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FOREWORD. 

The very unsatisfactory state of the milk supply of 
large towns in India has long been realised, but it is on ly 
within the last few years that the subject of improv ing it 
has received the attention which it deserves. 

In B o m b a y and other large Indian towns , dairies have 
been established b y private enterprise, in which a fairly 
g o o d attempt is made to handle milk b y Western methods. 
But these establishments cater for the wel l - to-do classes, 
w h o alone can afford to pay the high prices charged for 
milk at these places. The problem which , therefore, usually 
confronts the Health Officer in India is h o w to obta in a 
reasonably pure and wholesome milk-supply at a moderate 
price f rom indigenous agencies, viz,, the gowlee. 

It is well known that milk is stored b y these gowlees 
in dirty hovels, the brass milk vessels undergo a process of 
so-called cleaning b y being scrubbed with m u d obtained 
f rom filthy sources, and milk is carried long distances in 
open cans with a wisp of dirty straw floating in it to 
prevent spilling. 

The milk problem is a difficult one in Western cities, 
but it is doubly so in India, and the b o o k Dr . Joshi has 
published will be a welcome addition to the meagre 
literature on the subject to which the public has had 
.access hitherto, as it deals exhaustively with the many 
a n d varied aspects of the milk supply in India. 

In B o m b a y , for many years, we have been struggUng 
with the question, and, although some slight improvement 
may be noticed, unless and until the matter is dealt with 
seriously, n o substantial improvement will take place. 

Since 1904, in the B o m b a y Municipal Laboratory , milk 
has formed one of the most important matters dealt wi th , 
and Dr. Joshi has made it a special study and has s u m -
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marised the w o r k d o n e in other cit ies, and the treatise-
he n o w lays before the p i ibhc is a va luable cont r ibut i on 
on the subject . 

T h e demand for pure milk in large t o w n s in Ind ia is-
increasing rapidly , b u t the supp ly is not equal t o i t . 

Inquiries have been made into the quant i ty of mi lk 
c o n s u m e d b y different classes of peop le , a n d we find that 
amongst the poorer classes very little is c o n s u m e d , a n d 
what is used is of a v e r y inferior qual i ty . 

M a n y local authorities in E n g l a n d realise the diff iculty 
the poorer classes have in the w a y of o b t a i n i n g mi lk 
and have prov ided pure milk depo t s at w h i c h mi lk is 
p r o W d e d at cos t pr ice . 

The protect ion of milk f rom dirt and contaminat i on has 
been the sub ject of m u c h discussion in all Western cit ies, 
and strong legal provis ions are enacted . In Amer i ca , the 
regulations for the contro l of mi lk are m o s t str ingent . 

In B o m b a y m u c h progress has been m a d e in the d i r e c 
t ion of legislation a n d the regulat ions for the l icensing o f 
mi lk sellers, but m a n y difficulties must b e o v e r c o m e before 
w e can h o p e for m u c h i m p r o v e m e n t . T h e w o r k of D r . 
Joshi will p lace , in the hands of the pubUc, i n f o r m a 
t ion which should enable them to c o - opera te w i th t h e 
authorit ies ; wi thout such co -operat i on little can b e d o n e . 

J . A . T U R N E R . 

B O M B A Y , 6th January, 1 9 1 6 . 



PREFACE. 

The chemical analysis oi B o m b a y milk was first undertaken^ 
in the B o m b a y Municipal L a b o r a t o r y in 1905. A systematic 
examination for Tuberc le bacil l i in milk was made b y the author 
during four years {1910-K3). In the early part of 1913, a special 
investigation was started rt-'garding the bacteriological and c h e m i 
cal examination of the B o m b a y milk supp ly . This has been 
continued for nearly three years. T h e original ob ject of the 
investigation was t o s tudy the normal compos i t ion of milk and 
its variat ions under different local condit ions ; t o find out the kind 
and amount of adulteration ; t o detect and measure the conta 
minat ion of mi lk and to establish chemical and bacteriological 
standards for B o m b a y . A preliminary paper was read at the 
Third Al l -India Sanitary Conference at L u c k n o w . It was soon 
found necessary, however , to widen the scope of the enquiry and 
to s tudy various other phases of the milk problem including the 
e conomic , sanitary and legal aspects. 

There are numerous publ icat ions available on the milk 
question in E u r o p e and in Amer i ca ; but here in India, with the 
except ion of scattered articles in journals and periodicals, very 
little literature has been pubhshed so far o n a subject wh i ch is 
o f great importance t o the Publ i c Health. T h e present inves
t igat ion deals with the milk prob lem as it exists mainly in 
the c i ty of B o m b a y , but m a y be applied with some modi f i ca
t ions t o most of the large cities of India. Reference is m a d e 
t o Calcutta, Madras, Delhi , P o o n a , Bangalore a n d other cities 
from time t o t ime. It cannot possibly cover tJie entire field, 
but the main aspects of the milk prob lem, including Remedia l 
Measures, are dealt with briefly. The phys io logy of milk as 
well as the details of the methods used for chemical analysis 
a n d bacterio logical examinat ion have been omitted , as these 
can be easily f ound in most T e x t - B o o k s . 

The increased interest recently shown in this impor tant 
subject b y Government , Municipal Corporations and the publ ic 
makes the author hope , that in spite of any possible de fec t s 
or shortcomings, the b o o k would serve a useful purpose. 
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THE MILK PROBLEM IN INDIAN CITIES 
W I T H S P E C I A L R E F E R E N C E T O B O M B A Y . 

C H A P T E R L 

G E N E R A L C O N S I D E R A T I O N S . 

T H E prob lem of supplying pure and clean milk to large cities 
b a s been found to be a very difficult and perplexing one and has 
not been satisfactorily so lved even in Europe or in America . 
Rosenau of the U. S. A . says ; " There is probably no single 
problem in the whole realm of modern sanitation and hygiene 
that is so complex , so involved, so intricate, and so harassing." 
If this is so in a very progressive country like the United States, 
it is much more true in India, where the milk supply is in a most 
deplorable condit ion. This m a y be ascribed to various factors, 
such as cl imatic influences, peculiar customs and habits of the 
people, illiteracy and ignorance of the farmers and of the ordinary 
milk vendors, lack of proper sanitary and legislative c o n t r o l , &c. 

The milk problem m a y appear very simple to the casual 
observer, being only a part of the larger prob lem of Pure F o o d . 
A deeper study, however , would disclose the fact that the milk 
prob lem is one of the most c omplex problems in publ i c sanitation. 
There are several reasons w h y we have a milk prob lem. In the 
first place, milk is almost an universal article of human food , and 
is used in all civiHsed countries. Secondly, milk is likely to 
c o n v e y disease directly b y pathogenic microbes when it is polluted, 
or to cause it indirectly when it is adulterated. E x a m p l e of the 
former is tuberculosis and that of the latter is rickets, as a result 
of malnutrition due to milk being adulterated with water. Milk 
is an essential article of diet during infancy and early chi ldhood. 
It is a perfect f ood not only for infants but also for bacteria which 
grow abundantly in it. Another reason w h y we have a milk 
problem, particularly in Indian cities, is because it is well nigh 
impossible here to obtain milk which has been handled with 
scrupulous care and cleanliness. A further reason is that, in 
this chmate, milk decomposes more quickly than any other food. 
Hence it m a y be assumed that every sample of milk is likely 
to become dangerous to health. 
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In India, milk Jiolds tlie rirst place in the dietary oi the 
people and is used universally in some form or other. Milk and 
milk products such as curds, butter-milk, butter and ghee are used 
particularly by the middle and the high classes. Tea is rapidly 
becoming the national drink of India, and in large cities like 
B o m b a y , most people of every race, caste, colour and creed 
partake of tea. A great deal of milk is used up in this manner. 
Milk is also used in making " Khawa, ' " " M a w a , " " Basundi , " 
and sweetmeats, such as " P e d h a s , " etc. , which are peculiar 
to India and which are consumed in large quantities b y all classes. 

There are several aspects of the milk problem in India which 
demand a thorough investigation on the part of the Scientist, 
the practical Sanitarian, the Economist , the Dairy Expert , the 
Sociologist and the Legislator. 

(1) First, we hav the sanitary aspect of the milk problem. 
This involves («) a study of the various sources of the city mUk 
supply and of the manner in which milk is collected and distri
buted, including an investigation of the different condit ions 
aflecting the milch-cattle, e.g., their housing, feeding, breed, 
disease, etc. , and their effects on the quantity and quality of the 
milk produced ; (&) a chemical and bacteriological investigation of 
the milk supply with a view of finding out the composition of 
Indian milk, the kind and extent of adulteration and the amount 
of pollution present ; (c) the relation of milk to the pubhc 
health ; and {d) a study of the practical sanitary measures (such as 
inspection of the cattle-stables, the dairies, etc.) which can be 
readily applied and arc most suitable to conditions as the} ' exist 
in India. 

( 2 ) Secondly , there is the social side of the milk prob lem : 
this is of special importance here in India. The intricate caste -
syst tm, the religious beliefs and the social customs of the people , 
the ilHteracj 'of the masses, the domestic habits of the people, &c., 
arc all important factors and have some bearing on the milk 
problem. The customs and habits of the people who deal in 
milk are most unfavourable to. the product ion of clean and whole 
some milk. The method of milking, the modes of transportation, 
etc . , are greatly objectionable from a sanitary point of view. 
Educat ion, in the broadest sense of the term, is essential to o v e r 
come ignorance, prejudice and indif ference; education alone 
viOuld give the people a keen sense of appreciation of publ i c 
sanitation and personal hygiene. Wi thout the intelligent and 
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active co-operation of tlie milk dealers, it wou ld be hardly possible 
to apply any practical remedies to the solution of the milk problem. 
The milk prob lem thus involves a systematic and sympathet ic 
s tudy of the various condit ions of social and domestic life in 
the c i ty as well as in the country , and the devising of ways a n d 
means for the removal of unfavourable condit ions b y means of 
education, etc . 

(3) Thirdly , we have the e conomic side. The improvement 
of the milk supply of Indian cities is primarily an e c o n o m i c 
prob lem. In some respects it is of the greatest importance in 
India, where an appalling amount of pover ty prevails among the 
people , and where the dairy industry is in a very bad condition. 
A s will be shown in this memoir , it is extremely difitjcult to g e t 
genuine milk in B o m b a y for less than four annas per seer (about 
6^ pence or 13 cents per quart) . This rate is considerably higher 
than that in most large European and American cities. I t 
indicates that there is something radically wrong in the cost of 
product ion and distribution of milk, particularly when one 
remembers that labour is cheaper in India than in Europe or in 
America. The economic aspect of the milk prob lem also involves 
the question of scientific breeding, sanitary housing and proper 
tending of the milch cattle, the provision of cheap fodder, the 
supply of plentiful and clean water, suitable and modern modes 
of rapid transit, the establishment of model cattle-stables and 
modern dairies on co-operative bas is , etc . , e tc . Unless there is a 
vast improvement in the present methods of product ion a n d d is 
tribution of milk, the price is likely to remain very high. I t is 
quite possible that if the new legislation be rigorously enforced, the 
price of milk might be raised still higher and it would then be 
impossible for even the higher classes to obtain a sufficient quant i ty 
of pure milk. Instead of being an universal article of diet, milk 
might become a luxury only for the rich. 

(4) Fourthly , milk legislation. The legal aspect of the 
milk prob lem is quite new to India. The Government of B o m b a y , 
after considering the representations of the B o m b a y Municipal 
Corporation, have only recently passed an A c t ( B o m b a y A c t V I 
of 1913) for the sanitary control of the milk supply of B o m b a y . 
This is the first attempt at mUk legislation here and it would b e 
instructive t o watch its effects. Al l the dairymen, dealers, 
importers, or sellers of milk are n o w required to hold hcenses in 
B o m b a y . The new legislation was enforced for the first time 
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on April 1st 1914, when there was a temporary " strike " of the 
milk dealers and it was very difficult to get any milk for a day 
or two. It appears that since then there has been a slight rise 
in the price of milk in B o m b a y . Legislation of some kind or 
other is, no doubt , necessary for the etfective sanitary control 
of the milk supply in India ; but if that would render the economic 
problem more complex b y causing a further rise in the existing 
high price of milk and thus making it practically impossible for 
the masses t o obtain pure milk, then such legislation may be 
open to question from the economic point of view. Adequate 
measures for the economic product ion and supply of milk should 
precede legislation. In other words, legislative measures should 
result, if possible, in the improvement of the milk supply without 
an appreciable increase in the price. It is quite evident that legis
lation alone can never solve the milk problem in India. Many 
other measures are necessary to remedy the existing evil and these 
will be dealt with, at a later stage. 

After analysing nearly 1,400 samples of milk it has been 
shown ^ that Jour-fifths of the milk supply of Bombay is adulterated 
with water, and over 90 per cent, of the milk samples examined 
bacteriologically are contaminated with microbes whose presence 
indicates dirt, etc. In Poona and Bangalore ^ milk has been 
found to be adulterated with water to the extent of 80 per 
cent, and 78 per cent., respectively. A similar state of affairs, 
no doubt , exists in Calcutta, Madras, Delhi and other large Indian 
cities. This has a very important bearing on the publ ic health, 
and particularly on infant mortality. Milk in India is not only 
adulterated and contaminated but is also very costly. As remarked 
b y the Government of India in Resolution No . 888-908 of the 
23rd May, 1914 : — 

" The adulteration of milk is almost universal in Indian 
bazaars and a large proport ion of the milk consumed is contamina
ted. In most cities the milk supply is in the hands of men igno- ' 
rant of the elements of sanitation and addicted to uncleanly 
practices. Moreover, the mi lk when stored and in transit t o 
market is liable to contamination in several ways. On the other 
hand, the price of milk is already very high and the problem of 
improving the purity of the supply without increasing the price 

I " Ot»ervatioLS on the Chemical atid Bacteriological E^caminatioo of the MiJk Supply 
of Bombay , " by Dr. Lemuel Lucas Josbl, beiog a prelitninary paper read before the tbl id AII-
i o d i a Sanitary Conference at Luckaow in January 1 9 1 4 . 

3 Vide papciB on oiilk read at the same coatwesix i>y Dr. Maon and Dr. S. Ran 
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t o such an extent as to cause hardship to the poorer classes is a 
difficult o n e . " 

The milk trade in the large cities of India represents an outlay 
of a considerable amount of capital. I f the total dai ly mi lk -
supply of B o m b a y be calculated at 265,000 pounds, at the rate 
of two annas per pound , the value of the milk would exceed 
Rs. 33,000 per day, or about one crore and twenty lakhs of rupees 
per year. In Calcutta * the value of milk consumed every year 
is estimated at about 75 lakhs or three-quarters of a crore of rupees. 
Considered from a financial point of view, there arc great possi
bilities if the dairy business in this country was organised 
along economic and scientific lines. Improvement of the mUch 
cattle alone would result in a considerable increase in the net 
income. The number of milch cattle in the city of B o m b a y and 
suburbs m a y be taken at about 30,000. If these animals could 
be improved so that each buffalo and c o w would give on the 
average, say, two rupees worth more milk per month (or Rs . 24 
per year per animal) this wou ld mean an additional income of 
more than seven lakhs (Rs. 700,000) per annum without much 
initial expense. 

' ^ T h e dairy industry of India is acknowledged to be in a very 
bad condition and is in need of a thorough organisation along 
modern lines. Some of the principal facts regarding the milk 
problem in Indian cities m a y be summed up as follows : — 

(1) The supply of rnilk in the cities is deficient in amount . 
(2) The quahty of milk supplied is b a d from a chemical 

as well as from a bacterial point of view, the milk being adulterated 
as well as contaminated. This has an important bearing on the 
publ i c health in India, particularly with reference t o infants. 

(3) The Indian milch cattle are very poor milkers and 
appear to be deteriorating. This is due to several causes, 
e.g., lack of scientific breeding, want of proper feeding, tending 
and housing, etc . 

(4) The milk trade of Indian cities is most ly in the hands 
of the city gowlee who has no idea of the principles of e conomic 
dairying and who is quite indifferent t o tlie laws of hygiene and 
sanitation. 

(5) Part of the milk supply of the cities is f rom the neigh
bouring villages where the ordinary cultivator keeps a f ew buffaloes 
and cows and supplies mi lk under expensive and very insanitary 

•1 " Journal of DairyiQg," Vol . ! , Part 1, April 1914, p. 225. 
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condit ions; his ignorance and apathy are just as profound as 
that of the gowlee. 

( 6 ) The price at which milk is sold in large cities like Bombay 
and Calcutta is very high and likely to rise higher unless there 
is considerable improvement in the present methods of production 
and distribution of milk. 

(7) There is considerable room for improvement both in the 
sanitary supervision and legislative control of the milk trade in 
India. 

Briefly stated, the problem before us is to study the various 
phases of the milk question in India and to find out the most 
scientific^ economic and effective methods for the production and 
distribution of pure milk to the cities in large quantities and at a 
moderate price. 



C H A P T E R I I . 

I N D I A N M I L C H C A T T L E A N D T H E M I L K S U P P L Y O F 

I N D I A N C I T I E S . 

The number of cattle {bulls, bullocks, cows, buffaloes and 
young stock) in India amounts to the enormous total of 139 
millions,^ an increase compared with the number a decade ago . 
The United Provinces account for 11 per cent, of the total number , 
Bengal 19 per cent. , Madras 14 per cent, Bihar and Orissa 12 
per cent. , the Central Provinces and Berar 9 per cent. , the 
B o m b a y Presidency including Sindh only 7 per cent. Accord ing 
t o Keatinge^ the number of cattle in the Deccan amount t o 
3,400,000 of which about one-sixth are buffaloes. The p lough 
buUocks amount to 1,315,000 and the p lough buffaloes to 55,000. 
The total number of cattle in the B o m b a y Presidency (excluding 
Sindh) is given as 7,529,792. Out of this, 2,614,798 were p lough 
oxen , 214,691 were p lough buffaloes (male), 587,853 were cows 
a n d 868,746 were she-buffaloes. The excess of oxen over cows , 
and of female buffaloes over male buffaloes is very marked. T h e 
fact that the female buffaloes are nearly four t imes as numerous 
as the males indicates that the buffalo is par excellence the milk 
animal of the country . 

The dairy industry in India is admit ted t o be in a most 
unsatisfactory condit ion. This is in a great measure due to the 
fact that the indigenous breeds of milch catt le—particularly cows 
—are very poor milkers. W i t h the except ion of the Government 
dairies and a few private farms, no systematic a t tempt seems to 
have been made regarding scientific breeding in India. F r o m 
numerous enquiries made , it appears that the Indian milch cattle 
s h o w a deterioration in quality , and that the number of g o o d 
animals is rapidly diminishing. This m a y be ascribed to the 
following causes :—(1) Lack of scientific breeding. (2) E x p o r t a 
tion of the best animals t o foreign countries. (3) R e m o v i n g 
certain breeds of cattle to other parts of the country where the 
c l imatic and other condit ions are not suitable for them. (4) 
Supplying the large cities with thousands of milch cattle, which 

» " The Times of I n d i a , " Thur-^day, May 13, 1915, " Indian Agriculture. Its strength and 
progress." 

» G. Keatinge, I. C, S., • Rural Economy in the Deccan " 1912 ' 
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eventua l ly fall into the hands of the butcher. (5) Occasional 
famines . (6) Defect ive feeding and tending. (7) Neglect o f 
proper rearing of calves. 

Notwithstanding the numerous adverse factors and crude 
m e t h o d s of breeding, it is surprising to find that there are so m a n y 
well-de fined and pure breeds of milch cattle in India. A m o n g 
the b e s t breeds of cows m a y be mentioned Sindhi, Gir. SaniwaM 
and Hansi, and among the buffaloes, the Delhi or " Murrah " 
Suraii (Gujarat) and Jaffrahadi (Kathiawar) . There is hardly 
anything known regarding the original stock from which each 
breed has sprung. I t is possible that the breeds of cattle f ound 
to-day in India differ a great deal f rom their original progenitors. 
The fact that m a n y pure breeds have a distinctive type and family 
likeness seems to indicate that this m a y have been the result 
of careful breeding through many generations. It m a y be also 
due to the fact that untd recent t imes, the local breeds have been 
l imited to their own habitat and rarely taken to other districts, 
so that they have developed into a specific type characteristic 
of a particular district. 

Some of our best dairy animals are reported t o be 
exported to Argentina, Uganda, Japan, Burmah, the Phillipines 
and other countries, but no statistics are available as to the exact 
number thus exported f rom India. 

The best breeding grounds in India for milch cattle are the 
plains of the Punjab , Sindh, Kathiawar and Gujarat. Certain 
breeds of cattle when removed from their own habitat t o other 
parts of India show deterioration. For instance, a Hansi c o w 
when brought to B o m b a y from its home in the Punjab {Hansi -
Hissar District) does not flourish but deteriorates. Similarly, 
when certain milch breeds are taken to the hills f rom the plains, 
the yield of milk is known to drop b y as much as 20 per cent. 

The slaughter of " dry " animals in the large cities p r o b a b l y 
accounts to some extent for the diminution in the number of g o o d 
milch cattle in India. Most of the cows and buffaloes in B o m b a y 
are either sold to the butcher when dry, or are sent to the country 
for grazing. According to the Chief Veterinary Inspector of 
B o m b a y , out of the dry animals, 75 per cent, are slaughtered and 
on ly about 25 per cent, arc sent out to the country. During the 
year 1914-15 at the Bandra Slaughter House (near B o m b a y ) 
44,177 cows and 8,574 buffaloes were slaughtered. Out of this 
number about 3,000 cows and all the buffaloes ivere from the 
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B o m b a y milch cattle staWes. During the same period about 
5,000 buffaloes were slaughtered at Kurla, making a total o f 
about 13,600 B o m b a y buffaloes killed in one year. It is calculated 
that from 40 to 45 per cent, of all the buffaJoes in B o m b a y find 
their w a y to the slaughter house. This means an appreciable 
drain on the milch animals of the country , and its effects would be 
keenly felt if a fresh supply of animals were not forthcoming. In 
Calcutta, 9,147 cows were slaughtered during the year 1913. 
The Special Committee on the Milk Supply of Calcutta in their 
report r e commended that " the slaughter of prime cows should 
be discouraged and the fee for slaughtering such coivs should be 
tentatively raised t o Rs . 1 0 . " The Committee ev ident ly felt that 
this is a distinct loss t o the country . 

There was a considerable loss in milch cattle during the 
famine of 1899-1900, as will be seen f rom the following figures : — 

Number of Milch Cattle in the Bombay Presidency, ex
cluding Sindh and the City of Bombay. 

1S94—1895 1909—1910 

Cows . . 1 ,892 ,404 1.587.853 

Buffaloes . . . 968,952 868,746 

This decrease in number is ascribed to the famine of 1899-
1900. There has been a definite increase in the population, b u t 
the number of cattle has not kept pace with the increase in p o p u 
lation. The loss of cattle during famine m a y not be considered 
very serious if it results in the " survival of the fittest " b y 
the eUmination of numerous useless cattle which are to be seen 
all over the country . It m a y be stated, however , that since 1900-
there has been a steady rise in the price of milk, butter and ghee. 
The price of good animals also has considerably risen recently. 
Defect ive feeding and careless tending is part ly responsible for 
the deterioration of Indian milch cattle. The former is c o m m o n 
among small owners in the country , while the latter is to be seen 
on large dairy farms where the hired men do not care to tend tha 
animals properly. 

The raising of young stock is also neglected to a large extent 
in this country . This is particularly so in the case of buffalo 



10 C H A R A C T E R I S T I C S O F B E S T M I L K E R S . 

calves, and constitutes a serious evil. In B o m b a y and other 
large cities, as it is unprofitable t o rear a calf, the town gowlee 
allows it to die of neglect. This means a serious loss to the 
•country of a large number of calves of g o o d milch buffaloes. 

The tendencies of g o o d milch cattle and their progeny to 
deteriorate has been noticed in the Poona Civil Dairy and a few 
other dairies. The cows as well as buffaloes brought from outside 
are known to deteriorate in subsequent lactations. This cannot 
be attributed to any defects in feeding or housing, but is probably 
d u e to defective breeding and careless tending. In Bengal , it 
has been found that the milk yield of imported cows becomes 
smaller in quantity after each ca lv ing . ' 

The following ckaracterislics are mentioned b y MoUison-
as indicative of deep milking qualities of Indian cattle 
Mildness of temper. (2} Forequarters should be hght in compari 
son with the hind-quarters which should be massive and heavy . 
(3) A g o o d milch cow should have wide loins, deep, well-packed 
thighs with back ribs long and well sprung so as to give a large 
paunch and a full flank. (4) The tidder should be of large 
capacity , the larger the better, prov ided it is not fleshy. It should 
not be too pendulous, but should extend well forward on the 
a b d o m e n and should come u p well behind between the thighs. 
(5) The teats should be large and of equal size. T h e y should bt-
squarely set on the udder and not grouped in a cluster. (6) The 
milk vein should be prominent . (7) A lean and clean cut head, 
a thin long neck, a thin long tail, and a soft and pliant skin are 
also other points observable in a good milker. 

I have not been able to obtain complete information regarding 
all the different breeds of milch cattle in India. The breeds of 
buffaloes and cows described below are mostly those found in 
B o m b a y and Western India. A few well -known breeds from 
other parts have been also added. Most of the photographs 
of the B o m b a y animals were taken in m y presence, the animals 
being selected from different cattle stables in B o m b a y . The 
selection of individual animals was made in consultation with the 
cattle owners and Mr. Laud, Veterinary Inspector. A few p h o t o 
graphs {Saniwahl, Hansi, etc.) were kindly supplied b y Mr. A . H . 
Spearman, Manager, Government Military Dairy , Kirkee, and 
a few others (NeUore, Mysore, etc.) b y Mr. A . M. Paton, Manager, 

1 J. E. Blackwood, I . C. S , . " A Survey and Census of the Cattle of Beogal," 1915, p. 13. 
" Mollison's Text Book on Indian Agriculture, Vol. I I . 
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Government Dairy Farm at Bangalore. The sources of other 
photographs are acknowledged elsewhere. The following breeds 
of buffaloes and cows will be very briefly described^:— 

(-4) Buffaloes.—1. Delhi or " Murrah . " 2. Surati (Gujarati ) . 
3 . Jaffrabadi (Kathiawari) . 4. Deccani . 5. Mehsana (Palanpur). 
6. Varadi (Pandharpur) . 

{B) Cows.—1. Sindhi. 2. Gir (Kathiawari) . 3. Sani
wahl or Montgomery . 4. Hansi. 5. Kankreji- 6. G u j a r a t i : 
(rt) Surati, [b) other Gujarati breeds. 7. Deccani . 8. Nellore 
or Ongole. 9. Layalpur, (Punjab) . 10. The Khillari Cattle. 
n. The Mysore or " Amrit M a h a l . " 12. Malvi Cattle. 13. 
Krishna Valley Cattle. 14. Shahabad Cattle (Bihar). 15. 
Cross breeds : [a] Poona-Ayrshire a n d Sindhi. (6) Bankipur 
•cross breeds. 

( A ) BUFFALOES.—(uirftf M A P . ) 

1- Delhi or " M u r r a h . " — ( P l a t e I ) . 
These buffaloes are bred in the Punjab , the United Provinces 

and Sindh. T h e y are large in size with deep wide frames and 
short thick legs. They weigh f rom 1,000 to 1,200 lbs. The colour 
is usually jet black. Forehead is slightly p r o m i n e n t ; face is 
hol low with staring looks, eyes small and active. The horns are 
very charaderislic, being tliick at the base and incline backwards 
a n d upwards, and then curl up in t<i>o or three coils. The cars are 
hkc the " S u r a t i ; " the b o d y is massive and well developed and 
the udders are large. The daily average yield of milk varies from 
18 t o 27 pounds in B o m b a y , while tlie m a x i m u m yield of best 
animals in Northern India reaches u p to 50 or 60 pounds. The 
average annual yield in B o m b a y is about 3,000 lbs. with a 
m a x i m u m of about 6,000 lbs. The manager of the Kirkee Military 
Dairy gives a record of 8.000 lbs. for one animal of this breed. 
The price of a good Delhi buffalo varies from Rs. 150 to Rs . 250 
in B o m b a y . 

2. Surati. (Gujarati or Nadiad)—(Plate I I ) . 
This is a medium-sized shapely breed, found in the northern 

and central parts of Gujarat . The colour varies a g o o d deal . 
It m a y be black, grey, or albino. Forehead is flat, face narrow, 
eyes small and p r o m i n e n t ; the horns are short and take a b a c k 
ward semi-circle, being slightly curved upwards at the tip ; the 

> Tb<? description; given hete are mostly b a ^ d upon iDlormatioo supptie^ b y tbe Managet 
of Guveruinent Dairies in various parts of India, and by the, Cliief Vettrinary Insjieitor 

Bombay. 
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hips arc inclined upwards and inwards and the slope is on an equal 
level with the neck. B o d y is wel l formed and rounded, udders and 
teats are moderate in size. Being smaller in size than " Delhi " 
or "Jat frabadi , " they need less food. A Surati buffalo gives from 15-
to 20 pounds of milk in Bombay . The m a x i m u m daily yield of 
best animais reaches 32 pounds. In B o m b a y , the average annual 
yield varies from 1,500 to 2,000 lbs., while the m a x i m u m seldom 
exceeds 3,000 lbs. In Poona , the average is f rom 2,000 t o 2 ,500 
lbs., while the m a x i m u m yield may reacli 5,000 lbs. The price 
in B o m b a y of a g o o d animal is f rom Rs . 100 to Rs. 125. 

3. Jaf frabadi—(Plate I I I ) . 
These buffaloes are bred in the Gir Hills and throughout 

the south of Kathiawar. T h e y are very large animals, being very 
ponderous in front, with prominent pe lv ic bones and rather long 
and thick legs. A full-grown female weighs from 1,600 to 1,800 lbs. , 
while the male weighs from 2,000 lbs. upwards. The prevailing 
colour is black with a few white markings. Frontal bones are 
very prominent, giving a rounded appearance ; be low the eyes,, 
face is narrow. The eyebrows are thick, eyes sunken and partially 
closed. The horns are thick and flat, having transverse ridges. 
They take a downward course at the root , then curve outwards, 
upwards and slightly backwards with a spiral twist. B o d y is 
very large, quarters large, udders deep and capacious, and 
milk veins prominent. Teats are long and contracted at the 
base, reaching sometimes below the hocks. The daily yield of 
milk in B o m b a y is f rom 20 t o 30 pounds , while in Kathiawar the 
best animals arc known to give 40 pounds. The average yield 
per year, in B o m b a y , is 4,000 lbs ; when taken above the Ghauts, 
e.g., in Poona , they give less milk. A g o o d Jaffrabadi buffalo 
costs about Rs. 150 to Rs. 200 in B o m b a y . 

4. Deccatii .—(Plate X V I I I ) . 
This breed is indigenous throughout the B o m b a y Presidencj ' ' 

south of the Tapt i river. The face is small and flat; horns are 
short and thin, inclined upwards and backwards. B o d y and 
udders small in comparison to any other breed. The average 
daily yield is about 8 pounds, the m a x i m u m being about 12 lbs. 
The price varies from Rs. 70 to Rs. 100. 

5. Mehsana. (Palanpur) .—(Plate IV ) . 
This breed is similar to " Surati " except that the size is 

slightly larger and the shape of the horns is different. The horns 
take a larger semi-circle at the middle and are not coiled as in the 
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B ba"*' ^ ' ^" BuIletiQ No. 56 of 1913, Department of Agriculture. 

••̂  Mr. Reeves, in a personal cunmunication. 

•" De lh i . " Spacious udders and prominent milk veins are found 
in this breed. The price of a Mehsana buffalo is f rom Rs . 100 up . 

6. Varadi. (Pandharpur) .—(Plate X I X ) . 
This is really a type of the " D e c c a n i . " Face flat and narrow 

similar to "Surat i " ; b o d y like "Surat i , " but the horns are thin and 
very long, being inchned backwards and reaching frequently 
as far as the po int of the hip. The Varadi buffaloes are 
generally sold f rom Rs . 60 to Rs. 75. The yield of milk is more 
thaji that of the " D e c c a n i " type . 

(B) C O W S . 

1. Sindhi.—(Plate V ) . 
Most of these cattle are bred in the country adjoining Karachi 

a n d Haiderabad. T h e y are smaller in size than the Gujarati cat
tle, the cows weighing 600 to 800 lbs. and bulls 900 to 1,100 lbs. 
Great care is taken to keep the breed pure. T h e y have been 
selected for milking qualities for generations. Most of the "S indh i " 
-cattle have a deep red colour with occasional white spots or 
markings. The wedge-shape appearance is regarded as characteris
tic of a Sindhi c o w , the hind-quarters being broad while the fore-
quarters are narrow. The cows are mi ld in temper . Horns 
are coarse, blunt-pointed and take an upward and outward curve ; 
head is bigger than " Surat i , " neck is short and thick, pendulous 
dewlap and frame well developed. T h e y are compact ly buUt 
and have sloping shoulders and short legs. The h u m p is large, 
quarters flat and udders well developed. Sindhi cows are good 
milkers, giving as much as 30 lbs. milk per day in S indh ; but 
in B o m b a y and the Deccan the yield is less, about 15 to 18 lbs. 
The average yield per year in B o m b a y variefs from 1,800 to 2,700 
lbs., the m a x i m u m being about 3,000 lbs. In Poona the average 
is about 2,000 lbs., while the m a x i m u m m a y reach u p to nearly 
5,000 lbs. The yield of these c ows decreases in B o m b a y and the 
Konkan either on account of the excessive moisture or on 
account of the difference in the fodder.^ The price of a c o w 
in Sindh varies from Rs. 45 to Rs. 60. In B o m b a y it frequently 
costs double of this. T h e increase in price is partly due to 
exportat ion to Japan, South America, etc . 
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2. Gir or Kathiawari .—(Plate VT). 
This noted breed derives its name f rom the Gir Hills and 

forests in the South of Kathiawar , which afford an excellent 
grazing ground all the year round. Gir cattle are remarkable 
for their puri ty of type and exhibit m a n y characteristics by which 
they can be distinguished from all other Indian cattle. The 
colour is usually a mixture of red and white or black and white . 
The Gir c ow is of med ium size weighing 800 to 1,000 lbs. The 
udder is fairly capacious but fleshy, and the milk veins are p r o 
minent. The udder is pendulous and the quarters are drooping. 
There is an abundant loose skin under the neck and dewlap. The 
h u m p is of medium size. The head, horns and cars are specially 
characteristic. The frontal bones are well developed, which 
give a rounded appearance to the forehead. The horns take a 
backward curve and again incline a litth forward. They are, as 
a rule, thinner a n d longer than those of bulls. T h e ears are long 
and pendulous. Tlie muzzle is large and black. The eyes look 
sleepy and are shaded b y heavy prominent brows. These c ows 
are usually of an irritable temperament, and therefore the milk 
yielded is readily affected b y any irregularity in feeding, in milking 
or general management. Under suitable condit ions they give 
good milk. T h e y do not thrive well in the dry plains, but for the 
Konkan they are probably the best breed of cows for dairy 
purposes. The demand for these c ows in B o m b a y City is greater 
than that for any other breed. In Gujarat these cows give 
about 24 lbs. of milk, but in B o m b a y and the Deccan they 
yield from 12 to 16 lbs. per day . The average annual yield of milk 
in B o m b a y varies f rom 2,000 t o 2,500 lbs. , the m a x i m u m being 
about 3,700 lbs. The c o w is not a persistent milker and gets d r y 
sooner than the Sindhi. A Gir c o w costs about Rs, 60 in Kathia 
war and about Rs . 90 to Rs. 150 in B o m b a y . 

3. Saniwahl or Montgomery .—(Plate V I I ) . 
The Saniwahl or Montgomery cattle are also known as the 

" T e l i " breed. The cows are \'er}' superior milk p r o d u c e r s ; 
the only other Indian breeds that rival them in milk product ion 
are the " Hansi " and " Sindhi " cows . T h e y are bred in the 
Montgomery District (Punjab) wliere vegetation is very scanty and 
rainfall is very light. They have been sent to many parts of India 
and apparently get acclimatized to conditions which differ greatly 
f rom those of the Montgomery District. They d o not seem to 
flourish in B o m b a y and Poona. Montgomery cattle are described 
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as-^ "smal l , shapely and short legged, with fine clean cut iieads, 
fairly short horns, small alert ears, thin necks, fine leg bones, 
small feet, and exceptional ly Jong and thin tai ls . " The long and 
heavy dewlap is characteristic. One of the main distinguishing 
features of the Saniwahl c ow is considered t o be the peculiar 
manner in which the horns are fixed, the short horns are set 
into the head very loosely and hang down so that they can be 
easily shaken at their bases. The udder is large and well shaped. 
The teats are also large and regularly p laced. The colour of the 
skin varies a great deal—dark red, lemon and white, gre} ' or spotted 
cattle being fairly c o m m o n . The average dai ly yield of milk is 
f rom 15 to 20 lbs. The best cows are k n o w n to yield a b o u t 
30 lbs. per day. The price of a g o o d animal varies f rom Rs. 8 0 
to Rs . 120 or even more . 

4. Hansi or Hansi -H/ssar .—(Plate VIU). 
This is another leading breed of Indian cows . The Hansi 

c ow comes from the Hansi-Hissar District. The yield of milk 
is affected a great deal b y cl imatic conditions. Hansi cows will 
not prove as satisfactory in Jubbulpore ( C P . ) as they will in Delhi 
or Meerut. It appears that the further they travel east or south, 
(that is, the damper the climate becomes,) the more certain is the 
decrease in the yield. ^ The average daily yie ld of a good Hansi 
c ow varies from 20 to 30 lbs. If kept in their native habitat theii-
milk product ion is equal t o that of the Sindhi or Sanivv'ahl breeds. 
A Hansi c ow at the Al lahabad Dairy Farm gave as much as 
65 lbs , daily, and 7,000 lbs. during the lactation period.^ This 
is probab ly a record for a c o w of pure Indian breed. The 
prevail ing colour is hght grey . R e d ones are occasionally f ound 
but are seldom g o o d milkers. The head is clear cut with large 
expressive eyes, black muzzle, and upright curved horns sloping 
slightly backwards . The neck is moderate ly long a n d fine, 
carrying a fairly large dewlap. The head is always carried higli, 
giving a very graceful appearance. In a g o o d milker the shoulders 
and h u m p should be light with fine cut l imbs. The barrel is 
l02ig a n d round, and the milk ve in prominent . The udder is 
usually compact and well set u p under the flanks with moderate 
ly sized teats equidistant apart. The hind-quarters are usually 
straight and slightly higher than the fore-quarters. The tail is 

1 MollisoQ and French : " AgticuUure Journal o i India," Vol. I I , p . 'iS2. 
- D. I- Meagherand R. E. Vaughao, " D a i r y Farming in India," 1 9 U , p. 41. 
' Ihid. p. 45. 
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long and moderately thick and carries a black brush. The most 
noticeable characteristic in the " H a n s i " is its gracefulness. With 
head carried high and long measured gait it is probab ly the most 
gracelul of the bovine tribe. T h e faults of the " Hansi " as a 
dairy animal are :—their inconsistency, irritability, and that 
they seldom do well outside of their own habitat . 

5. K a n k r e j i — ( P l a t e X I V ) . 
They are bred mostly within the limits of the Palanpur 

Political Agency in Kankrej or Wadial . Some Kankrej i cattle 
are bred in parts of the Ahmedabad and Kaira Districts. T h e y 
are brought into the Gujarat and Baroda Territory b y the dealers, 
so that they are really not indigenous to Gujarat. Kankrej i 
cattle are considered to be the best cattle owned in Gujarat. 
The cows are generally silver grey or iron grey or white. They 
are large leggy animals weighing about 1,000 lbs. The bulls weigh 
from 1,200 to 1,500 lbs. Face is like " S u r a t i , " ears hke 
"Ja f f rabadi , " head not prominent. Their horns are thin and take 
a spiral curve upwards and backwards and present a graceful 
appearance. They are rather nervous and excitable in disposition. 
Legs are long and thin, udders and teats not well developed. A 
g o o d Kankrej i c ow costs in B o m b a y from Rs. 75 to Rs. 125. The 
yields recorded at Surat are about the same as the " Sindhis " at 
Poona. 

6 . Gujarat ! : (a) Surati. 
, Small and flat face, thin and well-shaped horns and frame 

well formed, ears s m a l l ; udders and teats not well developed. 
{b) Other Gujarati B r e e d s — ( P l a t e I X ) . 
The indigenous cattle found in the fertile plains of 

Ahmedabad , Kaira and Baroda are exceptionally fine and large. 
These breeds belong to Gujarat proper, and differ somewhat from 
Kankrej i cattle. The horns are curved and pointed upwards 
with points turning inwards, little bigger than " Surati . " The cows 
are generally poor milkers. The price varies from Rs. 70 to Rs. 90. 

7. D e c c a n i — ( P l a t e X ) . 
The head is characteristic. The forehead is usually narrow 

above the eyes, which are prominent. The muzzle is large and 
black white the face has a narrow appearance. B o d y very small, 
thin and s h o r t ; horns take any shape ; thin and short legs, 
small hump, udders and teats small. The Deccani cows are very 
poor milkers giving only about 5 to 7 lbs. m d k per day . The 
price is from Rs . 50 to Rs . 75. 
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8. Nellore or Ongole .—(Plate X I ) . 
This breed of cattle is chiefly bred in the north-eastern dis

tricts of the Madras Presidency and forms the main milk breed 
of Madras. It does not conform uniformly to one type like m a n y 
other Indian breeds. The variation in type and colour seem 
to indicate mixed breeding. The prevailing colour of Nellore 
cows is pure white. They are usually docile tempered. The b o d y 
is somewhat narrow with a decided droop in the hind quarters. 
The head is typical , being long between the eyes with a large 
muzzle. The forehead bulges out above the eyes which are 
p laced in elliptical sockets on the side of the head. The horns 
arc short, thin and sharp, and incline backwards in a characteristic 
manner. The udders are not usually very well shaped and the 
teats are often close together in a cluster. The average daily 
yield of milk is about 15 lbs. The price varies from Rs . 50 to 
Rs . 150. 

9 . Layalpur (Punjab) . 
Face " Surat i " ; horns short and pointed upwards ; ears long 

and broad. B o d y big and well d e v e l o p e d ; quarters well 
deve loped ; short neck and straight back. They are very g o o d 
milkers. The price varies from Rs . 100 to Rs. 125. 

10. The Khillari Cattle are very poor milkers, b u t 
provide very fine buUocks. They are bred extensively in the 
Satpura Hills, cliiefly in Holkar 's Territory to the north of 
Khandesh , b y Khillaris or Dhangars and Vanjaris. T h e y resem
ble Mysore cattle in many respects. 

11. The Mysore Cattle. The purest strain of Mysore 
cattle is the Amrit-Mahal (Plate X I I ) which occupies a very 
high position among the thorough-bred bullocks of India. The 
c o w s are very poor milkers. 

12. The Malvi Cattle are bred in the territories of H. H. 
the Maharaja Sindia and H, H. the Maharaja Holkar. The 
cows seldom yield more than 4 to 6 lbs. of milk per day . 

13. Krishna Valley Cattle . i—(Plate X V ) . 
Cattle of this breed are met with in various parts of the 

Southern Maratha country and specially along the valley of the 
Krishna. T h e y arc large and well-built animals with white 
and grey as predominant colours. The general appearance of 
the animal is massive, h e a v y and lethargic. The cows are p o o r 
milkers, g iv ing when in full milk about 6 lbs. in the whole day . 

» K. Hewlett , " Breeds oi Indiaa Cattle," Bombay Presidency, 1912. 
2 
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description as well as the photograph ivere kindiv supplied by Mr. G.miae. l.C.a. 
Director of Agriculture, Bihar and Orissa. . j . u . . i . < c, 

Good Krishna Val ley cows are worth from Rs. 75 to Ks. 150 
(10) ( I I ) . 12) and (13) are not important breeds with regard 
t o milk product ion and hence a detailed description is not 
considered to be necessarj' . 

14. Shahabad Catt le .~(Plate X V I ) . 
The Shahabad district is bounded on the north by the Ganger-, 

on the east and south b y the Sone and the Mirzapur district, on 
the west b y the Mirzapur and Ghazipur districts of the United 
Provinces. In the south of the district the Kaimur Hills afford 
g o o d gracing during the rains, and cattle f rom long distances 
arc driven thither in the month of June to remain in baihans until 
September or October . A large number of buffalo-cows are to be 
found here subsisting at this period entirely on grazing. 

The prevailing colour of tliis strain is dark gre j ' . The head 
is carried fairly erect, is long and tapers to the nose. The forehead 
is about 8 to 9 inches broad between the eyes and is slightl\" 
convex . T h e eyes arc deep set and mild, surrounded b y a r i m 
of black tinged hair. The muffle is black. The horns are short, 
thick and blunt at the point, set somewhat erect to the head. 
The dewlap is of medium development . The neck is short and 
thick. The b a c k rises a little towards the l o i n s ; the quarters 
are sloping. The shoulders are well de f ined ; legs short wi th 
g o o d bone and carried well apart. In the cows the udder is well 
deve loped with teats properly separated a n d the milk vein is d is 
tinctly prominent. The tail reaches just to , or a little below, the 
hocks ; the hoofs, like the horns, are black. The animal presents 
a well-bred appearance and a g o o d c o w is strikingly different 
from anything that can be seen in North Bihar. The price varies 
from Rs . 70 to Rs . 80. The average product is about three t o 
four seers per day , while many cows can be found giving as 
much as 6 to 8 seers. 

Many of the cows are sold to the Calcutta market for milkin;^ 
purposes and prices have risen considerably of recent years, while 
people complain that good cows are scarcer than they were, as is 
only natural, since all animals that go o u t of the district to Cal
cutta are lost for g o o d since it does not pay to keep them there 
after the milking period is over, and they are either slaughtered 
or exported to Rajigoon and the Straits Settlements also for 
slaughter. ̂  
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35. Cross-breeds : — ( « ) Indian cross-breeds, (b) Cross-breeds 
between European and Indian cattle. 

