
organisms, one of which converts ammonium salts to nitrites 
and the othet· brings about the oxidation of nitrites tu 
nitrates }Jut bas no effect on ·ammonium salts"., 

Study of Nitrate Changes 

Nitrate changel!i in the soils after every fortnight will be 
next disc~ssed. Below is given the table showing change of 
nitrate in different pots at different times. 

TABLE No.5 

Mgs. of nitrate, (NzOs) per 100 grams of oven dry soil 

Time IRaw bone I 13one Dned Horn I Control 
- meal grtt blood 11baviogs 

At start 2.659 2.758 2.731 2.5fi7 2.54i 

U days 2.683 3.501 S.lSO 4.691 2.571 



Time 

28 days ... 
42 days ... 
56 days ... 
70 days ... 
84 days ... 
98 days ' ... 

112 days ... 
126 days ... 
14.0 days ... 
154 days ... 

!
Raw bone I 

meal 

3.795 

4.050 

5.666 

7.307 

7.707 

7.950 

9.270 

8.630 

8.550' 

' 3.598 I 
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Bone 
grit 

4.261 

4.650 

4.791 

6.105 

6.435 

7.560 

8.466 

8.653 ' 

9.747 

9.912 

3.98B 4.894 3.021 

4.130 5.116 3.035 

4.233 6.610 3.052 
. 

6.401 6.818 3.154 

6.411 8.788 3.180 

6.762 8.815 3.433 
/ 

7.281 8.971 3.544 

8.450 9.116 3.795 

7.0b0 10.116 2.035 

I 
7.428 10.397 0.592 

' 

From the above table it wi-ll be seen that there is continn· 
ous increase 'Of, nitrate in all the sam pies up to the 112th day, 
there is slight decrease of nitrate in raw bone meal sample 
from the 126th day onwards, while dried blood shows maximum 
nitrate on the 126th day and all"others go on increasing and the 
maximum amount of nitrate is shown on the 154th day. In other 
words nitrification of raw bone meal and dried blood stopped 
at about the 112th day and the 12Gth day respectively, after they 
were mixed with soil, while of bone grit and horn shavings con· 
tinned even up to the 154th day. Control shows maximum 
nitrate on the 126th day. It could be seen that it takes about 
112 days and 128 days to completely nitrify l'aw bone meal and 
dried blood respectively, yet it takes perhaps more than 154 
days to completely nitrify bone grit and horn shavings or in 
other words nitrate is retained for a longer time in the last 
two samples. 

The percentages of maximum nitrates formed is 11.59, 
12.39, 12.25 and 12.23 in raw bone meal, bone grit, dried 
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blood and horn shavings respectively. Here raw bone meal 
shows the least amount of nitrate formation while bone grit 
shows the maximum: -As the t·aw bone meal powder was very 
fine it nitrified quickly 8lJd lost to the soil also quickly as could 
be seen from the figures on the 154th day, where it is only 3.5!!8 
mgs. per 100 grams of oven dry soil. Bone "grit decomposes 
slowly but retains whatever nitrate is formed for a longer time~ 
than raw bone meal. This is advantageous to the soil. Dried 
blood also forms nitt·ates gradually and gives out also gra· 
dually,· while born shavings show good results._ Gradually 
the nitrates increase here and at•e retained for a longer time. 
Even control shows slight increment in its nitrates content 
up to the 126th day and then loses it and pn the 1J4th day it is 
lost to the extent of about 5/6 of the maximum. Thus the soil 
itself shows the tendency of losing nitrates after the 126th day. 
So it is seen that nitrate never ren:ains con:.tant in soil but as 
soon as it is formed it is changed into some •ltber form or 
is quite likely to be lost by solution (or is lost in the atmosphere ' 
in the form of nitrogen) or is changed to organic nitrogen by 
bacte.ria. 

In the beginning the loss of nitrate is slow or the nitrifica
tion is fast, so actually we see n_itrate accumulating but later 
on when nitrification slows down perhaps due to the fact that 
the percentage of organic matter was reduced to some small 
fractwn, so there was no further scope for th~m to find wore 
nitrogen to nitrify, there is decrease in total nitrates. Here 
nitrates may be decomposed and form N02 and thus be lost to 
the soil or by addition of water may be going at the bottom of 
the pot and tlm~ going out with some water in _soluble forms 
or taken by small ot·gauisms to form their own body. 

I 

'While calculating on the basis of manures we have ndded, 
it i~ seen that the amounts of raw bone meal, bone grit, dt'ied 
blood anu horn shavings nitrified are 7 .16%, 10.50%, 6.74%, and 
11.54% respectively, thus showing the greate~t amount of 
nitrification in born shavings; second t'omes bone grit; third 
ra~ bone meal and last dried blood. Now raw bone 
meal and dried blood were in very fine powdered forms whiclt 
iudh·ates that when manure is in very tint. particles its end 
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' 
nitrifying product is ,SOOJ:! lost to the SOil, while bigger par• 
ticles are able to retain the end product for a longer time. 

I 

A Study of Total Nitrogen Changes 

The changes that take place in total nitrogen' during the 
period of experiments will be next discussed. 

TABLE No.6 
" Mge. of total_nitrogen (N2) per 100 grams of oven dry soil 

Raw bone Bone ,Dried Hom / 

Time 
1meal grit blood shavings Control 

At Start 296 ~9·7 ' 285 l SOl 215.6 

' 14 days 294 2'96 282 294 215 

28 days 282 293 279 287 215 

---- I I .- -
42 days 273 282 276 - 240 215 I 
56 days 271 265 251 2tl 215 

-

70 days 265 2ti4 229 212 205 

Sl days 262 263 227 206 2~5.2 
" 

98 days 250 263 225 204 W2 

1'12 days 
\ 

241" 216 22!1..5 201- 201 . 
-

J 26 days 235 244 219 199 193.5 
'' 
\ 140 days 234 2U 218 199 190.7 -

154 days 229 239 '217 19! 186 5 

-~ 

Loss of total 

I 
' 

mtrogen 67 58 68 107 29.1 -
I 
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Table No. 6 shows how the total nitrogen changes in aU 
the five po.ts of soil during the expel'iments. From the figures 
of total nitrogen at start it is seen that the amount of total 
nitrogen added was not constant in all the samples. Table No. 
7 shows bow much of it was actually added in the form of raw 
bone meal, bone grit, dried blood and horn shavings and 
bow much per cent. of it is lost after 154 days, as well as how 
much per cent. of the total nitrogen in soil itself (including 
the mannral nitrogen) is lost in 15~ days . 