(a) Apart from the distinctive breeds mentioned a b o v e 
and in the m a p , (q.v. ) there are a number of cross-breeds to-
be found everywhere in India. For instance, in Gujarat , 
such cross-breeds usually show signs of Gir or Malvi b lood , 
in the Deccan of Khillari or Gir b lood, a n d in the Karnatak of 
Mysore b l ood , 

(b) Plate X I I I represents a lialf-bred c o w from an Ayrshire 
bull and a Sindhi cow, bred at the Government Military Dairy 
F a r m at Kirkee . The average annual yield is about 4,000 lbs. , 
while the ma.ximum yield m a y reach 10,000 lbs. 

Cross-bred Bankipur Cattle or Tayler Breed,—The results o f 
cross-breeding at Bankipur m a y b e briefly stated. T h e h u m p 
characteristic of the Indian zebu is bred out . The females 
have improved greatly in milk-producing capac i ty , g iv ing 
f rom 8 to 14 seers, but this is certainly an extravagant 
estimate, or at least is more than is n o w obtained b y the 
gowlees f rom their present race of cows. On the other hand 
the male stock, although powerful animals, able in spite of 
the absence of the h u m p to draw heavy loads on g o o d roads, 
are delicate and cannot stand the sun or labo'ur in deep 
water and m u d on the p a d d y fields. T h e y are therefore not 
popular as draught animals. Another drawback is that they are 
m u c h more susceptible t o ep idemic disease than the pure b r e d 
country cattle. This will remain the great danger of cross
breeding until such t ime as a cross is established that combines 
the disease-resisting qualities of the Indian zebu with the milking 
capac i ty of a European stock. 

T h e amount of milk y ielded b y Indian cows and buffaloes 
depends upon a variety of factors such as breed, the kind and 
amount of f ood , season, &c . Breed is perhaps the most important 
single factor . For instance, the " Delhi " and " Jaffrabadi " 
breeds of buffaloes yield a larger amount than the " S u r a t i " 
and " Deccani " breeds. The following tables give the average 
y ie ld of mi lk f rom various breeds of c ows and buffaloes that are 
f o u n d in various parts of India. The factors which influence 

' G. Milne, I.C.S., in a personal commtinicalion. 
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the yield of milk are so varied and numerous that it is not possible 
to lay down any accurate figures. The figures given below are 
only approximate : — 

TABLE I . * 

Breed of Animals. 

Average yield 
of milk per 
year (in 
pounds.) 

Mazimiun 
yield of milk of 

best animals 
per year (in 

pounds.) 

Remarks. 

Cows. 

G i r (Kathiawari) 1 , 5 0 0 2 , 5 0 0 The quant i ty at Morning 

Siadhi 2 , 5 0 0 6,000 and Evening milking 

Gu j ra t i (Kankrej i ) 2 . 0 0 0 3 , 0 0 0 depends entirely on the 

7 5 0 1 , 2 0 0 hour of mi lking. If re

Saniwahl 2 , 5 0 0 7 , 0 0 0 gularly milked at 6 a .m. 

Half -bred from Sind 
and Ayrshire . . 4 , 0 0 0 10,000 

and 6 p .m. the quant i ty 

will be equal but no t the 

Buffaloes. quality. 

Delhi (Murrah) . . 3 . 0 0 0 1 0 , 0 0 0 

Surati 2 , 0 0 0 3 , 5 0 0 

JafErabadi 2 , 5 0 0 5 , 0 0 0 

Decr^ni . . 1 , 2 5 0 1 , 5 0 0 

Mehasana (Pdlanpur) . . 2 , 5 0 0 3 . 5 0 0 

Sindhi 2 , 0 0 0 4,000 
1 

• This table was kindly supplied by Jlr, G. H. Frost, 
Association, Kirkee. 

Hony. Secretary, Dairy Education 
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TABLE n. 

21 

Breed of AaiEnats, 

- A 

Average 
yield of 

milk 
per year. 

Mazimuin 
per year. 

Yield oi milk 
per day of best animals 

Kemarks. Breed of AaiEnats, 

- A 

Average 
yield of 

milk 
per year. 

Mazimuin 
per year. 

Average. Maximum. 

Kemarks. 

Buffaloes. Pounds . P o u n d s , Pounds . P o u n d s . 

1. Delhi 2,970 5,250 18 27 These a p p r o x i 
m a t e calcula

2 Surati 1,620 2,160 12 15 t ions are based 
upon enquiries 

3. Jaffrabadi . . 4,050 5,400 22 30 m a d e b y the 
Veterinary I n 

4. D e c c a n i 1,100 1,350 8 12 spectors f r o m 
var ious Gowlees 

5, M e h a s a n a in B o m b a y , b u t 
(Palanpur) . . 2,970 3,570 18 21 the figures are 

l iable t o var ia 
6. Varadi ( P a n  t ions u n d e r 

dharpur ) 1.080 1,620 10 16 certain c o n d i dharpur ) 
t ions . T h e 

Cows . calculat ions are 
m a d e o n the 

I . Sindhi 1,800 2,700 12 18 basis of full 
quant i ty for the 

2 . Surati 1,080 1,620 9 12 first t h r e e 
m o n t h s in ord i 

3. D e c c a n i 650 1,050 6 9 nary animals 
and every m o n t h 

4. G u i a r a t i a reduct ion of 2 
(Kankrej i ) . , 1,180 1,595 9 n p o u n d s . In 

good milkers full 
5. Gujarat i ( P a - quant i ty for 

than) 1,080 1,620 9 12 four months and than) 
f our p o u n d s r e 

6. Gir . . 2,250 3,645 15 22 d u c t i o n every 
fo l l owing m o n t h 

7. Kutch i 1,080 1,395 9 10 are a l lowed. 1,080 
One B o m b a y 

8. L a y a l p u r S e e r = 2 4 O z s = 
( P u n j a b ) . . 1,620 2,160 12 15 l i l b . 

The kind of food has a great influence both on the quantity 
and quality of the milk produced. Animals fed on " Toor 
chuni," (husk of Cajanus Indicus), cotton seed, wheat bran, 
oil cakes and other similar foods yield better quality of milk than 
those fed on food deficient in proteids and fats (vide Chapter V ) . 
Green grass is found to increase the yield of milk, but 
at the expense of the quality. Succulent and green fodder lowers 
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T H E M I L K S U P P L Y O F B O M B A Y . 

Almost all the milk supply of Indian cities is obtained f rom 
buffaloes and cows although a small amount is procured from 
goats , etc. It is estimated that in B o m b a y (with a population 
of 979,445 according t o the census of 1911) there are about 21,000 
milch cattle within the c i ty limits, out of which about 18,000 are 
buffaloes, the remainder being cows. N o statistics are available 
regarding the number of milch cattle in the suburban districts 
which supply milk to B o m b a y , but the number m a y be calculated 
as between 8,000 and 10,000. In B o m b a y the number of buffaloes 
far exceeds the number of cows. The buffalo js evidently 
found to be a much more profitable milking animal than the cow. 
According to a rough census taken in February, 3915, and again 
in August, 1915, it appears that the total amount of milk daily 
consumed in B o m b a y varies f rom 245,000 t o 285,000 lbs., 
giving an average of 265,000 lbs. , or about four thousand and 
four hundred B o m b a y maunds. Out of this, about 40,000 to 45,000 
lbs. of milk are daily imported—the rest being produced within 
the city. 

There are three main sources of the milk supply of B o m b a y : — 
1. Within the City and Island of B o m b a y ; 
2. F r o m the suburbs, most of which are situated o n the 

Island-of Salsette ; 

the percentage of total solids, but it slightly increases the quantity 
o f milk. It is a c o m m o n belief among Gowlees and other milk 
producers in India that watering the animal just before milking 
increases the yield of milk, but this is not based on facts. 

In dry and moderately hot weather cows seem to d o best, 
while on the other hand, the rainy season suits* the buffaloes 
admirably . Extremes of heat and cold cause a decrease in the 
amount of milk produced . The influence of weather and other 
conditions are fully discussed in Chapter V . The influence of 
•altitude on the yield of milk has been observed in different places 
in India. It has been found that the m a x i m u m yield of milk is 
obtained on the plains f rom cattle in their own habitat . W h e n the 
animals are removed to a higher elevation, e.g., above the Ghauts 
or hills, the yield is known to d rop d o w n as much as twenty 
per cent. 
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3 . I 'rom distant places such as Poona, Kirkee, Ahmedabad , 
e t c . 

1. Milk is supplied within the City of Bombay in three 
•ways (a) hy the INDIVIDUAL MILK V E N D O R O R G O W L E E , w h o 
usually hawks about from house to house distributing rnilk to his 
customers. The milk is generally contained in brass vessels of 
varying sizes which are either carried o n t h e h e a d o r a l l o w e d t o h a n g 
f rom a pole slung across the shoulders. (Vide Plates X X I I and 
X X I I I . ) There a r e . t w o or three kinds of " l o t a s " used—each 
*• l o t a " containing milk of different quality and price. The 
larger lotas or vessels are usually covered on ly along the edges b y a 
miniature wreath made out of hay p icked u p promiscuously from 
amongst the rubbish lying about the filthy stable. This is an 
additional source of pollution. Adulteration is very c o m m o n 
e.xcept in the case of high-priced milk sold b y a few honest Gowlees. 
As far as can be ascertained there are 1 , 5 4 8 individual " h a w k e r s " 
of milk in B o m b a y . 

(b) B v M I L K S H O P S : " Hahvais , " (sweetmeat sellers), 
e t c . These shops are numerous in the " native " part of the 
t o w n . It is est imated that there ^re 8 3 7 milk shops in 
B o m b a y . Here also adulteration is almost the rule. Plates 
X X V and X X V I represent typical milk shops. The mUk 
is kept here in open vessels exposed to the dust and dirt of the 
narrow streets and is handled in a very insanitary manner. A 
great deal of the milk in the " Halwai " shops is used for making 
sweetmeat (pedas, etc . ) , '* M a w a " and " Basundi . " 

(c) B Y T H E D . \ I R I E S . It is estimated that there are about 
36 dairies in B o m b a y . The milk supplied b y the major i ty of these 
dairies is b y n o means o l a superior quality. Many of the dairies 
sell milk in special bottles or in closed milk cans M'hich are l ocked 
and sealed. In spite of all these precautions it is f ound that on ly 
a few dairies can be depended upon to supply genuine and clean 
milk. Most of the so-called " d a i r i e s " in B o m b a y are n o 
dairies at all, in the sense that they are understood in America 
and in Europe . The " Dairymen " usually are tlie agents 
or importers of milk. \'ery few of them oWn any milch cattle. 
They generally purchase milk from Gowlees (milkmen) at a fixed 
low price and then sell it to their customers at a high price. T h e y 
thus act as "midd le " men. There are very few genuine dahies 
m B o m b a y . The author has come across only four or five g o o d 
dairies in B o m b a y , three of which (owned b y Europeans) arc 
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quite modern in tlieir equipment and employ sanitary m e t h o d s 
for the product ion and distribution of milk. 

There are 86 licensed milch cattle stables containing about 
15,068 milch cattle within the Municipal limits of B o m b a y . 
W i t h a few except ions , they are usually kept in a very insanitary 
state, {see Plates X X V I I I , X X I X and X X X ) , In these stables 
milk is liable to get contaminated from numerous sources and in 
a variety of ways. It m a y be said, in general, that the major i ty 
of the milch cattle stables in B o m b a y , including those belonging 
to many of ihe dairies, need improvement in several respects. 
The vessels in which milk is drawn are b y no means kept 
scrupulously clean. It is a rare thing t o see either the udders of 
the animals or the hands of the milkman being thoroughly washed 
before milking. Besides, the water added for adulteration is 
usually unfit for drinking purposes, cow-dung being not an un 
c o m m o n constituent of adulterated milk. The old stables 
are as a rule situated in very crowded localities. They arc hardly 
ever thoroughly cleaned or flushed. The animals m a y often b e 
seen wallowing in their excrement and in the stable refuse. The 
condition of some of these stables during the monsoon is most 
deplorable ; the rain and wind beat in mercilessly at t imes a n d 
the animals tethered there have t o submit most meekly t o all the 
vicissitudes of an inclement rainy weather. This type of stables, 
however , is j i o w gradually disappearing and is being replaced b y a 
better type as required b y the new Bye-Laws of the B o m b a y 
Municipality. 

2. From the Suburbs. 
This is a veiy important source of the milk supply of B o m b a y . 

Most of these places are situated near one of the two rai lway 
lines (the G. I. P. and the B, B. & C. L) The various suburban 
railway stations from which milk is imported into B o m b a y are 
Virar, Bassein, Kalla Sopara, Borivili , Andheri and Bandra on the 
B. B. & C. 1. Rai lway, and Kalyan, Dombivi l i , Thana, Ghatkooper 
and Kurla on the G. 1. P. Railway, the longest distance being 
34 miles and the shortest distance about 10 miles. The tota l 
amount of milk imported daily at the various local railway stations, 
in B o m b a y is estimated at about 45,000 pounds. The milk is usually 
c onveyed in the local (suburban) railway trains in a most primitive 
and insanitary manner. There are no " milk trains " nor are 
there any special " m i l k c a r s . " The milkmen usually crowd' 
into the ordinary third class compartment along with other 
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passengers, shelving their open milk cans under the dirty seats. 
The cans or vessels are covered only along the edges with concen
tric rings of straw, which is supposed to prevent the spilling of 
the milk. The filthy condit ion of an ordinary third class car, 
the dirt and dust flying into the open milk vessels and the 
insanitary habits of most of the passengers occupying a third 
class compartment can be more easily imagined than described. 
The milk has already been drawn under the m o s t insanitary 
conditions, and, after a slow journey of two or three hours under 
the above condit ions, arrives at its destination in B o m b a y and. 
thence distributed to the publ ic . The high temperature and-
moist atmosphere add further t o the most favourable condit ions 
for bacterial growth . According to a census taken recently 
there are at least 429 " importers " of milk in B o m b a y . I t is 
estimated that about 1,500 men are e m p l o y e d fur bringing millc 
daily to B o m b a y . 

3. From distant places iike P o o n a , Kirkee , Ahmedabad , 
Anand , Nadiad, etc . 

The Government Military Dairy h i B o m b a y get their milk 
supply dai ly f rom Kirkee and Ahmedabad . The mi lk is 
" p a s t e u r i s e d " at 170* F. for t w o minutes, rapidly cooled t o 
nearly ireezing point and kept there until it is taken b y train. 
Insulated cans with co ld packing outside are in use. There are nO' 
special milk cars at present, but the ordinary railway waggons 
are used. The journey from Kirkee t o B o m b a y takes about four 
hours, while that f r o m A h m e d a b a d t o B o m b a y occupies about 
ten hours. On the former journey the temperature goes up about 
10° F. and on the latter journey about 25° F. The milk cans are 
not kept at any constant temperature during their transit to-
B o m b a y . On arrival in B o m b a y , the milk is again pasteurised 
and cooled t o a temperature of about 40° F, and then issued tO' 
the customers either in cans or in special bottles. The mi lk 
supply from A h m e d a b a d and Poona is about 2,200 pounds per 
day. Some milk is also brought from Gujarat daily b y other 
dealers. A large dairying concern has been organised recently for 
importing large amounts of pasteurised milk from Xadiad and-
other places in Gujarat . 

T H E M I L K S U P P L Y O F C A L C U T T A . 
(Population 896,067.) 

The milk supply of Calcutta is obtained from three sources :. 
(fl) from the adjoining country districts, (b) f rom the suburbs. 
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1 Cows. Buffaloes. 

Local 10,771 133 

Imported 4,167 926 

Total . . 14,938 1,059 

The number of cows greatly exceeds the number of 
buffaloes, in contrast to B o m b a y , where the buffaloes outnumber 
the cows. Tlie total amount of milk consumed daily in Calcutta 
is estimated at about 3,000 maunds or 240,000 pounds. It appears 
that the price of milk has at least doubled within the last ten 
years and is likely to go u p still further,-' The whole of the milk 
c onsumed is more or less adulterated with water a n d is conta
minated , owing to the unsatisfactory conditions under which 
milk is produced and handled. 

T H E M I L K S U P P L Y O F D E L H I . 
(Population 225,471.) 

There are two main sources of the milk s u p p l y : (1) within the 
•city, and (2) from Shahdra on the other side of the river Jumna. 
Most of the mi lk is brought in b y hand by the Ghosis. The amount 
of milk daily consumed in Delhi is about 650 maunds or about 
50,000 lbs. , being supplied in about equal proportions from 
both the sources. There are 600 cows and 1,230 buffaloes in 
Delhi. The average yield for a g o o d buffalo is about 20 lbs. 
per day, while a c o w gives about 12 lbs. per day.* 

The Health Officer of Delhi in his Annual Report for 1914 
makes the following observations on the milk supply : — 

" The condit ions of the milk supply in Delfii are most unsatis
f a c to ry , and t o this as one cause m a y be ascribed the high rate of 

1 Report of the Health Officer of Calcutta for 1913 p 4,-j 
a " A Survey and Census of tlje Cattle of Bengal," by 1. R. Blackwood, LL B. l.C.S„ 

3 Ibid, pp . 27 and 28, by Blackwood, J.C.S. 
* Dr. K. S. Sethna, Health Officer, Delhi, in a personal communication. 

\ 

a n d (c) from the local cowsheds. The supply is in about equal 
proport ions from the three sources. The conditions under which 
the milk is produced are insanitary and unsatisfactory, especially 
as regards the supply from outside sources. * 

The number of milch cattle in Calcutta are as follows'^:—^ 
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infant mortal i ty which has been noticed in an earher portion of 
this report. T h e matter is indeed one which requires immediate 
attention and no words could be t oos t rong t o describethe present 
condition of affairs. There is in fact absolutely no control of 
any sort over this most important article of diet. Cattle are kept 
in the most insanitary condit ions, c rowded together in unlit, 
unventilated and undrained s h e d s ; n o care is taken of the 
receptacles for milk which are usually filtliy and kept in filthy 
surroundings. Though want of a laboratory has prevented 
any samples being taken for analysis, it would not be rash to say 
that adulteration of milk is universal, and the quality of the milk 
also suffers from the existence of a European dairy which takes 
practically the whole of the cream. Such condit ions not only 
imply a tainted milk supply but also constitute in themselves a 
menace to the general health of the city. Bye- laws for the proper 
regulation of cattle sheds are an urgent and crying need, but even 
more desirable from the point of view of the health of the cattle, 
a n d of the general health of the c i ty , would it be to cause the greater 
part of the cattle t o leave the city for more healthy surroundings, 
and efforts have been made during the past year to estabhsh 
grazing settlements across the River J u m n a . " 

T H E M I L K S U P P L Y O F M A D R A S . 
< Population 5 1 8 , 6 6 0 . ) 

Like B o m b a y and Poona , Madras has t w o main sources of 
milk supply : (1) within the c i ty , and (2) f rom the adjoining 
villages, .\ third source is mentioned, namely ,^ tinned milk which 
is imported in large quantities into the Port of Madras. ^ It appears 
that there are only t w o real dairies in Madras. The milk 
business is most ly in tbe hands of p e t t y cattle owners. 3 , 5 8 7 
mi lch cattle are owned b y 5 3 1 licensed cattle-keepers in the City I 
T h e condit ion of the cattle-sheds is described as being unsatis-
faetory in every way, " construction, entire space, ventilation 
and sanitation leaving much to be desired." Many of the sheds 
o c c u p y either a part of human dwelling houses, or they are 
attached t o these houses. T h e walls of these sheds are in every 
case plastered with c ow-dung cakes. Overcrowding, low roofs . 

« i a ^PP^"^** '^^ Aaaaal Report i o r 1913, ol tbe Health Department, C o r p o ^ " ° ' 

•J In^thcyear 1912-1.1, 720.181 lbs. o( condensed milk were imported into Madras ' 
k n o n n as to how much of this wts actually used up in Madras Cftv. 
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T H E M I L K S U P P L Y O F P O O N A . 
( Population 117,256.) 

In P o o n a the milk supply is obtained partly from the neigh
bouring villages and partly f rom within the city. I t has been 
estimated that 2 1 . 2 5 p e r c e n t , of the total daily milk supply i s 
obtained f rom the outside sources, 3 7 . 7 2 p e r c e n t , f rom animals 
kept b y householders for their own use, and 4 0 . 6 3 per cent, f r o m 
animals kept b y Gowlees in the city itself. It appears that on ly 
8 . 5 p e r cent, of the imported milk is prov ided b y cows, the 
remainder b y buffaloes. F r o m an actual census taken, the number 
of milch cattle in Poona is given as 2,688 within the city and 9 5 6 
in the neighbouring villages which supply milk to Poona , or a 
total of 3,644 animals in all. The total daily milk supply is esti
mated at 25,690 lbs.= 

The milk from the surrounding villages is brought to Poona 
b y hand, there being no special provisions for milk-wagons, etc . 
Adulteration with water is very c o m m o n . The sheds for milch 
cattle in the city are described as being very insanitary. During 

^a special investigation in Poona, it was found that the sheds were 
situated in all sorts of positions, without any control . " Nearly 
six per cent, were under a dwelhng house, over six per 'cent, were 

1 /^nnual Report ot (he Health Dept. , Corporation of Madras, 1913. 
2 X'lie Supply of Milk to Indian Cities, by Dr. H. H . Manii ; Journal of Dairying 

and Dairy'. P'"^''<S i"^'a, Vol . I, No . 1. 

\ 

insufficient space, bad flooring, faulty provision for drainage, e t c . , 
are some of the c o m m o n features of the cattle-sheds. The 
cattle are never washed and the udders and teats not c leaned 
before milking. 

Conditions regarding storage and distribution of milk in the 
c i ty are of the most primitive kind. There are no regular mi lk -
shops as in B o m b a y . Milk is kept in cans and brass-vessels which 
are se ldom washed. The vessels m a y or m a y not be covered ; 
in the former case the cover used is a piece of dirty cloth. During 
distribution, the street milk-hawkers measure out the milk t o 
the purchaser b y means of a cocoanut shell d ipped into the c o n 
tainer along with their filthy fingers.' As regards the milk 
supply f rom the adjoining villages, it appears that about 2,400 
lbs. of milk are daily brought into Madras b y hand or in carts. 
A h the insanitary condit ions ment ioned above with regard t o the 
product ion and distribution of milk in the c i ty are found even 
more intense in these villages. 
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[ T A B L E . 

either in a dwelling house or on the verandah of a dweUing house ; 
over fifteen per cent, were attached to and continuous with a 
dweUing house, while s ixty-three per cent , were in the c o m p o u n d 
of a dwelhng house . " 

The milk supply of other large Iftdian cities is somewhat 
similar to that of B o m b a y , Madras, Poona , etc. , with a few local 
differences which are of little or no importance . It is unnecessary 
therefore, to go into the details. 

The fol lowing table g ives a summary of the approximate 
number of milch cattle and the daily consumption of milk in some 
o f the large Indian cities : — 
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C H A P T E R I I I . 

CHEMICAL COMPOSITION OF MILK OBTAINED FROM 

VARIOUS SOURCES. 

PROPOSED MILK STANDARDS FOR INDIA AND THE 

EXTENT OF ADULTERATION IN INDIAN CITIES. 

It is well k n o w n that the chemical compos i t ion of milk in 
India differs in m a n y respects from that in Europe and in Amer i ca . 
This is largely due t o the fact that in India one has to deal with 
buffaloes' milk as well as cows ' . The former shows a higher 
percentage of proteids and fat than the latter. Besides, the 
milk of the average Indian c o w contains about one per cent, more 
fat than the milk of most European cows. Buffaloes ' milk was 
first examined b y F. Strohner^ in 1888. In 1889, Simpson a n d 
Stevenson examined the milk of cows and buffaloes in Calcutta. 
Similar investigations were carried out at a later date b y D u t t a 
and Ghose of the Calcutta Municipality.^ In 1890, D e p p e l 
and R i c h m o n d invest igated the milk of the " Gamoose " in 
E g y p t . ^ Buffaloes* and c o w s ' milk in the B o m b a y and Madras 
Presidencies were examined b y Leather in 1899 and 1900.^ In 
1907, buffaloes' milk was again examined b y Leather in Poona'' ' 
and this was foUwed b y Meggit and Mann in 1907-1908. g In the 
B o m b a y Municipal Laboratory , the chemical examinat ion of 
mUk dates back t o 1903. 

In the papers on milk read at the Al l -India Sanitary Confer 
ence in L u c k n o w in January 1914, b y Dr. M. Shrinivasa R a u 
of Bangalore and b y the author, the composit ion of milk in 
Bangalore and in B o m b a y , respectively, was discussed. D a t a 
from other parts of India either have not been published or are 
not available. 

F. Strohner ; " Chemisches Centralblatt," 1£8S, p. 478. 
W . J. R. Simpson ; " The Principles of Hygiene, ' ' 190M, p. 181. 
Journal of the Chemical Society, 1890, p. 754. 
W. J R. Simpson : " The Principles of Hvjiiene," 1908, p. 182. 
J. Walter Leather : " The Analyst," Vol . X X V I . ( 1907 ) , p . 40. 
A . A. Mef;gitt and H . H. Mann; " Memoirs ol tbe Department of Agriculture ia 

India." V o l II , Nos. 1 and 4. 
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Complete analysis of Indian Buffaloes' Milk. 

TABLE A. 

.•SO 
> o 

2 v = 

1. Bombay 

Lemeul L . 
jos l i i 

Series A . 

Series E . 

(VideTMe B.) 

2. Poona 

(Kirkee,) 

J , W a l t e r 
Leather . . 

3. Bangalore 

Shrinivasa 
R a u . . 

5 0 , 1 . 0 3 1 5 9 . 5 8 2 . 3 

5 0 1 . 0 3 0 8 ! 9 . 8 8 1 . 6 

1 . 0 3 2 1 1 9 . 6 9 8 2 . 2 2 8 . 0 9 

4 . 0 

3 . 8 9 

4 . 4 

4 . 5 2 

0 . 8 

0.781 

In Series A 
the fa t was 
determined 
b y A d a m s ' 
m e t h o d and 
in Series B 
b y Gerbe i ' s 
m e t h o d . 

4 . 3 4 4 . 5 6 

1 2 9 1 . 0 2 6 8 . 8 ; 8 5 . 1 3 6 . 0 7 , 3 . 9 2 4 . J 3 

0 . 7 6 

0 . 7 5 

F a t b y 
Gerber 's 
m e t h o d . 

Fat b y the 
Werner -
Schmidt 
m e t h o d . 

The following analytical figures were recently obtained by me 

from fifty genuine samples of Buffalo-milk ( various breeds ) in 

Bombay : — 



Analytical Results of Fifty samples of Genuine Buffalo Milk. 
T A B L E B. 

No. 
Specific 

Gravity at 
6 0 ° F. 

Total Solids 
% ( by 
Actual 

Weighing.) 

Fal 
% 

(Gerber's. 

NoQ-fatty 
Solids 

o/ / o 

Proteids 
% 

Kjeldabl's 
Method. 

Lactose 
% 

1 1032 1 5 . 9 2 6 . 5 9 . 4 2 3 . 8 3 4 . 2 9 
2 1030 1 3 . 8 2 5 . 0 8 . 8 2 3 . 3 7 4 . 1 5 
3 1030 1 8 . 8 3 9 . 3 9 . 5 3 3 . 9 3 4 . 3 0 
4 10 32 1 4 . 3 8 5 .4 8 . 9 8 3 . 7 2 4 . 0 6 
5 (s) 1029 1 9 . 7 0 9 . 2 1 0 . 5 0 3 . 7 8 5 . 0 2 
6 1031 1 9 . 7 0 1 0 . 0 9 . 7 0 3 . 4 2 4 . 9 8 
7 1029 1 9 . 9 2 1 0 . 5 9 . 4 2 4 . 1 9 4 . 0 3 
8 1031 2 0 . 4 4 1 0 . 5 9 . 9 4 4 . 5 1 4 . 1 5 
9 (s) 1029 21 . 3 0 1 0 . 0 1 1 . 3 0 4 . 1 5 5 . 3 5 

10 1027 1 7 . 8 2 9 . 4 8 . 4 2 3 . 5 0 4 . 1 2 
U 1027 1 9 . 1 0 1 0 . 0 9 . 1 0 3 . 5 9 4 . 2 1 
12 1033 1 9 . 6 2 1 0 . 2 9 . 4 2 4 . 8 5 3 . 7 7 
13 1031 ' 8 . 4 0 9 . 0 9 . 4 0 4 . 1 0 4 . 5 0 
14 1030 1 8 . 3 1 9 . 2 9 . 1 1 3 . 4 9 4 . 3 2 
15 1031 1 8 . 6 2 8 . 9 9 . 7 2 3 . 5 5 4 . 8 7 
16 is) 1 0 3 0 2 1 . 3 1 1 1 . 4 9 . 9 1 3 . 8 6 4 . 7 5 
17 (5) 1030 2 0 . 1 3 9 . 6 1 0 . 5 3 3 . 8 1 5 . 4 2 
18 (s) 1035 1 9 . 2 2 8 . 8 1 0 . 4 2 3 . 8 9 5 . 2 3 
19 (s) 1033 2 0 . 8 4 9 . 9 1 0 . 9 4 4 . 0 0 5 . 2 5 
20 (5) 1034 2 1 . 1 6 1 0 . 5 1 0 . 6 6 3 . 9 7 5 . 0 9 
21 (s) 1030 1 9 , 4 6 9 . 3 1 0 . 1 6 3 . 8 5 5 . 0 1 
22 (5) 1031 1 9 . J I 9 . 5 9 . 9 1 3 . 9 8 5 . 3 3 
23 1032 1 6 . 7 2 6 . 8 9 . 9 2 3 . 9 0 4 . 2 2 
24 1033 1 7 . 2 8 7 . 5 9 . 7 8 3 . 8 5 4 . 6 3 
2 5 1033 1 6 . 1 0 6 . 6 9 . 5 0 3 . 6 3 4 , 5 7 
2 6 1031 1 9 . 1 2 9 . 3 9 . 8 2 3 . 9 8 4 , 5 4 
2 7 1032 1 5 . 5 8 5 . 9 9 . 8 3 . 8 4 4 , 5 4 
2 8 is) 1031 1 9 . 2 6 9 . 0 1 0 . 2 6 4 . 0 0 4 . 9 6 
2 9 1033 1 6 . 2 4 6 . 5 9 . 7 4 3 . 8 5 4 . 5 9 
3 0 1029 2 0 . 5 2 1 1 . 0 9 . 5 2 3 . 7 5 4 , 4 7 
31 1031 1 6 . 6 8 7 . 1 9 . 5 8 3 . 9 3 4 . 3 5 
3 2 {s) 1030 2 1 . 0 8 1 0 . 5 1 0 . 5 8 4 . 1 8 5 . 1 0 
33 10 32 1 6 . 3 1 7 . 2 9 . 1 1 3 . 7 0 4 . 1 1 
34 1029 2 0 . 1 0 1 0 . 5 9 . f 0 4 . 1 0 4 . 2 
35 10:*0 1 6 . 7 1 7 . 5 9 . 2 1 3 . 5 8 4 . 3 3 
3 6 1029 2 0 . 5 4 1 1 . 0 9 . 5 4 4 . 1 9 4 . 0 5 
37 1035 1 5 . 2 6 6 . 3 8 . 9 7 4 . 0 2 4 . 1 5 
3 8 1032 1 9 . 2 0 9 . 8 9 . 4 0 4 . 1 0 4 . 5 0 
3 9 1031 1 5 . 7 7 6 . 5 9 . 2 7 3 . 7 6 4 . 2 1 
40 (s) 1032 1 9 . 0 6 9 . 0 1 0 . 0 6 3 . 9 2 4 . 8 4 
41 1033 1 4 . 6 8 5 . 2 9 .4& 3 . 8 4 4 . 3 4 
42 1031 1 9 . 3 0 1 0 . 2 9 . 1 0 4 . 1 0 4 . 2 
43 1031 8 . 6 2 8 , 9 9 . 7 2 3 . 9 3 4 . 4 9 
44 1030 1 9 . 2 2 9 . 5 9 . 7 2 4 . 1 0 4 . 3 2 
4 5 1032 1 7 . 1 8 7 . 7 9 . 4 2 3 . 7 5 4 . 4 3 
46 1 0 2 8 . 5 2 1 . 1 0 1 1 . 6 9 . 5 0 4 . 1 0 4 . ! 
47 1029 1 8 . 3 8 8 . 8 9 . 5 8 3 . 6 6 4 , 6 2 
4S 1029 2 0 . 5 0 1 1 . 0 9 . 5 0 4 . 1 7 4 . 2 8 
4 9 1031 1 7 . 2 0 7 . 6 9 . 6 0 3 . 8 5 4 . 4 5 
50 1030 1 9 . 0 6 9 . 3 9 . 7 6 3 . 9 2 4 . 5 4 

Average of 
50 Samples. 1 0 3 0 . 8 1 8 . 4 0 8 . 6 9 . 8 3 . 8 9 4 . 5 2 

(i) Samples marked {s] 1 
were from the *' Surrati " breed of buffaloes. 
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Meggit and Mann give the following figures for complete 
analysis of mixed milk of the whole P o o n a Dau-y h e r d : — 
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Water % 
Fat 0/^ 
Proteids % 
Milk-Sugar % 
Ash % 

8 1 - 5 
8 0 5 
4-.33 
5 -28 
0 -83 

82-21 
7-60 
4-27 
5-09 
0 -83 

82-1 
8-0 
4-31 
4-74 
0 -85 

81-72 
8-15 
4 -35 
4-97 
0-81 

81 .94 
7-90 
4 -30 
5 0 3 
0-83 

81-19 
8-70 
4-37 
4-91 
0-83 

81-43 
8-40 
4-36 
5-02 
0-79 

100-00 100-0 100-0 100-0 100-0 100-0 100-0 

Total 
Solids % 

Non-Fatty 
Solids % 

Sp. grav: 
at EO^F 

18-49 

10-44 

1031-6 

17-79 

10-19 

17-90 

9 -90 

1031 

18-28 

10-13 

1031-5 

18-06 

10-16 

1031-5 

18-81 

10-11 

1031-5 

18-57 

10-17 

The analytical methods used in these calculations were 
different with different observers. In Poona , milk fat was deter
mined b y Gerber's method ; in B o m b a y , A d a m s ' process { with 
Soxhlet 's apparatus ) was used for fat in Series A and Gerber's 
method in Series B, and the total solids were always determined 
b y actual weighing, etc . In Bangalore, the Werner -Schmidt 
process was employed for the est imation of fat. 

For a routine examinat ion of milk, the only constituents that 
need t o be estimated are Specific Gravity (usually at 15"5° C or 
60° F ) , Fat and Total Solids, the " Non-fatty Solids" being 
obtained b y deducting the figures for Fat f rom Total Solids. Great 
variations have been found depending on various factors , such as 
age and breed of the animal, the kind of feed, time of calving, 
season, etc. These will be discussed in Chapter V . 

The analytical results obtained in the B o m b a y Municipal 
Laboratory are g iven b e l o w in t w o series. In the first series 
(Table C) 271 samples of " Genuine " buffalo milk were 
examined f rom time to t ime. The fat was determined b y A d a m s ' 
process. In the second series (the most recent) 110 samples of 
genuine buffalo milk were examined f rom July 1913 to December 
1914. Fat was estimated b y Gerber's method . 
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TABLE C—(Series I ) . 
Average composition of " Genuine " buffalo milk in Bombay. 

Analyses of 271 samples. 

1303-1909. 
No. of 

samples 
examined. 

Specific 
Gravity 

at 
600 F. 

Total 
Solids 
% 

Fat 
/o 

N on-fatty 
Solids 

% 
January . 31 1029-41 17-76 8 -21 9 -55 
F e b r u a r y 30 1029-79 17-35 7-7 9 -65 
March . . 9 1028-83 16-94 7-11 9 -83 
Apr i l 20 1029-06 17-37 7 -57 9 - 8 0 
M a y 26 1029-36 16-96 8 -15 8 -81 
J u n e 22 1028-63 17 -45 7-81 9 -64 
July 33 1028-58 17-50 7-64 9 - 8 6 
August 30 1027-41 17-73 8 - 0 6 9 -67 
September 13 1028-18 16-75 7-33 9 -42 
O c t o b e r 17 1028-07 17-04 7-41 9 -63 
N o v e m b e r 24 1029-30 16-57 7-26 9-31 
D e c e m b e r 16 1029-77 16-94 7-22 9 -72 

-Total . . 271 1028-86 17-11 7-62 9 -57 

TABLE D.—(Series 11). 
Average composition of " Genuine " buffalo milk in Bombay. 

Analyses of 205 samples. 

Date. 

No. of 
Samples 
examin

ed. 

Specific 
Gravity at 

60= F. 

Total 
Solids 

% 
Fat 

% 
Non-fatty 

Solids 
% 

Kemarks. 

July 1913. 11 1.027 17 .94 7 .71 10 22 T h e highest 
August „ 8 1.030 18 .20 8 .42 9 78 a m o u n t of 
September ,, 1 1.029 18 .26 9 .1 9 16 f a t f ound in 
O c t o b e r 5 1.029 17 .57 8 .26 9 31 these s a m 
N o v e m b e r 10 1.030 17 .48 7 .94 9 54 ples was 
D e c e m b e r 15 1.031 17 .36 7 .85 9 51 11 per cent . 
January 1914, 14 1.031 18.21 8 .45 9 76 and t h e 
February ,, 6 1.026 16 .78 7 31 9 47 lowest was 
^tarch 12 1.029 16 .35 6 68 9 67 5.2 % . 
Apri l 16 1.030 17 .9 8 00 9 9 T h e highest 
May 2 1.030 18 .76 8 5 10 26 figure for 
June 5 1 .029 17 .93 8 32 9 61 " non- fa t ty 
July 11 1.030 1 6 . 8 7 4 9 4 solids " was 
A u g u s t 10 1 .029 17 .38 8 3 9 35 f ound t o be 
September 28 1 .029 17 .64 8 23 9 41 11.36 per 
October 15 1.029 17.61 8 27 9 34 cent , whi le 
N o v e m b e r 14 1.030 16 .85 7 67 9 18 the lowest 
D e c e m b e r ,, 22 1.030 16 .67 7 3 9 37 was 8 . 5 6 % . 

T o t a l . . 205 1.030 17 .40 7 87 9 53 
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The samples were m o s t l y co l l e c ted at r a n d o m f rom different 
dairies, cattle stables a n d indiv idual mi lk v e n d o r s . T h e y were 
taken f r o m var ious breeds of buffaloes inc luding Delhi , Surati , 
Jaf frabadi , D e c c a n i , and Mehsana. Mos t of the samples represent 
" m i x e d " m i l k f r o m different animals . 

The average figures for " m i x e d " b u f f a l o e s ' m i l k in B o m b a y 
as j u d g e d f r om the analyses of 271 genuine samples o f Series I 
are 7 . 6 2 per cent , of fat a n d 9 . 5 7 per cent , of n o n - f a t t y sol ids . In 
P o o n a , f r om the analyses of 155 samples the perceJitage of fat was 
f o u n d t o v a r y f r o m 7 . 0 6 t o 7 . 9 2 for " m o r n i n g " a n d " even ing " 
mi lk , respect ive ly . In the S e c o n d Series of mi lk analyses c o m p r i s 
ing 2 0 5 s a m p l e s , 1 f o u n d the figure f o r fat in the m i l k of t w o or 
three buffaloes t o be as l o w as 5 . 2 per c e n t . ; b u t never b e l o w 
that point ' under normal condi t ions . T h e average fat in the 
Second Series was f o u n d t o be 7 . 8 7 per cent . , a n d the h ighest 
figure for fat was over 11 per cent , in t w o samples . T h e n o n -
fa t ty sol ids were f o u n d t o v a r y f r om 9 t o 10 per cent , in b o t h 
series b u t rarely b e l o w 9 per cent . I n t w o or three cases the 
n o n - f a t t y sol ids were 8 . 7 p e r cent . , a n d in one case t h e y were 
8 . 5 6 per cent . 

T h e average Specif ic G r a v i t y at 6 0 ° F. in samples of the First 
Series w a s 1 .0288 , a n d in samples of the Second Series it wa5 
1 .030 . 

The fo l l owing analyt i ca l figures are f r o m fifty samples of c o w s ' 
mi lk , m o s t o f w h i c h were co l lec ted b y the Chief Veter inary 
Inspec to r of B o m b a y a n d his staff' and certif ied t o be " g e n u i n e . " 
T h e y were e x a m i n e d at the Munic ipal L a b o r a t o r y with the 
results g i v e n b e l o w : — 

T A B L E E. 
A v e r a g e c o m p o s i t i o n of " Genuine " C o w s ' Mi lk in B o m b a y . 

Ana lyses of Fi fty s a m p l e s . 

1913-1914. 
N o , of specif ic 
samples gravi ty 
esamij i - at 

ed. \ 60° F. 

Tota l 
Solids % 

F a t 
% 

N o n -
fatty 
solids 

June 1913 . . 
July . 
August , , 
Sept. 
April 1914 . 
May 
J n l y ^ • 

Total. 

8 
12 

3 
18 
2 

50 

•030 
•032 
•030 
•030 
•030 
•030 

1-029 

15 -05 
17-22 
14 -13 
15 -29 
13-1 
14 -35 
15 -10 

•52 
•75 
•23 
•33 
•4 
•39 
•95 

14 -89 5 -79 

9 - 5 3 
9 -47 
8 - 9 0 
8 - 9 6 
8 -7 
8 - 9 6 
9 -15 

9^10 

Remarks. 

These samples were 
obtained from diffe
rent breeds of cows, 
including Sindhi. 
Gir, Surati, etc. 
The same analytical 
methods were used 
as in the case of 
buffalo milk. 
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The percentage of fat was found to vary between 3 . 5 , and 6 , 
the average of fifty samples being 5 . 7 , and only m one case it 
was found to be as low as 3. The average percentage of fat 
in 156 samples of cows' milk in Poona was found to vary from 
4 . 5 2 to 5 .34 for morning and evening milk, respectively. 

The average composition of milk from 58 cows of 
Mysore Breed is given as follows by Dr. Shriiiivasa Rau of 
Bangalore: — 

specific 
gravi ty . 

T o t a l 
Solids. A s h . F a t . Proteids. L a c t o s e . W a t e r . 

1027 1 3 - 1 1 % 0 - 6 9 % 4 - 5 8 % , 3 - 8 1 % 4 ; 0 3 % 8 6 - 8 9 % 

In Bangalore, fat was found to be 4 . 5 8 per cent, in 5 8 samples. 
It is rare to find fat below 3 , 5 per cent, in genuine cows' milk 
in Bombay and Western India. The non-fatty solids ranged 
from 8 . 5 per cent, to 9 . 5 per cent., the average being 9 . 1 per 
•cent. In very rare cases the percentage may sometimes fall 
below 8 . 5 , which may be taken generally as the lowest limit. 

Milk in Calcutta has the following average composi
tion (1 ) 

W a t e r % 

T o t a l solids % 

F a t % 

N o n - f a t t y solids % 

Proteids (Casein) % 

•Sugar % 

Ash % 

Buffaloes' Mi lk . 

8 1 - 5 

1 8 - 7 

8 - 5 7 

1 0 - 7 5 

4 - 6 6 

4 - 8 6 

0 - 7 4 

Cows ' M i l k . 

8 6 - 2 3 

1 2 - 8 4 

3 - 3 4 

9-X 

4 - 4 

4 - 4 

0 - 7 5 

•HseiMC^ WS^^p ' ^ ie i "^ " ' Obtained by Dutta and Ghose, vid Simp^on-i "Principles of 
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T h e compos i t i on of millt in Luc l cnow, U.P . , is g i v e n as 
fo l lows {^) : — 

Bufialoes' Milk. Cows' Milk. 

Specific gravity at 15*5° C. 

Fat % 

Total solids % 

Ash % 

1-0309 

7 -29 

1 6 - 4 3 

0 - 7 4 

1-0302 

S-48 

1 4 - 2 6 

0 - 7 0 

B r e e d . — T h e quest ion of b reed a n d its i m p o r t a n c e h a v e been 
a l ready m e n t i o n e d in Chapter I I . F r o m the tab les o n pages 2 0 
a n d 21 it will be seen that in the case of buffaloes the largest yield 
of mi lk is f r o m the Delhi a n d Jaffrabadi b reeds . Milk f r o m Surati 
buf fa loes has b e e n genera l ly f o u n d t o be m u c h richer in fat t h a n 
a n y o ther m i l k , y ie ld ing near ly one per cent , m o r e fat than t h e 
o t h e r breeds of buf fa loes . In t h e case o f c o w s , the largest amount' 
of milk is g i v e n b y half-bred cows f r o m Sindhi a n d Ayrshire breeds , 
the n e x t in order be ing Saniwahl, Hansi a n d Sindhi. A s regards 
richness in fat, the Ind ian c o w s ' m i l k usual ly conta ins a h igher 
a m o u n t of fat than the mi lk of m o s t E u r o p e a n a n d A m e r i c a n 
c o w s . T h e percentage of fat in Sindhi c o w s has been f o u n d t o 
v a r y f r o m 5 . 0 t o 6 . 5 , tha t in Gir c o w s f r o m 5 . 0 t o 6 . 0 , while in 
the Saniwahl b r e e d the a m o u n t of fat y i e l d e d var ies f r o m 
3 . 5 per cent , t o 5 per cent . 

1 Mr. MacMahon 's paper at the All-India Sanitary Conference in Lucknow, quoted on-
page 204, " The Journal of Dairying and Da i ry Farming in India , " Vo l . I Part 3. 

[ T A B L F . . 
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M I L K S T A N D A R D S F O R I N D I A . 
F r o m what has been said above regarding the difference in 

composit ion between milk in India and milk in Europe or in 
America, it is quite ev ident that European or American standards 
for milk cannot hold g o o d for India. The milk standard would 
be somewhat different in the different provinces of India, accor 
ding to various cl imatic and other local conditions, which are 
mentioned at length in Chapter V . One uniform standard for 
ail India m a y be very desirable, but in the absence of more data 
regarding the composi t ion of milk in other cities and provinces, 
this does not appear to be quite feasible, at least at present. In 
any case, it would be best to have local milk standards for different 
parts of India, where similar condit ions of climate, breed, fodder, 
etc . , prevail. These local standards should not be fixed arbitrarily 
once for all, but they should be considered as only provisional, 
subject t o modification if necessary. For purposes of legislation 
it would be necessary to legalise such standards at least as a 
tentative measure. In arriving at any standard, due considera
tion must be given to all the various factors which are likely t o 
influence the composition of milk. 

In the foregoing pages (vide Tables A to G) the average 
general composit ion of milk in B o m b a y , Poona , Bangalore, 
Calcutta, L u c k n o w , Peshawar, etc . , is mentioned. Variations 
in composit ion of Indian milk due to m a n y factors, e.g., weather 
t 'onditions, breed, food, disease, etc . , have been studied only in 
the case of milk in B o m b a y and in Poona, and these will be 
discussed at length in a separate chapter. All tbese factors 
have been taken into consideration while proposing the following 
Chemical Standard for milk in B o m b a y and Western India. 
This standard is based on the analytical results of about four 
hundred samples of genuine milk obtained f rom different 
breeds of animals and collected in B o m b a y under the most varying 
conditions, f rom dairies, milk-shops, milch cattle stables, indi-
\-idual vendors, etc . 

Proposed Miik Standard (Chemical) for Bombay and Western India. 

Fat, per cent. Non-fatty solids, 
per cent. 

Average. Lowest 
limit. Average. Lowest 

limit. 
Buflalues' Milk 6-5 to S 1 5 -5 1 9 to 10-0 9-0 
Cows' Milk . . 4 to 5 3 -5 :8-5 to 9-0 8 - 5 
" Mixed " Miik 6-0 5-0 ! 9 -0 ' 8 -5 

file:///-idual


42 M I L K S T A N D A R D S . 

The " lowest l imits " proposed are really very low, but these 
limits m a y be expected sometimes under certain influences, e.g., 
breed, food, climate. '~tc.. and also in the case of samples taken 
from individual animals, (vide Chapter V ) . Otherwise, in a 
milk sample from several animals the above " averages " are 
usually found. In g o o d buffaloes ' milk the average fat very 
seldom falls b e l o w 6 p e r cent . , 7 to S p e r c e n t . being quite c o m m o n , 
and the average non- fatty solids in most cases are found to be well 
above 9 per cent., although in a few genuine samples of buffaloes' 
milk I have known them to vary from 8 . 5 to 9 per cent. A 
genuine sample of cows ' milk in B o m b a y usually yields from 4 t o 
5 per cent, of fat and f rom 8 . 5 to 9 per cent, of non-fatty soHds. 
In m a n y cases, however , the percentage of fat is found to be 
about 3 , 5 and in very rare cases, under certain conditions, this 
m a y fall lower down to even 3 . 0 per cent. The non- fatty solids 
are also sometimes known to fall a little be low 8 . 5 in the milk 
of some individual cows, but this is extremely rare in market 
milk. Hence , the lowest limit for legal purposes m a y be fixed at 
8 . 5 per cent. 

A l though separate standards for cows ' milk and buffaloes' 
niilk are necessary from a scientific point of view, many practical 
difficulties m a y arise if such standards were legalised. In tht-
first place, it would seem almost impossible to expec t the ordinary-
Indian milk dealers to declare honestly whether their milk is 
buffaloes ' or cows ' . Secondly, no analyst can distinguish between 
buffaloes' milk and cows ' milk as such. It would be therefore 
easy for the vendor to remove some of the cream from buffaloes' 
mUk and bring the fat down to the lowest limit al lowed for c o w s ' 
milk and sell it as cows ' milk. Thirdly, it must be remembered 
that, as a rule, buffaloes' milk and a small amount of mixed milk 
(cows' and buffaloes') are sold in the local market, and no practical 
advantage would be gained b y fixing separate standards for 
buffaloes ' and c o w s ' milk, unless a legal provision could be made 
that no mixed milk ( cows ' and buffaloes') shall be sold b}^ any 
vendor or dealer, or that the proportion of one to the other 
shall be declared b y the vendor or dealer at the time of sale. 
Considering the fact that the bulk of the publ ic milk supply of 
most cities in the B o m b a y Presidency is obtained from buffaloes 
a n d that practically all the milk sold in the market is either mixed 
milk or buffaloes' milk, I am inclined to suggest one uniform 
standard for all milk sold in the market—namely , 5 per cent, fat and 
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Specific gravity 
at 6 0 " F, Total Solids. Fat. Xon-fatty Solids. 

1.029 1 4 . 4 3 % 5 . 9 % 8 . 5 3 % 

In other words, the average percentage of fat in the mixed 
samples of " genuine " milk f rom a known source was found to 
be 5 . 9 or nearly 6, while the average of non- fat ty solids was 8 . 5 . 
There would be thus no difficulty in attaining the proposed 
uniform standard for mixed milk in B o m b a y , Poona, and A h m e d a 
bad, viz., five per cent, of fat and eight and a-half per cent, 
of non- fatty solids. 

The removal of c ream f r o m miik is not practised so extensively 
b y the Indian milk dealer as the adulteration of milk with 
water, etc . The latter practice, as will be shown later, is of great 
importance f rom a publ ic health j i o int of view. The amount of 
" e x t r a n e o u s " or " a d d e d " water is usually estimated on 
the basis of non-fatty solids in the milk sample . There is very 
little difference between the non- fat ty sohds in buffaloes ' milk 
and cows ' milk ; and for the mixed market milk, the lower l imit 

S.5per cent, non-fatty solids, with the provision, that in the case 
of pure cows ' milk when the source can be unquestionably proved, 
the fat standard m a y be allowed up to 3 . 5 per cent. Such a 
standard, if legalised, is likely t o work well, at least so far as 
B o m b a y and Western India are concerned. As regards fat, 
many mixed samples that have been declared genuine b y the 
vendors have been examined b y me from time to t ime in B o m b a y 
and in not a single instance did the percentage of fat fall be low 
five. A very large amount of mixed milk is daily purchased 
b y the Government Central Creamery at A h m e d a b a d Canton
ment from milk dealers. The milk is obtained f rom mixed herds 
of cows and buffaloes and no difficulty is experienced in 
getting an average of 5 per cent, fat in enormously large quantities 
(millions of pounds per year) of milk, 

The Government Military Dairy in B o m b a y gets its daily 
supply of milk from A h m e d a b a d and Poona to the extent of 
over two thousand pounds per day. Milk is obtained from herds 
of cows and buffaloes and the samples taken f r o m this source 
are of mixed milk. One hundred and thirty such samples were 
co l lec ted a n d examined b y me with the fol lowing results : — 

Average of 130 samples of mixed milk imported from Poona 
and Ahmedabad. 
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A D U L T E R A T I O N O F M I L K IN I N D I A N C I T I E S . 
It is a notor ious fact that the extent of adulteration of milk 

in Indian cities is far in excess of that in European or American 
cities. Out of a total of 1 ,363 samples of milk examined at the 
B o m b a y Municipal Laboratory , during a per iod o i five years, 
only 2 8 2 were found to be genuine. This g ives 1,081 or 79 .3 
per cent, for adulterated or watered samples of milk in B o m b a j ' . 
The amount of water added varies from S p e r c e n t . to 80 per cent. 

Statement giving a summary of the percentage ot "added* ' 
or " extraneous " water in 118 samples of adulterated 

milk in B o m b a y : — 
Above 50 per cent, in 14 Samples or i r 9 per cent. 
Between 40 and 50 , 13 ,. or l l ' O 

30 and 40 v5 ,. or 2 1 - 2 
20 and 30 2H ,. or 23 7 
15 and 20 ,, ,, ,. 24 ., or 2(i-3 
10 and 15 9 ., or 7 -6 

5 and 10 , 5 ,, or 4-2 
(Vide also Tabhs J. and L. ) 

i>l 8.5 per cent, non- iatty solids is proposed. A n y sample of milk 
which is found to contain non- fat ty solids below this may be 
generally looked upon as being adulterated with water. This 
standard has been confirmed b y many experiments. Several 
samples of genuine milk were adulterated with measured amounts 
of water in the Laboratory and then analysed. The calculated 
amount of " a d d e d " water on the basis of 8.5 per cent, non-fatty 
soUds was found to be about the same as the amounts added 
originally. Very exceptionally, however , in the case of unmixed 
milk taken from individual cows, the non-fatty solids m a y fall 
to even 8 .0 , per cent. , but this has never been found in the samples 
•of cows ' milk obtained by us in B o m b a y . 

The one tmiform milk standard proposed to be legalised for 
Bombay and other cities in Western India m a y be n o w stated as 
follows : — 

Milk, as is ordinarily obtained in the market, shall be considered, 
genuine if it is found to contain at least five per cent, of fat and not 
less than eight and a half percent, of non-fatty solids, provided that 
the percentage of fat may be allowed up to three and a-half, only when 
it is proved to the satisfaction of the court that the sample was 
one of unmixed cows' tnilk, the onus of the proof resting with the 
vendor. 
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In Poona SO percent, of the milk was found to be adulterated 
with water. The amount of adulteration in Poona City is as 
follows^ : — 

Rate p « R u p e e . P e r cent adulterated 
^ I with water. 

.\veraee amount o l 
water added to 

100 parts oi 
genuine milk. 

R e m a r k s . 

1. 8 pounds. . . XonL' • . . . 

2. m 64 29 parts 

3. 12-14 ,, •SO ' '7 „ 

4. 16-18 ,, 92 72 ., 

20 & 
over ,, 10(1 117 „ 

All genuine. 

In Bangalore Dr. Shrinivasa Rau found 7 8 per cent, adultera
tion in buffaloes' milk. Out of 51 samples obtained from various 
parts of Bangalore City. 4 0 samples were found to be adulterated 
with water, the amount of "added " water ranging from 3 5 to 
6 5 per cent. 

In Calcutta the amovmt of adulteration with water varies 
from 5 to 8 0 per cent. 

19 per cent, of the samples contained less than 10 per cent, of 
adulteration. 

6 2 . 4 per cent, of the samples contained from Ut to 2 5 per 
cent, of adulteration. 

1 6 . 1 per cent, of tlic sample.s contained from 26 to 5 0 pcr 
cent. of adulteration. 

2 . 5 per cent, ol t)ie samples contained over 5 0 per cent, of 
adulteration. 

In Lahon; the amount of " added " water calculated on 
the basis of S . 5 per cent, of non-tatty solids varies from 3 0 to 
4 0 per cent, and even higher. In Madras and in Delhi adultera
tion is reported to be very common, but no statistics are available 
regarding the amount of adulteration. 

The following tables show the extent of adulteration of milk 
with water in Bombay and its relation to the price charged. 
Only the most recent figures are' given : — 

> This s tatement ia based upon Di". Mann's article in the ''Journal ot Dairying and D a i r y 
Farming in IikUs," Vol, I, No. 1. 

file:///veraee


4 6 Adulteration of Bombay Milk with water, showing the amount 
of water added and the price charged.—TABLE J. 

Price 
Percentage o£ nater 

Serial No, added. Annas per seer 
(Bombay } 24 oz. Per Quart. 

1 9 . 3 3 5 d . or 10 C t s . 

'I 4 4 . 2 2 i 4 i d . „ 8^ „ 
3 3 2 . 4 2 3 i d . ,, 6g „ 
4 4 5 . 8 2 3 J d . 6 | „ 
5 2 6 . 7 2 3 i d . „ 6 | . . 
6 1 8 . 0 3 5 d . „ 10 , , 
7 2 6 . 0 3 5 d . 10 , . 
8 9 . 0 3 5 d. „ 10 , , 
9 1 6 . 4 3 5 d. , . 10 , . 

10 2 8 . 2 3 5 d . „ 10 . . 
11 2 0 . 0 3 5 d . .. 10 
12 1 7 . 8 3 5 d . 10 , , 
13 3 6 . 4 2J 4^d. . . 8 i . , 
14 4 5 . 0 2 3Jd- „ n 
15 6 . 0 3 5 d. „ 10 ., 
16 2 5 . 8 2 i 4 i d . .. Sit 
17 1 1 . 4 3 5 d . 10 , , 
18 2 1 . 5 4 6|d. ,. 13J , . 
19 2 7 . 3 3 5 d . „ 10 , . 
2 0 2 7 . 0 3 5 d. ,, 10 , , 
2 1 3 7 . 1 2i 4 J d . „ 8 i , . 
2 2 4 4 . 5 3 5 d . „ 10 , . 
2 3 2 3 . 1 3 5 d . , . 10 , . 
2 4 2 0 . 5 3 5 d . „ 10 , . 
2 5 2 8 . 5 2.V 4 i d . ,. H .. 
2 6 5 1 . 8 3 5 d . ,. 10 „ 
2 7 1 6 . 6 3 5 d. ,, 10 . . 
2 8 1 6 . 5 3 5 d. ., 10 
2 9 3 6 . 5 2 i 4 J d . „ 8J „ 
3 0 6 0 . 0 24 4 J d . „ H 
3 1 3 0 . 0 3 5 d . 10 „ 
3 2 4 4 . 8 2 3 d . 6 , , 
33 3 9 . 7 2 i 4 5 d . „ 8 i 
3 4 3 3 . 3 3 t 5 d. ,, 11 „ 
35 1 7 . 7 2* 4 i d . , . 8^ , . 
36 2 1 . 3 2J 4 i d . . 8 i , . 
3 7 4 6 . 0 2 3 i d . „ 6 f 
3 8 2 2 . 0 4 6^d. . . 13^ „ 
3 9 3 1 . 8 4 j d . „ 8^ „ 
4 0 5 8 . 0 4 J d . Si 

4 1 3 8 . 5 3 5 d'. ,. 10 , . 
42 1 6 . 6 3 5 d. „ 10 „ 
4 3 3 2 . 8 3 5 d. „ 10 „ 
4 4 1 5 . 2 2 4 J d . „ 8J , . 
45 3 0 . 3 3 2 3 J d . 6 | „ 
4 6 1 6 . 5 5 3 5 d. ,, 10 , . 
4 7 2 3 . 0 3 5 d. „ 10 „ 
4 8 4 3 . 3 2 i 4 i d . „ 8i 
4 9 5 0 . 6 6 2 3 J d . .. 61 „ 
50 1 3 . 0 3 5 d. „ 10 „ 
51 2 6 . 6 6 1\ 4 i d . 

4 i d . 
9 i , . 

52 2 1 . 1 2 i 
4 i d . 
4 i d . .. 8 i , . 

53 5 5 . 2 2 3 5 d. „ 10 „ 
54 1 5 . 5 3 5 d. „ 10 „ 
55 1 0 . 1 1 3 5 d. „ 10 „ 
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TABLE K. 
Adulteration of Bombay Milk. (Accord ing to different Wards . ) 

Ward. 
No. Exa

mined. 
No. of 
Genuine 
Samples. 

No. of 
Samples not 

Geouioe. 

Percentage of samples 
wbicli showed 

Adulteration with 
Water. 

A 27 9 18 6 6 . 6 

B 2 8 9 19 6 7 . 8 

C 2 9 19 10 3 4 . 4 

D 50 16 34 6 8 . 0 

E 33 14 19 5 7 . 5 

F 2 2 4 18 8 1 . 8 

G 23 17 6 2 6 . 0 8 

T A B L E L. 
T o show that adulteration of milk varies according to the price 

charged. 
P r i c e — - A n n a s p e r seer .* 

2 3 4 

Total n u m b e r o f s a m p l e s e x a m i n e d . . 7 19 4 8 15 

N u m b e r o f a d u l t e r a t e d s a m p l e s 7 15 26 2 

P e r c e n t a g e o f a d u l t e r a t e d s a m p l e s . . . 100- 7 8 - 9 5 4 - 1 13 -3 

A v e r a g e of w a t e r a d d e d t o 100 
p a r t s o f p u r e m i l k 4 0 - 2 3 3 - 1 2 3 - 3 2 1 - 7 

Largest amount of " added " water known so far was 8 1 . 1 
per cent, in a sample, the price of which was not known. 

Genuine milk m a y be bought in B o m b a y for 4 annas a seer 
or Q^d, (or 1 3 cents) per quart. E v e n at this rate one cannot 

The Bombay Seer is equal to '̂ 4 ozs, while a seer in Calcutta and Poona is equal to 32 ozs. 
• 2 Annas per seer=3Jd. or 6J ceuls per quart. 

2 1 ., „ = 4 i d . „ 8 j ,. ,. 
3 ,1 .• = S d . ,, 10 „ „ 
* » 11 II ^i^- „ 13i i> ,> 
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be always sure of getting genuine milk, for out of 15 samples bought 
at this rate, t w o were found to be adulterated with water. A t 
three annas a seer {=5d. or 10 cents per quart) more than half the 
number of samples were found to be adulterated. At 2^ annas 
per seer ( = a b o u t 4d. or 8 cents per quart) nearly four-fifths of the 
samples were found to be watered, so that at this rate there is very 
little likelihood of getting genuine milk. At 2 annas per seer 
{=3^d. or 6|- cents per quart) it is impossible to get genuine milk 
in B o m b a y . The ordinary middle class in Indian cities can hardly 
afford to pay more than 2 to 2} annas per seer for milk, which 
means that under the present condit ions there is hardly any 
chance of their ever getting genuine milk. The richer and some 
of the middle classes in B o m b a y and Poona can perhaps afford 
to pay from 3^ to 4 annas per seer, but even then there is n o 
guarantee of their getting absolutely genuine milk. It m a y be 
mentioned here that even at 4 annas per seer ( = 2 4 ozs.) pure and 
clean milk from a bacterial standpoint , it is almost impossible 
to obtain in B o m b a y . Even in some of the best samples, includ
ing those from European dairies, contamination with ob ject ion
able microbes is c o m m o n as will be shown in Chapter IV . 

In Calcutta also the price of milk is h igh—namely 4 annas per 
seer ( = 3 2 ozs.) or 2 annas per pound which is about the same as 
in Poona. 

In Delhi and Al lahabad milk is sold at 2 annas a seer ( = 3 2 " 
ozs.) or one anna per pound . It is doubtful , however , as t o 
whether genuine milk can be always had at this l ow price. N o 
statistics regarding adulteration are available f rom these or other 
Indian cities. 

In Ahmedabad and Surat, the price of genuine milk varies, 
f rom 13 to 16 pounds per rupee. 



C H A P T E R IV. 

' B A C T E R I O L O G I C A L E X A M I N A T I O N O F T H E B O M B A Y 

M I L K S U P P L Y A N D T H E Q U E S T I O N O F B A C T E R I A L 

S T A N D A R D S F O R I N D I A . 

Chemical analysis of milk enables us to find out whether 
the milk is genuine, that is, whether there is any adulteration 
with water or any abstraction of fat, etc . , but does not reveal 
anything as regards the contamination of milk with dirt, microbes 
•of disease, etc . A sample of milk may be quite genuine chcmical iy , 
"but m a y be grossly contaminated with filth and even with 
•dangerous bacteria. The publ ic milk supp ly must be both 
genuine from a chemical point and clean f rom a bacterial point 
•of v iew. I t should be entirely free f rom contaminat ion wi th the 
specific bacilh of the acute infectious diseases, e.g., Tuber -
•culosis, Typho id , Cholera, etc . It should be also reasonably free 
from cow-dung , stable refuse and other ob ject ionable sources of 
-pollution. Bacteriological examination of milk is, therefore, very 
important from a sanitary point of view. 

Sources of Bacteria in Milk-—Most observers assume that 
mi lk as secreted in the healthy udder is entirely free from 
bacteria . Th is has been disputed b y others. Under suitable 
•conditions, and with strict surgical precautions, it is quite possible 
' to obtain bacteria-free milk at least in small quantities. The 
^author has been able to get perfectly sterile samples on several 
•occasions in B o m b a y . Mr. S. L. Stewart of Brookside Farms, 
Newburgh , N e w Y o r k , has been able to produce milk in large 
•quantities almost free of bacteria. If milk in the udder is sterile, 
where d o the bacteria c o m e from ? Bacteria m a y squirm u p the 
milk ducts and work their way into the milk cistern. Once 
there, they find ideal condit ions for rapid growth ; 'a warm, cozy 

•dark h o m e with an abundance of food . ' This m a y account for the 
initial contamination of milk. It must be also remembered that 
the virus of Foot-and-Mouth-Disease , which is ultramicroscopic, 
the virus of " ^lilk Sickness " and the micrococcus causing 
Malta Fever , are found in the milk of affected animals, even though 
t h e udder m a y not b e diseased. Bacteria m a y have their or igin 

4 
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in Mastitis and otlier diseases of the udder. Ordinarily tlie 
real contamination occurs after the milk has left the udder. F r o m 
the act of milking t o the hnal distribution a n d consumpt ion o ( 
milk, numerous and varied are tJie possibilities of contamination. 
Eighteen possible sources are mentioned below. During the 
process of milking (Plato X X I ) the possible sources are ( I ) the 
calf, which, in India, is usually al lowed to have the fust start 
in getting milk from its mother ; (2) the dirty udders and flanks 
of the unwashed a n i m a l ; (3) the unwashed hands of the milker ; 
(4) the fi!tby c lothing which the average milkman wears in India ;. 
(5) the insanitary habits of the milkman, e.g., coughing, sneezing,, 
nose-blowing with the fingers, e t c . ; (6) any communicable disease, 
e.g., Tuberculosis, of the milkman ; (7) the filth from the walls, 
ceiling, and the dust-and-dirt- laden air of the cattle stables. 
(Plate X X X ) ; (8) the dirty milk vessels ; and (9) the faulty water 
sitpply. The water supply of the farm or cattle stable m a y become 
pol luted b y cases of cholera or typho id on the premises. The 
writer isolated cholera vibrio from several wells in B o m b a y in 
June , 1912, and again in August , 1914. It is quite c o m m o n to 
have wells near catt le stables, the water being used for drinking 
and washing purposes. During transit and distribution the possible 
sources of bacteria are :—(1) the dust and dirt from the vitiated air 
of a crowded city street getting into the open or partially covered 
milk-vessels ; (2) tbe peculiar concentric ring of hay picked up> 
f rom the filthy stables, or a piece of dirty rag which serves as a 
" c o v e r " for the milk-vessels in most c a s e s ; (3) the filthy 
condition of third class cars on the suburban railways and the 
manner of conveying milk in the same ; (4) the possibility of 
adulteration with filthy water during transit ; (5) the insanitary 
condit ion of the milk-shops where milk is exposed for sale 
in open vessels ; (6) the frequent handling of the milk while 
measuring it out to the consumer ; (7) the filthy customs and. 
habits of the retailer or hawker of milk in Indian c i t i e s ; 
(8) the careless handling of the milk b y the c o n s u m e r ; and (9) 
the house-fly. The house-flies are very c o m m o n carriers of 
disease in India and it is not u n c o m m o n to find them indulging 
in a bath in the open milk-vessels. The contamination from 
each individual source may be small, but taken together from 
all the sources it would assume serious proportions. 

I t m a y be pointed out that a systematic and complete 
bacteriological examination of milk has never been attempted-
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before b y anyone in India and consequently there are absolutely 
no data to start with. Considerable difficulty was experienced in 
the beginning t o work out practical methods best suited for local 
condit ions. The samples of milk were collected in special bott les 
prov ided for the purpose and were stoppered and sealed in the 
usual way . T h e y were examined as soon as possible after col lec
t ion. The following routine was fol lowed in the examination of 
the samples 

(1) Preliminary dilution of the samples with sterile water. 
These were made in a series of test-tubes as f o l l o w s 1 : 1 0 . 
1:100, 1:1000. 1:10,000 1:100.000 and 1:1,000,000. These 
dilutions were used for (2) and (3) . 

(2) Microbes per c.c.—Agar plates were used for this, 
purpose and a count was made after incubating for 4 8 hours at 
37° C. 

(3) Lactose Fermenters.—MacConkey's Bile Salt m e d i u m 
(with lactose) was used in Durham's lermenation tubes and the 
results noted with regard to acid and gas format ion . The d i lu
t ions used were from 1:10 to 1:1,000.000. 

(4) B. Enteritides Sporogenes.—(Milk test o n l y ) . — 1 5 c .c . 
o f the sample were used. The milk was heated for 15 minutes 
at 80° C, rapidly cooled, incubated anjerobically, and was examined 
for the characteristic changes from four to five days . 

(5) B. Coll Communis.—Thi,s was isolated on Neutral R e d 
Agar and examined for acid and gas formation ( M a c C o n k e y ' s 
Bile Salt m e d i a ) and for Indol reaction, etc . ( B y B. Coli is 
understood the organism of type A as ment ioned b y Houston 
on page 172 of his " Studies in Water Supply, " 1913.) 

(6) C/io/cm.—Cultures were made on Peptone water and 
examined for Cholera b y cultural and biological tests in the usual 
way . 

(7) Typhoid.—Drigalski-Conradi's med ium and Neutral 
R e d Agar were used. 

(8) Microscopic Examination of the Centrifugalised Sedi
ment.—50 c .c . of the milk were centrifugalised in the electric 
centrifuge for about ten minutes. Smears were made from the 
deposit , stained with carbol-fuchsin (1:10) and examined micros 
copical ly for Leucocytes , Streptococc i , Staphylococc i , and other 
micro-organisms that m a y be present. 

(9) Tuberculosis.—The results o f e.xamination for Tuberc le 
bacilU are described separately on page 69. 
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The samples of miik examined bacterioJogically m a y b e 
divided into four c l a s s e s C l a s s I.—Those collected from 
healthy animals under personal supervision and with the strictest 
precautions, and which were examined immediately after 
col lection. Class II.—Those collected b y the Chief Veterinary 
Inspector and his staff with ordinary precautions and sent t o the 
Laboratory , the time elapsing between the collection and the 
examination varying from three to four hours. Class III.—Those 
bought at random in the different wards of the City from dairies, 
milk-shops, cat tie-stables, railway stations, Gowlees and other 
milk vendors , b y the staff of the Publ ic Health Department . 
These samples fairly represent the quality of milk that is usually 
sold to the publ ic in B o m b a y . As the " morning " milk is taken 
between 2 and 4 a.m. and sold a few hours later in the bazaar, 
six to nine hours pass before it arrives for examination at the 
Municipal Laboratory . Class IV.—Samples obtained from the 
Government Military Dairy in B o m b a y , the sources of the supply 
being Poona (Kirkee) and A h m e d a b a d . The milk is pasteurised 
and cooled, and kept at a temperature between 40° F and 50° F. 

Class I .—Samples collected from healthy animals under per
sonal supervision and with the strictest precautions—Several 
cows and buffaloes belonging to a dairy were brought over to the 
Municipal Laboratory after being examined b y a Veterinary 
Surgeon and certified to be entirely free f rom disease. The 
animals were thoroughly scrubbed and washed. Just before 
milking, the udders and neighbouring parts were washed, first 
with an antiseptic solution and finally with sterile water. The 
milking was done b y the manager of the dairy himself, his 
hands being rendered surgically clean in the usual way . Most 
o i the mi lk was drawn in sterile glass beakers while a f ew drops 
were drawn directly into slant Agar tubes. After making the 
necessary dilutions, the samples were immediately subjected 
t o the routine examination for microbes per c . c . Lactose 
Fermenters, etc . , with the following results 

1. Microbes per c.c.—The average of several samples co l 
lected on two different occasions was found to be 292 microbes 
per c.c. This was probab ly due to the too frequent manipulations 
involved in diluting the milk and preparing the plates, etc . The 
slant Agar tubes in which milk was directly drawn were found 
to be sterile. This would indicate that milk drawn in small 
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1 Park, W H . " The great bacterial contamination of the milk of c i t ies , " etc . Joutnal 
Hyg.,Vol. I, 1901, page 391. •* 

, ^itY^^^.^o"^*"'*^''"''^''' " Wchs i iure i e rmente und Kiisereifung " Cent. f. BakI; 2 Abt., v o l , V l l l , ItrUw, page 6 / 4 . 

£ . ; i / ; 2 ^ ° h " v"l"'rSpiê ^̂ ^̂  V . r k . m m e . von Hakterien im Kuhenter . " C m . / . 

^-...J'-,^^^'^^^"*^^^' " * contribution to the Bacteiiologjr o£ Mi lk . " Journal of Hyg., Vol. V I , 1906, 

a m o u n t s w i t h str ictest precaut ions f r om hea l thy a n d clean animals 
is p r a c t i c a l l y sterile. 

2. Lactose Fermenters were absent in 1 c.c. a n d less of mi lk , 
in all the samples e x a m i n e d . 

3. Examination for B. Coli communis, B. Enteritides 
sporogenes, Streptococci, Cholera Vibrio, B. Tuberculosis and 
B. Typhosus w a s n e g a t i v e in e v e r y case . T h e s e results c o m p a r e 
f a v o u r a b l y with those o b t a i n e d b y several observers in E u r o p e 
a n d in A m e r i c a . 

Park^ in 1901 f o u n d the a v e r a g e bacter ia l c o u n t p e r c u b i c 
c e n t i m e t e r in samples of mi lk f r o m s ix separate c o w s e x a m i n e d 
f ive hours after co l l ec t ion t o be 6 ,000, the l owest c o u n t be ing 4 0 0 . 

V o n Freudenre i ch^ (1902) o b t a i n e d mi lk under the strictest 
asept i c precaut ions f r o m 28 c o w s . The bac ter ia l c o u n t of t h e 
mi.xed mi lk var ied f r o m 65 t o 680 m i c r o b e s per c . c . Cont inu ing 
his exper iments , Freudenre i ch in 1903^ e x a m i n e d the u d d e r s 
a n d the mi lk in the u d d e r s o f 15 c o w s , in 13 cases i m m e d i a t e l y 
after s laughter ing . T h e o r g a n i s m s f o u n d were m o s t l y c o c c i . 
B . CoH was never f o u n d . 

WiJlcm a n d Miele'* in 1905 e x a i n i n e d a s a m p l e o f mi lk 
conta in ing 25 bacter ia per c . c . T h e m i l k i n g was d o n e in 
a special p lace . T h e u d d e r s a n d teats were washed with a n 
ant i sept i c so lut ion a n d all poss ib le precaut ions were taken 
dur ing mi lk ing . 

M a c C o n k e y in 1906^ f o u n d that with o r d i n a r y care a n d 
c leanl iness i t i s poss ib le t o o b t a i n m i l k w h i c h c o n t a i n s less t h a n 
1,500 m i c r o b e s per c . c , a n d in w h i c h gas - f o rming o rgan i sms are 
absent in less t h a n 50 c . c . 

Class I I .—Samples co l lec ted by the Chief Veter inary Inspector 
and his staff with ord inary precaut i ons .—68 samples were 
e x a m i n e d in al l , a n d it was f o u n d that B . Enter i t ides 
S p o r o g e n e s , Cho lera V ibr i o a n d B. T y p h o s u s were n o t 
d e t e c t e d in a n y of the samples . B. Coli was d e t e c t e d in 24 
samples or in 3 5 . 2 9 per c e n t . , a n d Streptococ c i in t w o samples 



5 4 B A C T E R I O L O G I C A L E X A M I N A T I O N 

•only. T h i s Icai-es for cons iderat ion o n l y m i c r o b e s per c . c . a n d 
lactose f e rment ing o rgan isms . T a k i n g first the m i c r o b e s per c . c , 
it will be seen that t h e h ighest count was f o u n d t o b e 4 6 , 1 5 0 , 0 0 0 , 
whi le t h e l owest c o u n t was 450 ,000. T h e a v e r a g e n u m b e r 
e x p r e s s e d in mi l l ions w a s as fo l lows : — 

T A B L E I. 

Microbes per c . c . in 68 samples—(Class I I . ) 

Date . No- o f 
samples. 

Average No . of 
microbes per c c . 

June 1913 8 8.981,000 

September ,, 12 16,195,000 

December 12 18,833,000 

January 1914 6 10.416,000 

April 9 19,000,000 

May 21 19.767,000 

Average of 6S 
samples. 

17,103,000 

J 

T A B L E I I . 

Microbes per c . c . in 68 samples expressed in mi l l ions—(Class I L ) 

Less tban 
1 Million. 

."^bove 1 
but l e ^ th^n 3 

Above 3 but 
less than 5 

A b o v e 5 but 
less than 10 

A b o v e 10 
but less than 2C 

Above 20 but 
under 50 

I 1 4 14 30 18 

Most o f the samples s h o w e d a c o u n t o f m o r e than five 
mi l l ions of m i c r o b e s per c .c . 

T h e a b o v e figures are o n l y a p p r o x i m a t e , for as Savage s a y s , 
" There are n o nutr ient med ia a n d n o k n o w n cond i t i ons of g r o w t h 
which will a l l ow all the bacter ia in milk t o d e v e l o p . " 
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Lactose Fermenters.—Out of the 6 8 samples examined, only-
four, or 5 . 9 percent., did not show any lactose fermenters in 1 c.c. 
and less of milk. The following results were obtained;— 

TABLE in. 

No. Of 1-0 01 O'Ol 0-001 0-0001 0-00001 0-000001 Remarks. samples. c.c. c.c. c.c. c.c. c.c. c.c- c.c. Remarks. 

4 . . .iVbout 6% did 
n o t s h o w 

I . . + — -— - — — lactose fer
menters in 

S . . + + — — 1 c. c and + + less of mi lk . 
1(5 . . + + + + — —. — The s a m e + percentage of 
2 1 . . + + + — —"~ s a m p l e s 

showed L . F . 
17 . . + + + + + — in the dilu

t ion of 
4 . . + + -h + + 1 : 1 , 0 0 0 , 0 0 0 . 

T o t a l — 68 samples , -J- = Present. — = A b s e n t , 

B. Coli Communis was detected in 2 4 samples out of 6 8 , or 
i n about 3 5 per cent. These results compare favourably with 
those obtained in the third series of samples. {Vide Tables V I 
and V I I . } 

Class I I L — S a m p t e s b o u g h t at r a n d o m f r o m a v a r i e t y o f s o u r c e s 
e.g.y d a i r i e s , m i l k - s h o p s , c a t t l e - s t a b l e s , r a i l w a y s t a t i o n s , i n d i v i d u a l 
m i l k - v e n d o r s o r G o w l e e s , e tc ,—Two hundred and forty such 
samples were examined in the same manner as Series I and I I . 
Only a brief summary of the results is given below : — 

1, Microbes per c.c.—The highest count was 1 1 8 , 4 0 0 , 0 0 0 
and the lowest was 2 5 0 , 0 0 0 during a period of about 12 months. 
The highest average figures were reached during May as will be 
s e e n from Table IV. 
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TABLE IV, 

Microbes per c . c — A v e r a g e of 240 Milk samples.—(Class III) . 

Date. No. of 
samples. 

Average of total 
couQt of mi

crobes per c.c. 
on Agar at 37 " C 

for 48 hours. 

Average 
mean-

tempera
ture. 

Fahr». 

Average 
humidity. Remarks. 

1913. °F. 

Apr i l 12 4 6 , 3 6 3 , 0 0 0 8 2 - •761 

M a y . . 3 0 6 3 , 4 8 1 , 0 0 0 8 6 - 5 •723 

J u n e 2 34 ,125 ,000 £ 3 - 7 •822 

J u l y . . 31 3 5 . 8 0 1 , 0 0 0 8 1 - 5 •864 

A u g u s t . . 10 29 .750 ,000 8 1 - 4 •815 A v e r a g e n u m 

O c t o b e r 18 38 ,027 ,000 8 2 - 7 •785 ber of m i c r o 

N o v e m b e r . . 24 3 0 , 2 9 7 , 0 0 0 7 9 - 8 •697 b e s per c . c . . 

f r o m A p r i l 1914. 

b e s per c . c . . 

f r o m A p r i l 

J a n u a r y 18 3 0 , 9 0 5 , 0 0 0 7 9 - 8 •699 1913 t o J u l y 

Februar> ' . . 24 2 6 , 3 6 6 , 0 0 0 7 6 - 0 •684 1914 

M a r c h 21 2 6 , 1 3 1 , 0 0 0 7 8 - 0 •784 - ^ 3 6 , 3 8 5 , 0 0 0 . 

A p r i l 18 2 2 , 1 0 5 , 0 0 0 8 2 - 0 •747 

J u n e 16 3 5 , 4 6 2 . 0 0 0 8 5 - 0 •S02 

J u l y . . 16 3 9 , 0 2 5 , 0 0 0 8 2 - 0 •866 

T o t a l . . 2 4 0 

TABLE V. 
Microbes per c. c. in 240 samples of milk expressed in^ 

millions—( Cla^s I IL) 

More than 1 
but less thaa 

5 millions. 

More than 5 
but less than 

10 

More than 10 
but less than 

20 

1 More than 20 
1 but less than 

30 

More than 30 
but less than 

50 
More than 50 

millions. 

3 9 32 82 6 8 46 
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The majority of samples (nearly 82%) showed a count of 
more than 20 millions; while about 19%^showed more than 50' 
millions of microbes per c.c. 

2. Lactose fermenters.—The results are tabulated below:—• 

T A B L E V L 

L a c t o s e f e r m e n t e r s in 2 4 0 s a m p l e s of m i l k — ( Class I I L ) 

N o . of S a m p l e s , 1 c . c . 0.1 O.OI 0.001 0.0001 0.00001 0.000001 
c . c . c . c . c . c . c .c . c .c . c c . 

2 + + + + , , 
17 + + -r + + — — 40 + + + + — 

181 + + •—• + + + + 
Total . .240 •- •• 

+ = present, Absent. 

All the samples showed the presence of lactose fermenting 
organisms in 1 c.c. and less of milk. Out of the 240 samples-
182 or 7 5 . 8 % showed lactose fermenters in the ^yeakest dilution 
used, viz., in 0000001 c.c. of milk. Lactose fermenters were 
found to be absent in O'OOOl c.c. and less of milk in two samples, 
only. These results are extremely bad as compared to those.-
in Table III. (q.v.) 

T A B L E V I I . 

M i c r o b e s per c . c . in B o m b a y m i l k — ( C l a s s 

(Distributed according to Wards.) 
in.) 

W a r d . 
N o . o f 

S a m p l e s . 
A v e r a g e N o . o f mic robes per c . c . 

f r o m A p r i l 1913 t o J u l y 1914 . 

A 37 34.331,000 
B . . 38 40,081,000 

(C . . 35 37,744,000 
D . . 33 39,963,000 
E . . 39 37,786,000 
F . . 28 49,218,000 
G . . 30 28,013,000 

Total . . 240 

R e m a r k s . 

Average 
38,162,000 
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TABLE VIIL 

Lactose fermenters in Bombay millt—(Class IIL) 
( D i s t r i b u t e d a c c o r d i n g t o W a r d s , ) 

Ward. N o . o f 
bam pic 5. 

1. 
c . c . 

0.1 
c .c . 

0.01 
c . c . 

0.001 
c . c . 

O.OOOl 
c . c . 

0.00001 
c . c . 

0,000001 
c .c . 

-{ 3 
8 

2ti 

+ 
-f-
-t-

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
_1_ 

-i-
+ 
+ + 

Total . . 37 

••{ 
1 
2 

35 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

+ + -r 

Total . . 38 

, ; . . { 2 
33 

+ 
+ + 

+ 
+ 

+ 
+ 

+ 
+ + 

Total . . 35 

»••{ 
1 
3 

29 
-i-
+ 

4 -

+ 

-1-

+ 

+ 

+ - f 
+ 
+ + 

Total . . 33 

.„{ 2 
12 
25 

+ 
+ 
-j-

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 

4 -
+ 
+ 

Total . . 39 

3 
7 

18 

+ 
-r 
+ 

_l_ 

-i-
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

Total . . 28 

1 
8 
5 

16 

H-
+ 
- r 
+ 

-!-

-i-

+ 
+ 
-1-

+ 

+ 
+ 
+ 
+ 

t 

+ 
+ 

+ 

T o t a l . . 30 1 
Grand 
Total 1 240. + — Present. — — Absent. 
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3. B. Enteritides sporogenes, (Milk test o n l y ) . — T w e n t y - n i n e 
s a m p l e s o u t of 240 , or 12 % . g a v e pos i t ive tests w i th the p r o d u c t i o n 
•of t h e character ist ic c h a n g e s in the mi lk . A n i m a l e x p e r i m e n t s 
w e r e tr ied in a f ew cases b u t wi th negat ive results. 

4. B. Coli w a s d e t e c t e d in 225 samples o u t o f 240 , g i v i n g 
•93.7 per cent . , as c o m p a r e d with 3 5 . 3 per cent , in Series I I . 

5. Streptococci.—The centri fugal ised stained depos i t e x a 
m i n e d mic ros cop i ca l l y s h o w e d the presence of s t r e p t o c o c c i 
in 28 samples o u t o f 240 , or in 1 1 . 7 % , as against 2 . 9 % in 
Series . I I . 

6. Examination for B. Typhosus, B. Tuberculosis and 
Cholera Vibrio was negative in all cases. 

Class I V . ~ I 1 8 Special Samples co l lected f r o m the Govern 
m e n t Military Dairy , B o m b a y — T h e m i l k is suppl ied da i ly f r o m 
P o o n a (Kirkee) a n d A h m e d a b a d . I t is first pasteur ised at 170° F . 
f o r t w o minutes , rap id ly c o o l e d d o w n t o near ly freezing p o i n t 
a n d then b r o u g h t t o B o m b a y in special cans w i th c o l d p a c k i n g 
o u t s i d e . A f t e r arr ival in B o m b a y the mi lk is again pasteur ised , 
c o o l e d a n d held at a t e m p e r a t u r e b e t w e e n 40° a n d 50° F. T h e 
s a m p l e s were co l l e c ted in special bot t les , p a c k e d in a case c o n t a i n 
i n g i ce , a n d were e x a m i n e d i m m e d i a t e l y after arr ival at t h e 
Munic ipa l L a b o r a t o r y . T h e results are t a b u l a t e d b e l o w : — 

T A B L E I X . 
Microbes per c . c . in 1 1 8 samples o f mi lk—(Class I V . ) 

Source of 
supply. Months. No. of samples 

e>:amine(l. 
,\verage number of 
microbes per c.c. 

Poona 
1914. 

August 
September . . 
October 
November 
December 

r 
11 
20 
19 
21 

5 

9 ,407 ,000 
12,845,000 
16.650,000 
14,390.000 
11,618,000 

Poona T o t a l . . 76 13.644,000 

Ahmedabad . . August 
September . . 
October 

12 
20 
10 

9 .462,000 
12,.S 28 ,000 
18,107,000 

Ahmedabad Total . . 42 12,930,000 

Grand Total Average. . . . . l i s 13,408,000 
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T h e average numlier of microbes per c.c. in 118 samples-
examined was about 13 mtlhons ; these figures compare favourably 
with those found in B o m b a y milk (Class I I I . See Table I V ) . 
In another scries of 50 samples of pasteurised milk f r o m the 
same source examined recently, the average bacterial count was 
found to be 7 millions only. 

Al l the a b o v e samples showed Lactose Fermenters in 
1 c . c , 0,1 c . c and 0.01 c. c. ; on ly t w o from Ahmedabad and three 
from Poona showed their presence in a dilution of one in a million, 
as detailed in the fol lowing statement : — 

T A B L E X . 
Lactose Fermenters in 1 1 8 samples of milk—(Class IV.) 

Source of 
supply. 

No. of 
Sataples. 

Dilution ol Miik used. Source of 
supply. 

No. of 
Sataples. 

1 c.c. . 1 c.c. ,01 .001 .0001 .00001 OOOOOl 
c.c . c c . c.c. c .c . c.c. 

Ahmedabad, 2 + + + 
S + + + . 3 0 + + + + + + 2 + 

PoDna 2 + + + 
3 1 + + + + + — 
4 0 + + + + + -— 

3 + + + + + + 
+ = Present ; — = Absent. 

Neither B. CoU nor B. E. S-porogenes were detected in any of 
the 118 samples. The centrifugalised stained deposit e x a m i n e d 
microscopical ly did not show any Streptococci. These favourable-
results are t o be ascribed to the fact that all the a b o v e samples 
were pasteurised before col lection. 

Some remarks m a y be n o w made regarding the significance 
of some of the foregoing results. Microbes per c.c.—As has been 
already said, all the colonies counted at any one t ime do not 
b y any means give a true count of all the bacteria present in mi lk , 
for there are so many varieties of microbes found in milk that it 
is impossible for them all to grow on the same medium. It cannot 
be denied, however , that the count has a relative value when 
made under precisely identical conditions. It m a y be argued 
that all the bacteria found in milk are not harmful. It must be 
remembered, however , that milk containing an excessive number 
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•of microbes cannot be said to be a suitable food, particularly for 
infants. Besides, 9 3 . 7 % of the samples {Class III) examined, 
showed the presence of B. Coli communis. Unfortunately, milk 
is not a transparent liquid or else the growth of microbes would 
have been visible to the naked eye. To get some idea of the 
bacterial counts found in Bombay, the figures may be compared 
to those of sewage in London and Boston, and milk in London, 
New York, Boston and Bombay. 

fewage J 

Milk. 

Average for -Microbes p e r c.c. 
Name o f 
tlie i n v e s 
t igator o r 

a u t h o r i t y . 

1. L o n d o n . . 1894 to 1901 2 , 0 0 0 . 0 0 0 to 1 1 . 0 0 0 , 0 0 0 Rosenau. 
2. B o s t o n . • 1894 to 1901 2 , 8 0 0 , 0 0 0 Rosenau. 

1. L o n d o n . . D e c . to F e b . . . 3 , 0 0 0 , 0 0 0 to 5 , 0 0 0 , 0 0 0 E y r e , ' 
1 une to S e p t . . 2 0 , 0 0 0 , 0 0 0 to 3 0 , 0 0 0 , 0 0 0 Evre. 

2. N e w Y o r k . i n W i n t e r . . 1 , 000 ,000 Park. 
I n Summer . . 5 , 0 0 0 , 0 0 0 Park. 

3. Boston . . 1904 2 . 3 0 0 , 0 0 0 Bergey. 
4. B o m b a y . , Apri l 1913 to 1 

Bergey. 

July 1914. ^ 3 6 , 3 8 5 . 0 0 0 Joshi. 
(240 samples.) J 

It must be borne in mind that too much stress should not be 
Jaid on these statistics, as different investigators may have 
employed different methods and the results may not be strictlj' 
comparable. At any rate, it is quite evident that Bombay 
enjoys the dubious honour of standing in the above list. 

There are at least three main factors which influence the mul
tiplication of bacteria in milk : (1) Time, (2) Temperature, and 
(3 ) Conditions of collection, storage and distribution of milk. 