• 
TABLE No.7 

-

I rots Raw bone Bona Dried Horn 
Control 

containing mea! gr1t blood shavings 
. ___. __ 

Total nitrogen 
~addei ... O.Ot'O% 0.081% 0.069% 0.085% -
Total nitrogen 

lost from the 
organic matter 

s5.68% lss.ssz I added ... 47.,38% 91.65% -
Total nitrogen 

lo6t from the 
sod (mclu~ing 
manural n1tro-

1 
gen) ••• 22.64% 19.58% 23.86% .....• I .. , ..• 

Thus it could be seen that born shavings are almost 
completely decomposed in 154 days. Next in succession comes 
dried blood, raw bone meal and bone grit. Bone grit is 
least decomposed proving that the bigger and bard particles 
take more times to decompose while acted on by mi('ro
m·ganisms. All these losses of nitrogen must be due to loss 
thrrugh unstable nitrogep. compounds· like ammonia and 
nitrite, which are constantly, changing by oxidation, while 
nitrate being a more stable compound is not lost ~o easily 
which is also shown by the table No. 5 where we can nctually 



see the accumulation of nitrate, while table No. 2 and ii _ 
showing the figures of ammonia and nitrite respectively, show 
practically no accumulation. These unstable natur~s must be 
the cause of loss of total nitrogen in soil while in the process 
of nitrification. Of course, little nitrogen may be lost due to 
the decomposition of nitrates and loss through s9lution, but it 
may be very little. Ammonia being a light gas may escape 
into the atmosphere by it~lf and thus be lost to the soil, while 
nitrites may be lost due tojts further oxidation to oxides like 
NO and N20a as is shown by Fraps and Sterges, (1932), 
giving the equation of Turtschin as 

H -Soil + NaN02 = H~02 + Na -soil 

8HN02 = 2NO- + HNOa + H20 

2HN02 = NaOa + H20 

Conclusion:-From the above facts we can say that there is 
always some nitrogen present in soil which tries to remain 
more or less consta~t, that is it could not be further lost in 
any form if natural conditions are maintained. It may be in 
different forms but still it will be there. 

Secondly it ~ray be noted that ammonia shows very un
stable nature in this particular soil. It was at once changed to 
some other form of nitrogen thus keeping tlJe figures of 
ammonia verY: low. 

Thlrdly, even nitrites were u~stable and as soon as thP.y 
were formed, ·they were changed to some other product of 
nitrogen giving no time for accumulation, indicating that there 
must be two types of activities, one- in which ammonia was 
changed to nitrite and the other in which nitrite was changed to -
nitrate showing the presence of two types of micro-organisms 
working simultaneously. The experiments of Dr. Adeney also 
support this view. -

Fourthly, it is observed that nitrate is also changing 
further to some other form of compound, some of which is lost 
to the soil. According to Waksman (1932) the loss of nitrogen 
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through nitrate may be due to presence of a carbohydrate the 
carbon of which is ~sed up to reduce the nitrogen thus :- ' 

2!rN03 + C = 21~N02 + C0 2 

2N20 + C = 2N2 + C02 or by the reduction 
due to hydrogen from the carbohydrates as :- ' 

.,...OR OR " 
/ _/ 

N = 0 + 2H -+ N = 0 + H20 
~0 

/OR, ) 

N + 2H l N-OH 
' 0 I II + 2H20 

" -N-OR 
, ~0~. I 

N + 2H Hyponitrite 

'\ 0 J 

N OR N"-. 
II -+ II 0 + H20 
N OH N/ 

N'- N 
U 0 + 2H-+ 111 
N/ N 

We have seen· in this soil that when nitrate formation is 
faster than nitrate decomposition or nitrate loss due to its 
solubility in water, it accumulates; but as soon as nitrification 
!!lows down it is lost gradually to the soil. Only two 
assumptions are there that the loss might be due to water or 
some further oxidation of nitrate as shown above. 

In the end we can say that some of the nitrogen is lost as 
free ammonia, the remaining changes tv nitrite, some of which -
on further oxidation is lost as N20a in the atmosphere, as we 
have seen nitrites are unstable compounds. Thus most of the 
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nitrogen is Jost after nitrite formation. Rane and Varma in 
their book, "Inorganic Chemistry", (1935), say while giving 
the properties of' nitrous acid as follows, "Nitrous acid is
unstable and de'composes even in dilute solutions at ordinary 
temperature thus : 3HN02 = HN03 + 2NO + H 20". We 
can see from the above equation that nitrous acid f01:med is 
at once changed to nitric oxide which is lost to the soil being a 
gas and very slightly soluble in water. 

Nitrates are lost mostly through water when excess -water 
filters out of the pots, while some may be used up in oxidising 
othe1 organic matter, itself being reduced to free nitrogen as__ 
shown in the equation by Waksman: . 

SECTION III 

The Study of Nitrification in the Laterite Soil 

Here sampling and mixing was done as in the case of the 
Garden Soil of Poona-.-

The Study of Changes in Ammonia at Different 
Intervals 

As before the changes of ammonia in different pots at 
different intervals will be first 'taken up. The table No. 8 
gives us some idea as to how ammonia changes in all the six 
pots at different intervals of times. 

TABLE No.8 

M,gs. of ammonia (NH3) per 100 grams of oven dry soil 

- I 

Raw I Horn Ground-
Time - bone Bone- Dried shav- nut Con-

meal . grW blood ings -cak,e trol 

- -

At start 7.330 7.125 7.830 1Q_.460 7.301 7.030 

14 days 9.000 M.470 15.938 12.360 14.142 7.394 

28 days '9.348 10.114 26.444 26.229 23 272 8.750 
-

' 
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Raw Bone Dried Horn Ground- Con· Time bone shav- nut 
meal grit blood ings cake trol 

42 days L1o.u1 11.690 ~ 27.520.. 37.056,35.8681 8.955 

70 days 14.540 13.073 44.800 40.018 57.920 10.472 

98 days 6.40! 4.488 12.540 42.192 8.918 5.895 

126 days 3.690, 1.639 10.450 9.127 4.424 4.000 

154 days 1.850 j 1 
l.b23 1J)24 1.499 1.033 1.800 

From the table No. 8 it could be seen that in this parti
cular soil ammonification is quite marked and figures of 
ammonia are high showing that nitrous bacteria are not very 
active here, thus allowing some ammonia to be .accumulated 
before it is changed to nitrite. Further we see that raw bone 
meal and bone grit are ammonified to a very small extent 
when compared with the ammonification of the other manures. 
The table No. 9 gives us a fairly good idea of the ammonifica· 
tion of different manures in the laterite soil. 