(1) T i m e . — B y " t i m e " is meant the interval between 
the withdrawal of milk from the cow or buffalo and its examina
tion at the Laboratory. A glance at the figures given above will 
show the following : — 

Nnmber of 
samples. Class. Average " Time," Average number oi 

microbes per c.c. 

I I m m e d i a t e l y exa
mined. 2 9 2 

68 . . I I 3 to 4 hou rs . . 17 .103 ,000 
2 4 0 I I I 6 to 9 hours . . 3 6 , 3 8 5 , 0 0 0 
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In these exper iments , the t e m p e r a t u r e w a s p r a c t i c a l l y 
c o n s t a n t , b u t the c ond i t i ons of co l l e c t i on , e t c . , were different,, 
a n d this must be borne in m i n d w h e n c o m p a r i n g the results. T h e 
influence of (imc on the g r o w t h of b a c t e r i a in mi lk ob ta ined u n d e r 
aseptic c ond i t i ons has been o b s e r v e d in several samples e x a m i n e d 
in B o m b a y b y t h e author . T h e fo l l owing figures are t y p i c a l o f 
n iany others . T h e sample was co l l e c ted w i th strict p r e c a u t i o n s . 
J u s t before mi lking , the u d d e r s a n d ne ighbour ing parts w e r e 
washed , first witli an ant isept ic so lut ion , a n d finally wi th s ter i le 
water . T h e hands of the mi lker were rendered surgica l ly c lean 
in the usual w a y a n d the m i l k w a s d r a w n in sterile glass flasks. 

Microbes 
per cc. 

Lactose 
Fermenters. 

Shortly after milking, the sample contained . . 

One hour ,, „ 

198 

304 

— in 1 c.c. 
and less. 

— in 1 c.c. 

T w o houns „ ,, 624 — in 1 c.c. 

T h r e e , , 1.035 — in 1 c.c. 

Four , , ,, ,, ,, 

Five ,, ,, ,. 

7,200 

19,400 

-(- in . 1 c . c 
and more, 

+ in .1 c.c, 
and more. 

+ = Present; — = Absent. 

T he fo l lowing figures f r o m Freudenre ich are also v e r y 
instruct ive : — 

Shortly after milking, the sample contained 9.000 microbes per c.c 
^ l o u r „ ,. ,. 31 .750 
2 hours ,, 
4 „ 

9 
2 5 

36 ,250 
40 .000 
60 .000 

120,000 
5,000.000 

I t m a y be c o n c l u d e d that under identical cond i t i ons of 
co l lect ion , t ransportat ion , e tc . , a n d with a constant o p t i m u m -
tempera ture , t h e longer a mi lk s a m p l e is kept the greater the 
n u m b e r of bacter ia in it , u p t o a certain l imit . 

1 1 . T e m p e r a t u r e , — T h i s is a v e r y i m p o r t a n t factor here 
in Ind ia . It has been f o u n d that the m a j o r i t y o f bacter ia m e t 
w i th in mi lk g r o w best at a b o u t 2 5 X t o 35°C (or 7 7 ° F t o 9 5 ° F ) . 
A t a l ower t emperature , (15' 'C and be low) t h e y mul t ip ly v e r y 
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In f luence of T e m p e r a t u r e on the g r o w t h Httlc. A t 
of Bacter ia ordinari ly f o u n d in Mi lk , t emperature , 

W A T E R BOILS 212° 

BLOOD H E A T 

W A T E R F R E E Z E S 3 2 " 

A L L G R O W I N G 
B A C T E R I A K I L L E D 

G R O M T H CEASES 

a higher 
the di f fer

ent bacter ia h a v e their 
dif ferent thermal death 
points. I n o t h e r w o r d s , 
a certain a m o u n t of heat 
is essential a n d a certa in 
a m o u n t is fatal t o the 
g r o w t h of bac ter ia . 
E a c h part i cular var i e ty 
o f bacter ia g r o w s best 
at a certain t e m p e r a t u r e 
cal led the optimum ; e a c h 

G R O W T H MOST R A P I D gj^Q ĵ jL^ ^u Upper a n d a 

l ower temperature l imit 
b e y o n d which its g r o w t h 
is arrested. T h e a c c o m 
p a n y i n g d i a g r a m i l lus
trates these po in t s . 
T h e a t m o s p h e r i c t e m 
perature in B o m b a y 
corresponds v e r y c l o s e l y 
t o the m o s t f avourab le 
t emperature for bacter ia l 
g r o w t h in mi lk , namely^ 
25°C t o 3 5 X o r 7 7 ° F to-
9 5 ° F , a n d a c c o u n t s par 
tially for the high c o u n t s 
o b t a i n e d . I t will be seen 
f r om T a b l e I V that the -
highest n u m b e r o f m i 
c r o b e s per c . c . (63 m i l 
l ions) was f o u n d dur ing . 
M a y , w h i c h is the hot tes t 
m o n t h in B o m b a y a n d 
W e s t e r n Ind ia , t h e 
average m e a n t e m p e r a 
ture during M a y 1913 
be ing 8 6 . 5 . In J u l y 
a n d Augus t , o n a c c o u n t 

G R O W T H R E T A R D E D 

G R O W T H CEASES 

1 U i S . Depar lment ot A s i i c u l t u i e , BuUetici 348, p . I D . 
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of the iuonsoon, it is comparat ively cooler, and correspond
ingly tiie figures show q. lower count (29 to 35 millions) than 
in May. In October the temperature again rises (82 .7 ) and with 
it the number of microbes. F r o m November t o February there 
is a gradual decline both in temperature and in the n u m b e r 

>of bacteria. 
T h e relative increase of bacteria in milk held at different 

"temperatures is given as follows i : — 

Milk held at Relative number of bacteria at the end of 

0 hour. 6 hours. 12 hours. 24 hours. 48 hours. 

68 <= Fahr . . 1 1.7 2-1.2 j 6,128.0 357,499.0 

50 => Fahr . . 1 1.2 1.5 4 .1 6 .2 

( - , . - . . . . • . ^ . j , . . . , , ji. i i o 3 L i i i i ' - ' J Lij iCACIIL LILT; 

numbers of bacteria in the fresh mi ik , and the relative numbers 
which will be found at the end of six, twelve, twenty- four and 
forty-eight hours, at the t w o temperatures, are shown in the 
succeeding co lumns. These figures are based o n a number of 
actual counts and illustrate the effect o f a difference of 18" on 
the multiplication of bacteria. If the milk had contained at 
the beginning 1,000 bacteria, the part held at the lower tempera
ture would have contained at the end of twenty-four hours 4,100 
•bacteria, while the otlier would have contained at tiie same stage, 
6,128,000." 

I I I . Conditions of coHectiofh, distribution, e t c .—The clean
liness of the methods employed in milking, etc. , has a direct 
bearing on the bacterial content of milk. It affects not on ly the 
total number of bacteria but also the kind of bacteria in m d k . A s 
a rule, the dirtier the milk the greater is the number o f microbes 
in it . This has been clearly proven b y the results already tabula
ted in the case of all the four different classes of samples collected 
under widely different condit ions. 

T o sum up, the emuneraiion of microbes per c.c. in milk serves 
as an index to its (1) age, (2) temperature at which it was held, and 
(3) the cleanliness of the methods employed in its collection, etc. 
A favourable combinat ion of all these three factors will result 
in an excessive multipl ication of the bacteria present. 

I U,S. Department of Agriculture, Bulletin i^is, p, 1 1 . 
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As regards the presence of lactose fermenting organisms and 
i f i . Coli in B o m b a y milk, a comparison m a y be made between the 
figures in Tab le I I I and those in Table V I . In the former case 
on ly 5 . 9 per cent, of samples showed lactose fermenters in O'OOOO'JI 
c .c . and more of milk, while in the latter case the percentage of 
samples showing lactose fermenters in the same dilution was 7 5 - 8 . 
or nearly twelve and a half times as much . In Class I I , B. Coli 
was found in 3 5 . 3 per cent, of the samples, while in Class I I I in 
9 3 . 7 per cent. The presence of organisms of the B. Co!i group in 
such large numbers indicates ]>ollution with cow-dung , etc . This 
is not at all astonishing, when one remembers the filthy condit ion 
of the stables, etc. , where milking is usually carried on. Out of the 
samples of milk collected v/ith the strictest sanitary precautions, 
not one showed any " faecal baci l l i . " This taken together 
with the results tabulated in Tables I I I and V I would indicate 
that the presence and the number of lactose fermenting organisms 
and the presence of B. Coli in milk depend 7nostly on the amount 
of cleanliness observed in the collection, storage and distribution 
of milk. The figures for milk of Class I I I (Table VI ) show an 
appall ing amount of manurial and other undesirable pol lut ion of 
B o m b a y milk as is ordinarily found in the local market. The 
figures obtained in samples of Class II and Class I V demonstrate 
the advantages of c leanly methods in handling milk. 

The kind of bacteria found in milk are even more important 
than the mere enumeration of the total number of bacteria. The 
presence of B. Coli in about 94 p e r c e n t , o f B o m b a y milk and the 
•detection of lactose fermenters in a di lution of one in a million 
of m d k , clearly show that the B o m b a y milk supply is grossly 
contaminated with manure and other dirt. The condit ions 
of a perfect bacterial indicator are defined as follows by Wil l iam 
G. Savage 1. It should be abundant in the substances for 
which its presence serves as an indicator. 2. It should be 
absent , or at least relatively absent, f rom all other sources. 3. It 
should b e easily isolated and numerical ly estimated. 4. I t s 
characteristics should be definite and not liable to variation, 
whereby its distinctive characters might be impaired. 

B. Coli, as an indicator of the manurial contamination of 
milk, fulfils all these conditions very adequately. The same m a y 
be said regarding the organisms which are closely allied t o B. Coli. 
The enumeration of B. Coli and allied organisms in a sample of 
milk m a y be taken generally as a fairly reliable measure of the 

5 
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degree of pollution of that sample. It is, however, b y no means 
quite so simple to interpret correctly the significance of the-
presence and number of B. Coli and allied organisms in milk. 
A great deal would depend upon i/tne and icmperaftire as discussed 
already. If it were an universal custom to thorougblv cool milk 
and maintain it at a temperature so l ow that B. Coli could not 
mult ip ly in it, then one could lav down definite standards for 
B. Coli b y which the amount of pollution could be measuted. 
Bearing in mind the various insanitary conditions under 
which milk is co l lected and distributed in India, and the various 
local factors, e.g., favourable temperature for bacterial growth, 
etc . , it m a y be assumed that the presence of B. CoU and allied 
organisms in large numbers indicate manurial and other undesirable 
pollution of milk. 

B. Enteritides Sporogenes in jnilk.-—It has been shown that 
the spores of this organism are present in considerable numbers 
in cow-dung . Accord ing to Savage, the estimation of the number 
of spores in milk is valuable, as B. Enteritides sporogenes is an 
organism which does not mult ip ly in milk. The ordinary test for 
the detection of this bacillus cannot be considered as conclusive. 
In 29 out of 240 samples ( 1 2 % ) B. Enteritides sporogenes was 
found in B o m b a y . Whatever m a y be the significance of its 
presence, it does not seem to be very c o m m o n in B o m b a y milk. 

Microscopic examination of the Centrifugalised a n d 
Stained Sediments—A microscopic study of the milk sediment 
gives one a general idea of the number and kind of bacteria and 
of the cellular element present. The presence of streptococci , 
pus cells, leucocytes , etc. , can be also detected b y microscopic 
examinat ion. Besides, one can obtain general information 
concerning the nature of the dirt in the milk sample. The centri
fugalised sediment is composed partly of cellular elements, e.g., 
leucocytes , etc . , and partly of bacteria, sand and dust particles, 
c o t ton fibres, hairs, manurial matters, and particles of straw, 
' k a d b i ' and other feed. After a little practice one can fairly 
distinguish certain types of bacteria which are characteristic o f 
St able-refuse, c ow-dung . etc . A high leucocyte count accompanied 
b y streptococci usually indicates diseased udders. The presence 
of pus cells m a y indicate purulent inflammation of the udders. 
Microscop ic examinat ion would be also of great value when the 
source of the sample is known, for then the diseased animal could 
be traced* 
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The SigniHcance of Streptococci in Millc .—The strep
tococcus which is usually associated with Mastitis is called 
streptococcus niastitides b y Savage. Out of 36 cases of mastitis 
in cows investigated b y Savage, nearly 75 per cent, were due t o 
streptococci .^ Further investigations were made b y Savage t o 
determine whether these streptococci were pathogenic t o man. 
H e made a comparat ive s t u d y o f the human a n d bov ine groups 
of streptococci with regard to their virulence, etc . He found that 
although the t w o groups were morphologica l ly and culturally 
indistinguishable, thev showed a ' w i d e divergence when their 
act ion towards animals was considered. Savage concludes 
from his researches that " under ordinary condit ions the strep
tococcus mastitides is not a cause of human disease." 

Moore found^ streptococci associated with many diseases 
of cattle, sheep and horses. Streptococcus has been also found 
in milk derived from healthy udders. Reed and W a r d observed 
this in the case of a c o w from 1897 to 1900.* A post -mortem 
examinat ion of the glandular tissue of the udder was made a n d 
streptococc i were isolated. 

Pus Cells in Mi lk .—It is not easy to accurately distinguish 
between pus cells and leucocytes in milk. A leucocyte in fluids 
other than blood—^milk for example—soon undergoes changes 
which render it almost indistinguishable from a pus cell. Some 
observers regard all not iceably c lumped cells as pus cells. Others 
regard all polynuclear neutrophilic cells as pus cells. The writer 
distinguishes a normal healthy leucocyte from a pus cell in that 
the latter is regarded b y h im as a leucocyte in a state of degenera
tion, showing a sweUing of the cell, which contains granular 
detritus. 

Stokes and Wegefarth carried out a systematic examination 
of milk for pus cells. The samples were obtained from three grades 
of cows kept under different sanitary conditions. (1) The first 
grade—100 cows kept in the country in a modern, sanitary stable 
and milked in a cleanly manner. The average of ten microscopic 
fields showed 1.1 pus cell t o a single microscopic field. (2) The 
second grade consisted of 50 c ows kept in the country , but in a 
bad ly ventilated and dirty s tab le—no precautions were taken in 
collecting the milk. The samples were examined in the same w a y 

1 Savage ; " Milk and Ihe Public Health." 
1 Moore: "Obsnvations concerniQd the significance of Streptococci in comparative Pathology." 

Amnican Vet. Rciiai-. 1900, Vol . X X U l . 
3 H . C. Reed and A. i i . Ward, "Streptococc i ia Market Milk." American Medici :t, 

February 14th, 1903, p 257. 
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as (1) and gave an average of 1 1 . 3 pus cells to a single field. (3) 
The third grade consisted of 100 cows kept in the c i ty , a lways 
confined in a filthy stable. The milk was col lected under 
veterinary supervision and on being examined in the same manner 
gave an average of 1 9 . 2 pus cells to a single microscopic field. 

F r o m these results the obv ious conclusion is that c ows kept 
in the country under sanitary and hygienic condit ions are less 
capable of causing disease through their milk than those kept in 
the c i ty under the condit ions of grade 3. In B o m b a y and other 
large Indian cities, most of the milk is obtained from cattle kept 
under the condit ions of grade 3. 308 samples of mixed market 
milk were examined microscopical ly b y the author. All contained 
leucocytes in varying numbers—the po lymorphonuclear variety 
being predominant . True pus cells were very rarely found. 
Streptococci were found only in 2 . 9 fer cent, of samples of class 
I I , but in 11 .7 per cent, of samples of class I I L 

Miher^ draws the following conclusions with regard t o 
leucocytes and streptococci in milk ; — 

1. Many leucocytes and streptococci are present in the 
normal milk of a healthy cow. 

2. Leucocytes and streptococci are as a rule more numerous 
in the milk of diseased than in that of healthy cows. 

3. N o satisfactory method has been devised for distinguishing 
the pathogenic from the non-pathogenic streptococci in milk. 
Their significance is therefore a matter of further study. 

Tubercle Bacilli in M i l k . — T h e following figures will show 
the frequency with which Tubercle bacilh have been found in 
milk in English and American cities : — 

Cities. No. of Samples 
Examined. 

Percentage 
containing 

T'lbercle 
Bacilli. 

Investigator 
or 

Autliority, 

London ( 1908 ) . . 11 .6 William G. Savage. 

Manchester ( 1908 ) 8 . 28 William G. Savage. 

New York ( 1910 ) 107 16 .0 Hess. 

Chicago ( 1910 ) . . 144 10 .5 Tonney. 

Washington ( 1906 ) 233 6 .7 Anderson. 

1 Miller, Wm. W. : " The sisnificance of Leucocytes and Streptococci in milk." Hyg. Lab 
Bun, No. .i6. March 1&09. Washington, U.S.A. 
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Are tubercle bacilli conveyed by milk in India? A systematic 
examination of B o m b a y milk for B. Tuberculosis was made b y 
the author during four years (1910—1913 inclusive). The total 
number of the samples examined was 741. Forty-eight samples, 
or 6 . 4 7 per cent. , showed the presence of acid-fast bacilli, but in 
not a single sample tubercle bacilli could be demonstrated by animal 
experiments. These results h a v e been confirmed independently 
b y those at the B o m b a y Bacteriological Laboratory , Parel, where 
100 samples of c o w s ' milk were recently examined for tubercle 
bacilli, but in no instance did ihe guinea-pigs develop tuberculosis. 
Further investigation in other cities of India is necessary before 
drawing final conclusions, but so far as our present knowledge 
goes, it m a y be concluded that in India, tubercle bacilli are 
rarely, if at all, conveyed by milk. 

The value o l bacteriological examination of milk in India 
cannot be denied in the light of the foregoing results. Chemical 
examinat ion is n o doubt important , as it gives us information 
as t o whether a sample of milk is genuine or not , that is 
whether it is " watered " or deficient in fat, etc . If clean and 
pure water b e added, it wou ld not be directly injurious t o health. 
If, however, a sample of milk shows a very high count of bacteria, 
most of which are of faecal origin, or the presence of a pathogenic 
microbe , ( h k e cholera yr t ypho id ) , then its bearing upon the 
publ i c health is quite obv ious . Again, a sample of milk m a y 
be quite genuine f rom a chemical point of view, b u t very 
ob jec t ionab le f rom a bacteriological s tandpoint . T h e fol lowing 
t w o samples, (A and B ) , m a y be cited t o illustrate this p o i n t : — 

Sami-Ies. Chemical Examinaiion, Bacleriologicai 

jpec : Grav:l Total 
a t e o o F. j Solids % 

Fat 
% 

Non-fatty 
Solids °/o 

Microbes per 
c .c . 

Lactose fer
menters pre

sent in 

' A ' . . 
1 

1030 j 17-14 6-5 10 -64 47.100,000 OOOOOOlc.c. 
and more 

• B ' . . 1026 j 15-44 6-4 9-04 52,850,000 0-OOOOOlc.c. 
and more. 

1 1 
{B. coli present 

in both.) 

B o t h the samples are genuine from a chemical noint of 
v iew. Bacteriological examination shows, however, a very high 
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count , the presence of lactose fermenters in 0.000001c.c. and more , 
and the presence of B. Coli c ommunis . Surely such samples 
cannot be considered harmless specially for the tender gastro
intestinal mucous membrane of an infant. 

In a routine bacteriological examination of milk in India 
it would be necessary to adopt only the following procedure ; — 

L Microscopic examination of the centrifugahsed sediment, 
especially for leucocytes, pus cells and streptococci . 

2. N u m b e r of microbes per c . c . (count o n Agar plates.) 
3. Lactose fermenters in different dilutions, and 
4. Examinat ion for B. Coli communis and B. Enteritides 

sporogenes. 
Dr. Eastwood in his Report to the Local Government Board 

(1909) on American JVletJjods^ emphasises the great importance 
of bacteriological examination of milk in the interests of publ ic 
health. A knowledge of the bacterial content of milk is very 
useful in the control of the milk supply of a city, Dr, Eas twood 
says that " the results already obtained in America b y the use 
of bacteriological methods are wor thy of admirat ion . " T h e 
following example from a Philadelphia report is quoted b y h im 
to illustrate the prompt efficacy of the microscopic e.vamination 
of milk. " Recent ly a child was made sick b y the use of milk ; 
the sample, which was sent to the I ,aboratory, was found to c o n 
tain pus and streptococci in large numbers . The dairyman was 
notified, his herd inspected and the infected cows excluded within 
six h o u r s . " The results achieved b y Dr. Goler, Health Officer 
of Rochester, N. Y . , in the improvement of the milk supply of that 
city, are also worth mentioning. The City of Rochester , N.Y. , 
has a population of 200,000 who use 70,000 quarts of milk daily. 
" Every year bacterial counts of 1,000 samples are made ; fifty 
per cent, of these n o w yield less than 100,000 bacteria per c.c. 
Dr . Goler is a strong believer in the value of the bacterial count , 
and considers that the reduction which he has effected in the 
bacterial content of Rochester milk is one of the causes which 
have brought about a diminution o f infantile m o r t a h t y . " D r . 
Eastwood concludes, " routine bacteriological examinations of 
samples for the guidance of the milk inspection service are 
valuable and should be adopted . T h e y afford the most reliable, 
the cheapest, and often the quickest means of discovering when 

1 (Ne iv Series No. J ) Dr. Eastimocl's Repo't to Ike Local Government Board on 
" American Methods for the Control and Jmprovement oi the Milk Supply," 1909, page 60, 



B A C T E R I O L O G I C A L E X A M I N A T I O N . 71 

B A C T E R I A L S T A N D A R D S . 

The first attempt t o adopt a bacterial standard was made b y 
l l i e N e w Y o r k Board of Health in 1900. Accord ing t o this, n o 
milk was allowed to be sold in New Y o r k which contained over 
1,000,000 bacteria per c.c. This standard was considerably 
modified later on. Boston has a legal standard of 500,000 microbes 
per c.c. Accord ing t o Rosenau the number of bacteria per c .c . 
in clean milk should never exceed 100,000. It must be remembered 
that condit ions in America are quite different from those obtained 
in India, and if a standard is to be adopted in India, it would 
have t o be done with due regard to the various factors which affect 
the bacterial content of milk here. T h e most important of these 
are, (1) the local condit ions of collection and distribution of 
milk, (2) the temperature at which the milk is held, and (3) the t ime 
elapsing between the collection of the milk and its consumption. 

TTiilk has been improperly handled. The practical importance 
of the work is well put b y Rosenau : ' The activities of o u r 
health officer were at first directed almost exclusively t o the pre 
vention of sophistication of milk, detected b y chemical methods , 
t o the neglect o f the valuable inlormation obtained f rom bacterial 
examination. The addition of water to milk and the extraction 
of cream are fraudulent practices, but, as a rule, have only a 
secondary bearing upon the publ ic health. T h e bacteriological 
examination o f milk gives us a clue to the cleanliness of the 
methods employed , the temperature and the age of the milk. The 
health officer w h o has the advantage of bacteriological assistance 
k n o w s that the milk of dairies containing excessive numbers of 
bacteria is dirty , old, or warm. W i t h a bacteriological count 
as a guide it is comparat ive ly easy to determine the cause of the 
"trouble and to institute proper means to correct it. The enumera
t ion of bacteria in milk is, therefore, one of the readiest and cheap
est methods at the disposal o f health officers t o determine 
the general sanitary quality of the market milk supply . T h e 
Laboratory results serve not only as a guide to direct the efforts 
of the health officer, but confirm the conclusions arrived at from 
an inspection of the dairies and dairy farms. ' I consider that 
Rosenau 's statements are fully justified by what has already been 
a c c o m p h s h e d in .America." 



72 B A C T E R I A L S T A N D A R D S . 

c.c. 
c.c. 

c.c. 
c.c. 

A bacterial standard should not consist merely of t h e 
min imum number of microbes per c.c. The kind of bacteria 
in milk are even more important than the number, and this must 
be taken into consideration in fixing the standards. There 
are many difficulties in the w a y of adopting numerical bacterial 
standards, and at the present stage of our knowledge it is ques
tionable whether such a standard should be fixed for legal purposes. 
Bacterial standards for milk in India would be, however, very 
useful as guides for administrative purposes, Further research is 
necessary before fixing any such permanent standards. In the 
meantime, in the l ight of the results obtained in B o m b a y , the 
following standard for pure milk is suggested as a provisional 
measure for B o m b a y City. 

1. Microbes per c.c.—The total number of microbes per c .c . 
should not exceed t w o millions during the co ld weather 
(November to March) and five millions during the hot and rainy 
seasons (April t o October) . 

2. Lactose Fermenters.—These should b e absent in at least 
1 c .c . o f the sample, if it is taken with strict sanitary precautions. 

[a] During the cold season {November to March) the sample 
is of— 

Pure milk, if lactose fermenters are absent ir\ 1 c.c. 
Goad ,, ,, ,. , . 0 . 1 c.c. 
Pair ,, ,, ,, ,, 0 .01 c.c. 
Unsatis

factory ,, ,, ,, preaetit 0.01 c.c. 
Bad ,, ,, ,, 0 .001 c.c. 
Contami
nated ,. ., ,, ,, 0 .0001 c c . 
Highly-
contami
nated ,, ., ,, 0 .00001 c.c. and less. 
(6) During the hot weather and Monsoon {April to October.) — 

Pure milk, if lactose fermenters are absent in 0 .1 c.c. 
Good ., ,, ,, ,, 0 .01 
Pair ., ,, ,, ,, 0 .001 
Unsalis-

factory ,. ,, ,, present 0.001 
Bad ,, ,, ,, ,, 0 ,0001 
Contami
nated .. ,, „ ,, 0.00001 c.c. 
Highly-
contami
nated .. ,, ., ,, 0 .000001 c.c. aad less. 
3. Microscopic examination of the centrifugalised sediment 

should show only a few leucocytes and perhaps a few cocci a n d 
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\. The principal factors affecting the bacterial content of milk 
are:— 

{a) Climatic influences—-temperature, humidi ty , etc . 
{b) Conditions relating to the milch cattle, e.g., the various 

diseases of the animals, their housing a n d 
tending, etc . 

(c) Conditions to be ascribed to the producers, dealers, 
and vendors of milk, e.g., insanitary habits of 
life, ob ject ionable methods of milking and of 
storing and transporting milk, c ommunicab le 
diseases of the mi lkmen, e.g., Tuberculosis , 
Typho id , Cholera, etc. 

2. Four classes of milk samples were examined bacter io lo -
gically in B o m b a y : — 

C L A S S I. Samples taken from healthy cows and buffaloes 
which were specially brought t o the Municipal Laboratory . These 
were col lected under the strictest personal supervision a n d 
examined immediate ly after col lect ion. 

C L A S S I I . Samples col lected in sterile bottles b y the 
Veterinar} ' Inspectors with ordinary precautions and examined 
three or four hours after collection. 

C L A S S I I I . Samples b o u g h t at r a n d o m f rom var ious sources 
in the City from cattle stables, dairies, railway stations, mi lk -
shops, individual vendors and hawkers. This represents the 
ordinary market milk of B o m b a y . 

C L A S S IV . Samples of pasteurised milk obtained from the 
Government Military Dairy , B o m b a y . 

3. The milk samples were examined as fol lows : — 
Enumerat ion of microbes per c.c. 
Lac tose fermenters in dilutions of 1:10 to 1: 1,000,000. 
Microscopic examination of the centrifugalised sediment 

including search for leucocytes , pus cells, streptococci and s t a p h y -

bacilli, but pus cells and (pathogenic) streptococci should b e 
absent. There should be no leucocytosis , especially of the 
po lymorphonuclear variety. 

4. Pathogenic microbes, e.g.. Tubercle bacilli. Cholera Vibrio, . 
B. Typhosus , etc . , must be alwavs absent. 
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lococc i . Examinat ion for Tubercle bacilli including animal e x 
periments. Cultural and other tests for B. Typhosus , Cholera 
Vibrio , B. Coli communis and B. Enteritides sporogenes. 

4. In samples of Class I, the results obtained were almost 
ideal. The average number of microbes was 396 per c.c. ; lactose 

:fermenters were absent in 1 c.c. and less of milk, and the examina
tion for pathogenic microbes was negative in all cases. 

5 . Sixty-eight samples of Class I I were examined with the 
fol lowing results : — 

{a) Microbes per c.c. (average of 68 samples) were 17 
mil l ions. 

(b) Lactose fermenters : only four samples or 5 . 9 per cent . 
showed their presence in a dilution of one in a 
million. 

(c) Streptococci were detected only in two samples. 
(d) B. Coli was detected in 24 samples, or in about 35 

per cent. 
{e) Examinat ion for other microbes was negative. 

These results compare favourably with those obtained in 
Class I I I . 

6. 240 samples of Class I I I were examined with the fo l 
lowing results : — 

[a) Microbes per c.c-—The average was about 36 mil
lions. 

(6) Lactose fermenters.—In 7 5 . 8 p e r c e n t , samples they 
were present in a dilution of one in a million. 

(e) Streptococci were detected in 11 .7 per cent. 
{d) B. Coli was present in 9 3 . 7 per cent. Other microbes 

were absent. These results are extremely b a d 
when compared with those of Class I I . 

7. 118 samples of Class I V were examined with the following 
results : — 

(a) Microbes per c.c.—The average was about 13 millions 
in the first series, and 7 millions in the second 
series. 

(b) Lactose Fermenters.—In 6 3 . 5 per cent, of the 
samples examined they were present in a 
dilution of 1:100,000, and in 9 6 . 6 per cent, in a 
dilution of 1:10,000. 

(c) B. Coli, B. Enteritides sporogenes. and Streptococci 
were absent. 
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8. These widely different results of the bacteriological 
examinat ion are mainly dependent on (a) the different conditions of 
collection and distribution of the milk samples, {b) the time elapsing 
between milking and examination of the samples at the Labora 
tory , and (c) the temperature at which the milk samples were he ld , 

9. The favourable results obtained in samples of Class I 
f rom a bacterial standpoint s h o w that it is quite possible to get 
the purest milk in Bombay, p rov ided that proper precautions are 
taken regarding milking, e t c . 

10. The results of bacteriological examination of samples 
of Class I I indicate that even with ordinary precautions , a great 
deal o f the ob ject ionable contaminat ion of milk can be avo ided . 

11. A s regards the results obtained in samples of Class I I I , 
it is quite evident that this means a very high degree of 
manurial and other undesirable pollution of the Bombay milk supply. 
This series included se\-eral samples of milk which were quite 
genuine as regards their chemical compos i t ion , being free f r o m 
adulteration with w a t e r ; but a bacteriological examination 
revealed much contamination with c ow-dung and other dirt . 

12. The comparat ive ly favourable bacterial results ob ta ined 
in samples of milk which were pasteurised and then kept constant ly 
a t a temperature under 50° F, demonstrate the advantages of 
pasteurised milk over raw milk, 

13- As regards Tuberculosis, out of 741 samples of mi lk 
examined during four years not a single sample showed the 
presence of tubercle bacilh". These results ha\-e been since 
conf irmed independently at the B o m b a y Bacteriological Labora 
tory , Parel. It m a y be concluded that so far as our present 
knowledge goes. Tuberculosis is rarely, if at all, conveyed by milk 
in India. 

14. The ordinary physical tests used for the determinat ion 
of dirt in miik {e.g., filtration, sedimentation) are not reliable. 
The amount and quality of the dirt present can be ascertained only 
hy microscopic and bacteriological examinations. T h e bacterial 
content of the milk is an index of the cleanliness of the methods 
employed in the handling of milk. 

15. The a b o v e investigation has demonstrated the practi
cal importance of the bacteriological examination of milk in India. 
It cannot be denied that much valuable information can b e 
obtained from a bacteriological examination of milk. 
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16. As regards bacterial standards for milk, it m a y not be 
considered desirable at present to adopt them for legal purposes , 
but undoubtedly they would be very useful as guides for adminis
trative purposes. Besides, the present bacteriological investigation 
is probably the first one of its kind in India and further research 
would be necessary in other parts of the country before a definite 
standard can be arrived at. In the meantime it is suggested that 
in the light of the results obtained in B o m b a y the standard 
proposed above should be adopted as a provisional measure for 
B o m b a y City. 

17. In a routine bacterio logical examination of milk in 
Indian cities it is not ordinarily necessary to search for 
pathogenic microbes , e. g., Tubercle bacill i , B. Typhosus and 
Cholera Vibrio. The only procedure that is needed is a mic ros 
cop ic examination of the sediment, the bacterial count , an 
enumeration of the lactose fermenters and the detection of 
B . Coli. 



C H A P T E R V . 

L O C A L C O N D I T I O N S , D I S E A S E S O F M I L C H C A T T L E 

A N D O T H E R F A C T O R S A F F E C T I N G T H E C O M P O S I T I O N , 

C H A R A C T E R , A N D P U R I T Y O F M I L K IN B O M B A Y 

A N D O T H E R I N D I A N C I T I E S . 

There are numerous factors which influence the physical 
character, chemical compos i t i on a n d bacterial content of milk 
in India , and which must be a lways borne in mind while attempting 
t o interpret the results of chemical and of bacteriological exa 
minat ion . Many of these h a v e been already mentioned in the 
foregoing chapters . The principal factors m a y be classified as 
fol lows : — 

(1) Climatic influences, e.g., seasonal and daily variations, 
the effects of weather condit ions, etc . 

( 2 ) Conditions relating to the milch cat t l e :— 
(a) Heredi ty and breed ; {b) food ; (c) housing, tending, 

e t c . ; (d) a g e ; {c) period of l a c t a t i o n ; { / ) 
diseases of the mi l ch cattle. 

(3) Conditions ascribed to the Gowlees and other milk 
dea lers :— 

(a) Customs and habits, e.g., methods of milking, e t c . ; 
(b) Communicable diseases, e.g., Tuberculosis, etc . , of 

the milk dealers themselves. 
(4) Miscel laneous factors contributing towards contamina

t ion of the milk supply during its collection, storage, transporta
t i o n , and distribution. 

( 5 ) Effects of heat, bacteria, enzymes, etc. 
(1) Climatic influences : — 

(a) The influence of season on the quantity of milk 
has been already considered in the previous chapters (q. v.) 

(b) The effect of weather conditions on the chemical 
c o m p o s i t i o n of mi lk .—This was studied in Poona b y Meggit 
and Mann.* Accord ing t o them, temperature and humidi ty 
have a slight influence on the compos i t ion of milk, prov ided that 

1 " Memoirs of the Departmeat of Agriculture io India, Chemical Series," Vol. I I , Nos. 1 and 
by A, A. Meggit, B . S c , and H. H . Mann, D. Sc. 
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green fodder is available throughout the year as at the Poona 
Government Dairy Farm. In the case of " G i r " a n d " Sind " 
cows, they found that the milk is remarkably constant in c o m 
position during the various seasons and that the richest milk 
(in fat) is reached in the latter part of the rainy season. In the 
case of buffaloes, they found that the richest milk is obtained in 
the cold weather and it declines in strength until the rains. 

Tlie following hgures are given for seasonal variations 
with regard to fat in buffalo milk ' : — 

f̂ô nillg milk 
(percentage of 

fat.) 
Evening milk 
(percentage of 

fat.) 

Cold Weather — 
1 

(November t o February) . . 7 . ( 6 8 .22 

Hot Weather-

6.94 7.81 

Rains.— 

(June to October ) . , 6 .86 7 .66 

Daily variations.—It has been found b y the same observers 
that there is always a difference in the relative composit ion of the 
morning and evening milk of cows as well as of buffaloes, the 
evening milk being always richer in fat than that of the morning. 
In the case of " Gir " and " Sind " cows a difference of nearly one 
per cent, was found between the morning milk and evening milk. 
On the other hand, J . Walter Leather f o u n d - in Pusa, in connec 
tion with the Saniwahl (or Montgomery} herd of cows, that the 
morning milk was usually richer than the evening. These 
apparently contrary results are probab ly due to different intervals 
between the times of milking, " m o r n i n g " and " e v e n i n g . " A t 
P o o n a the cows were milked between 2 a.m. and 4 a.m. (morning 
milk) , and again between 12 noon and 2 p .m. (evening milk) , the 
periods thus varying from 8 12 hours, while at Pusa a regular 
12-hour interval was allowed between t w o successive milkings. 
The difference m a y be also partly ascribed to the different 

1 Ibid, p . 201 , Vol. IS, No. 4. 
a "Memoirs o l the Department of Agriculture io India, Chemical Series," Vol . t i l , No . 6, 
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breeds of cows vs^hose milk was used for these observat ions , 
namely , " Gir " and " Sind " breeds in Poona , and " Saniwahl " 
or " Montgomery " breed in Pusa. 

In B o m b a y it has been found that in the rainy season there 
is usually a slight lowering in the percentage of total solids in milk. 
Th is is probab ly due t o the green and succulent fodder with wh i ch 
the milch cattle are fed during this t ime. Otherwise, weather 
condit ions as such do not appear to have any influence on the 
chemical compos i t ion of milk. I have failed t o trace any definite 
connect ion between the variations in the composi t ion of B o m b a y 
milk and the daily meteorological data. 

(c) The influence of weather conditions on the bacterial' 
content of milk.—Temperature and hmhidity are very important 
factors in the bacteriology of milk. The City of B o m b a y 
is situated on an island in IS^SS'N a n d 72°54 'E . T h e 
island is n o w permanently connected t o a larger island 
(Salsette) and the mainland b y means of causeways and bridges.. 
The cHmate of B o m b a y is warm and humid. The average m e a n 
annual temperature is 79 .6°F . , January being the coldest month 
with an average mean temperature of 73 ,9 ° , and May t h e 
warmest with an average mean temperature of 84.7'^. T h e 
average rainfall is 7 1 . 1 5 inches. 

The atmosphere of B o m b a y is usually moist , the lowest h u m i 
dity occurring towards the end of December and the highest about 
the middle of July . During the twenty-one months in which a 
special bacteriological examination was undertaken in B o m b a y , 
the average mean temperature was 8 1 . 4 ° F , the average m a x i m u m 
being 8 6 . 8 ^ and the average minimum being 7 6 . 0 ° . The average-
humid i ty was 0 ,764 (complete saturation = l .000) . The total 
rainfall during the period was 152 .58 inches. It has been found 
that the majoritv of bacteria met with in milk grow best at about 
25°C. to 3 5 X . (or 77°F. to 95°F. ) . At lower temperatures. ( 1 5 X . 
and be lou ) , they mult iply very little. At higher temperatures 
different bacteria have their different thermal dralh points (vide 
figure on page 63 ) . It will be seen that the atmospher ic 
temperature in B o m b a y corresponds very closely t o the most 
favourable temperature for bacterial growth in milk. T h i s 
accounts at least partially for the high counts obtained dur ing 
the hot season. May is the hottest month in B o m b a y ; the 
average mean temperature during M a y 1913 was 8 6 . 5 ^ . , be ing 
the highest during the year. The average count (microbes 
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per c.c.) of thirty samples of milk examined during this month was 
•over 63 millions, the highest on our records. On the other hand, 
during February, 1914, when the average mean temperature was 
lowest, namely 76°F.. the average count in twenty-four samples 
was about 25 millions of microbes per c.c. As regards humidity, the 
highest point was reached in July 1914 (0.864), while the lowest 
(0.661) was found in November and December 1914. The cor
responding counts, however, do not show such a great difference 
as in the case of temperature. Temperature seems to be of 
greater importance than humidity, although it would appear 
that high temperature with high humidity would be most favour-
.able for the growth of bacteria in milk, (vide results obtained in 
•Chapter IV). The weather particulars of 21 months during 
which milk was examined in Bombay are given below^ :— 

TerapcraCure in Fafir. Scale. 

M a x i m u m . M i n i m u m . A v e r a g e . 

I 
H u m i d i t y 
c o m p l e t e 

s a t u r a t i o n 
— 1.000. 

R a i n f a l l 
in 

i n c h e s . 
R e m a r k s . 

1913. 
April 

'May 
June 
July 
August . . 
September . 
O c t o b e r . . 
N o v e m b e r , 
D e c e m b e r . 

1914. 
January . . 
February . 
March 
Apr i l 
M a y 
June 
July 
A u g u s t . . 
September . 

O c t o b e r . . 
N o v e m b e r . 
D e c e m b e r . 

8 8 . 9 
9 2 . 0 
8 7 . 6 
8 4 . 6 
8 4 . 9 
8 5 . 4 
8 8 . 4 
8 6 . 9 
8 3 . 5 

8 4 . 3 
S 3 . 0 
8 4 . 6 
8 8 . 0 
9 2 . 0 
8 9 . S 
8 4 . 8 
8 4 . 5 
8 5 . 6 
9 0 . 9 
9 0 . 0 
8 5 . 1 

Average 
of 21 

months . 
8 6 . 8 

7 6 . 8 
8 1 . 4 
7 9 . 8 
7 4 . 5 
7 7 . 8 
7 7 . 0 
7 7 . 1 
7 3 . 1 
6 9 . 8 

6 9 . 7 
6 9 . S 
7 2 . 0 
7 6 . 3 
8 1 . 9 
8 0 . 7 
7 8 . 7 
7 7 . 6 
7 8 . 1 
7 8 . 6 
7 6 . 3 
7 0 . 2 

8 2 , 7 
8 6 . 5 
8 3 . 7 
8 1 . 5 
8 1 . 4 
8 1 . 2 
8 2 . 7 
7 9 . 8 
7 6 . 6 

7 7 . 0 
7 6 . 0 
7 8 . 0 
8 2 . 0 
8 6 . 5 
8 5 . 0 
8 2 . 0 
8 1 . 2 
8 1 . 5 
8 4 . 4 
8 2 . 7 
7 7 . 4 

0 .761 
0 . 7 2 3 
0 , 8 2 2 
0 .864 
0 . S I 5 
0 .827 
0 . 7 8 5 
0 .697 
0 .701 

0 .679 
0 .684 
0 . 7 8 4 
0 .747 
0 , 7 3 5 
0 . 8 0 2 
0 . 8 6 6 
0 . 8 5 6 
0 . 8 5 0 
0 , 7 2 6 
0 . 6 6 1 
0 .661 

7 6 . 0 8 1 . 4 0 .764 

0 . 0 0 
0 . 0 0 

25 .81 
3 3 . 5 8 

3 . 4 7 
5 , 7 5 
2 . 3 5 
0 - 0 0 
0 -00 

0 . 0 0 
0 . 0 8 
0 . 0 0 
0 .07 
0 . 0 0 

16 ,69 
3 1 . 1 2 
12 .44 
2 1 . 0 3 

0 . 0 1 
0 . 1 8 
0 . 0 0 

Monthly aver
ages of t empe 
rature. B a r o 
meter H u m i 
d i ty , W e t Bulb 
TJiermome t e r 

y are derived 
j from observa-
l t ions t a k e n 

at 6 a.m., 10 
a.m., 2 p . m . . 
4 p .m. , and 
10 p .m. , dai ly . 

7 . 26 ' 

> T h e s e figuicswere k i n d l y suppUed h y D r N A F Mf,r,c 
t o r y C o l a b a . ^ ^ ' ' ^ ' o t tht; G o v c r u r a f n t O b s e r v a -

" T o t a l ra in fa l l d u r i n g 21 m o n U i s w a s 152 .58 inches . 
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1 Jour, of Dairying, Vol . I, Part 3, p. 219. 
a Memoirs o i the Department of Aericullure in India," Vol. I I , No, i , pp . 33 and 35. 

(2) Conditions relating to the Milcli Cattle. 
(a) Breed and Heredity.—The influence of breed has 

been part ly discussed in the previous Chapters. According t o 
the quantity of milk produced the leading breeds of buffaloes 
are Delhi and Jaffrabadi, while the best c ows are Saniwahl, 
Hansi, Sindhi, and Gir. The Deccani breeds of both buffaloes 
a n d cows are poor milkers. As regards quality, it has been 
found that (both in B o m b a y and Poona) the milk of Surti 
buffaloes is richer in fat than that of any other local breed. 
iVfeggit and Jlann found tliat Surti buffaloes gave nearly one 
per cent, more fat in their milk than d id the whole herd at the 
P o o n a Civil Dairy. As regards cows, it has been already 
ment ioned that the Sindhi and Gir cows yield a higher amount 
of fat than the other breeds. The half-bred animals from Sindhi 
c ows and Ayrshire bufls yield the largest amount of milk in this 
country , although the percentage of fat is low. 

Accord ing to Ctous fon ' the best breed of buffalo in India 
is the Delhi. Given the same ration as a bufifalo o f the local 
breed (Central Provinces) , a Delhi buffalo will g ive one-fourth 
more mdk. 

T h e influence of heredity in individual families and animals 
is also important . There seems to be a decided influence from 
the male parent as well as the female. This is why breeders 
jx 'conimend the breeding of good milch cows on ly to such bulls 
of the same breed whose mothers and sisters were or are knowJi 
t o be good milkers. In the same breed, great variations are found 
in the composi t ion of milk of individual animals. This has been 
shown particularly in the case of Gir and Sindhi c ows . * This is 
probab ly due to the fact that most of the breeds of Indian cows 
liave not undergone any selection for generations. 

{b) F o o d . — I t is a matter of c o m m o n experience that catt le 
fed o n food rich in proteids and fats will yield milk o f a superior 
quahty , particularly with regard to fat. This is w h y cotton-seed, 
" chuni " (husk of Cajanm Indicus), and oil cakes form a part 
of the daily ration of the milch cattle in B o m b a y . Animals fed 
only on green and succulent fodder yield milk which is rather 
poor in fat and total soHds. but the total quantity is appreciably 
increased. The kind of f o o d g iven seems t o influence the chemical 
•composition of the milk t o a greater extent than even the breed 
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of the animal. Take for instance a fine Sindhi cow witli fult 
udders and feed it on food poor in fat and nitrogenous matter ; 
the milk will remain poor in quality in spite of the good breed. 

The approximate daily feed of milch cattle in Bombay i i s 
given below:— 

Chuni (Hutk 
oi "Cajanus 

laAicus") 
Cotton seed. Bajti. Husk of 

Toor Dal. 
Wheat 
Bian. Oil Cake. Hay. 

Co ivs 
B u f f a l o e s . 

l b s . 
4 -5 
5 -10 

l b s . 
U - 2 
2"-4 

l b . 
\ 
1 

l b s . 
4 J - 8 
5 i - l l 

Rice chaff 
3 — 5 

l b s . 

^ t o 3 t 

l b s . 
\-\ 
i - 3 

l b s . 
10 to 1 5 

1 0 - 1 8 

ration varies from 5 to 111 per cent, according to the kind and 
amount of feed. Mr. Frost, the Hon. Secretary of the Dairy 
Education Association, Poona, mentions the following feed which 
is usually given in three classes by the best dairy farmers : — 

\st class.—2 lbs. bran, 2 lbs. oil meal, 2 lbs. gram, 1 0 lbs., 
cotton-seed hulls, 20 lbs. dry fodder or 50 lbs. of green maize and 
sorghum stalks, good hay and " bhoosa " being the chief. 

2nd class.—2 lbs. bran, 2 lbs. oil meal, no gram, remainder 
thp same as Class I. 

3rd class.—1 lb. bran, 2 lbs. oil meal, no gram, 5 lbs. hulls,, 
fodder same. 

The following statement shows the daily ration issued to milch 
cattle on the Government Military Dairy Farm at Peshawar:— 

Daily ration for cows {Saniwahl breed):— 

Grain and Fodder. Quantity 
in lbs. 

AUnitnmoiis, 

Coinposition, 

Carboh y-
rates. 

Fat. 

G r a m . . . . ' . . 4 . 7 2 2 . 3 1 .21 
4 . 5 2 2 . 3 3 . 1 4 

M u s t a r d - O i l c a k e . . 2 . 6 5 . 6 0 . 1 6 
'• B h o o s a " ( W h e a t 

. 1 6 

a n d B a r l e y . ) 
D r y " C h u r r i " ( Mi l 

10 . 10 3 . 7 9 . 0 9 a n d B a r l e y . ) 
D r y " C h u r r i " ( Mi l 

l e t ) 4 . 1 7 2 . 0 4 . 0 4 
" K h a s i l " ( B a r l e y K . 2 5 . 5 4 1 .91 . 1 0 
S a l t U o z . 

• T o t a l . . 2 . 7 0 , 1 2 . 9 8 . 7 4 

Remarks. 

A l b u m e n o l d 
r a t i o f o r 

y c o w s ' r a t i o n , 
1 : 5-4 

^ This is the ;iveriige tiikeu f r o m the figures suppl ied h y the Chief Veter inary Inspector 
B o m b a y . 
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Daily ration for buffaloes :~ 

8 S 

Grain and Fodder. Quantity 
in pounds. 

Composition. 
Reiaarks. Grain and Fodder. Quantity 

in pounds. 
Albiimenoids. Carbo-

hydraUs. Fat. 
Reiaarks. 

Bran . . 
Mustard-Oil Cake . . 
" Bhoosa " ( Wheat 

aad Barley ) 
" C l i u r r i " ( M i U e t ) . . 
" Khasil " ( Barley). 
Salt 

4 
4 
2 

10 
5 

30 
H Ozs. 

.72 

.52 

.65 

.10 

.21 

.64 

2 .31 
2 . 3 3 

.60 

3 .79 
2 . 5 5 
2 .36 

.21 

.14 

.16 

.09 

.05 

.12 

1 

A l bumenoid 
I ratio for buf-
ffaloes' ration, 

1 ; 5 . 5 . 

J 
Total . . . . 1 2 .84 13 94 .77 

On the above rations the c ows yielded from 3 . 8 to 4 . 7 
per cent . fat. and the buffaloes from 5 . 9 t o 7 . 5 per cent. fat . 
The non- fat ty solids did not show much variation. The quest ion 
of Feeding Standards will be discussed in Chapter V I I (q .v . ) . 

(c) Hous ing , tending, etc . , ot the milch cat t le .—The 
milch cattle in India are kept in stables or sheds which 
are usually put u p in any w a y with entire disregard t o sanitary-
requirements. A typical catt le stable in B o m b a y has been de 
scribed on page 24. The close prox imi ty of the cattle stables 
t o human dwellings, the inadequate provision for the speedy 
disposal o f stable refuse a n d cow-dung , the lack of ventilation 
and of sufficient light and the defective supply of water, etc . , 
are some of the main factors which are responsible for the po l lu 
tion of the milk supply . The insanitary condit ion of the milch 
cattle stables has a direct bearing on the bacterial content o f 
milk, as has been shown in Chapter IV . Proper tending of the 
animals has an important bearing on the amount of milk produced . 
F o r instance, it has been found that in large commercia l dairies 
there is a tendency for the yield of animals t o fall off gradual ly 
due t o careless tending. 

{d) A g e . — T h e best age for Indian milch cattle for the 
m a x i m u m yield of milk is f rom five t o eight years. There is 
very little change in the quality of milk until the animals begin 
t o s h o w senile decay , when the milk gets poorer as the animal 
gets aged. 
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> Meggit sad Mannj "Memoirs of the Depatlnient of Agriculture in India " Vol. 11 No l 
p . 3 8 ; Vol. I I , No. 4, p. Til. , , >, 

(e) Period of lactation or time of ca lv ing .—The length 
of the lactation period varies a great deal in different animals 
a n d sometimes even with the same animal. It is a c o m m o n 
observation that from the time of calving to the t ime of " dry ing 
u p , " that is during the period of lactation, there is a definite 
relationship between the yield and the composit ion of milk, 
namely, that as the quantity diminishes the richness of milk 
increases proportionately. Thus, it has been observed at a 
Government dairy farm in North India that the milk is largest in 
amount and poorest in qual ity just after calving. It gradually 
gets richer as the lactation period advances and the quantity 
diminishes. The experience of other observers seems to be some
what different. It has been observed in Poona, for instance, 
that in some breeds, such as Sindhi cows, there is a tendency to 
an increase in the fat content of the milk as the lactation pro
gresses. On the other hand, in the case of Gir c ows and the 
Surti buffaloes there seems little relationship between the c o m 
position of milk of individual animals and the yield, except that 
the milk becomes slightly richer at the end of the period of lacta
tion.^ 

{ / ) Diseases of the milch cattle .—The commonest diseases 
prevalent in Indian milch cattle are Foot-and-Mouth Disease 
.and Rinderpest. Then there are diseases of the udder, such as the 
different varieties of Mastitis which aft'ect the qual ity of milk. 

Foot-and-Mouih Disease usually visits every herd in India 
about once a year, but owing t o its frequency it is remarkably 
mild. It is not so fatal in India as it is in Europe . Imported 
s tock suffer very much and many succumb. It appears mostly 
amongst young stock. Milch cattle suffering from this disease 
usually dry off completely , the milk gradually coming b a c k after 
recovery. Foo t -and -mouth disease is known to be conveyed t o 
man through the milk. 

Rinderpest is the disease most feared, and many farms are 
visited with an epidemic once a year, more or less ; others escape 
ior three or four years. In Northern India it is reported t o appear 
every second year with great regularity. There is usually a cessa
tion of milk in cattle suffering f r o m Rinderpest , and in severe 
cases the milk m a y not return t o the normal for a year after 
recovery. 
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Mastitis [Mammiiis or Garget) is a c o m m o n complaint in 
Indian cattle. In the severe forms there is a g o o d deal of harm 
done t o the udders ; in some cases the affected cows have been 
known to lose an entire quarter or even t w o quarters. The milk 
from the affected quarter appears watery and there m a y be a 
change in the co lor (yel low to l ight brownish) . A microscopic 
examination of the sediment usually shows leucocytosis , pus cells 
and streptococci . Such milk has a salty bitter taste. T h e chemi 
cal analysis usually indicates a marked decrease in the amount 
of total solids, particularly in the amount of fat. T h e milk-sugar 
is also considerably diminished. There is a shght increase in 
the amount of proteids. The specific gravi ty in most cases is 
low. On the whole the changes in the chemical compos i t ion 
suggest adulteration with water. 

Piroplasmosis is generally fatal to all Enghsh stock unless 
protected b y serum. The country s tock are usually immune . 

Anthrax.—During the course of this disease the secretion 
of milk falls off suddenly. Accord ing t o M o n a t y k o w s / the 
percentage of sugar and fat is increased and the albumen decreased. 
Accord ing t o the investigations of Jensen and others, the milk 
of c o w s affected with Anthrax very frequently contains virulent 
bacilli. Hence the milk of such animals m a y be considered 
dangerous t o health. 

Bovine Tuberculosis There are on ly a few statistics 
available wi th regard t o the prevalence of tuberculosis in Indian 
milch catt le . 

A brief investigation regarding bovine tuberculosis was 
made in B o m b a y in 1 9 U . The Tuberculin test was tried in the 
case of several cows and buffaloes b y the Veterinary staff o f the 
Publ i c Health Department , B o m b a y , and reported on b y the 
Health Officer. ^ Accord ing to this report , five cows gave the 
react ion, but when reinoculated with Tubercul in on ly one animal 
responded. The fol lowing table gives the details o f these tests : — 

» JeiistH's Milk Hygiene, by Pearson. 1909, p. 90. 
- A report on hojB Tuberculosis is spread in India, b y Dr . J . A . Turner, M.B. , D .P .H. , 

Eiecuiivc- Health Officer, Bombay, 1911, Times Press, Bombay, pp . 23-28. 

[ T A B L E . 



S 6 BOVINE TUBERCULOSISi 
" Statement of Cows inoculated with Tuberculin for the second 

time as compared with first inoculation results." 

Description ol 
the Aninial. 

Date of iooculatioo 
aod re-inoculation 

Tempe-
tatuie 
before iaacula-
tion. 

Tempe
rature 
after 

Tempe
rature 
after 

Tempe
rature 
after 

Re. 
suit. Remarks. 

Tempe-
tatuie 
before iaacula-
tion. 13 hours. 15 hours. 17 hours. 

1 

W h i t e (A) 

»i • • 

Black . , 

It ' • 

R e d 

W h i t e (B) . 

I ron Grey. . 

13th July 1910 

30th Octr . 

I3th July 

,30th Ju ly 

26tli J u l y 

l30th Octr . 

J20th Octr . 

5th N o v r . 

20th Octr . 

5th N o v r . 

102° 

103 .8 ° 

101 .2 ° 

102 .8 ° 

101° 

1 0 2 . 8 ° 

1030 

103° 

103° 

102.8= 

8 
1 0 4 . 2 ° 
102° 

10 

14 
1 0 3 . 6 ° 
102" 

14 
103 .6 

1 0 2 . 2 ° 

10 
1 0 2 . 4 ° 

1 0 1 . 2 ° 

105 .4 ° 

1 0 3 . 2 ° 

1 0 4 . 2 ° 

1 0 2 . 8 ° 

104° 

1 0 1 . 6 ° 

14 

1 0 2 . 2 ° 

102< 

1 0 5 . 6 
1 0 I . 2 ° ' l 0 1 . 4 ° ; 

+ 

+ 

1 0 5 . 7 ° 

103° 

1 0 5 . 4 ° 

104° 

105 .6° : 
! 

I03 .4 ° i 

106" .1 

1 0 4 . 6 ° 

+ 

+ 

Out o f five 
cases, o n l y 
one case had 
reac t i on for 
the second 
t i m e which 
was n o t so 

. s t r o n g as at 
(the first 
! t ime . All 

the remain
ing f o u r 
cases had no 
reaction f o r 
t h e second 
t ime. 

"Statement of Buffaloes tested with Tuberculin at the milch 
cattle stable, No. 1-2, Forjett Street Cross Lane, on 28th 

September, 1910." 

Serial 
No. 

Temperature 
before 

inoculation. 
Temperature 

after 12 hours. 
Temperature 

after 15 hours. 

3 
4 5 6 
W 8 9 

1 0 2 . 4 ' 102 .4 ° 101 .4 ° 
102 .2 ° 102° 101 .4 ° 
102 .4° 102.2= 102° 
102° 102° 102 .2 ° 
103° 101 .8 ° 102° 
103° 101 .6° 10 J. 8° 
102.2*' 101 .2° 101 .6 ° 
101 .4 ° 101 .4° 101.4= 
102 ,4° 101.8° 103° 

Teraperature 
after 18 hours. Remarks, 

102 .2 ° 
102 .6 " 

103.6'^ 
102° 
102° 
101 ,6 " 
102 .8 ° 

T h e animal 
wou ld not 
allow the 
test , as it 
was mi lk 
ing t i m e . 
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During the course of this investigation thirty cows " l o o k 
i n g suspicious of Tuberculosis " were selected for examination. 
Tuberc le bacilli were found in the organs of only one animal that 
was brought for slaughter^ t o the Bandra Slaughter House . In 
a few suspected cases a post -mortem examination was made 
w i t h negative results. In the case of buffaloes the Tubercul in 
in ject ions always gave negative results. 

Several hundreds of samples of milk were examined b y the 
writer during a period of four years in B o m b a y , but tubercle 
bacilli were not detected in a single case. 

F r o m these investigations it is evident that Tuberculosis 
is extremely rare among cows in Bombay, it has never been found in 
buffaloes, and Tubercle bacilli have never been detected in Bombay 
milk. 

Mr. Donald , Manager, Government Military Dairy F a r m , 
Peshawar, reports that during seven years twelve cases of bov ine 
tuberculosis occurred in a herd of 300 cows. The diagnosis was 
m a d e b y clinical signs. Out of the twelve animals three reacted 
t o Tuberculin and were destroyed. Milk from these animals 
w a s not , unfortunately, examined for tubercle bacilli. 

A systematic investigation has been made recently b y Dr . 
A . Lankester, who has been specially deputed b y the Government 
•of India for tuberculosis inquiry. The following is a brief 
s u m m a r y of Dr . A . Lankester 's invest igat ion ' : — 

Bov ine tuberculosis has been found in Cawnpore and more 
recently in cattle at Ferozepore and at Simla. The cases f rom 
Ferozepore and Simla were examined b y Captain Ac t on , I .M.S., 
a n d Mr. G. Taylor of the Veterinary Department . T h e y 
were undoubtedly cases of tubercular disease—in every 
instance affecting the lymphat ic glands. One or t w o cases have 
also recently been reported from Lahore. 

As regards Madras, Dr . Nield Cook failed t o find a single 
case of tuberculosis out of m a n y thousands of carcases examined. 
Major T . S. Ross, I.M.S., when Health Officer in the same c i ty , 
also failed t o find any sign of tuberculosis in a single organ or any 
trace of external tubercle of the udder in a large number of c ows 
•examined in the cattle sheds. Dr . F. M. Gibson, Director, King 
Institute of Preventive Medicine, Madras, has never seen a case 

> Vide footnotp 2 on page 85. 
3 Dr. Arlbur Lankester, (on Special Daty ior Tuberculosis Inquiry, Governmcat of I n d i a ) 

in a personal commuDicaUon. 
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of bovine tuberculosis in India an*d has had no certain evidence^ 
that would lead him to believe that it exists in South India . 
Similar negative evidence has reached Dr . Lankester from Assam, 
Bihar and Orissa and f rom the Muktesar Veterinary Laboratory 
regarding the cattle of the K u m a o n Hills. Dr. Nield Cook was 
able to obtain evidence of 31 cases occurring amongst over 4,000 
cattle at the Bengal Veterinary College Hospital between 1893 
and 1903, and 21 cases between 1900 and 1902 amongst thousands 
of cattle at the Government Cattle Farm, Hissar, Punjab . It is, 
o f course, quite possible that these very exceptional cases occurring 
entirely in Northern India , where cattle and human beings are 
frequently crowded together in the same dweUings, m a y be the 
result of infection from human sources. The type of the organisms 
found in these cases has not yet been definitely established. As 
regards its prevalence in buffaloes and its transmission t o man. 
D r . Lankester says : — 

" The disease so far has been found only in cows . I have 
not heard of a single case in which tuberculosis has been found in 
buffaloes. 

" Tuberculosis in man has, I believe, never been directly 
traced in India t o tuberculosis in cattle. 

" I d o not believe that tubercle bacilli have ever been detected 
in any contaminated samples of milk. Your own examinations 
have been the most extensive of any that I have heard of in India 
into this mat ter . " 

The rarity of bov ine tuberculosis in this country m a y be 
partly ascribed t o the fact that, in India, cattle are usually al lowed 
to graze out in the open air and in the sunshine t o a greater 
extent than in Europe or in America. 

(3) Conditions ascribed to the Gowlees and other dealers 
of milk. 

{a) Customs and habits.—The average milkman in this 
country has no idea of cleanliness. He is entirely callous as t o 
whether the animals are properly scrubbed and washed before 
milking or not , or whether the vessels used for milking are clean 
or otherwise. H e is dirty about his o w n person and takes n o 
trouble to see that his hands are perfectly clean before milking. 
The method of milking in India is peculiar in many respects 
{see Plate X X I ) . The animals are milked in the same place where 
they are tethered. Milking time is usually the feeding t ime 
also, and, as a rule, the cattle will not give proper milk unless they 
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are fed at tfie same t ime. This is probably the result more o f 
habit than a characteristic o f Indian cattle. In B o m b a y , t h e 
animals are milked twice a d a y — b e t w e e n 2 and 4 a .m. . 
( " morning " milk) and between 12 noon and 1 p.m., (" evening " 
milk). It has been already pointed out that there is a slight 
difference in the composit ion and yield of mi lk—'morn ing ' and 
' evening. ' The period oj time elapsing between two milkings-
affects b o t h the yield as well as the percentage of fat. Leather 
found that when the intervals between the milkings are very 
unequal the quantity of milk given is usually greater and the 
fat percentage less after the longer period. On the other hand, 
when the intervals between the milkings are equal, the yield of 
milk and percentage of fat remam practically constant. These-
observations have been recently confirmed b y me in a series of 
milk samples examined from the same animals (buffaloes and 
cows) in a cattle stable in B o m b a y . Another custom which is 
almost universal in India is t o al low first the calf to have milk 
f rom its mother and then t o begin milking. T h e a m o u n t c o n 
sumed b y the calf being an unknown quantity, the figures usuall}-
obtained for the total yield of milk per d a y or per lactation a r e 
somewhat erroneous. Leather in 1911-1912 made very careful 
observations on this question in connect ion with the Saniwahl 
breed of cattle at Pusa^. He was able t o measure the yield 
accurately b y allowing the calf t o suck one half of the udder only , 
whilst the other half was entirely hand-milked. It was found that 
the calf actually t ook one-half of the total milk. 

There are many customs and beliefs prevalent among milk
men in this country . For instance, it is the c u s t o m in nearly 
every household t o have the milk heated o r bo i l ed before use. 
F r o m a bacterial point of view this is a very good cus tom. In 
connection with this, however , there is a ' r e l i g i ous ' belief that 
addition of water is necessary before heating the milk or else it 
would h a v e an untoward effect o n the health of the animal 
concerned I 

Milk is collected usually in brass vessels of different sizes, 
(Plates X X I I and X X I I l ) . It is rare to find the udders and flanks 
of the animals quite clean. The domest ic habits of most of the 
milkmen are proverbial ly dirty. Most of them live in c lose 
prox imi ty to the filthy cattle stables and are supremely deaf 
t o all laws of personal o r public hygiene. It is well k n o w n that 

1 " Memoiis of tbe DepartmiDt o( Aericuitiirc in India, CJiemicaf Series," Vol. I l l , No. 6. 
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•cowdung is used for various purposes in India. For instance, 
-the mud-floors of the dwelhngs are very frequently covered over 
with a thin layer of c owdung which is supposed t o g ive a clean 
appearance to the floor ! This is another possible source of 
pol lution. 

(b) Communicable diseases, e.g.. Tuberculosis of the milk 
dealers themselves. It is not u n c o m m o n to find a case of P u l m o 
n a r y Tuberculosis (Pthisis) among the milk dealers. A few such 
cases have been recently reported in B o m b a y b y Dr. C. Cout inho . i 
'Considering their habits of life, the ill-ventilated dwellings, the 
"Unhygienic surroundings, and the careless manner of handling 
milk, this is not at all surprising. In 1911 the author examined 
•271 samples of sputum for tubercle bacilli. These samples 
were collected from milch cattle stables, milk-shops, washing 
places for cows and buffaloes, and the roadside. Out of the 271 
samples examined, 33 contained tubercle bacilli , giving 12 per cent . 
for the infected sainples. There are m a n j ' possibilities of c o n -
"tamination of milk after it has been drawn. 

Other diseases such as Cholera, Epidemic Diarrhcea, T y p h o i d 
fever, Dysentery , Diphtheria, e t c , are l ikely t o be transmitted 
b y persons employed in the milk trade. Cholera and T y p h o i d 
" carriers " are b y n o means rare in India. 

(4) Miscellaneous Factors contributing towards the conta
mination o l the milk-supply during Us col lection, storage, transport 
and distribution. 

Many of these—particularly with regard to col lection and 
transport—have been already mentioned. After the milk has 
been collected under the very worst condit ions imaginable in a 
tfilthy stable from a dirty and sometimes diseased animal into 
.an unclean vessel b y a person with unwashed hands, and whose 
sneezing, coughing, spitting, and nose-blowing operations 
•contribute a further generous quo ta of undesirable and often 
pathogenic -microbes t o the milk, it is n o w transported through 
the insanitary and c rowded c i ty streets in a most pr imit ive 
manner. The milk-\'essels are ( l ) carried over the head or shoulders, 
(Plate X X I I ) , or (2) suspended from a pole (usually made o f 
b a m b o o ) b y means of strings and then slung across the shoulders 
(Plate X X I I I ) , or (3) conveyed in the slow suburban trains in 
1:he manner previously described, or (4) very rarely in milk cans 

1 Half.yearly Report ot the Medical Officer, King George V. .^nti-Tubercalosis League, 
Bombay , July J9I5. 
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» JamisoQ and Herly, Jour. PhysM, 1901. No, X X V I I , pp . 26-30. 
3 Retlger, Aiiier. ]onr. Physiol, 19UZ, .Mo. VII , pp . 325-330. 
' Rettger, Amer. Jour. Physiol, 1902. No . V I , p p . 450-457. 
* Frant. UU. iliick Zeit, 1903, p p . 32,354-355, 
" BniDo Bardacb. MonalshefU. 1897, pp . 18,199-216, 

with proper covers and c o n v e y e d b y a modern milk-waggon 
(Plate X X I V ) . After reaching the house of the consumer , the 
milk is measured out with a small measure (usually quarter of a 
s e e r = 6 o z s . ) which is not prov ided with a. handle. This is d ipped 
along with the dirty fingers into the large milk container every 
t ime that a certain amount of milk is to be measured out to the 
customer. Most of the dairies provide the milk vessel with a 
t a p at the lower end and a lock which secures the cover at the 
t o p . This arrangement is believed to prevent any tamper ing 
with the contents b y the milk vendor . Milk bott les are v e r y 
rarely used in India. The manner in which milk is c onveyed t o 
the c i ty f rom the suburbs has been already described in Chapter I I . 

The various sources of polliiiion may now be summarised :— 
(1) F r o m the udders and flanks of the animal. (2) F r o m 
Mastitis and other diseases of cattle. (3) Froju dirty hands and 
clothing of the milker. (4) F r o m diseases of the mi lkmen, e.g., 
tuberculosis. (5) F r o m milk vessels. (6) F r o m insanitary 
cattle stables. (7) During transportation. (8) F r o m d i r ty 
water used for adulteration. (9} A t the t ime of distribution ; 
and (10) Careless handl ing at the residence of the consumer . 

(5) Effects of Heat, Bacteria, Enzymes , &c. 
(a) Action of Heat '—Milk is a very unstable liquid. This 

is mainly due to the presence of proteids and milk-sugar. W h e n 
milk is heated a film or pellicle forms on the surface. This is 
believed t o be caused b y the drying and coagulation of a part of 
the proteids which the milk contains. ' The scum consists largely 
o f caseinogen^ and fat ty matter. W h e n milk is boiled there is 
a decided change in its taste and odour. This is p r o b a b l y due t o 
the decomposit ion of some of the proteids with the l iberation of 
hydrogen sulphide ( H j S ) or some other volatile sulphide.^-* 
It appears that in bo i led milk tliere is a partial j irecipitation 
o f calcium salts in the form of tri -calcium phosphate . 

At high temperatures, milk is coagulated b y the act ion of 
heat. Bardach^ found that about twelve hours heating at 
100°C. was required in order t o bring about coagulat ion of fresh 
milk, whereas at 130°C milk coagulated in one hour , and at 150^C 
in three minutes. 
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Another important change in milk effected b y heat is the 
destruction of mir-,'.)-organisms. Advantage is taken of this in 
pasteurisation, bciiling and sterilisation of milk. Heat a b o v e 
70°C—75°C kills the ferments in milk. 

The changes produced in milk b y heating depend generally 
upon (1) the degree of heat, and (2) the length of the exposure. 
Pasteurisation consists in heating the milk usually at 60°C (140°I'> 
for twenty minutes to be fol lowed b y rapid cool ing (Rosenau) . 
Others recommend a temperature of 63°C ( U 5 ° F ) or 150°F for 
30 minutes. Pasteurisation does not appreciably affect the chemi 
cal and physical properties of milk. Boiling, as already mentioned, 
is bel ieved t o produce pro found changes in milk, such as d e c o m 
position of the proteids and other nitrogenous der ivat ives ; 
increase of inorganic phosphorus and decrease of organic phos 
phorus ; precipitation of calcium and magnesium s a l t s ; 
coagulation of serum albumen ; caramelisation or burning of 
milk-sugar, etc . The casein is rendered less easy of coagulation 
b y rennin and hence imperfect ly acted upon b y the digestive 
ferments, ' Sterilisation of milk consists in heating it at a 
temperature of 120''C for 15 minutes . ' Other temperatures 
\e. g., 100°C (212°F) for 40 minutes ] are also recommended. This 
would result in the destruction of all microscopic life. Chemically, 
the changes are more profound than in the case of boiling. The 
milk assumes a brownish colour through caramelisation of t h e 
milk-sugar and the lecithin content of the milk diminishes. T h e 
proteids change into peptones, and tricalcium phosphate is pre
cipitated. This is considered t o be the cause of the retardation 
of the rennin coagulation of milk. Lbrcher^ observed that 
cooked milk coagulates with rennin more s lowly than raw milk. 
Accord ing to Rubner^ and Middleton,'* the lactalbumen is coagula 
ted b y heating at l O O X for a short t ime. De Jager^ concludes 
that caseinogen i t more readily digestible than casein, and hence 
the digestibility o i milk is diminished b y cooking. It is a well-
known fact that the enzymes or ferments in milk are killed b y 
heat. Between 65°C and 70°C most of them are weakened in 
their act iv i ty , and between 70' ' and SO^C all o f t h e m are 
destroyed.^ 

' Rosenau. The Milk Question. 
•' Larcber ; Pfiug Archv, 1B97, p . B9. 

Rubner. Hyg. Ru<idschan 1895, No. KXU, pp. 1021-1O22. 
* Middleton. Ibid 1901. No. X I , p . 601. 
•DftJaEer . Ctil.f. MeU. l\',f:cnschaft. IWi. No . I.X. p. H 5 . 
« Pub, Flcallh. and .Mar, Hosp. Setv. CT. S. A . Hvg. Lab. Bull. No. 56, p . S3g. 
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I Variot. Comp. read, des Seances de t'Acad. d-Sci. Vol. 139, 1904, p. 1002. 
•-i Fortes-Koss. Lancet, 1904, pp . 979-980. 

- i CoDP. Fifleentb Ann. Report, Storr's Agr. E\p. Stat. 1903, p. 9-'. 
Hucppeand Engling, Bied. Centr. 18and 5, p p . 414-415. 

These changes are bel ieved t o interfere seriously with diges
t ion and nutrition. Other observers like Var i o t ' and Forbes -
Ross^ prove t o the contrary that heat exerts n o deleterious 
effects on the digestibihty of milk. This point will be discussed 
fully in Chapter V I . 

(6) The action of Bacteria, Moulds , e t c . — 
It is a c o m m o n experience that when raw milk is left alone, 

after some t ime it turns sour and curdles. This is due t o 
Jermentaiion (in which the starches and sugars are broken down) 
brought about by lactic acid bacteria. Besides fermentation, milk 
may undergo putrefaction—by which is understood particularly 
the breaking down of nitrogenous substances in milk. The end 
products of fermentation are acids and alcohol , while those of 
putrefaction are usually called ptomaines . Fermented milk is 
acid in reaction and shows the curd which consists of prec ipitated 
casein. Putrid milk has an alkaline reaction and an unpleasant 
taste and odour . Lactic acid fermentation is practically tbe 
change of milk-sugar into lactic acid under the influence of a 
series of micro-organisms most of which are of the bacillus acidi 
lactici t ype .^ 

Lact i c acid bacilli are important from an e c o n o m i c po int 
of v iew as they assist in the preparation of butter and cheese. 
The beneficial effects of soured milk are well k n o w n . As regards 
the relation of lactic acid bacilli to pathogenic bacteria in milk, 
our knowledge is very incomplete. F r o m the exper iments carried 
(mt b y the author, it appears that they and their produc ts are 
inimical to the growth of pathogenic bacteria in milk, so that in 
themselves lactic acid bacilli m a y be considered harmless. 

Under certain condit ions milk m a y b e c o m e infected with a 
variety of bacteria which bring about great changes in its 
appearance, composit ion, odour and taste. Some of these changes 
will be n o w briefly mentioned. 

Blue milk.—This is usually caused b y bacillus cyanogenes or 
Bacterium cyaneofluorescens (Zangemeister) . The organism 
was isolated b y Hueppe and Engling.* Whi le blue milk is 
considered to be apparently harmless, its occurrence indicates 
external contamination. If it has been traced to any particular 
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animal its production can be prevented b y washing the teats with 
a little dilute acetic acid. 

Yellow milk.—YeUowish colour is not u n c o m m o n in milk 
from Indian cows. Such an appearance should be considered 
physiological in the case of cows ' milk in India. 

Red milk.—This is ordinarily due t o the presence of b l o o d 
in the milk. The b lood m a y c o m e from an injury or acute 
inflammation of the udder. Sometimes a reddish co lour m a y 
develop in milk as a result of feeding the animals on plants c o n 
taining red pigment. Occasionally a red colour m a y be produced 
b y bacteria, e.g., bacillus erythrogcmis, bacillus prodigiosus, and 
others. 

Other colour changes in milk.—Other changes are s o m e 
what rare and are produced b y pigment- forming bacteria. 
According t o Conn.^ bacteriologists have described milk of the 
following c o l o u r s : yel low, orange-coloured, green, amber-
coloured, indigo, chocolate-coloured and black. E m s t ^ describes 
brown milk and milk with gray, green fluorescent and violet 
spots. 

Slimy or ropy milk.—Under certain condit ions muci laginous 
substances develop in the milk as a result of the growth of certain 
bacteria, e.g., the bacillus lactic viscosis. The milk acquires a 
characteristic ropiness and can be often drawn out into long 
threads of exceeding fineness. Slimy milk m a y be the result of 
mucopurulent discharges caused b y various forms of Mastitis 
(Garget) , etc . 

Bitter Freshly drawn milk has sometimes a b i t ter 
taste ; sometimes such taste is developed after standing for a 
few hours. The former m a y be due to passage of certain 
substances into the milk from the food of the animal, such as 
lupine, w o r m w o o d , turnip, cabbage , etc . In the latter case t h e 
bitter taste is caused b y certain micro-organisms. 

The principal factors relating t o the milch cattle, etc. , are 
summarised be low : — 

{a) Breed and Heredity.—The Indian cows generally, all 
things being equal, are fairly constant in 
quality, but when bred with English bulls the 
milk of the progeny shows a diminution in fat 
and non- fatty solids. The former m a y run d o w n 
t o 3 . 8 %•  

1 Conn, Agricullural Bacteriology. Pliiladelphia, 1901, p . 205. 

2 W m . E m i t . Text Book of Milk Hygiene. 1914, p. 178. 
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(b) The Seasons affect the qnanUty more than the quality 
{as already pointed out in Chapter I I I ) , except 
immediate ly after the c o m m e n c e m e n t of the 
monsoon the qual itv drops ow ing t o the young" 
grass and the co ld nights. 

(c) Temperature.—Cattle exposed to excessively low t e m 
perature suffer in qual i ty of milk, but this exposure 
is not reached in India except in the hills and in 
the extreme north. Anyth ing be low 40°F w o u l d 
cause a loss in qual ity and in quant i ty . 

{d) Foods influence both the qual ity and the quantity.. 
B y the substitution of green and succulent fodder 
for the dry one the quant i ty goes u p considerably 
but the quality suffers. 

(e) Period of Lactation.—There is a great variation in millc 
towards the end of lactation when the quant i ty 
is very low. 

(/) -^i^-—There is little change in qual ity of milk until' 
the animals begin t o show senile decay. 

(g) Disease.—Cattle suhering from disease usually s t o p 
milking at once , the on ly except ion perhaps being 
tuberculosis. Tuberculosis among Indian cattle 
is very rare, except on the hiUs and in some parts 
of North India. Other diseases of milch cattle 
are Foot-and-Mouth Disease, Mammitis, Rinderpest^ 
Piropiasmosis and Anthrax. 
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T H E R E L A T I O N O F M I L K T O T H E P U B L I C H E A L T H , 

I N C L U D I N G I N F A N T M O R T A L I T Y IN INDIA, A N D 

T H E " B I O L O G I C A L P R O P E R T I E S " O F M I L K . 

F r o m the researches mentioned in Cliapters I I I and IV, 
among many others the foUowing facts have been estabhshed : — 

1. That the adulteration of milk in Indian Cities is very 
. common, reaching about 80 per cent, in Bombay, Poona and 
Bangalore. 

2. That the city milk supply shows a high degree of conta
mination with objectionable bacteria. 

The addition of water to milk is not only a fraudulent 
practice, b u t is also a menace t o public health. Adulteration 
of milk with water m a y affect health directly as well as indirectly. 
The water used for adulteration b y the milk-dealers in India is 
usually impure bacteriologically and unfit for drinking purposes 
f rom a chemical point of view. It is often drawn f rom the 
insanitary wells near the cattle stables, {vide Plates X X V I I I 
and X X X ) . The water from such wells is usually loaded with B . 
Coli and allied organisms, and chemical analysis almost invariablv 
indicates organic pollution %vith sewage, etc . As milk is an 
excellent culture media for the growth of bacteria, the introduc
tion of a few pathogenic microbes through the addition of impure 
water will result in an enormous and rapid multiplication of such 
bacteria in milk. In this way the adulterated milk m a y be the 
means of disseminating widely various infections, e.g.. Cholera, 
Typho id , etc . Several cases of Cholera in Calcutta were traced 
to such a source. ' The author isolated Cholera Vibrio from t w o 
wells in B o m b a y in 1912. Health is affected indirectly b y the 
addition of water t o milk. The effect o f watering is t o alter tbe 
physical and chemical properties of milk. This may lead to mal
nutrition and improper feeding, particularly in the case of children, 
frequently causing Rickets , Debil ity, etc. 

Contamination of milk with pathogenic microbes and its 
significance have been briefly discussed in Chapter IV. It is a 

1 The Practitioner, Vol. X X S I V , p. l-t4. 
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wel l -known fact that milk is frequenth' a vehicle for the trans
mission of infecti(jns diseases to man. The ingestion of impure 
milk also often leads to gastro-intestinal aad other disorders of 
various kinds. A few of the principal milk-borne diseases will 
be- dealt with here, and the qtie.stion of infant feeding and infant 
mortal i ty with reference t o the milk supply will also be briefly 
discussed. A m o n g the disorders and diseases that m a y be caused 

bad milk are Diphtiieria, Rickets , Foot -and -Mouth Disease, 
Scarlet Fever , Malta Fever (tlirough goats ' milk,) Milk Sicknesr 
(in the U . S. A . ) , Sore-throat and Tonsi l i t is ,Typhoid Fever, Gastro
intestinal disorders including ordinary Diarrhoea and Dysentery-. 
Ep idemic Diarrhcea, Tuberculosis, Cholera and Milk Poisoning 
(Galactotoxismus.) The most important of these that affect 
us in India are Cholera, Typho id , Gastro-intestinal Disorders, 
different varieties of Diarrhoea and Tuberculosis. 

Diphti ieria .—Epidemics have been traced t o milk in Europe 
and in the L'nited States of America . It is not k n o w n t o o c c u r 
in epidemic form in this country , although a small number of 
scattered sporadic cases have been obser^-ed from time to t ime. 
T h e author examined samples of milk in connect ion with a f ew 
cases of Diphtheria in Bomba\' , but was not able to hud the 
specific micro-organism. These results seem to suggest that, in 
B o m b a y at least, milk does not p lav a very important part in 
the spread of Diphtheria. 

Rickets.—.-\s regards its prevalence, no records are available. 
It is believed, however , that m a n y cases of Rickets in children are 
indirectly caused thruugJi ingestion of bad milk. 

Foot -and-Mouth Disease is transmissible t o man through 
ingestion of the raw milk of an animal suffering from the disease. 
The virus of this disease is ultra-microscopic and is readil} ' killed 
by exposure for twenty minutes at a temperature of 60°C. In 
this country , milch cattle suffering from Foot -and-Mouth 
Disease very soon stop milking. N o reliable statistics are 
available in Indi;i regarding the prevalence of this disease in man. 

Scarlet Fever and Malta Fever {through goat^' 7}u'lk.).—These 
are really clinical rarities in India. 

Milk Sickness.—This disease is endemic only in the United 
States of .\merica. It is described as an acute, non-febrile 
disease, probab ly of a specific nature due t o ingestion of milk, 
milk products , or the flesh of animals (usually cattle) suffering 
from a disease knoMU as trembles. The disease in man is. 

7 
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character ised b y great depress ion , persistent v o m i t i n g , o b s t i n a t e 
const ipat ion , and liigh m o r t a h t y . ' 

Sore-throat and Tonsi l i t is .—Stokes and Wege far th ,^ Beck, '* 
Lamer i s and v o n Harrevelt,** K e n w o o d , ^ Savage"" and m a n y 
o t h e r s record ep idemics o f sore- throat w i th cerv ica l adenit is , 
c o h c , diarrhcea a n d fever , w h i c h were ascr ibed t o the use o f 
m i l k f r om c o w s suffering f r om Garget or Mastit is . Such 
mi lk when e x a m i n e d was f o u n d t o conta in pus a n d s t rep to coc c i 
in great a b u n d a n c e . Sept ic sore-throat is well k n o w n in Great 
Bri ta in a n d in the U .S .A . M a n y outbreaks in these t w o countr ies 
are o n r e c o r d . ' Most o f these ep idemics were t raced t o mi lk 
in fec ted with a s t r e p t o c o c c u s . In Ind ia n o such ep idemics are 
o n record . S t r e p t o c o c c i c sore- throat is, h o w e v e r , n o t u n c o m m o n 
in B o m b a y a n d o ther Ind ian Cities, and it m a y be par t ly t raced 
to the presence o f streptococci in mi lk . 

T y p h o i d or Enter ic F e v e r . — E p i d e m i c s o f t y p h o i d fever 
caused b y in fec ted mi lk h a v e been repor ted f r o m t i m e t o t i m e in 
E u r o p e a n d A m e r i c a . Milk is a v e r y inpor tant vehic le for the 
spread of enteric fever . Harr ington^ records that o u t o f e ighteen 
e p i d e m i c s o f t y p h o i d f e v e r inves t igated b y Massachusetts S l a t e 
B o a r d of Heal th , fourteen were mi lk -borne , o n l y three being water 
b o r n e a n d o n e of u n k n o w n origin. T b e t y p h o i d baci l lus g r o w s 
well a n d mult ip l ies rap id ly in mi lk w i t h o u t p r o d u c i n g a n y a p p r e 
c iable change in its co lour , o d o u r , taste or appearance .^ H e n c e 
the danger is insidious. T h e r e are m a n y w a y s in w h i c h mi lk m a y 
b e c o m e in fec ted with t y p h o i d bac i lh . A v e r y i m p o r t a n t m e t h o d 
o f spread is b y m e a n s of " c a r r i e r s . " Such " c a r r i e r s " are 
b y n o means u n c o m m o n in the large cities. A " c a r r i e r " 
exc re t ing the baci l l i in his or her stools or urine c o u l d v e r y easily 
c o n t a m i n a t e a m i l k - s u p p l y either a t the source , during mi lk ing 
a n d s torage , o r dur ing i ts transit a n d d i s t r ibut ion . M a n y o u t 
b r e a k s of t y p h o i d h a v e been traced t o " chron i c carr i e rs . " 
In S e p t e m b e r a n d O c t o b e r , 1908, L u m s d e n a n d W o o d w a r d 
repor ted an o u t b r e a k in W a s h i n g t o n , D .C . , in w h i c h f i f ty- four 

1 H y g . Labs, Bull . N o . 86. U.S .A . Kirfe Rosciiau. " The Milk Question," for outbreaks in 
A m e n t a , 

2 Stokes and Wegefarth. Medical News, 1897- Vol . 71, K o . 2, p . 4 5 . 
3 Beck. Deutsche! VicMeljahrsehr, f. offenll. Gesundheitspfl. Hef t , I I I , * 430. 
* Lameris and von Harrevelt, Zeiischr, f. Fleisch, v. Mikk Hyg, 1901, Bd. 11, 5. 114. 
1 Kenwood, liriiisk Med. Jouni. 1904. No . I, p. 602. 

Savage. Joiirn. oj Hyg. 1906, Vo l . V I , p, 123. 
" Vide Switbmb^nk and Newman. " Batterio losy of Milk , " for outbreaks in Great Britain, 
• Harrington. Neif York Medical Jmtrnal, 1907, L X X X V , p . 696. 
s Rosenau. " T h e Milk Question," p . 113. 

.10 Journal of American Medical .4 tsoiiation. Vol. L I l ; pp . ~49-75'2 
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cases occurred. This was traced t o a farm supplying the milk. 
N o history of any recent illness in the farm could be ascertained, 
although all the evidence pointed to the milk-supply of this farm 
being responsible for the epidemic . A search for bacillus 
carriers was made among the milkers and typiioid bacilli were 
detected in tlie faeces of a w o m a n who had had t y p h o i d fever 
eighteen )-ears previously ! Scheller ' traced a typhoid epidemic 
near Kdnigsberg, Germany, to a w o m a n " carrier " who had 
an attack of enteric fever seventeen years before. 

The isolation of the lyphoid bacilli from milk is c.Ktremely 
difficult. Some investigators are said to have been successful in 
<Ioing it. Accord ing to Ernst,^ Konradi pos i t ive ly d e m o n s 
trated t y p h o i d bacilli in milk. Shoemaker^ of Philadelphia also 
c la ims t o have isolated the t y p h o i d bacillus in a mi lk -borne 
epidemic in 1906. In P.ombay 316 samples of milk obta ined in 
connect ion with cases of t y p h o i d fever were examined b } ' me with 
negat ive results. 

As regards milk-horne epidemics of typhoid in India, from 
numerous enquiries made, I find that there is practically no 
scientific evidence on record for tracing any outbreaks to milk. 
In Calcutta and in B o m b a y several attempts have been made, 

hi the case of small outbreaks of enicx'ic fever, to find out any 
relationship between the cases and the milk supply, but in nearly 
every instance it was fuund impossible to trace the milk supply 
t o its actual source. Prom what has been said in Chapter II 
regarding the sources of the milk supply of Indian cities, 
it is evident h o w extremely difficult is the task of following up 
a n y particular milk supply to its actual source and examining it 
for " carriers." Adulteration with filthy water is very c o m m o n jn 
this country as already pointed out. Water infected with t y p h o i d 
bacillus when added to milk would constitute another way of 
convey ing the infection through milk. 

It has been suggested that milk-borne epidemics of enteric 
U ver m a y be caused b y the milch cattle d/fnking water contamina
t ed with typhoid bacilli, the bacilli afterwards being excreted 
in their milk. This seems to be rather far-fetched and there 
is no evidence in favour of this suggestion. There is, however , 
every possibility of the udders being contaminated b y the animals 
standing in the water infected by typhoid bacilli. 

^ Cenblt. j . Baki. Vol. 46, p. 38S. 
= William Ernst. Text Book of Milk Hygiene, p . 192. 
» Journal American Med. Associalion, May 1907, p . 1748. 
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Gastro-Intestinal Disorders, including ordinary Diarrhcea 
and Dysentery are very c o m m o n among chikiren fed o n 
cows ' or buftaioes' milk. Improper feeding is a frequent cause 
of diarrlicea in children. Diarrlioeal diseases are mentioned as-
very important factors contributing t o infant mortal i ty in India. 
(vuic Tables on pp. 109-110). 

Infant deaths in B o m b a y due to Gastro-Intestinal disorders. 
Diarrlio:?a and D}-sentery vary from 7 .15 to 9 . 33 per cent. , g iving 
an average of 8 . 2 4 per cent, for the seven years (1907-1913). 
This represents only the fatal cases of diarrhcea in children under 
12 months of age and does not take into account the large 
number of older children who , as a result of bad feeding, suffer 
from malnutrition and ^progressive " d e b i l i t y " and gradually 
succumb to other diseases, such as Tuberculosis, etc . A great deal 
of this m a y be ascribed to the impure milk supply of B o m b a y . 
It has been already shown that 93 per cent, of B o m b a y milk 
contain B. Coli and other object ionable organisms. The total 
number of microbes per c.c. is also very large in B o m b a y milk., 
F r o m Table I\' it will be observed that in Madras the infant 
mortal i ty from diarrhoeal diseases is 27 per cent, of the t o t a l — 
that is more than three times that of B o m b a y . 

In Calcutta, Gastro-Intestinal diseases account for 7 .5 per 
cent, of the total infant mortality. It is difficult to say h o w 
much of this is directly attributable t o bad milk. Calcutta 
milk, like B o m b a y milk, is known to be extremely dirty, 
yielding total counts from one to three hundred millions of 
microbes per c.c. and containing bacilli of the co lon group in a 
dilution of I : 100,000 of a c.c. There can b e no question that 
this is at least partly responsible for the high infant mortality 
in Indian cities. 

Diarrhoea and other Gastro-Intestinal disorders due t o b a d 
milk are not confined only to children, but in many instances, 
they can be traced to milk or milk products in the case of adults 
also. Cases of " ptomaine poisoning " have been ascribed tO' 
the ingestion of milk. Vaughan of Michigan, U.S.A., and Firth 
of Punjab , isolated ptomaines from milk.^ The symptoms p r o 
duced are those of severe gastro-intestinal irritation with collapse 
not unlike those of Cholera. 

One of the principal preparations fnmi milk in India which 
is likely t o cause severe gastro-intestinal symptoms^ is Mawa. 