TABLE' No.9 

Raw Bone Dried Horn GroundJ 
bone shav- nut I Con \rol 
!J1eal grit 11lood ings cake 

-

% % % I % % % ' 
1\lanural 
nitrogen ' 

ammoni· 
tied 6.30 2.89 37.07 40.33 52.72 ... 

-Total 
nitrogen 

I ammoni· 
17.80 24.34 7.12 fied 6.86 5.51 18.82 

-



502 

Ammonification is highest in ground-nut cake while 
second highest comes horn shavings, then dried blood. Raw 
bone meal and lastly bone grit. where the total nitrogen is 
least ammonifled as shown in the table. Now from the table 
~o. 8 it is seen that the maximum amomonia is developed in 
70 days in all the samples except horn shavings where the 

· ma.xi!:!:!um is on 9~th day showing that in the soil horn 
shavings some time to reach the maximum-. The other very 
obvions fact is that the ground-nut cake, dried.. blood and horn 
shavings are decomposed very readily and all these three 
manures show v!lry little _of phosphate as compared with raw 
bone meal and bone grit. Thi.s is seen in the table No. 10 
where percentages of phosphates for all are given. 

TABLE No. 10. 

Percentages of phosphates (P 20 5 ) in different 
manures 

' 

Raw bone Bone grit 
' Dried Horn Ground-nut 

meal blood shavings cake 

23.03 25.96 1.01 0.09 1.24 

Thus it is see-n that the manure containing mote of phos
·photns is ainmonified with difficulty and to a small extent, 
~which indicates that phosphorus with nitrogen must be forming 
a very inactive, stable and hard compound, not easily acted 
upon by the nitrifying ol'ganism. Waksman (1932) says that 
phosphorus eompounds greatly accelerate activities of nitrogen 
fixing organjsms since they play an important part in the 
metabolism of Azotobacter, which requires large quantities of 
'the mineral for the synthe:;is of its cells. From our figures 
also we conclude that phosphoru; does not help- in breaking up 
of nitJ.·ogen but must be fil:ing it, as where there is more 
phosph01;us ,there is little ammonification as obse1•ved through 
our expel'imt:luts. 
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The Study of Changes in Nitrite and Nitrate at 
Different Intervals 

In laterite soil there was no accumulation of nitrites to any 
extent, and tbr9nghout the experiments only a trace was 
found. Thus here nitrate forming organisms seem to be more 
active than in the previous soil, where nitrites were seen 
accumulating to some extent. So it is found, here also, that the 
nitrite state is very unstable and in acidic soil like the 
laterite it is the most unstable, which goes to prove that in 
alkaline soils nitrous acid must be ner.tralising the alkali and 
forming a salt;_ t]lns making the nitrite a little more stable • 

.In acidic soil nitrous acid must be at once oxidised to nitric 
acid and som~ nitric oxides (NO or N2 0 3 ). 

Now the nitrate changes brought about in the soil in 154 
days will be discussed. Below is givfln table No. 11 showing 
the nitrate changes at differen~ intervals. 

TABLE No. 11 

Mgs. of nitrate (N20 5) per 100 grams of oven dry soil 

-

laa~ bone 
Time 

Bone Dried Ilorn Grooodnut Control. l meal grit blood shavings cake 
' / 
. 

At start 4.095 4.125 5.502 1.777 4.068 1.653 

U days 4.305 5.779 6.208 1.841 15.789 1.707 

' 28 days 4.765 6.943 8.3i4 2.142 17.137 1.756 

42 days 5.042 7.141 9.503 8.575 21.243 1.812 

70 days 5.354 9.750 13.680 4.997 81.053 2.705 

98 days 7.420 9.928 9 123 6.773 5.728 1.875 

126 days 7.151 8.715 6.872 4.775 s.aG5 1.653 

I 

3.872 3.6U 1.800 154 days 6.825 7.518 1.717 
, I 
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The highest 1J.UIOnnt of nitrification as seen from the above 
table takes place in about 98 days in raw bone meal, bone 
gt·it, and horn shavings, while dried blood and control show 
it in about 70 days. 

From the same table we observe a very strange fact, that 
while compared with other manures,-horn shavings show the 
least amount of nitrate formation i. e. up to the extent of 5 41'% 
only, while the !;arne manure shows much higher percentage 
of ammonification viz. 40.33%, which means that ammonia 
does not change quickly to nitra'te but is allowed to remain as 
ammonia, thus showing always more of ammonia and less of 
nitrate. It may be true that in soil both the reactions nitrifi~a
tion and denitrification . or oxidation and reduction, may be 
occurring, Joshi (1919), when working on green manures says 
that true denitrification sets in simnltan eonsly with nitrate 
formation. When the process of oxidation is faste1· we see 
more of its products, i.e. nitrata; if it is not so active we see 
more of ammonia, so perhaps here the activity of denitrification 
is more, thus giving less of nihate and more of ammonia 
'according to P. II. De and S. N. Sarkar (1936), ''In the 
presence of added organic materials, whether rich or poor in 
nitrogen, nitrate disappears very quickly." Table No. llA 
shows the maximum nitrate formed in different manures. 

TABLE No. liA 

Percentages of nitrified (N20 5) total nitrogen added as 
manure. 

Raw bone Bone grit Dried Horn Gronndnnt 
meal blood shavings cake. , 

8.57 8.95 12.06 5.44 31.15 

The ammonia formed is used np regulal'ly thl'ongb n 
channel giving ont nitt·ate,' this·· reaction allows regular 
decomposition of ground-nut cake; bnt in horn shavings these 
regular changes do not seem to take place and ammonia is 
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only accumulated, thus retarding further progress.- It is- not 
exactly understood why this t·eaction does not continue to 
proceed further and thus use np the whole amount of horn shav· 
ings in the process. Perhaps much accumulation of ammonia 
might have made nitrite forming organisms inactive as also 
there was no carbonaceous matter present there, to provide the 
energy requirements of those organisms. Niklewski (1934), 
states that there is no loss of nitrogen if an ample supply of 

I 

ammoniacal nitrogen is present as urine, so that the pror.ess of 
nitrification is cheeked, which indicates that ample ammo~ia 
checks nitrification when allowed to accumulate. _Raw bone 
meal and bone grit show a little more nitrate formation than
horn shavings bnt the nitrogen lo-ss is ne~rly 50/o in raw 
bone meal while bone grit and born shavings show only 21 
to 22%. Dried blood shows higher figures( of nitrate than all the. 
above three mentioned manures and highest total nitrogen loss. 