' SaiiiMioii in [niliti, hy Oi. J. .\ 'ruriier, -M.O., D-IMI-, i>, 444. 
3 Ibid, p . 443. 
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This is pract i ca l ly des i ccated milk and is prepared on a largo scale 
in Gujarat b y expos ing milk in large i>ans t o pro l onged l o w heat . 
I t is used in the preparat ion of sweets a n d ices. In Apri l , 1911, 
there was an o u t b r e a k s imulat ing Cholera, in a M a h o m e d a n 
i juarter of B o m b a y , a m o n g certain guests a t tend ing a w a d d i n g 
p a r t y . It was ascerta ined that on ly those w h o p a r t o o k of sweets 
(mos t o f which were prepared f r om Mawa) a n d of i c e - c ream 
suffered severe ly . Severa l samples o f Mawx were e x a m i n e d 
bacter io log i ca l ly b y the author in this c o n n e c t i o n . Tests for 
'Cholera V'^ibrio were negat ive in all cases, b u t the m a j o r i t y o f 
•samples c o n t a i n e d H. Coli c o m m u n i s a n d a l l ied o r g a n i s m s a n d 
s t r e p t o c o c c i . T h e presence of such organisms in large n u m b e r s 
in s w e e t m e a t s is h ighly undesirable . 

Ep idemic Diarrhoea is cons idered t o be an acute in fec t ive 
•disease o c curr ing usual ly during s u m m e r m o n t h s a n d af fect ing 
m a i n l y chi ldren under t w o years of age . I n f e c t e d mi lk is t h e 
•chief cause of this disease. A s t o a n y specif ic o r g a n i s m in the 
mi lk , there is still a dif ference o f op in ion . B . col i a n d a l l ied 
•organisms h a v e been usually f o u n d t o b e assoc iated in cases o f 
•diarrhcea in infants . 

De lep ine^ c o n c l u d e s that e p i d e m i c d i a r r h c e i o l t h e c o m m o n 
t y p e o c curr ing in E n g l a n d is a p p a r e n t l y the result o f in f e c t i on 
of f o o d b y baci l l i be long ing t o the co l on g r o u p . Savage^ g ives t h e 
f o l l owing figures for the feeding uf ch i ldren under o n e year o f 
age a n d its relat ion t o Diarrhcea : — 

Sktliod of Fcodiiig, Heahhy Infants. Infants killed by 
Diartha^j. 

Cows* milk, entirely or with other 
12 per cent. 4 2 per cent. 

Breast-fed, entirely or partiallv 74 per cent. 10 per cent. 

T u b e r c u l o s i s . — B o v i n e tuberculos is and its relat ion t o 
tubercu los i s in m a n , the spread of tuberc le baci l l i t h r o u g h m i l k , 
-etc. , h a v e been s u b j e c t s o f careful invest igat ion a n d scienti f ic 
research in E u r o p e a n d in A m e r i c a for near ly a d e c a d e a n d a half. 
S ince 1901, w h e n at the Brit ish Congress of Tubercu los i s , K o c h 

1 Journal of Hygiene, 1903, Vol, III, p. fig. 
^ W . 0 . Savage iliik and the Public Health 1912, p. l . i? 
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made his liistorif statement,^ until the present (kiy there have 
been numerous investigators engaged in the study of this subject ; 
particular mention must he made of the Jlembers of the Britisli 
Koyal Commission on 'J'uberculo^is and tlie German Tuberculosis 
Commission, Theobald Smith and others of Washington, D.C.. 
Park, Kruniwiede and others of Xew York. .\ brief summary 
o f the conclusions of the British Royal Ccmimission may not be 
out of place here : — 

" There can be no doubt but that in a certain number o f cases-
the tuberculosis occurring in the human subject, especiaiU- in 

• children, is the direct result of the introduction into the human 
body of the bacillus of bovine tuberculosis ; and there also can 
be n o doubt that in the majorit\- at least o f these cases the 
bacillus is introduced through cows' milk. Cows' milk containing 
bovine tubercle bacilli is creari}" a cause of tuberculosis and of 
fatal tuberculosis in man.-

" — —There can be no doubt that a considerable porticm' 
o f the tuberculosis affecting children is of boi'ine origin, more 
particularly that which affects primarily the abdominal organs 
and tlie cer-v'ical glands. And further, there can be no doubt 
that primar\- abdominal tuberculosis as well as tuberculosis o f the 
cervical glands is commonly due to tuberculous infecti\e 
material." ^ 

The British Commission'* in\'estigated 1 0 8 cases of human 
tuberculosis and found 19 of them to be of purely bovine origin. 

The German Tuberculosis Commission^ e.vamined hfty-^i\: 

different cultures of tubercle bacilli isolated from patients suffering 
from \'ariouy forms of tllb^•rcu/o^is and found si.\ of them to be of 
the bovine type. 

Lewis, in his study of tubercle bacilli isolated fi'om fifteen 
cases of tuberculous cervical adenitis, found nine cultures of bo\'ine 
type and six of human type.'' 

From these and other observations it is evident that a 
considerable proportion of cases of tuberculosis in man, and 
particularly in children, are of bovine origin,' It has been 

* K o c h Aiiiioiiiiiieil t l i ; i i h i in inn liilierciiUisis n n d b o v i n e lube i t i i l o s ' S are t w o s e p a r a t e a n 1 
i n d e p e n d e n t di^-iiises, ;n]d t h a t t i ihomi l i i i i ! ; o f cattJi^ « a s n t v e r c o n v e y e d l o m a n a s s u c h . 

' H o y a l t o m m i - . ' . i o n o u 1 n l i f r cu los is . S e c o n d I n t e r i m R e p o r t , 1907. 
3 /irilisli Medical Journal, 1903 , V o L I , p . 6 9 6 . 
* l-'inal i (ppoi - t . 1 9 1 1 . 
° Tuberciihse Arbciien a. d. Kail Gcs. Anil., 1904-1905, Heft J. 
" Traiisac. &th Inleriiiil. Coiis'css OK Tiibcrctilosis, W u f h i n g t o n , D.C., CO.S.A.), Vol. iV, F t . 2. 

p . 6 9 2 . 
A c c o r d i n g t o D r . A . L a n k c i t e r , tubercu los i s in m a n has n e v e r been t r a c e d iu I n d i a t o t u b e r -

cu los i s in c a t t l e . 
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further shown that most of sucli cases in children can be traced 
t o milk infected with tubercle bacilli. Tuberc le bacilli have 
been frequently found in milk in Europe and America . ' In 
India, however, they have not been found either in c o w s ' milk 
or buffaloes' milk. It has been already shown b y the author^ 
that tubercle bacilli are not known to be c onveyed b y milk in 
India and that bov ine Tuberculosis is very rare in this country . 
It is possible, however , t o have the milk contaminated through the 
carelessness of milk-dealers suffering from Pulmonarv T u b e r c u 
losis, for example , b v spitting, sneezing, etc . Samples of sputum 
were collected from milch cattle stables, milk-shops, dairies and the 
roadside. 271 such samples were examined for tubercle bacilli b y 
the author and 33 samples, or 12 .18 per cent. , contained tubercle 
bacilli. Tubercle bacilli m a y get into milk in at least four differ
ent w a y s : — ( 1 ) Directly: from an animal having Tuberculosis 
of the udder. (2) Indirectly: from an animal suffering from 
Tuberculosis of the lungs. In this case the bacilli m a y be coughetl 
into the mouth , and being swallowed b y the animal would pass o n 
into the faeces and thence find their way into the milk. C o w 
dung is used in this country extensively for household purposes 
and this would be an important agency for the spread of Tubercu 
losis. (3) The milk from healthy animals m a y get mixed 
with milk from Tuberculous animals. (4) (Human) tubercle 
bacilli m a y get into the milk in various ways from persons 
suffering from Tuberculosis. The author has made exten
sive enquiries of Health Officers and other sanitary 
authorities in this country regarding any cases of Tuberculosis 
that could be traced to mi lk ; in every instance the reply has been 
in the negative. Tuberculosis in India has never been traced 
directly to milk. The principal reasons for this m a y be sum
marised : (1) The rarity of bovine tuberculosis in India. This 
has been already dealt with in Chapter V . (2) Tuberculosis 
has never been found in buffaloes in this country, and it will be 
remembered that in Indian cities,^ buffaloes' milk is more ex ten -
sivelv used than cows ' . (3) Tubercle bacilli arc not known 
io be conveyed by milk in India. Several hundred samples of 
mdk obtained from cows as well as buffaloes in B o m b a y were 

> Vide paee 68. 
a Obienations on the Bacl.riolonical and Chemical Examination of the Milk Supply of Boa^ay, 

by Dr. Lemuel Lucas Jo^bi (All-India Sauitarv Conference, Lutknow, 1914. Tliacker, SpiJik 4 Co. 
Cilciitta, 19i:i|. 

» With tbe exception of CalCMlta. 
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examined b y m e with negat ive results regarding tuberc le 
bacil l i . (4) The (diiiost universal custom of hailing:, milk be fore 
use in Indian households , (5) The large proporlion of infants 
in India who arc breast-fed. 

I n t ! ie T a b l e ^dving var ious causes o i infant m o r t a l i t y in 
J-5ombay, Tubercu los i s is n o t m e n t i o n e d separately , b u t it is p r o 
b a b l y inc luded under the c o l u m n for " Diseases of the R e s p i r a t o r y 
S y s t e m , " or t h e o n e f o r " D e b i l i t y , " or b o t h . T h e average 
under these t w o headings for the last seven years ( J907 - I913 ) 
is 2 8 . 7 4 per cent , and 3 0 . 7 3 p e r c e n t . , respect ive ly . H o w m u c h 
o f this is due t o Tui>ercuIosis it is imposs ib le t o sa\'. There is, 
however , s o m e reason t o bel ieve that while no authent i c case o f 
Tubercu los i s in chi ldren has been direct ly t raced to milk iu this 
countr\-. the de fec t ive feeding of chi ldren with C( jntaminated 
and adul terated mi lk w o u l d t e n d t o lower their general v i ta l i ty 
a n d thus p a v e the w a y f o r the d e v e l o p m e n t o f Tubercu los i s . 

C h o l e r a . — T h e infect ion of mi lk m a y be direct b y " c a r r i e r s , " 
or throi igh in fec ted water added for adul terat ion . T h e life of t h e 
Cho lera V i b r i o in m i l k is rather a l imited one . T h e r e are a t least 
t w o cho lera outbreaks in Ind ia on record w h i c h h a v e been a s 
c r ibed t o ingest ion o f mi lk in fec ted w i th Cholera Vibr io . T h e 
first o u t b r e a k is descr ibed b v W . J . S i m p s o n , ' w h o l o u n d several 
cases of Cholera on b o a r d the " A r d e n c l u t h a " in the por t o f 
Calcut ta . Out of the ten men who drank the in fec ted mi lk 
four died, five were severely ill, and one s l ightly ill. T h e m i l k 
was f o u n d t o be adulterated with 25 per cent , water w h i c h 
was t raced t o a tank into which cholera d e j e c t a had passed . T h e 
second o u t b r e a k o c curred at the G a y a JaiP in J u l y 1894, w h e n 
t w e n t y - s i x persons were af fected. The mi lk h a d b e c o m e in fec ted 
b y m e a n s of flies f r om chtjlera stools . It appears t h a t 
comma, bacilli were ac tual ly i so lated from the niilk b y Haf fk in 
and S impson . 

A n o t h e r w a y in w h i c h mi lk m a y b e in fec ted with Cho lera 
is b y m e a n s of " carr i e rs . " ^Major Gre ig ' s observa t i ons in Ind ia 
g o t o p r o v e that the " Cholera carrier " is the main source o f 
danger in the p r o p a g a t i o n of the disease. R e c e n t bacter io log i ca l 
research has brougl i t t o li^ht the fact that the h u m a n " carrier " 
is in a posit ion t o s u p p l y an a d e q u a t e dose of the virus t o \'arious 
foodstuf fs , e.g., mi lk , and so init iate ep idemics of Cholera. 

^ Fracsitwiier, Vol . X X . V I V p . i44. 
3 Macrae. Jtidiaii Medical Gazelle, 1894, p p . 4'j7-412. 
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In addition to patients who are actually suffering from a 
recognisable attack of tiie disease, the following may aiso be 
responsible for its transmission : — 

(1) Those who present a very mild type which is unrecogni 
-able clinically. 

(2) Those who are " contacts," i.e., who Iiave been attend
ing on persons suffering from the disease. 

(3) Those convalescents who are known as "' chronic 
•'•arriers " inasmuch as they show indefinite periods of latent 
infectivity and pass cholera bacilli in their stools periodically. 
It is obvious that the " human carrier " is the most dangerous 
clement in the situation as he is unrecognised and therefore un
controlled. The handhng of milk vessels and the milking of 
animals by such carriers, specially when their Jjands are tainted 
with infected excreta due to carelessness, is a very obvious 
means by which the milk may receive a very massive infection. 

M i l k P o i s o n i n g or Ga lac to tox i smus .—Under certain circum
stances milk ma}' acquire poisonous properties. This subject 
has been chiefly studied by Vaughan^ and his associates. 
Le Blanc,2 Baird,^ and others have also contributed to t h e 
subject. There are at least five different ways by which poisons 
may find their way into milk : — 

(1) Milk may absorb metallic poisons front the milk vessels. 
—Baird ^ attributed an outbreak of milk poisoning to the 
preservation of milk in metal \-essels. Copper has been found in 
milk which had stood in contact with copper coil.'' In India, 
L b r a s s vessels are very commonly used for milk. 

(2) Poisonous substances contained in ihe food of milch 
Liittle may be eliminated in the milk and cause poisoning.—In 
many places certain deleterious weeds arc given to the cattle. 
.\ccording to Sonnenberger^ certain species of clover near Worms 
(Germany) are found to be poisonous, and when eaten by cows 
tJje poisons pass into the milk ; the poisons are not destroyed 
by boiling the milk. Sonnenberger claims that the feeding of cows 

•with vegetable refuse, e.g., rotten apples, potato tops, etc.. tends 
to poison the milk. According to Rosenau,* cows fed upon 

' Vauelinii ajui N o v y . CcUulni Tox'i'ics, Phil . idclphia and N e w V o r k , 19(}'> pn ••\\-->'n 
2 L f B lanc . Bull, Ae Lyoii Med., 1901, p . 586. -
3 Bairrl, Virg. Me,l. Se»iiuit>iilli, 1902-7, p p . 241-242 
• Gold i i i s ami Fe i lmann. Jour. 5m: Ciicm. Indus. 190.% Vo l . X X I V , p p . y's-i-V'S6 

, . , SoniiPiibcrgcr. Verh. J. Cesellf. Kiitdcrhcilk-W'ieshadai, 1 8 9 6 - 9 7 . p p . 129 -145 - ; iK i U h j i i c A 
Mai Wochsdir., 1897, V o l . M i l . pp . 3;!5-3;t8 and V o l . X I V p p . 363-365 ' " ' ^ ^ ' '"^^ 

' KoiCi iau. T/tc Milk Qnalinn. 1913, p . 88, 
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m o u l d y grain h a v e been k n o w n to cause diarrhoea a n d v o m i t i n g 
in persons w h o partake of their mi lk . 

(3) Tile climinatjon in the milk of toxic drugs taken 
by the mother.—The e.xcretion of drugs in t h e mi lk of 
nursing w o m e n has been exhaust ive ly inves t igated b y 
l i u c u r a . ' A c c o r d i n g t o this a u t h o r o n l y the fo l lowing d r u g s 
h a v e been f o u n d w i th c e r t a i n t y in t h e mi lk after their a d m i n i s 
t rat ion t o the nurs ing m o t h e r ; — i o d i n e , (applied external ly or 
taken internal ly ) , sal icyl ic a c i d a n d sal icylates, ether, m e r c u r y , 
ant ipyr ine , aspirin, ar5enic a n d b r o m i d e s . 

(4) The production of toxic substances in the milk by 
the action of bacteria :—Vaughan in 1884- iso lated a substance-
cal led t y r o t o x i c o n f r om p o i s o n o u s cheese in Michigan. Later o n . 
N e w t o n a n d Wal lace ,^ Firth.'* V a u g h a n ' a n d o thers f ound this 
subs tance in cases of mi lk po isoning . Caminan^ reported 2;^ 
cases of mi lk po i son ing due t o t h e presence of t y r o t o x i c o n in. 
mi lk . V a u g h a n a n d N o v y ' and others f o u n d t y r o t o x i c o n in 
p o i s o n o u s i ce - c ream. T h e p r o d u c t i o n of different k inds of t o x i n s 
b y var ious bacter ia in mi lk has been also o b s e r \ e d b y s e v e r a l 
w o r k e r s . N o v y * f o u n d this t o be t h e case w i t h bac te r ia o f t h e 
Enter i t id is g r o u p . Fluegge^ iso lated a n d s tud ied t w e l v e spec i es 
o f t o x i c o g e n i c bacter ia in mi lk . 

(5) Milk may acquire poisonous properties as a result 
of disease in the mother.~\ccon\m^ t o Miche lazz i , ' " the mi lk of a 
t u b e r c u l o u s m o t h e r is t o x i c to the ch i ld , and such milk conta ins 
a t u b e r c u l o u s po i son w h i c h is n o t ent irely d e s t r o y e d b y heat ing 
a t lOO^C. L a w r e n c e " o b s e r v e d the passage of t y p h o i d bacill i into-
t h e milk of a nursing w o m a n w h o was ill wi th t y p h o i d fever . 

Cases o f po i son ing due t o the ingest ion o f m i l k a n d certa in 
m i l k p r o d u c t s are not u n c o m m o n in India . A n o u t b r e a k in 
B o m b a y due t o eat ing " Mawa " (which is prepared f r om milk) 
h a s been a l ready descr ibed . This m a y h a v e been due t o t ox ins 
p r o d u c e d b y the b a c t e r i a or t o the presence of s o m e po i sonous 
s u b s t a n c e l ike t y r o t o x i c o n . 

1 Buciira. Zeilsch. f. exper. Palh. u. Tker, J907, Vol, VI , pp . 398 l o 414. 
- Vaughan. Ibid. 
3 N'ewtuu and Wallace {Vide Vaughan antl Novy , lac. cil., p 21^.) 
* t'irth. Ibid. p. 216. 
ft \'augliaii. Ibid. 
B Camman. Ibid, p. 2 )S . 

VauRhan and Novy . Ibid, p. 219, 
« N o v y . Sec Osier's Modern Medicine. Phila. & K. V . , 1907 pp . 241-243-
» Ftuegee, t e e Vaughan, TweiUietli Century Practice nf Med'ciiie, N.\'., lil9S Vol. X I I I . 

p p , 50-52. 
' o Quoted b y Le Blanc. "Bull, tie tvon Med., 1901. 
11 Lawrence. Bosioit Med. and Surg.' Joun, Vol. 161 1909, p. 152. 
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Infant Feeding and Infant M o r t a l i t y , — M i l k is an idea l 
d ie t part icular ly for chi ldren, the s ick, a n d t h e c o n v a l e s c e n t . 
I t is v e r y i m p o r t a n t , therefore , tha t i t s h o u l d be supp l i ed in a 
pure a n d fresh c o n d i t i o n , free f r o m dirt a n d disease. It is 
a w e l l - k n o w n fact that in I n d i a the m o r t a l i t y a m o n g ch i ldren , 
under o n e year is e x t r e m e l y h igh as c o m p a r e d with that in 
E u r o p e a n d in A m e r i c a . In 1911 out o f 4 ,752,152 male ch i ldren 
a n d 4 ,457,550 female chi ldren b o r n in India , 1,016.823 males a n d : 
873 ,677 females d ied . In o t h e r w o r d s , a b o u t one-f i f th o f t h e 
chi ldren b o r n in this c o u n t r v die wi th in the first y e a r o f the i r 
life. This e n o r m o u s loss o f life is o f g r a v e c o n c e r n t o t h e c o u n t r y 
a n d is w o r t h y of our m o s t careful invest igat ion . T h e a v e r a g e 
of ten years (1904-1913) g i v e s a rate o f 2 1 7 . 5 for deaths of c h i l d r e n 
u n d e r o n e year o f age t o 1,000 b irths . This is h igher than that o f 
a n y o t h e r c ivi l ised c o u n t r y , e x c e p t i n g Austr ia a n d Russ ia , as w i l l 
b e o b s e r v e d f r o m t h e f o l l owing figures : — 

Country . 
Deaths under 1 year to 1,000 
b irths—average annual rate 
during 10 years ( 1895-1904 ) 

unless otherwise stated . 

N e w Zealand 
Norway , , 
Sweden . . 

South Australia 
Ireland . . 
Scotland . . 
Denmark 
Switzerland 
Netherlands 
England and Wales 
Japan . . . . • 

Fraijce 
Belgium 
Cevlon 
Italy 
Prussia 
Hungary 
India 

Austria . . 

Russia ( European) 

79 
90 
9S 

102 
103 
12(5 
127 
142 
147 
150 
151 

153 

156 
169 
170 
197 
2Ifi 
2 1 7 . 5 

224 

2fi8 

Average for 10 years-
( 1894-1903 ) . 

Average for 10 years -
( 1892-1903 ) . 

Average for 10 years-
( 1 9 0 4 - 1 9 1 3 ) . 

Average for 8 years-
( 1895-1902 }. 

Average for 10 years 
( 1892-1901 ). 
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Infant mor ta l i tv in Imlian cities is alsu \-ery high as will 
b e seen from the T a b l e s g i v e n b e l o w : — 

Table I .—Statement s h o w i n g the rate of Infant Mortal i ty per 
1 ,000 births in s o m e of the principal Indian Cities. 

Year, Bombay. Dilhi. Calcutta. Madias. 

1 9 0 4 . . 4 5 9 . 2 336 .4 2 9 7 . 4 2 8 0 . 9 
1 9 0 5 . . 557 .1 :uo .7 . 317 .1 3 1 6 . 3 
1 9 0 6 . . 5i4.7 4 4 5 . 1 3 4 0 . 8 3 4 1 . 2 
1 9 0 7 . . 4 2 3 . ti 3 6 4 . 8 2 9 3 . 0 2 7 0 . 7 
1 9 0 8 . . 4 5 0 . 1 .500.1 2 6 9 . 6 2 9 6 . 3 
1 9 0 9 . . 4 0 4 . 7 3 6 0 . 5 2 6 8 . 0 2 9 5 . 0 
1 9 1 0 . . 4 1 3 . 9 3 5 5 . 0 2 7 3 . 5 2 9 4 . 1 
1 9 1 1 . . 3 7 9 . 8 4 1 8 . 2 2 5 1 . 6 3 0 5 , 4 
1 9 1 2 . . 4 4 8 . 2 3 7 2 . 7 2 5 9 . 6 2&0.4 
1 9 1 3 . . 3 8 1 . 1 3 1 9 . 9 2 7 4 . 8 2 9 3 . 4 

Average lor 
10 years. 4 4 5 . 2 4 3 8 1 . 3 4 2 8 4 , 5 4 2 9 7 . 3 

T h e causes of the high infant tnortalily in Indian cities are 
n u m e r o u s a n d c o m p l e x . In general terms, it m a y b e said that 
poverty, ignorance and neglect are t h e fundamenta l causes. A s a 
direct result of p o v e r t y w e h a v e o v e r c r o w d e d districts , insanitary 
' c h a w l s , " v i t ia ted air, the necess i ty for m o t h e r s t o earn their 

o w n l i v i n g — e v e n late in their ] ) regnancy a n d t o o s o o n after 
conf inement {e.g., the mi l l -hands iu Bombay } ,—insu f f i c i en t f ood 
for nursing m o t h e r s a n d c o n s e q u e n t l y p o o r mi lk for their babies , 
l ack of proper rest a n d recreat ion, etc . In B o m b a y , it is n o t a n 
u n c o m m o n prac t i ce for work ing m o t h e r s to drug their chi ldren 
w i th o p i u m as a pal l iat ive a n d e c o n o m i c measure . I g n o r a n c e 
of the s implest facts of the hyg iene a n d p h y s i o l o g y of c h i l d -
bear ing a n d of in fant - feeding o f ten lead t o d isastrous results . 
T h e i gnorance of the il l iterate a n d m e d d l e s o m e " m i d w i f e " 
in Ind ia is hopeless ly p r o f o u n d , a n d it is a v e r y i m p o r t a n t cause 
of the high m o r t a l i t y of chi ldren. Neglec t of ch i ldren o n the 
par t o f Indian m o t h e r s is s e l d o m wilful, b u t is usual ly the result 
o f p o v e r t y or i gnorance , or bo th . It is n o t p r o p o s e d t o discuss 
the var ious causes o f infant mor ta l i t y in India , for that w o u l d be 
outs ide the s cope of our present inqu i ry ; o n l y those fac tors 
will b e dealt wi th w h i c h ha\-e a direct or indirect bearing o n t h e 
s u b j e c t of mi lk a n d in fant - feed ing a n d c o n s e q u e n t l y af fect ing 
the hea l th of ch i ldren t h r o u g h bad mi lk . It will be seen f rom the 
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above that bad milk is only one of the factors which cause such an 
excessive " slaughter of the innocents " in this country. The 
main causes of infant mortality in Bombay are Respiratory 
Diseases, Debility, and Diarrha=a ; or in other words, exposure 
and defective feeding, —both being preventable causes. 

A study of Tables II and III will show that in Bombay, 
" debility " is the largest single causative factor, the average 
during seven years in Bombay being 30 .7 per cent, of the total 
<leaths. By " dcbilitv " is understood weakness or feebleness. 
It is not a separate disease or a pathological entity, but a general 
symptom. When used in connection with the above Tables, it 
is believed to include all those fatal cases resulting from lack of 
general vitality or impairment of strength. Defective feeding is 
a very important cause of debility, and as children under one year 
are mostly fed on milk, the importance of a pure and clean milk 
supply becomes quite apparent. Milk adulterated with water 
is milk of inferior nutritive \'alue and therefore it is not only 
ph5'siologically unsuitable but tends to produce rickets and a 
general lowering of the vitality. It is very difficult to show 
this by means of statistics. 

As regards the effects of contaminated milk on the healtli 
of infants, a few statistics are a\'ailable. 

T a b l e I I . — P r i n c i p a l Causes o t I n f a n t M o r t a l i t y d u r i n g the 
first y e a r of life in B o m b a y . 

( 1 9 0 7 - 1 9 1 3 ) 

S 
i 

• 5 

Year. M t 
O T. £ t V S 2 °-S a 9 ti < 'Z o o 

o Q q C.7. Cj 
QiX, 

V 
Q 

< < 

1907 19 3 5 745 1,237 2 ,516 2 ,850 874 8 ,276 
19f>S 236 238 763 1.403 2 ,557 2 ,872 1 ,008 9 . 0 7 7 
19119 134 27 611 1.466 2,231 2 , 6 2 6 935 8 0 3 0 
1910 264 56 674 1,402 2 ,292 2 ,567 9 9 8 8 ,253 
1911 98 233 581 1,400 2 ,364 2 ,364 1.080 8 ,120 
1912 274 8 2 9 0 0 1,570 2 ,877 2 ,581 1.362 9 ,646 
1913 5 5 6 6 615 1,278 2 ,113 2,2(.I7 1,154 7 ,488 

A\erage for 
7 y e : i r s . . 2 8 1 . 4 1 0 5 . 2 6 9 8 . 4 1 , 3 9 3 . 7 2 , 4 2 1 . 4 2 , 5 8 1 . 0 1 , 0 5 8 . 7 8 . 4 1 2 . 8 

1 i 
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>̂  
u I 

" 1 e IN 
U 

.5 ^ •S" i 
Year. K 

o 
B. 

a 

(ft 

SO 
4 IT 

- ' >1 •5W 
o V — OJ N 

S"a 
. 2 s V 

u 
U 

O 
V) Q Z Q < 

1907 0 . 2 2 0 . 4 2 9 . 0 1 4 . 9 4 3 0 . 4 0 3 4 . 4 3 1 0 . 5 6 
1908 2 . 5 9 2 . 6 2 8 . 4 1 5 . 4 2 8 . 1 3 1 . 6 U . I O 
1M09 1 .66 0 . 3 3 7 . 6 0 1 8 . 2 6 2 7 . 7 8 3 2 . 7 0 1 1 . 6 4 
1910 3 . 1 9 0 . 6 7 8 . 1 6 1 6 . 9 8 11.N 3 1 . 1 0 1 2 . 0 9 
1911 1 .20 2 . 8 6 7 . 1 5 1 7 . 2 4 2 9 . 1 1 1 9 . 1 1 1 3 . 3 0 
1912 2 . 8 4 0 . 8 5 9 . 3 3 1 6 . 2 7 2 9 . 8 2 2 6 . 7 5 1 4 . 1 2 
1913 0 . 7 3 0 . 8 8 8 . 2 1 1 7 . 0 6 2 8 . 2 1 2 9 . 4 7 15.41 

A v e r a g e f o r 
12.60%o 7 y ears . . 1 . 7 7 % 1 . 2 3 % 8 . 2 6 " ; , 1 6 . 5 9 % 2 8 . 7 4 % 3 0 . 7 3 % 12.60%o 

Table IV.—Deaths among Infants under one year of age from 
Principal Causes by age periods in the year 1913 in Madras.' 

Age-Periods. •A 
% 

s 

i 
m 

"id 

1 
1 

• 
OJ 

<a > 
to— 
< 

>̂  
S Q 
Q 

S 
3 
N 
B 
a> i-

Cl. Q 
> 

a; 

S 
£. 

b a 
s 
t 

i 
3 a 

O 

D 

o 
< I 

TFI o i~ 
" • ^ ^ 

w« C L to 
° i . S « 

43 755 72 502 88 95 1,555 2 7 . 2 2 

7 t o 30 D a y s . . 5 1 3 153 9 3 51 461 97 104 968 1 6 . 9 4 

1 t o 3 M o n t h s . 3 2 15 194 14 8 202 119 71 628 1 0 . 9 9 

3 t o 6 M o n t h s . 1 4 10 36 361 1 9 223 161 87 893 15 .63 

€ t o 9 M o n t h s . 3 12 24 44 416 •• I 1 117 204 76 897 1 5 . 7 0 

9 t o 12 M o n t h s . 2 9 19 46 384 4 6 9 1 6 7 72 772 1 3 . 5 1 

T o t a l . . 9 30 56 144 1,551 863 145 1 ,574836 
1 

505 5,713 

1 Admiiiislration Report o l the Corporation of Madras, Health Department, for 1 9 1 3 , p . 3 0 . 

Table III.—Percentage of Infant Deaths in Bombay from 
Principal Causes. 

(1907-1913 ) 
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It will be seen from Table I V that in Madras, Diarrhcea and 
Dysentery account for almost the largest number of deaths among 

linfants : 27 per cent, of the children die from this cause. A s tudy 
of the Table will show that the incidence of diarrhoeal diseases 
rises continuously until the end of the ninth month , when a 
slight decrease occurs u p t o the twelfth month . 

Accord ing to Dr. Janet E. Lane-Claypon,^ experimental 
evidence confirms the conclusion derived from clinical experience 
as t o the superior results obtained b y feeding infants or young 
animals with the breast milk of an animal of the same species, 
instead of with the milk of anotlier species, and emphasises the 

-opinion that infants should be fed on the breast unless there is an 
urgent reason t o the contrary. In this connect ion it must be 
remembered that breast-feeding is much more c o m m o n in India 
than artificial feeding. F r o m numerous inquiries made b y the 
Municipal nurses and midwives in B o m b a y the percentage of 
breast-fed children has been found to be as follows : — 

m 1909 1910 1911 1912 1913 1914 

6 4 . 9 .59.8 69 .7 6 6 . 5 68 .4 62 .7 

N o reliable statistics are available in this country regarding 
the proport ion of deaths a m o n g breast-fed and bottle- fed infants. 
F r o m inquiries made in B o m b a y , it appears, however , that the 
mortaUty among artificially-fed children is m u c h higher than 
that among the breast-fed. In N e w Y o r k , eighty-f ive per cent, o f 
all infant deaths occur in those that are artificially fed.^ W . J . 
Tyson states that of all infants w h o die in England in the first 
year of life, seventy-f ive per cent, have been fed artificially.^ In 
Munich the mortal i ty of bott le- fed infants is eighty-five per cent, 
and that of breast-fed, fifteen per cent. Budin 's Chart^ giving 
the relative mortal i ty from gastro-intestinal diseases in breast-fed 
and bottle- fed infants in Paris shows in a very striking manner 
the advantages of breast feeding and the dangers of artificial 
feeding. Park and Holt,^ of N e w Y o r k , carried out an extensive 

J Hcport to the Local Govemnieiit Board on Public Health and Medical Subjects <iVrai Series 
Xo. G3) 1912. by Janet E. Lane-Claypon, M.D.. D . S c , (London.) 

2 Rosenan. The Milk Question, pp. 234 and 235. 
3 Hyg. Laby. Bull, No. 56. Washington. U.S.-^,. p . 239. 
* Bndin, Pierre. 1905, Hv^irne du Xouiriison, Paris. 

Anhdrt ol Pcdxc.lrk", 190:i. 
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invest igat ion for o v e r t w o years regarding the different 
m e t h o d s of infant feeding. T h e o b j e c t s o f t h e invest igat ion 
were :—(1 ) T o c o m p a r e the results o f the different m e t h o d s of 
feeding infants in " t enement houses " in N e w Y o r k ( somewhat 
akin t o B o m b a y " chawls " ) . (2) T o de termine h o w far such 
results were af fected b v the character , c o m p o s i t i o n a n d bacter ia l 
content of the mi lk used. (3) T o find out t o what ex tent the results-
were modi f ied b v o ther factors . These observers s tud ied care ful ly 
632 infants . The different k inds of mi lk used were briefly as 
fo l lows : — ( 1 ) Store milk.—This is so ld in the o r d i n a r y shops and 
represents the poores t grade of mi lk in N e w Y o r k . Bacterial 
c o u n t a b o u t 400,000 per c .c . in winter a n d f r om 3 t o 20 mill ions 
per c .c . in summer . (2) Condensed milk.—The sweetened var i e ty 
was used . (3) Bottled milk. T w o k inds were used, " g o o d " 
a n d " best " — t h e bacterial c o u n t w a s a b o u t 500 ,000 per c . c . 
(4) Milk from Central Distributing Stations.—This was m o s t l y 
f r o m the Straus Milk D e p o t s . T h e mi lk was pasteurised be f o re 
use. Before pasteurisat ion, the m i c r o b e s per c . c . a v e r a g e d a b o u t 
t w o mil l ions a n d after pasteurisat ion a b o u t 500. This was o f ten 
modi f ied for feeding a n d suppl ied in small bot t les . (5) Mothers' 
milk (breast feeding) . T h e results o b t a i n e d b y Park and H o l t 
are tabulated b e l o w : — 

WINTER RESULTS. 

Remarks. Store Condensed 
Milk. Milk. 

Good 
Bottled 
MilEc. 

Milk from 
Central 

distributing 
Stations, 

Be»t 
Bottled 
Milk. 

Breast
feeding . 

D i d W e l l . . 4 7 . 3 9 
i 

1 
51 1 3 5 5 7 

,, F a i r l y . . 6 1 5 
i 

13 20 1 

,, B a d l y . . 2 2 1 4 1 

D ied . . 1 2 3 1 

T o t a l 55 ' 4S 68 59 6 9 

[ T A B L E . 
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SUMMER RESULTS. • 

113 

Remarks. Store 
milt. 

Condensed 
Milk, 

Goo^ 
Bottled 
Milk. 

Milk f r o i D 
Central 

distributing 
' Stations. 

Best 
BotUed 

^ Milk. 
Breast-
feeding. 

Did Well . . 21 22 37 84 9 17 

,, Fairly . . 23 20 23 33 3 7 

,, B a d l y . . 20 14 29 24 7 

15 14 9 4 

Total . . 79 70 98 145 12 31 

T h e r e is a s t r ik ing c o n t r a s t b e t w e e n t h e s u m m e r a n d t h e 
w i n t e r f igures , t h e l a t t e r s h o w i n g g o o d resu l t s b y all t h e m e t h o d s 
o f f e e d i n g . P a r k a n d H o l t b e l i e v e t h a t " t h e r e a r e m a n y 
f a c t o r s t o e x p l a i n t h e d i f f e rences b e t w e e n t h e s u m m e r a n d w i n t e r 
r e s u l t s , b u t t h a t heat is the primary factor a n d b a c t e r i a a n d the i r 
p r o d u c t s a s e c o n d a r y o n e , e x c e p t w h e n t h e c o n t a m i n a t i o n is 
e x t r e m e o r p a t h o g e n i c "organisms a r e p r e s e n t . " T h e y l a y a 
s p e c i a l e m p h a s i s u p o n t h e i n f l u e n c e o f c o n t a m i n a t e d m i l k , a n d 
s t a t e t h a t w i t h t h e c l e a n e s t m i l k f r o m t h e b e s t c a r e d - f o r c a t t l e 
t h e s m a l l e s t n u m b e r o f b a d resu l t s o c c u r r e d . 

P a r k a n d H o l t m a d e f u r t h e r o b s e r v a t i o n s o n t h e e f f e c t s o f 
f e e d i n g c h i l d r e n w i t h d i f f e rent g r a d e s o f m i l k , a n d t h e f o l l o w i n g 
a r e s o m e o f the ir c o n c l u s i o n s ; — 

^( I ) T h e n u m b e r o f bacter ia w h i c h m a y a c c u m u l a t e be fore 
m i l k b e c o m e s n o t i c e a b l y harmful t o t h e average in fant differs wi th 
t h e nature o f the bacter ia present , the age o f the m i l k a n d the 
t emperature a t w h i c h it has b e e n k e p t , ( 2 ) W h e n m i l k is taken 
r a w t h e fewer bacter ia present t h e be t te r are t h e results . Of t h e 
usual variet ies , o v e r 1,000,000 bacter ia per c . c . are ce r ta in jy de leter i 
ous t o t h e average infant . ( 3 ) I n f a n t s fed o n m i l k prev ious ly 
h e a t e d d i d o n the average m u c h be t te r than t h o s e w h o rece ived i t 
raw . { 4 ) A f ew cases of a c u t e indigest ion were seen i m m e d i a t e l y 
f o l l ow ing t h e use o f pasteurised m i l k m o r e t h a n 36 h o u r s ' o l d . 
Samples o f such m i l k were f o u n d t o c o n t a i n m o r e t h a n 100 million-s 
o f m i c r o b e s per c . c , m o s t l y spore-bear ing variet ies . ( 5 ) H e a t 

' Park W'li. H., and Holl. L. Emmett, " Report upon the results with different kinds of pur-
an<j impure milk in infant feeding la tenement houses and institutions of New York City." Meiical 
/VfTC'fj vol. oOf [ 9 U o , p* I0€6j etc,j 

8 
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1 Reports to the Local Govfnment Board on Public Health and Medical MtUters (New Serit» 
No. 1), 1909, p. 60, by Dr. Arthur Eastwood, 

a Archives of Pediatrics, September 1906, 
3 Rosenau. The Milk Question, p. 217. 

TDIAGRAM P L A T E . 

above 170" F. (77'*C) not only destroys most of the bacteria 
present, but apparently some of their poisonous products. ( 6 ) After 
the first twelve months of life, children are less and less affected b y 
the bacteria in milk derived from healthy cattle. 

A great deal of valuable work in improving the milk supply 
has been done b y Dr . Goler, Health Officer, Rochester. N.Y. . 
U.S.A. The c i ty of Rochester has a population of 200,000 and 
the daily supply of milk is 70,000 quarts^. E v e r y year bacterial 
counts of 1,000 samples are made ; fifty per cent, of these (in 1908) 
yielded less than 100,000 bacteria per c .c . Dr . Goler considers 
that the reduction which he has effected in the bacterial content 
of Rochester milk is one of the causes which have brought about 
a diminution of infantile mortal ity . The accompany ing reproduc 
tion of a chart b y Dr . Goler^ is b o t h interesting and instructive. 
The second chart is f rom Chicago and shows a comparison between 
month ly average of bacterial counts and month ly deaths among 
children from diarrhoeal diseases.^ B o t h these charts are 
interesting and suggest a close relationship between the bacterial 
count and the death rate in children. 
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AVERAGE NUMBER OF BACTERIA IN MILK: Dealhs under 5 years. 
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1 1 6 EFFECTS OF PASTEURISED MILK. 

BACTERIA FOUND IN RAW AND PASTEURISED MILK. 
Monthly average of Bacterial Counts, 1910, compared with monthly 

deaths among children from Diarrhceal Diseases. ( From Chicago 
Commissioner of Health.) 

O 

•2 

I 

(4 

1 6 . 0 0 0 , 0 0 0 

1 5 , 0 0 0 . 0 0 0 

1 4 , 0 0 0 , 0 0 0 

1 3 , 0 0 0 , 0 0 0 

1 2 , 0 0 0 , 0 0 0 

U . 0 0 0 , 0 0 0 

1 0 , 0 0 0 . 0 0 0 

9 , 0 0 0 , 0 0 0 

8 , 0 0 0 , 0 0 0 

7 , 0 0 0 , 0 0 0 

6 , 0 0 0 , 0 0 0 

5 , 0 0 0 , 0 0 0 

4 , 0 0 0 , 0 0 0 

3 . 0 0 0 , 0 0 0 

2 , 0 0 0 , 0 0 0 

1 , 0 0 0 , 0 0 0 

Jan. Feb. Mar. April May, June, July, Ang. Sept. Oct. Nov. Dec. 

o 6 0 0 

• 
5 0 0 

4 0 0 
•3 = « 
U n I- 3 0 0 

2 0 0 

1 0 0 
D i A ? y 

Jan. Feb. Mar, April. May, June. July. Aug. Sept, Oct. Nov. Dec. 



E F F E C T S O F B O I L E D M I L K . 1 1 7 

There is no doubt that child mortality has decreased c o n 
siderably in many cities abroad since the use of pasteurised milk 
for children. Nathan Straus introduced pasteurised milk in N e w 
Y o r k in 1893, when 34,400 bottles of milk were dispensed from 
one depot . The work gradually increased until in 1906, 3,142,252 
bottles and 1,078,405 glasses of pasteurised milk were dispensed 
from 17 " Straus Milk D e p o t s . " Prior t o 1893 the death rate of 
children under five years of age in New Y o r k was over 9 6 . 2 per 
thousand and in summer (June, July, and August) this rate was 
136 .4 per thousand per year. W i t h the increased use of pasteu
rised milk the death rate was reduced t o 55 per thousand in 
1906 and the summer death rate to 6 2 . 7 per thousand per year. 

Besides pasteurisation, there are t w o other methods of arti
ficially purifying mi lk—namely , boiling and sterilisation; as 
the practice of boiling milk is fol lowed in nearly every Indian 
household, it would be important to s tudy the effects of boiled 
milk on health—particularly with regard t o children. A very 
exhaustive report ' t o the Loca l Government Board was made 
in 1912 b y Dr. Lane-Claypon " u p o n the available data in regard 
t o the value of boiled milk as a f ood for infants and young 
animals . " The report includes both experimental and clinical 
observations of different workers. It does not deal with the 
digestibility of raw and boiled milk, but is concerned with the 
study of the comparative nutritive value of raw and boiled milk: 
(1) of the same species, and (2) of a foreign species. The clinical 
material provided for was a large number of healthy babies under 
medical supervision, and of known, and so far as possible, the same 
social environment, w h o were fed for a prolonged period upon raw 
and boiled cows ' milk. Further, a " control " was used—of 
babies drawn from the same average population fed in different 
ways . The material selected for the investigation was from the 
Infant Consultation in Berhn—under Prof. Finkelstein and Dr. 
Ballin. The infants were weighed from time to t ime and the 
weights noted . Numerous experiments on animals were also 
performed. Dr . Lane-Claypon draws the following summary 
and conclusions in the report : — 

" The balance of ev idence b o t h experimental and clinical 
points in the main t o the same conclusions. B o t h lines of research 
show : — 

' Rtporls lo Ihe Local Government Board on Public Health and Medical Subjects {Neiv Series 
Xo. 63), by Janet E. Lace-Claypoll, M.D., D . S c , 1912. 
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y ^ " ° * ' ^ - " V a l e u r nutritive du lait de vachr; iterilisc it 108" pour 1' al laitcment 
arliftciel. Comp. read, des seances dc I'Acad. d, Sci. Vol. yj9, 190i, p. 1002, ( from Rosenau.) 

" ( 1 ) T h a t there is apparent ly n o serious loss o f nutr i t ive 
value p r o d u c e d b y feeding an animal u p o n bo i led mi lk der ived 
f r om a n an imal o f the s a m e species. A t t h e s a m e t i m e i t m u s t b e 
po inted o u t that the publ ished ev idence on this po int is s c a n t y . 

" ( 2 ) T h a t when an animal is fed u p o n the mi lk of another 
species , t h e m i l k f r o m wl i i ch has b e e n f o u n d t o b e suitable for this 
purpose , such small differences as h a v e been f o u n d in the nutr i t ive 
values o f r a w a n d bo i l ed mi lk h a v e been in fa\'Our o f boi led milk. 

" (3) T h a t the mi lk of t h e s a m e species h a s a cons iderab ly 
higher nutr i t ive value for that species than the mi lk of a n y other 
species so far in\-estigated. 

" T h e ev idence dealt wi th t h r o u g h o u t this r epor t emphasises 
very f o r c ib ly the importance of breast-feeding for the y o u n g of all 
species a n d shows the special i m p o r t a n c e of breast - feeding during 
the early weeks of l i f e . " 

Milk is d e p r i v e d of its e n z y m e s or f erments b y boiUng, a n d 
this has b e e n o f ten b r o u g h t u p as an o b j e c t i o n t o the use o f 
b o i l e d mi lk . A s will b e shown under the " B io log ica l Proper t i es 
of Milk " this o b j e c t i o n is m o r e theoret ica l than p r a c t i c a l — f o r 
n o o n e has ye t dehnite ly p r o v e d the bio logical va lue of these 
e n z y m e s in mi lk . So far as our present k n o w l e d g e goes , it m a y 
be c o n c l u d e d that boiled milk is not inferior to raw milk as regards 
Hs digeslibility and nutritive properties. 

Sterilimtion of mi lk is a s tep further than bo i l ing . T h i s 
br ings a b o u t m o r e p r o f o u n d changes in the charac ter a n d c o m p o s i 
t ion o f mi lk than boi l ing {:yidc Chapter V ) . A s in the case o f 
bo i led milk , there is considerable a m o u n t of e v i d e n c e t o show that 
sterilisation of mi lk d o e s n o t seem t o interfere with its nutr i t ive 
qual it ies . T h e o b s e r v a t i o n s o f Var io t a n d o t h e r F r e n c h observers 
are wor th record ing . Variot^ sums u p his exper iences as fo l lows :—• 

' ' A t tlie dispensary of La Goutte de Lait de Belleville, which I 
have directed since 1 8 9 2 , we h.ave distributed for twelve years in the 
poorest quarters of Paris about four hundred thousand bottles of 
sterilised mi lk to more than three thousand infants of the working 
class deprived ot their mothers ' miik. Wi th m y co l labor at eurs, 
MM. Drs. Dufestel, Lazard, and Roger, we have made a study of 
the artificial feeding with sterilized milk, and the results of our 
experiments are so decisive, each case controlled b y weight, a n d a n 
examination of the organs and functions, that we think our results 
merit publication. 
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T h e mi lk received f r o m farmers in the c o u n t r y is heated t o 
lOS'^C. be fore t ranspor ta t i on in the bo t t l es o f half a litre, s t oppered 
w i t h c o r k a n d t h e medica l seal. This m i l k keeps several d a y s w i t h o u t 
a l terat ion , even during the greatest heat of sumrner. I t is del ivered 
d a i l y a t t h e Bel levi l le d ispensary t o o n e hundred a n d fifty in fants . 
E v e r y w e e k , o r oftener if necessary, the infants are we ighed a n d 
inspec ted w i t h care, records o f whi ch are kept . T h e f o l l owing are 
s o m e o f t h e conc lus ions o f the results o f twe lve years ' e x p e r i e n c e : — 

L T h e m i l k sterilised a t 108° C. preserves all o f i ts nutr i t ive 
va lue . I t is n o t inferior t o m i l k pasteurised at 80*^ C. o r w i t h 
heat ing a t lOC^C. in t h e apparatus o f Soxh le t . 

2 . T h e destruct ion b y heat ing o f the e n z y m e s , the sl ight 
a l terat ion o f the lactose , t h e doubt fu l prec ip i tat ion o f the citrate o f 
•calcium, o r t h e a l terat ion o f the lecithins does n o t affect i ts assinxila-
b i l i ty in an apprec iable manner. N o t one case of infanti le s curvy has 
b e e n oUserved b y the d ispensa iy . 

3. T h a n k s t o this sterilised m i l k we h a v e b e e n able t o raise n o t 
o n l y hea l thy infants , bu t also a t roph i c in fants , retarded in their 
•development as the result o f gastro- intestinal t roubles . 

4. Rach i t i s did n o t d e v e l o p in a n y o f the in fants . 
5. In three t h o u s a n d infants o f the poorest class a b o u t three or 

i o u r per c e n t , showed themselves incapab le o f using sterilised mi lk , 
6. Const ipat i on and ansemia were n o t rare a m o n g the infants 

raised b y this m e t h o d . O n t h e o t h e r hand t h e summer diarrhoea 
were m a r k e d l y a t tenuated in s e v e r i t y . " 

M a y g r i e r ' s ta tes t h a t o f 5 9 0 i n f a n t s f e d o n ster i l i sed m i l k , 
n o t o n e d i e d o f D i a r r h c e a . 

Ber l i oz^ r e p o r t s t h a t i t is j^ossible t o r e d u c e i n f a n t m o r t a l i t y 
by t h e use o f ster i l i sed m i l k . H e ster i l i sed m i l k at llO^'C f o r hal f 
a n h o u r b e f o r e d i s t r i b u t i n g it i n b o t t l e s . T h e f o l l o w i n g d e a t h 
ra tes w e r e o b s e r v e d : — 

Y e a r . 
Class A . 

Chi ldren f e d o n m i l k n o t 
steril ised ( p e r lOOO). 

Class B. 
Chi ldren ieii oii steri l ised 

m i l k ( per 1000.) 

1894 66 .8 2 5 . 6 

1895 86.9 42 .2 

1896 54 .0 16.1 

Average 69 .3 27 .9 

' Maygrier . • X a C o n s u l l a l i o n d e nourrissou .i la Char i ie , de 1898 ii 1901 ,0*s (£ (n j i ( e , V o l . 6 , 1 9 U I . 
" Koseitau, The Milk Qucitioii, p . 220. 
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The difference in favour of sterihsed milk is much more 
striking than the figures indicate, for Class A includes bottle and 
breast-fed children, while Class B includes only bottle-fed children. 
Further, the first figures are compiled from children of the better 
class while the latter are drawn from children of the poorer 
classes. 

The above-mentioned facts are all in favour of the use of 
heated milk. On the other hand, there are a few observers w h o 
claim that the prolonged use of iicated milk leads t o scurvy a n d 
rickets in children. 

According to Ernst , ' children who are exclusively nourished 
o n sterilised milk become affected with infantile scorbutus or 
" Mdller-Barlow disease," which disappears when raw milk is 
provided. He does not quote any statistics, however, in support 
of this view. 

Rummell^ doubts the relationship between the Moller-
Bar low di.sease and sterilised milk. The cause of the disease is 
entirely unknown, and perhaps it has some relation t o the f o o d of 
the c o w rather than to the heating of the milk. Escherich says : 
" Infantile scurvy I have not once seen among all the m a n y 
thousands of children fed artificially and with sterilised milk which 
passed through m y hands in Munchen and Gray."^ 

Koeppen'* considers scurvy as an auto-intoxication brought 
about b y intestinal putrefaction. 

According to Rosenau^ " scurvy m a y be brought about 
b y the lack of inorganic salts of alkaline bases, especially 
potassium, in the infant's dietary. This, combined with the-
injurious eft'ects of a high percentage of fat in the food, m a y bring 
about serious disturbances of digestion and metabolism favouring, 
the production of the scorbutic cond i t i on . " The last is a very-
recent view on the matter, and if it is correct, then the use o f 
heated milk could not be an etiological factor in scurvy in 
children. 

Here, in India, where boiled milk is most c ommonly used for 
children, infantile scorbutus or Moher-Barlow's disease does 
not seem to be very prevalent. The disease is rare in Germany and 
France where feeding with heated milk is \'ery popular. 

1 W m . Ercist. TcxI Book of Milk Hygiene, p, I94. 
a Rummel, O , " StcrJlisierte Milch ? " D«( / . Pi'rt.tij. Vol. X I I I pp 201-'>07 
s Esc&ericli Wiener klin Wochcns, Vol. XUl iSQo p. ( 
* Kteppen. ' ' Z u r Moller-Barlow schon Krankhcit'," Jahrb f. KixderheHk. Bit. 4^,1837. 
" Kosenau, The Milk Question. 
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The comparat ive advantages and disadvantages of pasteuri 
sation, boiling and sterilisation wiU be considered in the next 
chapter . 

T/ic Use of Preservatives in jl/i7ft.—Ciiemical preservatives 
are added t o milk in order to prevent or retard the growth of 
bacteria, and thus preserve or keep the milk for a considerable 
length of t ime b y delaying the lactic-acid fermentation. The 
preservatives used most frequently are formaldehyde and bor i c 
acid or its c ompounds . A m o n g other preservatives e m p l o y e d 
occasionally are salicylic acid, benzoic acid, hydrogen perox ide , 
sod ium carbonate , certain fluorides, potassium dichromate , etc . 

The amount of different preservatives necessary for keeping 
the milk for various lengths of t ime has been studied b y 
several workers. The fol lowing table is f rom R i c h m o n d ' ; — 

Table of the Length of Time in Hours that Milk will keep 
at various Temperatures when Preservatives are added;— 

Baiic Actd. Form aldehyde. 

Temperature. 
0.03 

Per cent. 
O.IO 

Per cent. 
0.0025 

Per cent. 
0.00S 

Per ccat . 
0.010 

Per cent. 

e c F 26 h o u r s . 40 h o u r s . 8 h o u r s . 35 h o u r s . 63 h o u r s . 

TO 'F 6 ,, 14 5 17 ., 41 ,. 

SO^F 3 9 .. 4 13 ., 31 .. 

g c F 2 ., 8 ., 2 U ,. 26 ,. 

Accord ing t o R i c h m o n d , for prolonging tlie " life " of the 
milk b y 12 hours at 80° to 90°F at least 0 . 0 9 per cent, of 
boric acid or 0 ,004 per cent, of f o rmaldehyde are necessary. 
As regards the possibility of any injurious effects resulting f r o m 
the use of preservatives, different observers are d iv ided in 
their opinion. Rideal and Foulerton, - for instance, conclude 
f r o m their work that bor ic acid, 1:2,000, a n d f ormaldehyde , 
1:50,000, act as efficient preservatives for milk for 24 hours , , 
and that in these quantities they have no appreciable effect o n 
digestion or on the digestibility of foods thus preserved. O n 

' H. Droop Richmond, Dairy Chemislry. Second edition, 1914 p 178 
" Rideai and Foulertou. Exp.Stal. Rec. 1900, I I , 582 from Public Health, 1899. U-5S1-S68; see 

also Lancet, 1900, pp. 228-230. ' 
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the other hand, HalUburton' observed that 0 . 5 per cent, of 
formaldehyde renders gastric digestion almost impossible, and 

•0.05 per cent. , delays it c ons iderab ly ; while according t o 
F. J. Allan (quoted b y Hal l iburton ' ) b o r a x delays or prevents 
the rennin coagulation of milk. Halliburton in his test imony 
before the Food-Preservatives Committee in London took his 
stand against the use of preservatives in food. A great deal 
•of work was done b y Liebreich^ on the effect of boric acid and 
borax on the human system. He is of opinion that experience 
justifies the use of boric acid and borax as f ood preservatives. 

Numerous other investigators have tested the effects of 
preservatives on digestion, metabol ism, etc . , but space will not 
permit these investigations being discussed in detail. The 
-consensus of opinion is against the use of preservatives in milk. 
Savage^ sums u p the essential ob ject ions to the addition of any 
preservatives to milk as f o l l o w s : — 

(1) There is evidence that their consumption may be direct
ly harmful. 

(2) The action of preservatives upon bacteria is not a 
simple general one, but is selective. 

(3) Their addit ion is total ly unnecessary and is a direct 
incentive t o dirty methods of milking and handling milk. Their 
use converts a perishable article into a comparatively non-perish
able one and allows surplus milk to be kept over until next day. 

The following recommendations were made b y the Depart 
mental Committee . London : — 

(A) That the use of formaldehyde or formalin, or prepara
tions thereof, in foods or drinks be absolutely pro 
hibited. 

(B) That the use of any preservative or colouring matter 
whatever in milk offered for sale in the United 
K i n g d o m be constituted an offence under the Sale 
of F o o d and Drugs A c t . 

(C) That the only preservative which it shall be lawful t o 
use in cream be boric acid or mixture of boric acid 
and borax, and in amount not exceeding 0 . 2 5 per 
cent, expressed as boric acid. The amount of such 
preservative t o be notified b y a label upon the vessel. 

> Haliibiirton, Hrit. Med. Jour.. 1900, Vol . I t , pp . 1-2. 
9 Li^eich. Second Treatise on the ejects of lioiax ,o\d Boric acid on Ike Human SysUm, by E r 

Oscar i.iebrcich, London, 1902. 
3 Milk and the Public Healtli, by William 0 . Savage, 1912, p. 3S9. 
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» Eschmcli ' s article in - W i e n e r Klin Wochens," 1900 Vol X I I p UBi 
Ehrhch, UbcT Immuniliil dunh Vererbuns nud Sauguiig. Zdlf. Hyg. 1892, Vol. X I I , P. 1B3. 

Several samples of milk imported from distant places, e.g., 
<Jujarat, were examined b y me for the presence of preservatives. 
It was found that almost all the samples contained formaldehyde, 
except ing those samples which were subjected previously t o 
j)astcurisation and cooling. Statistics from other Indian cities, 
with regard to the addition of preservatives to milk, are not 
available. 

T H E " BIOLOGICAL " PROPERTIES OF M I L K . 

It has been shown above that infants fed on raw mothera' 
milk thrive on the whole better than those receiving boiled cows' 
milk. Escherich* in 1900 suggested that the difference might 
be due t o " metabolism-ferments " {stoffwechsel fermente). Later 
o n it was found that raw milk possessed the property of 
g iv ing certain colour reactions, which property was lost b y 
heating the mi lk t o a definite temperature. Numerous observers 
have investigated this subject and have found various kinds 
of enzymes or ferments in raw milk. 

Besides enzymes, other " biological substances " have been 
found in milk, e.g., precipitins, agglutinins, etc . The d iscov -

-ery of these was based on the observations of Ehrlich and others, 
w h o showed long ago^ (1892) that passive immunity cou ld be 
l iroduced b y suckling when the mother was immune. These 
bodies (agglut inins , ant i -bod ies ) are called " p r o t e c t i v e s u b 
stances " a n d are responsible for the so-called " germicidal 
property " of milk. 

The " biological " properties of milk are due t o the pre
sence of t w o kinds of substances in milk which arc different from 
chemical substances {e.g., s u g a r , fat, etc. ) and which are termed 
" b i o l o g i c a l " substances, namely, (I) Enzymes or Fertnenis, 
and (II) Protective Substances or Immune Bodies. 

(I) Enzymes or Ferments in mi lk .—Under this term are 
included those substances which hasten chemical changes wi th 
extreme rapidity without using themselves t o an appreciable 
degree. Their act iv i ty is inhibited (1) b y the products of the 
reaction, (2) b y high degree of heat, and (3) b y certain ferment 
toxins, f .g. , hydrocyanic acid. Their m o d e of ac t i on is b y {W 
oxidat ion, (2) reduction, or (3) hydro lyt i c spl i t t ing. 
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The ferments, or groups of ferments, described as occurriiifC 
in milk are (1) Amylase , (2) Catalase, (3) Oxidising ferments, 
(4) Reducing ferments, (5) Proteolyt ic ferments, (6) L ipo lyt i c 
ferments, and (7) Glyco lyt i c ferments. These are minute ly 
described b y Br . Janet E. Lanc-Claypon of London in an excellent 
report to the Local Government Board on the " Biological 
P r o p e r t i e s " of milk, ' It is not proposed to discuss all these 
enzymes iiere ; we can only briefly refer t o the important ones 
and find out if they have any practical significance. 

According t o Ernst- the important ferments in milk are 
amylase {diastase), the indirect oxydase {pevoxydasc), the siiper-
oxydase {cafalase), a n d the indirect reductase {aldfhydreductase). 
Their diminished or increased presence or complete absence 
offers certain conclusions as to various condit ions in the udder' or 
in the milk. 

Amylase {diastase) splits u p the starches, its act ion being 
similar t o the ptyahn of the saliva. This enzyme is present in 
human milk and in cows ' milk. It has also been found in buffaloes' 
milk in Bombay b y the author. Amylase is destroyed b y heating 
at 68° C for 45 minutes (Koning) .^ Accord ing t o Giffhorn* 100 
gms. of milk will decompose from .01 to .25 gms . of starch^ The 
amount of amylase is increased in pathological conditions, of the 
udder. 

The indirect oxydase or pevoxydasc acts only after the addit ion 
of hydrogen peroxide. According to Lane-Claypon. it is c o n 
stantly present in c o w s ' milk, but is very inconstant in its 
appearance in human milk. Its presence has been demonstrated bv 
tlie author in buffaloes' milk in Bombay (using Storch's reaction 
and the guiac test.) The reaction is more marked in ct^ostrum 
and in milk in Mastitis. The ferment is probably derived f rom 
broken-down cell-tissue and from the leucocytes . It is difficult tO' 
state the precise temperature at wliich the peroxidase react ion 
ceases t o be given, as different observers give different t empe
ratures, varying from 70° C to 82° C. The ferment is destroyed 
b y heating at about 75" C for 5 minutes (Sehgmann), for 10' 
minutes (Rul lmann) , or for 20 minutes (Kast le and Porch) . 

Catalase or Superoxydase.—This enzyme originates in the 
cells of the milk gland, especially from the leucocytes (Ernst) . It 

> New Seriei, No. 76-1913, 
* William l irn ' l . Text Book of Mil/! Hygieite, 1914, d. 46. 
» Quoted liy Enist in his TeM Book of Miik Hygiene-
* (Quoted by Laiic-Clavpoii) Giffhorn. " Unlersuchungen uber Enzyme in der Kuhmikh " 

Inaug, Diiscrl. Haniio\er 1909. 
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Tias been found in the milk of all animals. It has the proper ty 
of splitting hydrogen peroxide according to the equation 2 H 2 0 2 = 

2 H 2 0 - t - 2 0 . The literature dealing with this enzyme in milk 
is very voluminous. Heating t o 62 t o 7 0 ° C destroys the original 
•catalase in a short time. Different kinds of apparatus have been 
devised for measuring accurately the amount of oxygen evo lved 
dur ing a definite period of t ime. A description of these will be 
found in Lane-Claypon 's report . ' 

The amount of catalase in several samples of buffaloes ' 
milk in B o m b a y was determined b y me with the aid of a simple 
apparatus consisting mainly of a graduated burette. Fifteen c . c . 
o f milk and 5 c .c . of HgOg ( one per cent.) were used and the 
amount of o x y g e n evo lved in one minute, 5 minutes, 15 minutes 
a n d 30 minutes was recorded. In the beginning, observat ions 
were taken for | hour, 1 hour , 2 hours, and 3 hours, but as it was 
found that the amount of o x y g e n evo lved practically reached 
its m a x i m u m within half-an hour , there being hardly any 
appreciable increase in 1 hour or more , the t ime limit was fixed at 
30 minutes. Several samples of milk were thus examined for 
catalase and the amount of o x y g e n evo lved was noted . It was 
found that in fresh samples of milk, the amount of o x y g e n 
involved varied from 1.5 c . c , t o 2 . 5 c.c , . while in market milk 
(examined usually from 8 t o 9 hours after m i l k i n g ) the 
average amount of oxygen in fifty samples was found 
t o be 4 . 5 c .c . This indicates that freshly obtained milk shows 
less catalase than milk which has been standing for 8 t o 10 
hours, particularly when i"t is contaminated . 

Many of the samples were analysed chemical ly and it was 
found that the amount of catalase usually varies directly with the 
percentage of fat in the same sample of milk, the higher the fat 
the greater the amount of catalase, prov ided that the interval of 
t ime between milking and examining the sample is approx imate ly 
constant . 

Sec footnote 1 on page 124. 
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Time in Minutes. 
N o . Fat Rcmarlis. 

Percent. 
Rcmarlis. 

1 5 IS 30 

A m o u n t o f o x y g e n e v o l v e d i n c . c . 

1 . . 0 . 5 3 . 2 6 .1 7 .4 7 . 7 T h e t i m e e t a p s > 
2 . . 1 .0 3 . 0 6 . 0 7 . 6 7 . 5 i n g b e t w e e n 
3 . . 0 . 2 0 . 5 1.7 2 .7 4 . 2 m i l k i n g a n d 
4 . . 0 . 1 2 . 1 4 . 0 5 . 1 6 . 0 t a k i n g o b s e r 
5 . . 0 . 1 1.4 3 . 8 5 . 7 6 . 6 v a t i o n s v a r i e d 
6 . . 0 . 1 1.8 4 . 0 5 .1 4 . 9 f r o m s i x t o 
7 . . 0 . 4 2 . 5 5 .1 6 . 0 5 .1 e i g h t h o u r s 
8 . . 0 . 1 0 . 9 3 . 6 4 . 7 5 . 8 a p p r o x i m a t e l y . 
9 . . 0 . 2 2 . 1 4 . 8 6 . 4 7 .0 T h i s a c c o u n t s 

1 0 . . 1 .0 5 . 0 8 . 2 9 . 7 9 . 5 f o r t h e h i g h 
1 1 . . 0 . 4 1.5 4 . 6 6 . 6 7 .0 figures f o r 
1 2 . . O . l 0 . 7 2 .1 3 . 0 4 . 0 c a t a l a s e . 

These results h a v e been further con f i rmed b y e x a m i n i n g t h e 
m i l k for catalase be fore a n d after r e m o v i n g the c r e a m . 

A c c o r d i n g t o L a n e - C l a y p o n : " T h e r e appears t o b e a 
special affinity b e t w e e n t h e catalase a n d t h e fat c o n t e n t of t h e 
mi lk , s ince if the m i l k be centr i fuged the m a j o r par t of t h e 
catalase goes u p w i th the c r e a m . " She q u o t e s the f o l l owing 
figures f r o m Sel igmann : — 
25 c.c. skim milk gave 1.2 c.c. Oj with 0 . 5 c.c. perhydrol in 1 hour at 37' 'C 
,. „ Whole „ ,, 4 . 0 
,. „ Cream ,, 7 .3 ,, ,, ,, ,, ,, ,, 

W a t e r y extract 
from cream. ,, 1 2 . 0 ,, „ „ „ 

A c c o r d i n g t o Gerber a n d Ot t iker ' the catalase c o n t e n t o f t h e 
mi lk var ies w i th the breed of the c o w , the feeding a n d o t h e r 
fac tors . Spindlers^ a n d others f o u n d an increase of ca ta lase 
(in freshly o b t a i n e d mi lk) in all i n f l a m m a t o r y c ond i t i ons of t h e 
u d d e r . Milk rich in cellular e lements also c onta ins a large a m o u n t 
of catalase . Jensen observed^ that t h e bacter ia l flora present 
in mi lk dur ing the incubat i on per i od of sour ing usua l ly possess 
s t r o n g ca ta ly t i c propert ies . 

1 Gerber and Ottiker. " Zur Katalase BestJmmung der Mi l ch , " MUchw Zmtralb, 1910, 
Vol . V I . p . 31G. 

9 Spindlers. " Beitrage zur kenntniss der Milehkatalase." Bioeli. Zeit. Vol. X X X , 1911, 
p . 384. 

3 W m . Ernst. Text Book of MM Hygiene, p . 187. 

T h e fo l l owing samples i l lustrate this po int 
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^I^^^Schardinger. Zeit. J. Unlers. Nahr. u Geniissm, i m Vol, V , p, 1113 (quoted by Lane-

Catalase is known to be destroyed at a temperature of about 
70*0. The catalase test, therefore, m a y b e applied t o pasteurisetl 
milk t o find out the efficiency of pasteurisation, as well as a n y 
subsequent contaminat ion. This is a simple and rapid routine 
test and would be of great value in determining the suitability 
of a sample of milk for drinking purposes. 

As regards any relationship between the bacterial count and' 
the catalase, most observers are of opinion that although the 
catalase content is increased b y bacterial contamination, there is 
n o definite relationship between the number of microbes and the 
catalase content of the milk. Catalase has been found in human 
milk and it appears that the healthier the woman, as a whole, the 
less the catalase. 

Indirect reductase (aldchydreduclase, etc.), or " Sckardinger's 
ferment,"—Schardinger' found that fresh milk possessed the-
proper ty of reducing methylene blue in the presence of formalin., 
The reaction is k n o w n as " Schardinger 's R e a c t i o n , " A great 
deal o f controversy has been raging between different observers-
with regard to the origin and nature of this " ferment " (vide-
Lane-Claypon) . Indirect reductase has been found to be present 
in cows' milk as well as in buffaloes' milk b y the author, but is 
absent in human milk. 

The practical significance of enzymes in milk m a y be n o w 
considered in the form of t w o quest ions : — ( 1 ) Would the presence 
(increased or diminished) or ihe absence of any enzyme in milk 
serve as an index or guide to the quality or character of the milk or 
to the various morbid conditions of the milch cattle.^ and (2) Have 
the enzymes in milk any "biological value " in relation to the 
feeding of infants ? The first question has been already answered 
above . It was shown that amylase, peroxidase, and catalase are 
all increased in Mastitis and other condit ions of the udder , 
that catalase usually bears a definite ratio t o the fat content of 
the milk and that the amount of catalase is increased b y bacterial 
contaminat ion . A s catalase is f o u n d in all tissue extracts , its 
absence in milk, rather than its presence, would be cause 
for inquiry (Lane-Claypon) . As regards the second question, it 
has often been asserted that enzymes in milk are concerned in 
digestion and their presence in milk is essential for the proper 
nutrition, etc . of children. This assertion does not seem to be 
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based upon any reliable clinical evidence or scientitic experiments. 
The comparat ive merits of feeding infants on breast milk, raw 
a n d heated cows ' milk have been already fully discussed. It 
was stated that while breast miik is undoubtedly the most satis

factory and best feeding for infants, both clinical and experimental 
evidence show that the nutritional value of boiled cous' milk is not, 
on the whole, inferior to that of raw cows' milk. If the enzymes in 
milk had any biological value, the results of feeding with boiled 
milk should have been unfavourable ( f o r boiling kills all the 
e n z y m e s ) ; but such is not the case. 

I f we consider the above-described enzymes individually, 
none of them seem to have any biological significance with regard 
to infant feeding. Peroxidase, for instance, is destroyed b y acid 
a n d b y the gastric juice, so that its life as an enzyme must end on 
reaching the s t o m a c h ; moreover , the irregularity of its 
appearance in human milk would also constitute as an argument 
against attaching any biological value t o this enzyme. The 
indirect reductase is entirely absent in human milk and hence its 
presence could not be essential t o digestion, etc . Amylase is a 
starch-splitting enzyme ; starch is considered to be an unsuitable 
f ood for infants, and as starch is not a constituent of milk, 
amylase would be unnecessary for the purpose . If they have no 
biological function then h o w is the presence of enzymes in milk to 
be explained ? Lane-Claypon suggests that "perox idase , catalase, 
and amylase are found in considerable amounts in the blood, and 
it is only consonant with general physiological experience t o 
suppose that the small and varying amounts of these ferments 
which are found in milk are derived f rom the b lood stream b y 
filtration." As t o their biological significance, she adds t h a t : 
•" as a result of the survey of the available data upon the ferments 
present both in human and in c o w s ' milk, there appears to be no 
ground for claiming any biological value for these substances." The 
answer t o our second query would be therefore in the negative. 

11 " Protective Substances " or Immune Bodies in Mi lk .— 
B y " protect ive s u b s t a n c e s " are understood certain bodies 
found in the b lood which afford protect ion or immuni ty to the 
organism f rom certain diseases. F ive classes of such substances 
have been described in m i l k : — 

1, Precipitins, those bringing about the precipitation of 
certain substances. 
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2. Agglutinins, those bringing about agglutination o£ 
bacteria . 

3. Anti - toxins . 
4. Bodies concerned in the " germicidal properties " o f mi lk . 
5. Those concerned with hotraolytic act ion. 
The consideration of milk as an Antigen and carrier of ant i 

bodies wou ld be of great scientific interest, for that would possibly 
prov ide a means of differentiating between c o w s ' milk and buf
faloes' milk. N o attempt will be made here, however , to deal even 
briefly with the general question of " protect ive substances " 
in milk. ^Mention will on ly be made of any possible bearing of this 
subject on the feeding of infants. 

N o original work has been carried out b y the author as 
y e t with regard to this subject and he can therefore only refer 
t o a summary (by Lane-Claypon) of our present state of knowledge 
based mainly upon German and American investigations. Lane-
Claypon sumnuirises the results regarding the presence of " p r o 
tec t ive substances " in milk as fol lows : — 

" 1 . Colostrum contains substances (a) acting hcemoly 
ticaily upon certain b lood corpuscles, and (6) inhibiting the 
growth of bacteria, whether through bacteriolysis or agglu
t ination. 

" 2. Later milk m a y contain traces of these substances, 
but if present at all they are present in very small amounts . 

" 3 . The apparent bacteriolytic effect possessed b y raw 
milk seems to be due t o its agglutinating p o w e r s ; this power is 
lost in the early hours after milking. 

" 4. If specified immune substances are present in the b lood 
of the mother, they pass out in the milk but are present in 
smaller amounts than in the b l o o d . " 

W i t h regard to their absorption, the following conclusions 
are drawn : — 

" 1. Absorpt ion of protein and hence of the attached 
i m m u n e substances takes place directly during the first few days 
after birth. 

" 2. Foreign protein is not absorbed as such, except in the 
early days after birth. 

" 3. It is possible that native protein m a y be absorbed 
direct ly for a longer period. 

9 
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" 4. Protein can apparently be absorbed at a later age in; 
significant quantities in cases of disturbance of the al imentary 
canal, or of presence of excess of pro te in . " 

As regards c o w s ' milk, it has been found that the " biological' 
substances " are not absorbed in the alimentary canal but are des
troyed there. Judging from the investigations quoted b y Lane-
Claypon, the " biological substances " in milk do not appear to-
have any direct value. 

It m a y be mentioned, in conclusion, that a substance called 
" Vitamine " has been isolated from vegetable tissues and also-
from milk b y Funk. It appears that Beri-beri (a disease which 
appears t o be long to the " Scurvy " group) can be cured b y 
the administration of " V i t a m i n e . " It has been suggested that 
infantile scurvy m a y be caused b y the deficiency of this substance 
in mdk. A t present, however, the available data regarding this-
is very scanty and indefinite. 



C H A P T E R VII . 

R E M E D I A L M E A S U R E S . 

In the foregoing pages an attempt has been made to present 
the milk prob lem in B o m b a y and other Indian cities in its m a n y 
phases and from various points of v iew. It is apparent that the 
milk problem in this c o u n t r y is much more c o m p l e x than in 
Europe or in America . The remedial measures suggested in this 
chapter are b y no means complete or perfect . Only a brief 
description of the important measures will be given here. F o r 
the sake of convenience, the remedial measures will be d i s 
cussed under the following headings 

t. Economic, educational and other general measures, inc lud
ing improvement of the Indian milch cattle, reforms in the p r o d u c 
tion and distribution of milk, educat ion of the milk dealers, c o 
operative dairy societies, etc. 

I I . Sanitary measures, including sanitary methods and 
reforms regarding the care and management of the milch cattle, 
the process of milking, the storage, transit, distribution and the 
artificial preservation and purification of milk. 

I I I . Legislative control^ including milk inspection and legal 
milk standards. 

\. ECONOMIC, EDUCATIONAL AND O T H E R G E N E R A L 
M E A S U R E S . 

A) Improvement ol the Milch Cattle, with regard to {a) breed, 
{b) feeding, {c) housing and tending, etc. 

{a) Breed .—The question of breed and heredity has been 
already discussed in Chapter I I [q.v.). The Indian breeds as a 
whole give a much smaller amount of milk than the European or 
American breeds. Our aim should be to so improve the animals 
as to enable them to increase their yield of milk. F r o m the Tables 
o n pages 39-40 it wdl be seen that there are great variations 
even among the existing breeds. The largest amount of milk 
is given b y the Delhi and Jaffrabadi buffaloes and the Saniwahl, 
Hansi, and Sindhi c ows . Half -bred animals from Sindhi c ows 
and imported Ayrshire bulls also yield the largest amount of m d k . 

It has been pointed out that in the same breed there are great 
differences in the compos i t ion of milk of each individual animal. 
The improvement of the existing breeds is a question of m a n y 
years. A beginning cou ld be made b y training the catt le-owners 
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in the art and science of breeding and oi selection. Most of the 
•cows in India are not primarily produced for milking purposes 
but arc more or less incidental in the course of breeding of draught 
animals . Cows and bullocks are needed in this country only for 
^vo purposes, namely, milki7ig and draughting. Beef is hardly 

used here as food and so there is n o necessit) ' of breeding cows 
for that purpose as in Europe or in America. The bul lock is 
the animal used here for p loughing and draughting purposes . 
The aim of breeding shoidd he the production of a class of animal, 
the female of which would be our best milker, whilst the male would 
be our most efficient draught animal. According to Will iam Smith, ^ 
the main characteristics of a first-class milch c o w are, that she 
" must be gentle, maternal, fairly fine bone, not t oo long in the 
leg, and of massive frame with well-knit symmetrical figure. She 
must possess great digestive and assimilative abil ity and have 
special r o o m for large healthy internal organs ; in other words , 
y o u want size without height, weight without excessive flesh, 
frame rather than beef, breeding (which means spirit) rather than 
bulk, p lac id i ty of temper rather than showiness, and the wedge-
shape in preference t o the elephantine t y p e . " H e then a d d s : 
" Surely all these are characteristics of a first-class plough or 
draught bul lock as well as of a first-class milch c o w . " W h a t is 
really required for this country is " a thick set animal with 
•clean l egs , " mildness of temper , qu i ck act ion, r o o m y barrel a n d 
average height. 

The bulls for breeding purposes must be selected very 
carefully from a pure breed of known milking quahties. 
O n l y such bulls should b e chosen whose immediate ancestors, 
and particularly the mothers and sisters, were or are k n o w n to be 
g o o d milkers. It is not advisable t o import expensive European 
stock for the purpose of producii fg the " d u a l purpose c o w " 
i o r India. T h e half -bred progeny is usually delicate a n d very 
susceptible to disease. The cows give more milk but the qual i ty 
of the milk is poor in fat as colhpared with the pure Indian breeds. 

Satisfactory results are reported t o have been obtained in 
the P u n j a b and Sindh in an a t tempt t o b r e e d a " dual purpose 
an imal . " In the opinion of the Committee at the Agricultural 
Conference at Coimbatore (December , 1913) it is possible to breed 
the above type of animal in India . Accord ing to the investiga
tions of Wil l iam Smith, the best milkers in almost every case 

1 The Journal oS Dairying and Dairy-Farming in India, Vol. 1, Part 2, p . 88. 
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produce the best bul locks . The same principle m a y be appl ied 
t o buffaloes also. A m o n g the best breeds of cows m a y be 
ment ioned the Saniwahl, Hansi , Sindhi, and Gir, and among the 
best breeds of buffaloes are the Delhi, Surati, and Jaffrabadi . 
He-buffaloes could be trained for draughting and ploughing 
purposes like bul locks. Select he-buftalocs for breeding purposes 
should be also kept in the sarne manner as bulls. 

The influence of climatic conditions is important for satis
fac tory breeding in India. Accord ing t o MoUison,' ' the finest 
cattle in India are bred in districts where there is a dec ided degree 
of co ld during the winter, " ^ n the B o m b a y Presidency the best 
catt le are bred in Northern Gujarat, which possesses extensive 
tracts of g o o d grassland wi th fairly abundant pasturage all the 
year round. The Gir hills in Kathiawar and the Satpuras offer 
the most favourable natural condit ions for the breeding of 
cattle in the B o m b a y Presidency. Tlie land being uphill is well 
drained and has an ample water-supply. The soil is of fair depth 
and quality , and the subsoil fairly pervious to rain. The annual 
rainfall in these districts rarely exceeds 35 inches. On the o ther 
hand, in the Deccan , natural condi t i ons are, o n the who le , 
unfavourable for breeding purposes. Most of the districts are 
sub ject to deficient rainfall, scarcity of fodder and occasional 
famines. In the Konkan also, that is be low the Ghauts, the 
cl imatic condit ions are unfavourable ; the rainfall is t oo h e a v y 
for successful breeding, and the soil is reported to be unsuitable for 
raising proper fodder crops. 

I t is ev ident from the above that the breeding of the " dual 
purpose " animal should be undertaken b y the wel l - to-do culti 
va tor in India. W i t h reference t o this subject , Professor Knight 
and Mr. H o m e of Poona say,''^ " The deve lopment of a profitable 
dairy animal from any of the types ment ioned above , without 
outside b l ood , is the work of generations, working o n scientific 
principles, consistently, intelligently, and persistently. The 
a g e n c y for effecting this is difficult to po int out . The necessity 
for cont inuity in this work is so great that it places it b e y o n d 
the scope of Government Institutions, because of the necessary 
frequent changes of personality. T h e on ly agency which c o u l d 
undertake this work with a reasonable expectat ion of a c c o m 
plishing marked results does not evince any great interest in 

' A Ttxt'Boak on Indian Agrictillure. by J. MoUison. M.R.A.C., Vol. I I , 1901, p. 2. 
* J. B. Knight and E. W. H o m e , Depi.oJ AgrituUiire, Bnllfli'i A'o. 56 oj 1913. "Pie ient 

state o l the Dairying Industry m Bombay . " 
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•work of tliis character. W e refer to the hereditary Chiefs and 
Sardars, who have estates adapted to the work, and who , if they 
werereally in earnest, could carry on this work from father to son, 
a long fixed lines and accomplish something. If the a b o v e -
noted gentlemen could be aroused t o form Breeders ' Associations 
and definite ideals laid down, and authentic records of breeding 
and product ion kept , some noticeable improvement might begin 
to appear in 10 o r 15 years. 

"St i l l it would be uphill work and require time and patience 
t o develop any considerable number of milch cattle, f rom animals 
averaging 2,000 lbs. of milk per annum to those giving 5,000 lbs. 
o r more , whicli is about the lowest average outturn for a paying 
dairy animal, while the higher outturns so c o m m o n in the West 
of 10,000, 12,000 or upwards will only come , if ever, in the far 
distant future. 

" This line of work is so important that we consider Govern 
ment should make a strong effort to interest the influential classes 
in scientific breeding and management of a superior type of 
dairy animals. The holding of cattle shows with prizes for dairy 
animals, the introduction of registration of animals which 
are of pure b lood , the furnishing of assistance in procuring 
authentic records of performance, are the most obv ious means 
for encouraging such w o r k . " 

In the meantime the best buffaloes and c o w s should b e 
selected from the leading breeds at present. The following 
extracts from the Keport oi the Committee of the Agricultural 
Conference at Coimbatore {December, 1913), on the Dairying 
Industry of India, summarise the most important improve 
ments :•— 

" (1) That dairying as a branch of agricultural science, 
should, in future, o c cupy a prominent place in the programmes 
of the Agricultural Departments . 

' ' (2) That sustained and systematic effort should be directed 
towards the improvement of milk-producing qualities of dair3' 
catt le , both cows and buffaloes. The Committee are of opinion 
in this connect ion that there is n o necessary conflict be tween 
draught and dairy qualities in cattle. It is, therefore, r e c o m m e n d 
ed that efforts should be directed to breeding what is known as 
the dual-purpose animal . " With a view to this end the Committee 
recommended 

"((?) That cattle-breeding farms at suitable centres should 
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b e started with a view to increase the milking capacity of dairy 
•cattle b y selection and judicious crossing. Special attention 
should be paid t o experimental feeding for the purpose of ascer
taining what are the best fodders and foodstuffs for dairy cattle. 
A dairy school should be opened in each province at some 
important dairy centre for the training of persons who propose 
t o engage in dairying. 

" ( 6 ) That the supply of bull i on the premium system, o r 
otherwise , t o villagers should be encouraged. 

" (c) That cultivators should be encouraged to g r o w crops 
which are specially fodder crops, and the distribution of free seed 
for this purpose should be considered. 

" (d) That effort should be directed t o e l u c a t i n g the people 
•on the practical side of cattle management and in particular 
to the profitableness of the dual-purpose animal. 

" (e) That the question should be considered of establishing 
in the better cattle-breeding districts, milk record societies on the 
lines of the Danish " c o n t r o l " bodies in order that the selection 
•of bulls of known quality m a y be made with certainty and the 
ruselessness of inferior cows brought h o m e to the breeder . " 

T o this m a y be added t w o recommendat ions made t o the 
B o a r d of Agriculture in India b y !Milligan and Hutchinson,* 
-namely : " ( 1 ) The necessity of early steps being taken b y 
•Government to secure the best milking animals in the co imtry . 
\{2) That the investigation of the inheritance of the important 
d a i r y characters of cows b y crossing with imported bulls be 
undertaken b y the Agricultural D e p a r t m e n t . " 

(b) Feeding.—Practical experience shows that milk p r o 
duct ion is dependent b o t h in qual ity and quant i ty upon the 
amount of digestible f ood and on the presenc2 of certain substances 
which stimulate the secretioa of milk. Sufficient amounts of 
digestible proteins are essential for milk product ion . Accord ing 
to Ernst ,2 for 1,000 k g m . of b o d y weight 1 . 2 1 2 kgm. of 
•digestible proteins must be figured, together with a sufficient 
.addition of fat and carbohydrates . 

Morgen and Eingerling^ found that the addit ion of certain 
substances (malt, buckhorn seed, hay distillate and fennel) t o 

H J R D I N A R Y feed, stimulates the secretion of milk, a l though b y t h e m -

' Jennial of Dmty Firmiing ii: huSia. Vol . I , fart 3 , p . 197. 
5 E T D S I ' S Ttxt Book of MUk HvRUtt,-. p. 1 3 3 
a Jotirnal of Dniiyins, I . I'art 3 , p . 2 3 4 . 
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selves they cannot be utilised for milk production. Through t h e 
addition of salt to tasteless food an increased yield in the 
total amount of milk as well as in the fat was obtained, amount ing 
to frora*20.6 to 2 1 . 9 per cent. 

The amount of tmlk y ielded is influenced a good deal b v the 
character and amount of the feed as well as b y the " inherent dairy 
qualities " of the animal. W e have already seen that succulent 
feeds have a very favourable influence on the milk secretion. As 
regards the amount of feed, this depends upon several factors,. 
e.g., the size and b o d y weight of theanimal ,e tc . Great differences 
are found in the amounts of f ood materials required b y different 
cows and buffaloes. As a rule it has been found that g o o d milk 
animals are large eaters and consume considerable quantities of 
grain feed as well as ' roughage. ' / / is possible, however, to over

feed so as to cause a marked increase in the weight of mature 
animals. This should be guarded against as it will be obta ined 
at the expense of milk product ion. Experiments c onduc ted 
b y F. W. W o U ' of the United States show that " about six 
pounds of grain feed per day produces more economical results 
than larger amounts , and is sufficient in the case of most c ows t o 
secure a m a x i m u m product ion of milk and butter-fat when the 
e c o n o m y of the product ion is also considered, provided a supply 
of g ood roughage, hay, corn-stalks, silage or roots, is avai lable . " 
This is recommended as a general average for a herd of cows. I n 
the case of large producers, however , as much as ten t o twelve 
pounds of grain per day m a y be given. 

The inherent dairy qualities of a cow.—According to Woll,'^ 
b y this term is understood the facult j ' of a c ow to utilise the 
f ood eaten for dairy purposes in such a manner as to respond 
to liberal feeding b y yielding the largest amount of milk of which 
she is capable, without at the same t ime gaining materially in 
b o d y Weight. W'oU found that the best American cows needed 
only 89 pounds of dry matter for each 100 pounds of milk they 
produced, and 20 pounds of solids for each pound of fat ; while-
the cows with medium product ion needed 105 and 24 pounds , 
and the poorest cows required 125 and 2S pounds, respectively, 
for the product ion of units of milk (100 lbs.) and butter-fat 
(1 lb . ) . 

The cows produc ing the largest amounts of dairy-products 
were able t o utilise their food to a better advantage than the cows 

rnal of Dairying, V o l I, Part 3. p. 230. 
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y ie ld ing m e d i u m or l o w a m o u n t s . E c o n o m i c ut i l isat ion of f o o d 
is there fore a n i m p o r t a n t fac tor in d e t e r m i n i n g t h e d a i r y v a l u e 
of an an imal . 

F E E D I N G S T A N D A R D S . 

In 1864, Dr . E m i l V o n Wol f f p resented for the first t i m e ^ 
a tab le of feeding s tandards based o n the digest ib le nutr i ents 
c o n t a i n e d in feeding-stuffs . T h e Wol f f s tandards s o o n f o u n d 
their w a y t o A m e r i c a where further scientif ic i n v e s t i g a t i o n s 
resulted in A r m s b y ' s a n d H a e k e r ' s F e e d i n g S tandards . 

Hacker's Feeding Standard lot the Dairy Cow.-
Dai ly a l l owance of digest ible nutr ients . 

Crude 
P r o l r i o . 

lbs . 

For tnaintenmice of a cow 
weigliing 1,000 lbs. . . 

b the maintenance allowance 
add for each I lb. of milk 
containing 3 . 0 % Fat . 

3 . 5 % . 
4 . 0 0 ' 
4 . 5 % I, . 
5 . 0 O ' 

/!> 11 5 . 5 % ., . 
6 . 0 0/ 

.'O •. 6 . 5 0 • 
0 II 

7 . 0 O' O II 

0 . 7 0 0 7 . 0 0 0 . 1 0 0 

0 . 0 4 0 0 . 1 9 0 . 0 1 5 
0 . 0 4 2 0 . 2 1 0 . 0 1 6 
0 . 0 4 7 0 . 2 3 0 . 0 1 8 
0 . 0 4 9 0 . 2 6 0 . 0 2 0 
0 . 0 5 1 0 . 2 7 0 . 0 2 1 
0 . 0 5 4 0 . 2 9 0 .022-
0 . 0 5 7 0 . 3 1 0 . 0 2 4 
0 . 0 6 1 0 . 3 3 0 . 0 2 5 
0 . 0 6 3 0 . 3 5 0 . 0 2 7 

T h e t a b l e s h o w s that if a c o w is y i e ld ing mi lk c o n t a i n i n g 5 
per cent , o f but ter - fa t , she shou ld be f ed , in addition to the 
maintenance ration, o n 0 . 0 5 1 l b . c r u d e pro te in , 0 . 2 7 lb . c a r b o h y 
drates , a n d 0 . 0 2 1 lb . fat , (all digest ible) for e a c h p o u n d of m i l k 
she g i v e s . F o r each 100 lbs . in b o d y w e i g h t the c o w m a y 
e x c e e d ' o r fall b e l o w t h e 1,000-lb. s tandard , there is a d d e d o r 
s u b t r a c t e d o n e - t e n t h of the s tandard rat ion . H a e k e r ' s s t a n d a r d 
is used as a basis f o r f eed ing a t t h e P o o n a Agr i cu l tura l Co l l ege 
D a i r y . 

H p r ' ' I r w " i ^ " r Agricultural Calendar for 1864. [Paul Parey, Bet l ia) . 
Her . ry .Vl . .A. F.cds and F^iiurss, eleventb edition, I 9 i l . p . 116. 
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Wolff-Lehmann Feeding Standard.' 

per day per 1,000 lbs. Live Weigbt. 

rotal 
Digestible Nutrients. 

Dry 
matter, 

lb. Protein, 
lb. 

Carlio-
bvdr.ites. 

lb. lb. 
Nutritive 
ratio, 1 : 

Milch C o w s . 