The' Study of total nitrogen loss during the period of 
experiments 

TABLE No. 12 
Mgs. of total nitrogen per 100 grams of oven dry soil 

T' I Raw bonel Bone I Dried I Ho!n I Grouod-~ t'~ntrol 
tme meal grit blood Ehavmgs nut cake 

At start 211.7 237 - 238 2h 238 U7 
-

U days 207.6 236' 235 236 2S7 146 

28 days 201.6 231 230 23;j 232 }4lj 

. 
42 days 195 228 220 235 2,6 ' 144: . 
70 days 194 222 209 284 209 144 

93 days 194.3 216 204 282 199 144 

126 days 194 211 i78 231 178 142 -
ua days lH 213 17S 212 178 142 

Lose of I I I I I total 
25 65 5 nitrogen 37.7 24 65 • 
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From the tab'le No. 12 it is seen ho~ the total nitrogen 
changes during the experiments. From the. figures of total 
nitrogen at start it could be seen that the amount of nitrogen 
added was not constant. Table No. 13 shO)VS how much 
nitrogen had been added as well as percentage lost from 
manure and from the soil including the added nitrogen. 

Pots 
containing 

otal nitroge~ 
added ... 

Total nitrogen 
los~ from the 
organic ma-
nure added ... 

Total nitrogen 
lost from the 
soil (including· 
or anic g 
nure) 

ma-

Haw bone 
ml!al 

% -

-
0.0647 

'' 

49.45 

\ 

17.80 

TABLE No. 18 

Bone Dri£>d Horn Ground-
gl'i~ blood shavings nut ~ake 

' -
% % 

I 
% % 

' 

% 

0 090' 0.091 0.090 0.091 
- -

21.11 ,j66.oo 22.22 66.00 

-

10.13 27.31 10.55 127.31 3.42 

Thus it could be seen here t~at dried blo~d and gronud
n1lt cake ,we1·e lost to a large extent, then n_ext came raw bone 
me.al, horn shavings, and lastly bone grit. These results 
also indicate that bigger particle~ of bone are lost to a very 
small extent, when compared to the fine particles of bone 
powder. 

Conclusion:- It may be concluded from the above given 
facts that in laterite soil also, some nitrogen present always 

I -
tries to remain constant and only the nitrogen added as mann!'e 
is lost, i.e., there is a certain amount of nitrogen in each soil 
which is a consta"Qt factorl'or that patticular soil, 
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In this soil it is seen that an appreciable amount of 
ammonification takes place in all the manures, thus proving 
that this soil contains e.ffi_!!ient ammonifying agents and 
according to Buswell (HJ28) perhaps very little non-nitrogenous 
organic matter. This is really found to be the case as it is seen 
there is very little carbon in this soil. Buswell has stated 
thus, ''The bacteria attack compounds from ,which they 
obtain ene,J"gy, if suitable non nitrogenous compounds are 
present, proteins will be attacked but slightly, or not at all, 
and consequently little or no ammonia will be found": Thus 
we may say that the soil containing little of organic carbon has 
more nitrifying powder than the one with more carbon, if all 
the other factors are constant. ' 

Here nitrate fot·mation was very little as can be seen from 
the above; only a trace was detected in 'all the samples through 
out the experiments'. · 

In this particular soil nitrate forming bacteria showed a 
slight discrepancy in nitrifying the\ manures. Nitrification 
of dried blood and groundnut cake occurred to the extent of 
12.06 and 31.15 percentage l'espectively, but nitrified horn 
shavings to the extent ·of 5.44% only. Even raw bone meal 
and bone grit showed nitt:ate formation to the extent of 8.57 
and 8.95 percentage respectively. It ha~ been seen that horn 
shavings showed maximum ammonification viz. to the extent 
of 40.33% which is the second highest figure in the table No. 
9 showing the maximum ammonification in all the manures. 
Thus we may say· th:!t there is no connection between the 
nitrogen ammonified and the nitrogen nitrified in an organic 
substance, these ammonifications and nitrifications are in· 
dependent of each other. Thus Lipman and Burgen, (1917), 
rightly say, "It, appeal'S, therefore, that a good ammonifying 
power of a soil is no criterion as to its nitrifying power" and 
concludes by saying, "The ammoniilability data of fertilizer 
nitrogen in soils are not useful indicators of the uitrifiability 
data on the same fertilizers in the same soil." 

Lastly we observe that bigger and harder particles of 
organic substances do not show as great a nitrogen loss aa 
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finer a·nd softer particles. The concrete example of such a 
loss can be found when we compare the nitrogen losses in all 
the manure samples. We see that dl'ied blood and gronndnnt 
cake show the highest loss, which is 66 OO% in both the eases. 
Raw bone meal shows nitrogen loss in the same period to the 
extent of 49.45%, while harder and bigger particles like bone 
grit' and born shavings show the total nitrogen loss only to 
the extent of 21.11% and 22.22% respectively. Perhaps the 
smaller particles having a bigger surface exposed to soil 
organisms are used up mOl'e by the same to build np their body 
snb8tance, and later on liberate the same nitrogen in the form 
of N 2 gas or some gaseous oxides of nitrogen as waste matte1·s 
which are lost to the soil. 

SECTION IV 

The Study of Nitrification in the Sandy Soil 

The sampling and mixing of manuresJ in this soil was 
exactly the same as in the other two ::;oils mentioned above. 

It should be mentioned here that in this particular soil 
moisture ioss was very rapid, perhaps due to the fact that it 
contained a very large prop01'1ion of fine sand and that was 
why the addition of water was done more often than in the 
othe1· two soils, to keep the moisture contents constant .. 

The Study of Changes in Ammonia at Different lnter~als 

TABLE Xo. 14 

Mgs. of ammonia (Nlh) per 100 grams of oven dry soil 

Time 
U•w boue Iluoe 

J'leal grit 

-

At start 2.b73 2.550 

28 days 2.033 2.094 

Dried 
blood 

1.1iU 

1'6.4,0 

~ 

Horn 
b . I 
AVIDg~ 

Groood-
t..ontrol 

not cake 

2.o7s ,,727 2.522 

2 8.701 15.600 1.300 



Ra., bone Done 
I 

Dried Time I II oro Ground-
.Meal gnt blood ~buiogs nut cake Control 

'56 days I ' 
2.229 2.234 3.8(0 4 956 3..910 1.34.0 

l 

10 days 2.573 .2.1HH S.474 s.Ha 3.678 1.360 

84 days 3.141 8.336 2.803 8.421 3.218 1.479 
~ 

112 ·days 1.435 1.733 2.625 S.198 2.206 1.821 
/ 

126 days 1.42~ l.bOO :?.280 3.008 2.00S 2.1112 

l!H dsysl \ 

1.400 1.300. 1.779 1.804: l.SOS 2.316 
·, 

From the table No. U: it could ~e seen clearly that in this 
partieuljlr soil ammonia formation is peculiar. At start the 
ammonia readings in all the pots show the figut·es higher tbari 
2.000 mgs. per 100 grams of oven dt•y soil. On tbt~ 28th day the 
ammonia figures for the pots containing dried blood, horn 
shavings and ground-nut cake powder in soil are the highest, 
i.e. the decomposition is very quick, ret in raw bone meal, 
bone grit and control the same figures show a sligl.Jt decrease 
than at start. Thus it appears from the figures of ammonia at 
start and after 28 days that ·water plays au importau t part in 
the biological actions taking place in this soil. On the 28th day 
the figures of ammonia sllow o. decrease iu raw bone meal and 
bone grit the same fignt·es t'ise again up to the Uth day -
in beth the pots, and later on ~ohow a decrease again, whilst 
the soil in the pots containing dried blood, horu sl.Javings 
and gl'ound-nut eake behaves quite peculiarly and' shows a 
sudden rise in ammonia on tbe 28th day aud it is the b1gbest1 

then there is a sudden drop on the 56th day and from then 
onwards there is 11 gradual fall, This cleal'ly and definitely 
shows that the ammonifyiug power in this soil is very high 
when dried blood, horn shavings and ground-nut cake are 
used as manures. It ammonifies all the three in a very sbort 
time, thus decomposing most of the organic matter in a ''et·y 
short time. Later on when dealing with nitntes it will be seen 
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that there was no particular rise in the figures of nitrate on the 
28th day, thus the conclu:;ion is that, this s.>il is lacking in 
nitrifying power and ammonia is allowed to aecumulate, 
which in other words is a loHs of nitrogen to the soil, 
becau&e when ammonia is allowed to aecumulate it is either 
lost to atmobphere by itself or is further oxidh,ed to 
nitrite and is later on lo:,t as NO. or N 20a or as 
_N 20 or ,N 2 when there is no further nitrification. 
Actually it will be seen afterwards /from the figures 
of nitrite and total nitrogen that the deductions are 
true, that nitrogen is lost to a great extent and nitrite 
fo1·mation is also very high. Of course, it is not definite 
as to which particular form of nitroren was lo10t to the soil out 
of NHa, NO, N 2 0 3 , N 2 0 or N 2 or In some proportion by all 
the five forms, but these are the only forms in which nitrogen 
must have escaped, as the figures of nitrate do not show any 
high amount of it, to be lost by solution or any other method. 
As recently as 1948, H. Lees also formed the same ·opinion 
about nitrogen lo10s. He said, "The ly10is of the dead cells 
produces ammonium ions, which are nitrified by the soil to 
nitrate ions, and the nitrate -N-concentration begins to ri.Re 
again. Not all theN initially immobilized is released again, 
because a certain amount is lo10t as a re:,ult of its conver10ion 
to gaseous nitrogen by the denitnfying bacteria, some of 
which can function under aerobic conditions." Here nitrifica· 
tion s~ems to have stopped after nitrate formation, which again 
points to the fact that there are distinctly two separate classes 
of miero·organisms, one changing ammonia to nitrite and the 
other changing nitrite to nitrate. There is btrong evidence to 
show that whilst the organisms which aeted bO vigorously in 
changing the nitrogenous organic matter like dried bl•>od, 
horn shavings and groundnut cake to ammoma, did not ~>how 

any of the same activity to convert the nitrpgenous organic 
matter of raw bone meal and bone grit to ammonia. Thus it 
may be rightly concluded that there may be 10ome selective 
power in the same type of organisms whilst making me of 
nitrogenous organic matter, i.e. on so!I!e organic matter it 
shows more activity, while in others it works very slowly. 
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The figures of ammonia fm: the control soil show gradual 
increase up to the last day iu dicating that the soil itself 
accnroulstes ammonia and very little of it must be 
11itrifying. 

The Study of Changes of Nitrite and Nitrate at Different 
Intervals of Time 

TABLE No. 15 

Mgs. of nitrite (N10 3) per 10~ grams of oven dry soil 

T' !Raw bone I tme meal 

t -
At start 8 trat'e I 

-
28 days a traoe 

56 day11 a trace l -
7" days a trace 

81 days a tr!lee 

112 days 1 trace 

UG days a trace 

154 days ' 8 trace 

-

Bone 
gr1t 

a trace 

a trace 

a. traee 

a trace 

a trace 

a trace 

a trace 

a trace 

1 
Dried I F.orn I Gronnd-~ C t 
blood ~haviogs not ea.b 00 rol 

a trace a trace a trace a trace 
- --
1,620 0.0108 1.07~5 a trace 

0,013 a trace 0.01111 a tra~e 

0,025 a trace a ba.ee a trace 

a t-race a trace a trace a trace 

a trace I a trac~ a trace- a trace 

I a traee a trace a Cnce a trace 

)· ..... a traC1! a trace a trace 

Ft~m the table No. 15 it can be seen that thet·e is ouly a 
trace of nitrite developed throughout in the three pots containing 
raw bone meal, boue grit and control, whilst in the other 
three pots iu which ammonia was formed in comparatively 
large quantities ou the 28th tlas, the figures of nitrite show 
high especially in the pot!~ <'Ontainiog dried blood and 
groundnnt cake, whi<'h were 1.620 mgs. aud 1.755 me-s. res· 
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pectively. In the pot containing horn shavings on the 28th day 
the amount of nitrite is 0.0108. Thus it will be seen here that 
the amount of nitrite was allowed to accumulate and it will be 
seen later that there was no appreciable increase of nitrate in 
the pots containing dried blood and gronndnnt cake. The 
only way of escape open to this unstable nitrogen compound 
was the atmosphere through the volatile gases, which the 
nitrites gh·e out on decomposing. Due to this fact it will be 
seen that there was much loss of total nitrogen in both these 
samples .. Horn ~havings also show some loss -of total nitrogen 
but comparatively it is not much and they show slight increase 
in nitrate also. Th_ns the poshible conclusion is that where 
nitrite changes to nitrate there is not much loss, bnt if this 
change over is stopped or retarded for any reason, the loss in 
totat nitrogen is great. In other words total nitrogen is lost 
to a great extent when a soil possesses only ammonia and 
nitrite forming organisms. There must be present nitrate 
forming organisms as well to make the soil fertile in the real 
sense of the word. Without nitrate forming organisms, 1\0 
soil is of any use to the plant, which takes np nitrogen only in 
the form of nitrate. The above facts are in ag1eement with 
those of Lipman and Burges (1917), when they conclude from 
their experiments, "It, appears, therefore that a good ammoni
fying power of a soil is no criterion as to its nitrifying power" 
and "the ammonifiability data of fertilizer nitrogen in soils 
are not useful indicators of the nitrifiability data on the same 
fertilizer in the same soils". Further how nitrification fails. 
when only the nitrite forming organisms are present is also 
noted by J. W.. Mellor (1928), in his book, "A Comprehensive 
Treatise on Inorganic and Theoretical Chemistry, P .. 357" as 
follows: "R. Warington then showed that nitrification is 
really the joint effect of two organisms: one converts ammo
nium salts into nitrites, but fails to ehange nitrite into nitrate 
even after a lapf>e of several years. Tht- snhsefJnent 
conversion of nit rite to nitrate is the work of another 
organism. 

Now the changes that took pla<'e in the amount of nitrate 
during 154 days will be taken np. 
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TABLE No. 16 

Mgs. of nitrate (NlOS) per 100 grams of oven dry soil -
Time n..oo .. l .Bone Dri"d ~ -Horn Ground-

mPal grit blood 111havings nut cake Control 

--
At start 1.703 1.597 1.644 1.6041 ).606 1.603 

28 days 1.74:9 1.752 2.280 5.578 3.886 0.49i• 

56 days 2~331 2.1RO 2.625 2.391 2 653 0.546 

.,. 70 days 2.975 2.489 2.803 '2.496 l.t49 1.776 

84 days 4.251 ,2.528 3.840 2 642 1.883 2.244:. 

112 days 3.311 3,657 4.5n 4.589 1.776 1.789 
I 

126 d~ys 3.138 s 397 f.474 3.657- 1.754 1.524 - . 
154 days 1.392 2.556 1.779 ).901 0.492 l 1.381 --

From the table No. 16 it 'can be seen that there is very 
little nitrate formation in this particular soil. Only horn 
shavings show 5.578 mgs. of nitrate per lOi> grams of oven 
dry soil on the 28th day;' suggesting that in this pot there was 
some nitrification, thus accumulated nitrites were given a way 
of ready conversion into the form and that is why, it will be 
seen, only slight accumulation of nitrite in the same pot and it 
will be seen that there is only a slight loss of tl)tal nitrogen 
on the 28th day, as compared to1 the loss of total nitrogen 
on the same day from dried blood and groundnut cake. On 
the 56th day the soil pot containing horn shavings showed a 
decrease in nitrate which later on in(•.reased but slightly 
and continued till it reached 4.589 mgs. on the 112th 4ay. 
Raw bone meal and bone' grit also show incresse in nitrate 
as weeks pass, but the increment is very small. Raw bone 
meal showed the highest amount on the 84th day being 4.251 
mgs. and bone grit showed that on the 1!2th day being 
3.657 mgs. Then both de<'reased later on. Drietl blood and 
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groundnut cake show the-- highest amount of nitrate on the 
112th day and the 28th day respectively.' There was compara
tively very little nitrification in the soil containing groundnut 
cake, except on the 28th- day, on which day as already noticed 
there was a comrarative!y high accumulation of ammonia and 
nitrite. According to Waksman (1927), "The free ammonia, 
especially in a medium of high alkalinity is also inJurious tO. 
the nitrite forming bacteria", so it is quite possible that high 
ammonification may be the cause of little nitrification. 

I ' The control soil showed a slight amount Qf nitrification, 
the highest amount being 2.244 mgs. per 100 grams of oven 
dry soil on the 84th day. So from all the above facts it can 
be said that in this soil, nitrification is not satisfactory, though 
ammonification is rapid. ·waksman in his "Methods for the 
Study of Nitrification," Soil Science, (1923), writes, "The 
rapid decomposition of dried blood brings about an abundant 
formation of ammonia, which is not sufficiently neutralized by 
acids or buffer agents in alkaline and poorly buffered soils. 
The free ammonia has an injurious action upon the activities 
of the nitrifying bacteria". 

The study of changes in total nitrogen at different 
intervals of time 

The comparison of the loss of total nitrogen from 
different manures in the sandy soil from Nadiad will be next 
discussed. 

TABLE No. 17 

Mgs. of total nitrogen (Nz) per 100 grams of oven dry soil 

Time R~Jw bone Bone Dried Horn Ground- Control 
meal grit blood shavmgs nut cake 

-

At start 168 11)5 157 156 1GO 78 

28 days 163 164 117 141 113 78 

56 days I 160 162 107 128 109 77 



T' 1
1
Raw bone I Jme meal 

70 days 153 

84 days 151 

112 davs 146 

126 days 144 

154 d&) 8 

I 
142 

Lo8s of 
total 
nitrog£o 26 

Bone 
grit 

l!iO 

158 

156 

153 

152 

13 
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Dried I Horn I Ground-~ C t I 
blood shavings nut cake on ro 

-· 
I 

105 125 1U1 76 

100 119 101 76 

96 103 '98 I 75 
I 

95 103 97 75 

95 95 93 74 

62 61 67 4 

From the aboYe table it ir> clear that the total nitrogen 
added at ~>tart is not consta::1t in all the samples. Table No. 
18 shows the quantity of nitrogen that was actually added, the 
percentage lo~t and the percentage of the total nitrogen from 
the soil it:self, (including the maumalnihogen) that is lost in 
154 days. 

TABLE No. 18 

I I 
Pots Raw bone Bone Dried Horn iGround- Coo-

containing I weal grit blood shavings •nut cah trol 
I 

Total nitro~en I 
added ... 0.090% 0.087% 0.079% 0.078% 0.082% -

Total nitrogen 
lost from the 
organic mat-

76.83% 1 ter added ... 24 44% 10.35% 73.42% 73.08% -
Total nitrogen 

lost from the 
soil includ-

( I 
ing manural 
nitrogen) ... 115.47~~ 7.88 
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lt could be seen here that the loss of total nitrogen in 
raw bone meal and bone grit is gradual, but the three other 
manures viz. Dried blood, horn shavings -and groundnut 
cake show a sudden drop on the 28th day. Dried blood and 
-groundnut cake show as ~ncb drop as 40 mgs. and 47 mgs. 
p_er 100 grams of oven dry soil , respectively, while bOrJ:l 
shavings show that of 15 mgs. only. If the figures of nitrite 
were examined again in table No. 15 it can be_ seen that some 
:relationship exists between nitrite, and total nitrogen loss, 
where there is more accumu1ation of nitrite, there is a great 
loss of total nitrogen. -Dried blood, horn shavings and 
gronndnnt cake show nitrite- as much as 1.620, 0.0108 and 
1.755 rugs. per 100 g1·ams of oven dry soil respectively and 
at the same time -the total nitrogen loss of the same is 40, 15 
and 47 mgs. respectively.- Thls relationsh5p clearly indicates 
that much· of the total loss of total nitrogen in the soil is 
greatly due to its nitrite accumulation. Thus most of the 
niti·ite accumulated is lost to the soil by further oxidation to 
various volatile nitrogen oxides, as we have seen before. 

- -
- Conclusion:· Here also the control soil shows very little 

loss of total nitrogen, again vointillg to the fact that there is 
some _minimum constant amount of nitrogen in the soil. If 
some organic manures are added to the soil, they later on 
decompose and the added uitrogen escapes slowly in various 
forms, as d-ecomposition progresses, and till finally only the 
ori(J'inal constant amount of total nitrogen remains and this is 
not further -reduced to any significant amount. Harder par- "' 
ticles like bone pie<:es show very little total nitrogen loss as 
compared to softer 'particles. It might be due to the fact that 
in harder particles of manure ammonification is little as eom· 
pared to softer particles of the same. Thus there is not much 
accumulation of ~mmQnia or nitrite. 

• 1 ~,urther if nitrification is faster there will be no nitrite 
MCnmulatiou aud thus hardly any loss of total nitrogen, 
which means n'itrate 1 forming organil!ms. also play / an 
important part in saving tot~l nit1·ogen loss from the 
soil. 
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So it will be seen that if the organic manure is very fine 
and soft and the soil8 have plenty of ammonia nitrite and 
nitrate forming organisms, nitrification is very rapid. Further 
the size of the particles also plays some part in connection with 
total nitrogen loss. Bone g;it (i.e. bigger particles) show 
less loss of total nitrogen than the very fine powdered form 
of raw bone meal and also the nitrate formation is a little 
more in the powdered form. Total nitrogen loss of dried 
blood and horn shavings is practically equal, whilst ground
nut cake shows a little more. If there was any crop growing 
in the soil, it would have gained that nitrogen, in the form · 
of ammonia and nitrite. So it may be stated that where there 
is considerable total loss of nitrogen from the soil, there is 
much total gain of nitrogen by the crop and thus this soil can 
be said to be more fertile. 

-SECTION V 

THE COMPARATIVE STUDY OF THE THREE SOILS AS 
REGARDS THEIR AMMONIFYING AND NITRIFYING 
POWERS AS WELI1 AS THE LOSS OF TOTAL NITROGEN 

The comparison of changes in ammonia in the three soils , 

On examinmg the tables showing changes in ammonia, 
it will be noticed that the garden soil of Poona shows 
negligible ammonification as compared to the laterite and 
the sandy soils. The latter two soils show a distinctly high 
ammonification. The nitrifying power shown by the latel'ite 
soil is comparatively high. In the same soil the ground-nut 
cake powder is highly ammonified, while in the sandy soil, 
horn shavings show the highest amount of ammonification. 
Again the highest amount of ammonia ia the laterite soil 
is 57,920 rugs. per 100 grams of oven dry soil, while that in 
the sandy soil is 28,701 rugs. per 100 grams of oven dry soil.' 
Thus when the same organic manures are added in the same 
proportion in different !!oils, the manures are not ammonified 
equally in all the different soils, but each soil selects a parti
cular manure and decomposes it to ammonia and the degree of 
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ammonification i~ also varied in different soils. Dry blood 
and ground-nut cake are almost equally ammonified 1n the 
sandy soil, whilst in the laterite soil, ground-nut cake is 
highly ammonified, then comesdried blood and horn shavings. 

\ 

In the garden soil ammonification is negligible and that 
is why its ammonifying powers could not be compared. 

In sandy soil manures like groundnut cake, dried blood, 
and horn shavings are very rapidly ammonified. On the 28th day 
they show the highest figures of ammonia and the same figures 
show a drop on the 56th day, i.e. after another 28 days the 
the same figures are very low, indicating that here these 
manures ammonified very rapidly, showing very high amriwni
fying power, whilst in the same soil raw bone meal and bone 
grit show very little ammonification. Thus it will be seen 
that a hard substance when used as manure takes a long time 
to ammonify and the degree of ammonification is also very 
low here. 

In the laterite soil ammonification is gradual and the 
highest figures of ammonia in groundnut cake, dried blood, 
raw bone meal and bone grit are on the 70th day, whilst that 
of horn shavings is on the 98th. Here it will be seen that 
the ammonia formed is retained for a longer time and is not 
changed into nitrite or nitrate or even lost as-rapidly as in the 
sandy soil, where nitrite forming bacteria seemed to be very 
active and changed the ammonia formed very readily to nitrite; 
thus showing- nitrite, specially in the case of dried blood and 
groundntJ.t cake. The laterite soil never showed nitrite 
higher than a trace, i.e. there is continuous change of ammonia 
to nitrite and nitrite to nitrate. 

The Comparison of Changes in Nitrite and Nitrate in the 
Three Soils 

When the nitrates are compared in all ths three soils, it 
will be noticed that there is a sudden rise of nitrogen in the 
sandy soil, showing that some of the. ammonia, suddenly 
developed had changed to nitrite and nitrate also. The highest 
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amount of nitrate was in the soil pot containing born shav
ings, which showed only 0.0108 mgs. of nitrite per 100 grams 
of oven dry soil on the 28th day. The nitl'ite formed is not 
accumulated here but is changed into nitrate. Dried blood and 
gronndnnt cake showed accumulation of Litrites as high as 
1.6:ZO mgs, and 1. 755 mgs. _respectively on the 2~th day and 
that is why the nitrate figures are less for these latter two 
manures after the same inteHal. 

In the laterite soil the amount of nitrate as l'ises 
gradually up to the 70th day then falls gradually in all the 
pots, except in that containing gronndnnt eak:e, where the 
amount of nitrate accumulated was comparatively very high. 
lt will be seen here that when the concentration of nitrate in 
the soil, rearhes its maximum, and falls again. It is denitrified 
ordecomposedlto some other form and once more forms nitrates 
which accumulate if there be any more organic matter left in 
the soil. 

In the garden soil of Pqona nitrification is gradual and 
reaches a maximum up to the l2Gth day in all the sam'ples of 
manures_ except t·aw bone meal where a slight decrease is 
observed on the -!26th day, after which 'it begins to drop. The' 
figures of nitrite also show a gradual rise.· 

Thus fro\11 the above mentioned facts it will be seen that 
the garden soil shows stability in ammonia, nitrite and 
nitrate formation and accumulation. Laterite soil shows very 
high ammonification and also high nitrification as compared to 
the other two soils, but the fall id very rapid in both the 
figures of ammonia and nitrate. - The Fandy soil rapidly forms 
hlgh ammonia and nitrate and loses nitrogen very rapidly. 
Its figures for ammonia, nitrite an<! nitrate are not steady.-

One point that is very clear when comparing the ammoni
fication in all the th1·ee soils is that in all the pots containing 
raw, bone meal and bone grit, ammonification is very low 
and never more than 15 mgs. per 100 grams of oven dry soil. 
dried blood, horn shavings, and groundnut cake shew htgh 
amGnnt of ammonification in latel'ite and sandy soils. The 
garden soil does not show much difference in its ammonia 
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contents in all the different pots during the period of experi· 
ments. In all the three controls there is very little ammoni· 
:fieation and nitrification is at a standstill. Also there is no 
decomposable nitrogenous organic matter present. Whatever 
nitr~genous matter remaining there, is not allowed to decom
pose further, thus showing that in all the three soils there 
remains some constant amount of nitrogen and that amount 
differs in different ~oils. If at all there is a change it is 
negligible. 

From the figures of nitrate conclusion arrived at i~ that 
the laterite soil shows the highest amount of nitrate forming 
power, next comes the garden soil of Poona and lastly the 
sandy soil, in which the maximum :figure of nitrate formation 
is below 6.0 rugs. per 100 grams of oven dry Mil. In all the 
three soils, the control never shows more than 2.5 mgs. of 
nitrate per 100 grams of oven dry soil, thus proving that 
where there is no foreign organic matter present, is no nitrate 
formation in soil. The nitrogen present in soil itself is a 
constant factor and is stable and never changes into another 
form, although the amount of total nitrogen is' different in 
pifferent control soils, i.e. in one garden, the laterite and 
the sandy soils it is 215.6,147 and 78 mgs. respectively. 

The Comparison of Changes in Total Nitrogen 
in the Three Soils 

TABLE No. 19 

Percent of total ntrogen lost in 100 grams of oven dry 
soil in a period of 154 days 

s oils 
Raw bone ione Dried Horn I Ground-not 

meal grit blood shavings I eake 

den ... 47.38 35.68 56.381 91.65 - • 
The Gar 

The Lat erite ... 49.45 - 21.11 66.00 22.22 66.00 

dy ... 24.H 10.85 73 42 73.08 i 76.83 
I 

The San 

-
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As rygards the total nitrogen loss in all the different potsr 
it will be noticed from table No. 19, that there is always, the
least amount of total nitrogen loS$ in bone grit, where the 
pieces are of a larger size than that of the raw bone meal, 
which is a fine powder. That is to say bigger particle!! of one 
and the same manure take more time to decompose and 
remain unchanged for a longer time in the soil. In the case of 
horn shavings most of it is lost in the garden Soil (91.65/o), 
while in the laterite soil its loss of total nitrogen is only 
22.22%, then again in the sandy soil the loss of total 
nitrogen ill as high as 73.08;t. It will be seen from the table 
that the maximum nitrate, formation of the horn shavings 
in the laterite soil is very low even lower than that in- raw 
bone meal and bone grit, which means that there is some; 
thing in horn shavings which prevents nitrification, although 
ammonia formed in the same showed as high figures as 42.192 
mgs. per 100 grams of oven dry soil. Hence it will be seen 
that high ammonification bas no co~nection -with nitrification. 
Thus as before we see that there are distinctly three separate 
types of mict·o-orgauisms which do vot work equally quickly 
and that is why we find that ammonification or nitrification 
does not proceed with equal rapidity and there is accumula
tion of ammonia or nitrous nitrogen. 

The total lo~s of nitrogen is much due to nitrite accumula
tion as can be seen from the figures of nitrite in the sandy 
soil,-where the figures of nitrite for dried blood and ground
nut cake are as high as 1.626 mgs, and 1.755 mgs. respectively 
on the 28th day, so also the total nitrogen loss is high on the 
same' day; it is 40 mgs. and 47 mgs. for dried blood and 
groundnnt cake respectively, while Horn Shavings show 
only 0.0108 of nitrite and thus comparatively less total 
nitrogen loss also, which is 15 mgs. Raw bone meal and 
bone grit show a trace of nitrite and the same show the total 
nitrogen loss as 5 mgs. and 1 mg. respectively on the same 
day. Thus when nitrites are accumulated they change to 
N02, N, or N20s as the case may be and a1·e lost to the soil. 
If they are allowed to oxidise to nitrate at once much waste 
of total nitrogen is prevented. 



522 

Conclusions 
(1) From the above facts it can be said that in every soil 

there is a particular amount of total nitrogen which has a 
tendencv to remain constant and that amount is different for 
-each soiL 

(2) Much of total nitrogen is lost after ammonia formation 
and before niti·ate formation i.e. ammonia on oxidation to 
nitrite loses some nitrogen an~ nitrite on oxidation to nitrate 
loses some more nitrogen. If nitrites are allowed to accumulate 
there- is a tremendous loss of total nitrogen as nitrites are 
unstable compounds and decompose on standing to different 
gaseous nitrogen oxides. _ 

(R) Every soil bas some affinity for certain nitrogenous 
~rganic matter only and decompo;;es only that nitrogenous 
organic matter before any other. It selects the manure to 
nitrify. Thus in different soils different manures are nitrified 
-first and there is not one- particular manure which is best 
nitrified in all the soils. 

(4) Bigger and harder ~articles of manure are nitrified 
after a long time and to a >ery littlfJ extent as compared to the 
other softer and finer particles. 

(5) In any soil good ammonifying power is in no way an 
indication that it bas also a high nitrifying power. 

(6) The accumnlatior. of nitrate is also limited in every 
soil. After reaching its highest lim-it the figures of nitrate 
fall again due to decomposition by denitrifying bacteria and 
never remains const~nt. ' 

(7) For a fast growing crop h.orn sha>ings are the best 
, in the garden soil of Poona. For quick action in the laterite 
··-soil, dried blood and ground-nut cake are the best. Though 

horn shavings show good and quick ammonia formation here, 
its nitrite formation is not much. The sandy soil shows good 
reaction with dried blood, born shavings and ground-nut 
cake, which are at once decomposed here, thus supplying 
assimilable nitrogen to a fast growing crop if present. 

(8) When a crop does not require nitrogen quickly at 
start but takes up gradually, bone grit is the best manure t~ 
be used in all the three soils. Raw bone mPal is advantageous 
in all the three soils when a medium growing crop is present. 
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