W h e n y i e l d i n g d a i l y : — 
1 1 . 0 p o u n d s o l M i l k . . 
1 6 . 6 „ „ „ . . 
2 2 . 0 
2 7 , 5 

2 5 . 0 
2 7 . 0 
2 9 . 0 
3 2 . 0 

1.6 
2 . 0 
2 . 5 
3 . 3 

1 0 . 0 
1 1 . 0 
1 3 . 0 
1 3 . 0 

0 . 3 
0 . 4 
0 . 5 
0 . 8 

6 . 7 
6 . 0 
5 . 7 
4 . 5 

Growing Cattle. 

A g e I 
( M o n t h s , ) 1 

L i v e 
w e i g h t . 

2-3 . . . . : 
3-6 . . 
6 12 
12-18 
18-24 

160 l b s . . . 
3 3 0 „ . . 
550 , . . . 
750 ,, . . 
950 , , . . 

2 3 . 0 
2 4 . 0 
2 5 . 0 
2 4 . 0 
2 4 . 0 

4 . 2 
3 . 5 
2 . 5 
2 . 0 
1.8 

1 3 . 0 
T 2 . 8 
1 3 . 2 
1 2 . 5 
1 2 . 0 

2 . 0 
1 . 5 
0 . 7 
0 . 5 
0 . 4 

4 .2 
4 . 7 
H.O 
6 . 8 
7 . 2 

Armsby's Feeding Standard.' 

I — M a i n t e n a n c e Standavd. 

Live Digestible Energy 
Weight protein. Value. 

(pounds) lb. Therms, 

1 5 0 . . 0 . 1 5 1 .70 
2 5 0 . . 0 . 2 0 2 . 4 0 
5 0 0 . . 0 . 3 0 3 . 8 0 
7 5 0 . . 0 , 4 0 4 , 9 5 

1 , 0 0 0 . . 0 , 5 0 6 . 0 0 
1 , 2 5 0 . . 0 . 6 0 7 . 0 0 
1 , 5 0 0 . . 0 . 6 5 7 . 9 0 

1 1 - -Standard for Growing Cattle. 

( Mouths.) 
Live 

Weight, 
lb. 

Digestible 
protein, 

lb. 

Energy 
Value. 

'ITicrm?. 

3 . . 
6 . . 

12 , . 
18 . . 
24 . . 
30 , . 

2 7 5 
4 2 5 
6 5 0 
8 5 0 

1,000 
1,100 

1 ,10 
1 .30 
1 . 6 5 
1 . 7 0 
1 . 7 5 
1 ,65 

5 . 0 0 
6 , 0 0 
7 . 0 0 
7 . 5 0 
8 . 0 0 
8 , 0 0 

' /fiW, .Appendix, n. 591, etc. 
Ibid.F.ill. 



F E E D I N G S T A N D A R D S . 139 

///. The Armshy Standard for milk production. 

A d d t o t h e m a i n t e n a n c e s t a n d a r d . 0 5 1 b . o f d igest ib le p r o t e i n 
a n d 0 . 3 t h e r m for each p o u n d o f 4 per cent , o f mi lk t o be p r o 
d u c e d . T o i l lustrate A r m s b y ' s tab les a n d s tandards in c o m p u t 
i n g ra t i on , s u p p o s e we h a v e t o find o u t feed requ i rements for a c o w 
we igh ing 8 5 0 lbs . 

1. T h e m a i n t e n a n c e requ i rements are a p p r o x i m a t e l y d igest i 
b l e p r o t e i n 0 . 4 5 l b . a n d e n e r g y va lue 5 . 6 0 therms . 

2. F o r 20 lbs . mi lk p r o d u c t i o n , in add i t i on , the f o l l o w i n g 
w o u l d be n e e d e d : — D i g e s t i b l e prote in 0 . 0 5 b y 2 0 = 1 l b . 

E n e r g y va lue 0 . 3 t h e r m s b y 2 0 = 6 t h e r m s . 

The total daily feed requirements of a cow weighing 8 5 0 lbs. 
.and producing 20 lbs. milk daily would be :— 

Digestible Protein. X e t Energy Value. 

For Maintenance 0.4 , i lb. 5 . 6 0 therms. 

For JMilk production 1 .00 lb. 6 . 0 0 

Total requirements 1 .43 lb. 1 1 . 6 0 

T a k i n g , t h e n , a trial ra t i on of dif ferent feeding-stuf fs , c a l 
cu la t i ons arc m a d e for t h e t o t a l a m o u n t of d igest ib le pro te in 
a n d net e n e r g y v a l u e — t h e ra t i on a p p r o a c h i n g nearest t o t h e 
s t a n d a r d requ i rement is t h e n g iven . 

I Tho.Fiii"' Vaiueof Nutrients in tor inso f Tlicrms is . i s f o l l o w s ; — 
1 lb. Protein = 1.86 Therms. 
I It). Carl)[ihy(irates= 1.86 

J lb. Fa.t =- A.Ti. 

[ T.^BLE. 



TABLE I.—Indian Foods and Fodders,^ 

. 0 j -a u 
1^ 
u 

11 
• C0 

a BO 

u 

•CM 
a -
S~ 

a" 
• t, 

•a j£ 
a ^ 

0 

* j . 

i5 

& 
2 
a" 
ill 

I I 
CO 

° 
Sw 

0 

3J 
M 

'a 
0 
0 

J3 
U 

a 
3 n 
ip 
"oj 
a 

"5 
W 

4> 
V 
M li 

• 

(0 

a 
a a 

CQ 

0 

s 
>: 

w 

V 
V 
1-4 

2 
V7 

h 
P 

< 

M o i s t u r e % . . 7 . 2 8 7 . 2 1 8 . 4 4 8 . 3 2 7 . 4 7 1 1 . 4 7 9 . 4 7 9 . 3 6 9 . 7 7 1 0 . 3 6 9 . 0 7 1 0 . 8 2 1 0 . 3 2 5 . 9 9 9 . 6 4 

O i l % . . 8 . 8 6 1 9 . 5 9 1 8 . 3 7 5 . 2 0 1 1 . 7 8 1 2 . 3 5 4 . 0 5 0 . 8 9 0 . 9 6 0 . 9 2 4 . 1 1 3 . 1 7 2 . 2 6 5 . 8 7 2 . 5 9 

A l b u m i n o i d % . . 2 8 . 3 3 1 7 . 0 6 1 5 . 0 4 6 . 5 2 4 3 . 9 1 2 0 . 0 7 2 0 . 5 6 4 . 4 7 1 8 . 2 5 2 0 . 1 2 1 1 . 9 3 1 1 . 3 9 7 . 7 3 8 . 6 4 9 . 2 6 

S o l u b l e C a r b o -
h j ' d r a t e s % . . 3 8 . 6 0 3 3 . 4 8 3 6 . 4 2 4 9 . 5 8 2 7 . 6 5 4 2 . 9 9 5 7 . 1 8 4 0 . 3 3 5 9 . 1 7 6 0 . 3 1 6 2 , 2 2 6 1 . 6 9 7 3 . 2 6 2 . 3 4 7 4 . 1 7 

W o o d y fibre%.. 9 . 9 8 1 6 . 6 7 1 7 . 6 1 2 6 . 9 5 3 . 0 4 7 . 0 2 5 . 7 1 4 0 . 4 0 3 . 9 5 4 . 4 2 6 . 3 2 8 . 1 2 4 . 4 9 1 2 . 1 1 1 .51 

S o l u b l e m i n e r a l 
m a t t e r % . . 6 . 1 7 4 . 2 5 3 . 9 6 3 . 2 9 4 . 4 0 5 . 1 0 2 . 9 0 4 . 2 4 5 . 2 1 3 . 3 7 4 . 8 0 4 . 6 4 1 .71 1 . 8 5 1 . 7 4 

S a n d % - 0 . 7 8 1 . 0 4 0 . 1 6 0 . 1 4 1 . 7 5 1 . 0 0 0 . 1 3 0 . 3 1 2 . 6 9 0 . 5 0 1 . 5 5 0 . 1 7 0 . 4 7 3 . 2 0 1 . 0 9 

T o t a l 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 iOO.OO 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 1 0 0 . 0 0 

(•Total 
Nitro-1 

4 . 6 9 2 . 9 0 2 . 6 5 1 . 0 9 3 . 3 2 5 . 5 5 3 . 5 5 0 . 7 5 3 . 2 6 3 . 6 8 2 . 0 8 2 . 0 2 1 . 3 1 1 .51 1 . 5 9 

1̂  Albuminoid.. 4 . 5 3 2 . 7 3 2 . 4 0 1 .04 3 . 0 3 3 . 2 1 3 . 2 9 0 . 7 1 2 . 9 2 3 . 2 2 1 .91 1 . 8 2 1 . 2 4 1 . 3 8 1 . 4 8 

F o o d U n i t s 1 3 1 . 4 1 2 5 . 3 1 2 0 . 1 7 8 . 2 1 6 6 . 7 1 2 3 . 0 1 8 0 . 7 5 3 . 8 1 0 7 . 2 1 1 2 . 9 1 0 2 . 3 9 8 . 2 9 7 . 9 9 8 . 6 1 0 3 . 4 8 

•z 
a 
l-H 

> 
O 
o 
o 

> 

O 

o 

o 
w 
?:) 

Kindly supplied by Dr. H . H. Mann from analyses made at tbe Poona College of Aerigulturc. 



T A B L E II Indian Foods and Fodders. 

Composition. 

U 
U 

i l 

S " 

^ 5 ? O 1-Q 
Q V l=k > 

^ ej m V 

^ 
I s 

s T 

C , 

1 . 1 
•* 

»o M 

a 

^ D J 

[=! a 111 V 

• = 1 
n u 

5 • •—• 
6 a 
a o 

. s i 
s s 

U1 
3 
k. 
>1 

— 3 

« " 

ifl 
o 

•.M 
o 

u. 
» n 

as 

i 

1 

2 t 

r e 

D 

Oh 

•a " 

m 
o 

^ F13 

a — 

U I ti 

.'S 
• s s 

s tj 
•3 
.3 
tfi 
a a 

O 3 > a. > o. D > H 

W o i s l u r e •. 1 1 . 3 5 8 . 6 3 12 . ( i5 1 1 . 2 5 8 . 0 3 7 . 4 5 7 . 8 9 7 . 2 6 9 . 4 8 8 . 1 4 7 . 1 1 8 . 5 9 8 . 0 8 

Oil 4 . 8 3 2 . 2 9 1 .27 1 .47 1 . 0 6 0 . 8 9 0 . 7 9 1 . 3 5 1 . 8 3 0 . 9 9 0 . 9 3 1 . 0 7 1 .32 

Albumi l o i d s 1 8 . 5 7 18 .81 2 4 . 1 2 •24.69 2 3 . 0 0 2 0 . 0 6 2 4 . 6 9 2 0 . 1 3 2 3 . 5 6 1 8 . 5 0 2 3 . 3 1 2 2 . 5 0 1 9 . 3 8 

Soluble Carbohydrates . . 5 6 . 3 3 5 5 . 5 0 5 4 . 4 4 5 2 . 4 7 6 1 . 1 4 6 0 . 6 2 5 7 . 9 8 6 3 . 3 0 5 6 . 3 9 5 9 . 1 ] 5 6 . 9 8 5 8 . 8 5 6 1 . 3 9 

Woody Fibre 6 . 1 7 1 0 . 9 6 5 . 4 7 6 . 6 7 2 . 4 2 4..57 4 . 2 8 4 . 0 7 4 . 4 2 4 . 3 3 6 . 9 4 4 . 2 4 5 . 9 4 

Ash 2 . 7 5 3 . 8 1 2 . 6 5 3 . 4 5 4 . 3 5 6 . 4 1 4 . 3 7 3 . 8 9 4 . 3 2 = 8 . 9 3 4 . 7 3 4 . 7 5 3 . 8 9 

a 
I—I 

> 

o 
o 
o 

> 

o 
o 
o 

w 

t Analyses by Dr. Leather, i juoUdiu MoUisoa's Text-Book of Indian AsHcullure, Vol. II , p. 114. 
•* Sand 4.2. 



T A B L E I I L — A v e r a g e Analysis ot the Principal Indian FoddersJ 4^ 
I O 

Dry Jowar Karbi. % 

Hay. 

G r e e Q Jowar Karbi. % 

Green Maize Karbi, % 

Silage. 10 

P e r r e n t a g D C o m p o s i l i o n . 
P e r c e n t a g e o ! D i g e s t -

i b ' e C o n > : l i t u e i i t s . 

o 
o 

u 
ID o-^ ft 

1 5 

ifi 
o 
c 
s 

< 

in 
ta 

XI 
o JD L. 
ra 

>. 

1 
i f 

./ I 

S 
M ( 5 

C 
"O 

C3 
n 

'J] 

O 
ii 

.J1 
EC 
i3 

^— 

tfi '-r V o 
= 

Q 

O 
i-i i 

•a 

3; 

1 0 . 0 0 1 . 5 0 5 . 2 5 4 7 . 0 0 3 0 . . 5 0 5 . 7 5 ibs. 9 0 0 . 2 5 1 . 3 9 4 . 2 0 3 0 . 3 5 4 4 . 5 7 0 . 5 

8 . 0 0 1 . 0 0 2 . 8 0 4 4 . 0 0 3 5 . 0 0 9 . 2 0 8 8 4 . 2 5 0 . 3 5 0 . 8 4 2 2 . 0 0 2 4 . 9 4 4 . 0 

6 . 2 0 1 . 1 0 3 . 2 0 4 4 . 0 0 3 2 . 2 0 1 3 . 3 0 8 4 1 0 . 0 0 0 . 3 8 0 . 9 P 2 2 . 0 0 2 5 . 3 4 4 . 3 

6 5 . 0 0 1 . 2 0 3 . 6 0 1 6 . 0 0 1 1 . 7 0 2 . 5 0 
•• 3 4 1 . 0 0 0 . 4 2 1 . 0 8 8 . 0 0 ] 1 . 7 1 8 . 6 

6 6 5 0 1 . 4 0 4 . 0 0 1 4 . 0 0 1 0 . 3 0 3 . 8 0 3 4 0 . 5 0 0 . 4 9 1 . 2 0 7 . 0 0 1 1 . 2 2 1 7 . 3 

6 4 . 0 0 1 . 1 7 3 . 5 0 1 1 . 3 3 1 4 . 0 0 6 . 0 0 1 7 3 4 2 . 0 0 0 . 4 1 1 . 0 5 5 . 6 6 9 . 3 1 1 4 . 2 

o 
I —I 

> 
Si 

o 
o 

> 

o 

o 
o 
o 

' Juuiiial or Dairying, V o l . I , P a r t 2 , p. 114. 
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The balanced ration is only a theoretical possibi l i ty a n d can 
only be approximated in practice. It will be ev ident f r o m the 
a b o v e that Armsby ' s Standard is very high, while Hacker ' s 
Standard is the lowest. It would be well tO' begin with feeding 
according to Haeker 's Standard and then gradual ly increase it 
as m a y be necessary. The ac company ing Tables g ive the 
analytical figures of some of the foodstuffs used in B o m b a y , 
P o o n a and Western India. The digestible nutrients in Indian 
foodstuffs as well as their available energy have not been worked 
out as yet . The digestible co-efficient for similar foodstuffs 
in Europe and in America has been found to range between 6 0 
a n d 70 % , or about two-thirds of the total , and this m a y be 
assumed as a working basis for feeding in India. Mr. E. W . 
Horne , Manager, Poona Agricultural College Dairy , gives the 
fol lowing figures for the approximate net available energy on fuel 
value in various foodstuffs : — 

Roots , 34 % ; Green Fodders , 3 0 % ; D r y Fodders , 22 % ; 
Straws (of wheat, oats, etc . ) , 12 % ; Grains, 50 %. ; Oil cakes a n d 
meals. Corn meal, etc . . 45 % ; and W h e a t Bran, 30 % . 

Owing t o the various types of milch cattle in India and their 
individual differences, it is not possible to make u p a fixed ration, 
which would be suitable under all condi t ions . The ration for 
each animal varies according to its b o d y weight and the quant i ty 
and qual ity of its milk. D r y animals need only a maintenance 
ration while those in lactation need an addit ional a l lowance for 
milk production. The usual feed g iven t o milch cattle in 
B o m b a y has been mentioned in Chapter V . 

Meagher and Vaughan^ mention the fo l lowing as the 
ordinary quantity consumed daily b y a c o w in full milk : — 
Bhusi (a mixture of gram, bhusi , and urid bhusi) , 6 lbs. ; 
linseed cake, 4 lbs. ; green fodder , 40 t o 50 lbs. ; or hay, 20 lbs. 
T o this, one p o u n d of cot tonseed should be added when the 
milk is intended for butter -making. A buffalo in full milk will 
usually require two pounds more of each class of concentrated 
f ood (bhusi, 8 lbs. ; linseed cake, 6 lbs. ; and cottonseed, 2 lbs.) . 
iMoUison mentions the following ration per d a y for a buffalo that 
is newly calved : — 8 to 12 lbs. of good hay, 15 lbs. o f green grass 
or other green fodder, 5 lbs . bran, 5 lbs. bajri {Pennisetum 
typhoideimi), 2 ozs. salt, (as a hot mash) . W h e n the period 
of lactation is somewhat advanced , a change should be made 

: Majors D. J. Meagher and R . E. Vaughan, " Dairy FEoming in Ind ia , " 1904, p. 2. 
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in the ration according to the size and weight of the animal 
a n d the average yield of milk. For a buffalo of the average 
size and weight giving 1 8 lbs. of milk per day and suckling 
her calf, the following ration is recommended b y MoUison : — 

Green fodder, 10 to 15 lbs. per day |_ chaffed together if 
D r y fodder ,, ,, I possible. 
Cottonseed . . . . . . . . 3 lbs. per day. 
Bran . . . . , . . . . . 3 ,, ,, 
Sesamum oil cake . . . . . . 3 ,, ,, 
Chuni (husks of cajanus indicus) . . ) 2 
Salt 1 t o 2 ozs. 
A c o w should receive about two-thirds of the a b o v e rations. 

The food should be cleansed of all dust, etc. , and be made more 
palatable b y adding salt. It should be also made more digestible 
bv crushing coarse f ood into a finely granular condit ion. Cooking 
m a y be desirable in the case of bajri , etc . Chaffing of straw or hay 
is advisable ; chaffing coarse fodder, e.g., dry jawari stalks with a 
certain proport ion of the green jawari stalks or with green lucerne 
is also recommended . Care should be taken to give palatable 
f ood and to effect e c o n o m y at the same t ime. Waste in the 
stables should be prevented. 

At the Government Military Dairy , Kirkee, the feed is 
based u p o n the yield of milk. The animals are d iv ided into 
three classes and are given the fo l lowing scale of rations : — 

Cotton
seed 
meal. 

Cotton
seed 

halls. 

Ground 
nut 

cake. 

Tur -
Chuni or 
Grsm. 

SaU. Hay. Remarks, 

First class. 

( The yield is 20 
lbs. and over 
per day ) 2 lbs. 8 lbs. 3 lbs. 2 lbs. 2 oz. 40 lbs. 1 

1 

1 This ration 
1 is given 
)- d u r i n g 
1 the Mon-
1 soon, 

J 

Second class. 
[ Daily y i e l d 

10-20 lbs.) 2 lbs. 6 lbs. 2 lbs. 2 lbs. 2 o z . 35 lbs. 

1 
1 

1 This ration 
1 is given 
)- d u r i n g 
1 the Mon-
1 soon, 

J 

Third class. 
(Daily vield below 

10 lbs.) 2 lbs. 5 lbs. 2 lbs. 1 lb. 2 oz. 30 lbs. 

1 
1 

1 This ration 
1 is given 
)- d u r i n g 
1 the Mon-
1 soon, 

J 
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T h e amount o l concentrated f o o d for the Indian mi lch cat t le 
m a y be calculated at two-thirds the yield of milk of an individual 
animal. Accord ing t o Shevade , ' this m a y be considered as a 
safe guide for practical purposes. 

Accord ing t o Moilison,'^ fodder obtained from stalks a n d 
leaves yet green is much more nutritious than that from a c r o p 
which has been al lowed to fully ripen, because as the plant ripens 
the carbohydrates and albuminoids are largely transferred from 
the stem and leaves to the fruit. The best fodder is obta ined 
from a crop when in flower. A t this stage the fodder has near ly 
attained its m a x i m u m bulk, a n d the albuminoids, oils and c a r b o 
hydrates are distributed more o r less through the substance of 
the stalks and leaves, whereas when the c rop is ripe they collect 
for the most part in the fruit or seed, and the cellulose becomes 
less digestible or is converted into indigestible c rude fibre. 

The fodder of some crops has a much higher feeding value 
than that of others. The fodder of pulse crops furnishes more 
concentrated food than the fodder of cereal crops. The seeds 
of all the pulse crops prov ide a far more concentrated food than 
the grain of wheat, jawari . maize or other cereal. The oilseeds 
are, as t o richness in albuminoids, intermediate between pulses 
and the grains of cereal. Oil-cakes are the residues left when oil 
is expressed f rom oil-seed, and there is a relatively higher 
percentage of albuminoids in oil-cake than in oil-seed. Oil-cakes 
are generally more concentrated than a n y other kind of food. 

An adequate supply of cheap fodder of g o o d qual ity and an 
abundant supply of good water are essentials for the rearing of 
milch cattle along economic lines. The water-supply must be 
pure, sufiicient and convenient t o reach. The scarcity of water 
and of green fodder in the Deccan account to a great extent f o r 
the poor breeds of milch cattle there. Moderately liberal feeding 
wi th suitable f ood is important for improv ing the milking p r o 
perties of the Indian stock . The question of improving fodder 
crops for soiling, silage and hay was discussed at the second Con
ference of Government Dairy Farm Managers held in P o o n a 
(1914). I t was po inted o u t that for profitable dairying it is neces 
sary to secure g o o d land near the dairy t o be used for modern 
" i n t e n s i v e f a r m i n g " or the cultivation of green crops , so that 
the valuable solid and l iquid manures could be intelligently 
utilised for producing succulent f o o d for t h e cattle during the 

' Mr. S. V. Shevade, B . S c , etc., m a personjl commuaicatiun. 
a MoUisoo, '• Tej!t-Book oa lad'ian Affricultura " Vol. H . o . 17. 

10 
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whole year. " Undoubted ly with the m a n y facihties for 
manuring, irrigation, extensive improvements , etc . , a perfect 
system of fodder c rop cult ivation could be fol lowed on the most 
approved intensive system, with such crops as maize, jawar , 
lucerne, burseem, cowpeas, guinea grass, rye and rye grasses 
both alone and in combination."^ 

(c) The housing, tending, etc. , of milch catt le .—The 
following are the essential points to be observed regarding 
milch cattle stables : — 

1. T h e y should be so located as t o ensure the best possible 
sanitary surroundings, and so constructed as to prevent wastage 
of fodder and of manure. 

2 . T h e y s h o u l d a f f o r d p r o t e c t i o n f r o m t h e sun,rain, a n d w i n d . 
3. They should be convenient and effect an e c o n o m y of 

labour. 
4. The cost of construct ion must be as l ow as is c ompat i 

ble with the sanitary and economic requirements. 
5 . A pure water-supply must be available for the cattle. 
6. In the case of c i ty stables, they should fulfil all the 

structural requirements from a sanitary point of v iew ( see 
pages ) . 

The location of milch cattle stables in cities is considered t o 
have some advantages and a great m a n y disadvantages from an 
economic as well as from a sanitary point of view. In the first 
place it is expensive as the rents in the city are very high. Second
ly , fodder and grain have to be stored and conveyed to the c i ty 
which means an additional expense. Thirdly, in the c i ty , milch 
cattle do not get proper exercise in the open air but are in unnatural 
surroundings which are not very conduc ive t o g o o d yields of 
milk. Besides, the manure is practically wasted, or if col lected 
and sent to the country, it wou ld cost a good deal. On the other 
hand, in the country the manure could be utilised in raising 
fodder for the cattle. A further disadvantage of housing cattle 
in the c i ty is that they are generally kept in the midst of 
very insanitary surroundings. The filthy condit ion of the cattle 
stables in B o m b a y has been already described. In the c rowded 
areas of the city they constitute a danger to human beings 
residing in the immediate ne ighbourhood . In the case of an 
epidemic , say, of enteric or cholera, there is a great danger 
of contamination of the milk supply from the c i ty stables. T h e 

~ 1 Joiir. of Dairying, Vol. 1, Part I I I , p . 239, 
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main advantages of having cattle stables in the c i ty are, that they 
could be easily supervised, there is better provision for water 
supply and drainage, and that milk would not have to be c o n 
v e y e d very far to the consumer. It is possible besides to have 
the cattle milked in one 's presence. The chief disadvantages of 
housing the milch cattle outside the c i ty would be the lack of 
proper supervision and the difficulty of cheap and rapid 
transit t o the c i ty . Besides, the water-supply m a y not be pure 
and adequate . These difficulties could be, however , over come b y 
the extension of sanitary control to the suburbs and b y the prov i 
sion of rapid and cheap means of transit. On the other hand, the 
advantages of keeping milch cattle in the country are many , b o t h 
from a sanitary as well as f rom an economic standpoint . As 
po inted out already, it is much more economical to rear cattle 
on a country farm than in a large city. The evil of slaughtering 
dry milch cattle in the large cities would be minimised b y 
keeping t h e m in the country . It wou ld be cheaper to cult ivate 
ime ' s o w n fodder c rop b y utilising the solid a n d l iquid manures. 
There would be plenty of fresh air and some grazing. On the 
whole the surroundings being natural and more healthy than in 
the c i ty , it would conduce to better health of the cattle, and there
fore, better yield of milk in the country than in the city. It wou ld 
be cheaper to construct ordinary cattle sheds in the country than 
to erect elaborate stables in the c i ty , where the price of land 
also is very high. As has been already stated, the trained 
cult ivator is the proper man to undertake the breeding and rearing 
of cattle. Provision must be made , of course, for an adequate 
supply of pure water. In cases of an epidemic it would be 
much easier to segregate cattle in the country than in the city. 
The advantages and disadvantages of having milch cattle in the 
c i ty and in the country m a y be s u m m e d u p as fol lows : — 

(A) In the City. 

Advantages. 

1. Proper sanitary supervision 
and legislative contro l . 

2, Easier access. The milk 
has not t o be transported 
a long distance. 

Disadvantages. 

1. Higher rents for stables, etc . 
2. Feeding more expensive. 
3. Lack of exercise and fresh 

air which are important 
for a good yield of mi lk . 

4. Waste of valuable manure. 
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(A) 
Advantages. 

3. Greater l ikelihood of a 
pure and abundant sup
ply of water, and better 
drainage. 

In the City.—[conid.) 
Disadvantages. 

5 . Insanitary and unhealthy 
surroundings for the cattle. 

6. Nuisance or danger to 
human dwellings in the 
neighbourhood. 

7. T o o expensive for keeping 
dry animals and raising 
young stock. This leads 
to the slaughter of the 
dry animals and neglect 
in the rearing of calves. 

8. Milk is more Hkely t o be 
contaminated with dirt,, 
dust, bacteria, etc . 

(B) In the 
Advantages. \ 

1. More economical . ! 1. 
2. Possible to raise one 's own 

fodder. 
3. Grazing and exercise in the 

fresh air which slightly 
improve the yield of milk. 

4. Manure can be utilised for 
' ' i n t e n s i v e " farming. 

5 . More natural and healthy 
surroundings. 

6. In epidemics, isolation of 
cattle is easier. 

7. Milk is less hkel j ' to be conta
minated with pathogenic 
bacteria, dirt, and dust. 

8. The taste of the milk is 
better in the country 
than in the city, 

9. Scientific breeding can be 
undertaken. 

10. Cheaper to maintain dry 
animals and raise young 
stock . 

Country. 
Disadvantages. 

Lack of proper sanitar}' ' 
supervision and control . 

T h e water-supply is hkely 
t o be scanty and bad. 

The chances of adultera
tion with water during 
transit are p e r h a p s 
greater. 

The cost of preserving 
milk ( b y pasteurisation, 
e tc . , ) for long distances, 
and the difficulty of 
rapid and cheap transit 
to the c i ty . 
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The concensus of opinion of dairy experts in India 
is decidedly in favour of keeping the m d c h catt le in 
the country , particularly in the suburban villages near 
the railway line, within convenient distance f rom the c i ty . 
This would be the most economic method of milk product ion in 
this country . 

As regards the tending of animals, it appears .that a milch 
animal will g ive better results in the hands of a careful gowlee, 
or village cult ivator , who personally looks after the animal, than 
in the case of a large commercia l dairy farm where it is treated 
as " one of the h e r d . " This is the experience, for instance, of 
the Agricultural College Dairy at Poona , where there is a tendency 
f o r the yield to fall off in subsequent periods of lactation. B o t h 
the feeding and housing there are superior to what is usually 
-(jbtained in India, and so the falling off can be attr ibuted only t o 
had tending. The men usually employed in the large commerc ia l 
•dairy farms have usually very little interest in the well-being of the 
•cattle, and being only " hired labourers " are inclined t o b e 
careless in their tending. The animals need to be fed 
-and watered at regular intervals. The buffaloes need dai ly 
washing, while the cows need greater protect ion f rom the 
inclemencies of weather, etc . E v e r y effort should be made 
t o make the animals as comfortable as possible. R e 
gular exercise in the open air is conduc ive t o better 
health of the cattle and better yield of milk. Grazing, 
a l though desirable, is not , absolutely essential for mi lk -
product ion , prov ided that the cattle are well fed in the 
stalls and are allowed a reasonable amount of exercise in 
the open air. 

There is a conflict o f opinions as regards the comparat ive 
value of open grazing and stall-feeding in this country . One of 
tlie reasons given against stall-feeding is that it hinders the 
deve lopment of l imbs and muscle and produces dwarf catt le . 
This is, however , very doubtful in face of the fact that 
o n e of the best breeds of cattle, viz., Krishna Valley cattle, is 
a lmost entirely stall-fed. In the B o m b a y Presidency, in 
add i t i on t o overstocking, grazing is scarce from February 
t o June , when there is hardly any grass to be found. During 
this period no advantage would be gained b y the catt le 
wandering about for long distances without shelter a n d 
without water. 
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(B) Other measures to counteract the deterioration of mllch 
cattle. 

Besides the improvement in breeding, feeding, housing and 
tending, other measures are also necessary. These m a y b e n o w 
briefly considered. 

• ^ s stated in Chapter I I , during the famine of 1899-1900,. 
there was a considerable loss in the number of milch 
cattle in t he B o m b a y Presidency. While it is true that 
famines eliminate many useless cattle, there is no doubt 
that many g o o d mdch cattle also perish during famines for 
want of fodder and scarcity of water. The remedy would 
consist in making ample provision for the supply of good 
water and for a large storage of fodder, both dry and in 
the form of ensilage. Even in ordinary times the cu l t iva 
tors find it very difficult t o obtain the necessary supply of fodder 
and water during the dry season, particularly towards the end 
of the dry season. E v e n in the best milk-producing districts of 
Gujarat there is a d rop in milk product ion of 20 to 30 per cent, 
during the months of March t o June. In other parts it is a c o m 
m o n experience to find a considerable falling off in the milk supply 
soon after the supply of green grass is exhausted. Ou the other 
hand, during the rains, there being an abundant supply of fodder, 
the cattle are hkely t o be overfed. This has some bearing on the 
questions of grazing and breeding. 

In the o ld days when the tendency for the grazing grounds t o 
be overstocked was less than at present, grazing of cattle o n 
c o m m o n grazing grounds was not absolutely satisfactory, for the 
animals were v e r y well fed during the rains but had almost t o 
starve during the dry season. 

A very favourable condit ion for good cattle breeding is that 
in which the grazing and the supp ly of stored fodder are abundant . 
A very instructive example of a combinat ion of c o m m o n grazing 
a n d stall-feeding is the case of the Khillari cattle, which are 
bred in the Sangola and Man Talukas and in the Ahmednagar 
district . These places consist mainly of rough stony hills and 
lands with a light and thin soil. These districts are not very 
profitable from an agricultural point of v iew but afford a vast 
area of grazing grounds during the wet season and sufficient 
fodder for the dry season. In the open plains where the main 

c r o p is co t ton and where the on ly fodder available is the jawar i 
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kadbi or the bajri sarmad, profitable cattle breeding is f ound to be 
a great fa i lure ' . 

C o m m o n grazing is no doubt a great convenience to small 
holders, but it cannot be considered a very economical pract ice , 
for it is certain that g o o d land can produce more fodder to the 
acre under cult ivation than under the neglected condit ion of the 
c o m m o n grazing ground. 

The necessity for an abundant supp ly of g o o d water has been 
already emphasised. W h a t is required is better irrigation, par 
ticularly in some of the districts in the Deccan , wi thout which it 
wou ld not be possible t o produce an adequate amount of green 
fodder . 

As po inted out in Chapter I I , the slaughter of d ry animals 
in large cities accounts t o some extent for the d iminut ion in the 
number of g o o d milch cattle. In support of this statement 
figures have been cited from the slaughter houses in B o m b a y and 
Calcutta, which s h o w that thousands of g o o d milch animals 
are annually slaughtered in these t w o cities. A similar state of 
affairs is known to exsit in a few other large cities also. It appears 
that in B o m b a y there is a demand for buffalo meat a m o n g certain 
classes of the populat ion and for use on some ships. It also 
appears that in the rural districts adjoining B o m b a y , there is a 
considerable number of unprofitable buffaloes which might be 
very well used t o meet this demand . It is, therefore, very u n 
fortunate that a large number of valuable milk buffaloes from 
the B o m b a y cattle stables should be al lowed to go t o the butcher 
year after year. This is one of the principal evils of keeping 
milch animals in the c i ty , where it is not possible to maintain dry 
animals profitably. It is very difficult to propose practical remedies 
for the mitigation of this evil . It is suggested that in B o m b a y 
at least this might be minimised b y (1) arranging for the import 
of buffalo meat into B o m b a y from the rural districts ; (2) 
organising or facilitating the export of valuable dry buffaloes 
from B o m b a y to the grazing districts, and (3) locat ing the milch 
animals outside the c i ty and import ing milk from a distance b y 
trains, etc . If these remedies are not f ound to work satisfactori ly 
then it m a y be necessary t o resort finally t o legislation. Measures 
m a y be also taken to l imit the expor t of the best breeds of 
Indian milch cattle t o foreign countries. 

_ 1 I am indebted to Mr. G. F. Keatinge, C L E . , I.C.S., Director of AgricuUure, Bombay, for 
this information. 
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A very important point in the improvement of the milk s tock 
is the care of the young calf. As ment ioned in Chapter I I the 
c i ty gowlee wants only the milk and not the calf, which he is 
unable t o rear 'profitably. This is specially the case with buffalo 
calves, and means a serious loss to the country of a large number 
of calves of the best mi lk buffaloes. Except ional ly one comes 
across a c i ty cattle stable where calves are actually reared,^ but 
as a rule, they are al lowed to die of neglect and in some places 
t h e y are even thrown alive into a dust-bin. T h e only practical 
r emedy seems to be the emigration of the c i ty gowlee to the suburbs 
where he could rear the calves with profit. The details of the 
management of calves can be found in m a n y toxt-booUs.^ 

y ( C } Reforms in the existing methods of collection, transport 
and distribution of m i l k . — T h e s e will be considered most ly 
from the economic point of v i ew ,—the sanitary methods 
will be discussed in the next section. As pointed out in Chapter 1, 
the m e t h o d of milking is peculiar to India in several respects and 
needs improvement . The calf is al lowed to have nearly half the 
amount of milk and this loss should be minimised as far as possible. 
In the case of buffaloes at least, it has been found to be unneces
sary to first let the calf have its milk in order to obtain the 
m a x i m u m yield. Milking vessels, etc . , of i m p r o v e d material and 
pattern would be necessary. 

y Transport of milk. 
T h e question of transport of milk is intimately connec t 

ed with its keeping qualities under Indian condit ions of c l imate 
and the facilities for transit. The amount of t ime elapsing 
between milking a n d del ivery t o the consumer is of considerable 
importance . The keeping qualities of milk would depend u p o n : 
(1) the care exercised during milking, (2) the manner in which 
mi lk is handled f rom its product ion t o del ivery, (3) the tempera 
ture at which it is held, and (4) the distance to which it is t o be 
c o n v e y e d , or rather the amount of t ime required for transit. It 
has been already po inted out in Chapter V that the keeping 
qualities of milk pract ical ly depend o n its bacterial content . The 
keeping qual i ty of milk and its transport in Central India have 
been studied recently b y Rober t G. Allan and J . V. Takle.^ 
T h e y conducted a series of exper iments in Nagpur. Their obser
vat ions regarding the keeping qual ity of milk inc luded : (a) 

' I have c o t n e across a dairy farm in Bombay where this is being done, 
" A]so see ibc Ji'u-'ia! of bajrvfiii atid Dmry J^/iriiiiii:; lit India, VuJ. I, Part III , p. 243, 
3 "Aaricullural Journal of India," Oct, 1915. \r,\. X, I'art IV, p . 329. 
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a comparison of the effect of the different milking methods , {h) 
a comparison of the effects of different condit ions under wh i ch 
I h e milk was kept after milking, (c) a comparison of different 
methods of treating milk produced and kept under vary ing 
condit ions. T h e y made further observations with regard t o the 
condit ions and causes of butter formation frequently found during 
the transport of m d k , and the means for its prevention. 

The following are some of their c o n c l u s i o n s : — 
(1) Care and scrupulous cleanHness at the t ime of milking , 

will a d d several hours to the life of the milk. Sterilisation of the 
milk vessels, apart from mere washing, is important . 

(2) During transport b y rail, chilling to 40 °F and keeping 
it at that temperature will preserve the milk for 10 t o 12 hours 
after milking. 

(3) Under condi t ions of road transport b y cart or m o t o r -
lorry over rough roads there is a t endency to butter - format ion , 
particularly in raw buffalo-milk during the co ld weather. 

(4) The t endency t o f o rm butter varies w i t h : (a) the 
temperature at which the milk is transported, butter be ing 
formed in all cases be low 90°F, but never a b o v e 105° F; (6) the 
degree of fullness of the milk churn, being less if the churn is 
quite f u l l ; (c) the t ime interval , the amount of butter being 
greater the longer the t ime ; {d) the kind of milk transported, 
more butter being formed in buffaloes ' than in c o w s ' milk. 

(5) The best treatment for all milk carried b y road over 
any distance is pasteurisation at the milking centre to 140° — 
160° before issue, dependent on t ime of transport and temperature , 
and its subsequent chilling on its receipt at the c i ty depot before 
retail issue. 

If milk can be delivered within a short t ime after milking 
i t wou ld not require any special treatment to pro long its l i fe . 
W h e n the t ime-interval , however , exceeds three t o five hours 
{varying according to temperature , condit ions of co l lect ion, e tc . ) , 
the milk would have to be preserved b y one of the fol lowing 
m e t h o d s — c o o l i n g or refrigeration, pasteurisation, boi l ing o r 
sterilisation. 

For commerc ia l purposes the choice wou ld be between refr i 
geration, pasteurisation and sterilisation, while, for domest i c pur 
poses , bo i l ing is the cheapest and most efficient method . Most 
people would prefer t o have fresh (raw) milk, and refrigeration 
would meet this demand if it were not for the hieh cost at wh i ch 
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milk can be cooled in this cl imate. Another disadvantage of this 
method is that under the present condit ions there is no guarantee 
of obtaining milk free f rom contamination. Pasteurisation and 
sterilisation, o n the other hand, are k n o w n t o be effective precau
tions. Sterilisation has been tried to some extent in this country 
but it is reported that the cost is t oo high for commercia l 
purposes. Pasteurisation seems to be the only practical method 
f rom an economic point of view, the cost o f pasteurisation in 
India, apart from the initial expenses for the p lant , etc. , being 
on ly about l i pie per pound . The details of the cost of pasteuri
sation are g iven in A p p e n d i x A . T h e advantages a n d d i s 
advantages of pasteurisation and the comparat ive value of refri
geration, sterilisation, boiling, etc. , will be discussed under " Sani
tary , Measures." 

y F a c i l i t i e s for transit. 
The present methods of conveying milk in some of the Indian 

cities have been already described. The most c o m m o n method 
is carrying milk b y band. It is less frequently c onveyed b y s low 
carts, and in Karachi b y camels.* In large cities, e.g., B o m b a y , 
modern methods , e.g., horse and motor waggons, are being gradu
ally introduced. The transport of milk in suburban trains involves 
the e m p l o y m e n t of a very large number of men . T h e present 
methods of convey ing milk to the c i ty of B o m b a y have been 
described in Chapter I I . The facilities for transit should be so 
improved as to effect a saving in t ime and labour. In other words , 
the transit should be rapid and cheap. A complete change is 
needed in every way . More trains, more speed, a reduction in 
the rates, special equipment for convey ing milk, better kinds 
o f cans or miik vessels, provis ion for maintaining a l o w tempera
ture during transit, etc., are some of the principal reforms needed. 
It is very essential that the milk must reach the consumer as 
soon as practicable after milking so as to be in as fresh a c o n 
dit ion as possible. For short distances (within 10 miles) the use 
of motor OT horse ^vaggons, and for long distances (10 to 100 miles 
or more,) railway trains are the most convenient . At present, 
motor waggons are being used b y t w o or three large dairying 
concerns in B o m b a y . The t w o rai lwav companies in B o m b a y do 
not provide any specially equipped milk trains or milk-cars or 
vans at present. Milk is c onveyed like any other article in the 
ordinary " luggage vans " o r " brake v a n s . " T h e rates charged 

1 " Agricultural Journal of India," Vol . X , No . IV, p. 401. 
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at present are two annas per maund (two pence or four cents , 
for 80 lbs.) for any distance not exceeding twenty- f ive miles, 
and thereafter one anna for each addit ional twenty- f ive miles. 
Special milk-cars with refrigerating arrangements are desirable, 
but this would considerably increase the cost of transit and conse 
quent ly also cause a rise in the price of milk. Unless there is a 
reasonable certainty of sufficient and regular milk traffic, it m a y 
not be possible for the rai lway companies t o make the necessary 
improvements for the conveyance of milk without raising the 
existing rates. If the milk trade was organised in a systematic 
w a y on a sound business basis, and if the railway companies were 
assured of a permanent and regular transit of a large quantity of 
milk, I daresay they would be quite prepared t o meet all the 
demands . 

v ^ h e distribution of milk in the cities. 
The purveying of milk after its arrival in the c i ty offers 

somewhat a difficult prob lem. Milk being a perishable article, 
it must be so ld t o consumers with the least possible delay. Most 
purveyors mix the various consignments of imported milk before 
sale (Plate X X V I I ) . Some of the importers in B o m b a y sell their 
milk out of the original containers, which are usually brass lotas 
(P la tes X X I I and X X I I I ) . The kind of milk vessels r e c o m 
mended , the use of the milk-bott le for India , etc. , will be dis
cussed under " Sanitary Measures," {q.v.) 

The business of import ing milk into Indian cities is most ly 
in the hands of numerous small dealers. In B o m b a y there are 
nearly 450 importers and 1,500 men are e m p l o y e d for bringing 
in about 45,000 pounds of milk daily. It would be much easier 
t o contro l , educate and supervise a few large firms of importers 
than hundreds of small dealers. W h a t is required for the efficient 
distribution of milk in our cities is concentrat ion. A few organised 
concerns on a large scale wou ld be far more desirable than 
numerous pet ty milk-dealers from the e conomic , sanitary, as 
well as from the administrative point of view. This would greatly 
facilitate the work of the Public Health Department . A smaller 
number of milk inspectors wou ld be required. It would certainly 
be an economic arrangement both for the purveyor as well as 
for the consumer of milk. The large concerns cou ld afford t o 
purchase expensive sterilisers, pasteurisers, bott le-washing 
machines, motor and horse-waggons, etc . , etc . T h e y could also 
afford to e m p l o y trained and competent assistants. Another 
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point in favour of liaving a few large importers is that they could 
readily meet the fluctuating demand for milk in the market and 
profitably utilise the surplus o f milk b y convert ing it into butter, 
curds, butter-milk, etc . 

The t w o agencies suggested for the purpose of organising the 
col lection and distribution of milk a r e : (I) co -operat ive dairy 
societies ; and (2) private dairying concerns on a large scale. 

y (11 Co-operative dairy societies. 
The idea of co-operat ive dairying originated first in Switzer

land in the village of Kiesen, near Berne, in 1815, just a hundred 
years ago. Denmark t o o k u p co-operat ive dairying some s ixty -
five years later. Since then it has spread all over Europe and 
the United States of America. The practical benefits accruing 
from co-operation have been amply demonstrated in these 
countries. In the United K i n g d o m in 1912 there were only 
about a score of co-operative dairies as compared to about 3,500 
in Germany, about 2,000 in Switzerland, 1,200 in Denmark, 700 
in France and 400 in Ireland.^ 

It would be b e y o n d the scope of this memoir t o enter into the 
minutiffi o f the management of a co -operat ive dairy. A f ew 
important points , with special reference to condit ions in India , 
will be , however , considered. Broad ly speaking, there are t w o 

• essential requirements for a co -operat ive dairy, n a m e l y ; (1) a 
regular and sufficient supply of pure m i l k ; and (2) the securing 
and retention of a favourable and reliable market. In order t o 
meet the first requirement there should be a binding obligation 
u p o n all the members of tlie society t o maintain an adequate 
n u m b e r of g o o d milch cattle and to deliver regularly all the 
milk which is produced b y the animals. The obl igation 
should be for a number of years ( 5 t o 1 5 ) , or else the 
society m a y find itself at a loss with an expensive plant and 
buildings on their hands. The possession of a g o o d market would 
depend a good deal on the prox imi ty t o a populous c i ty and on 
the means of rapid transit. The distribution of m d k also might 
be done b y co -operat ion. 

The co -operat ive m o v e m e n t was started in India about twelve 
years ago . T o - d a y we h a v e more than 15,000 co -operat ive credit 
societies with a total membership of more than seven lakhs 
(700,000) and a working capital of over 77 million rupees. In the 
B o m b a y Presidency the progress of co -operat ive credit has been 

> Henry W. W o l S . " Co-operation I D Agriculture, " I f 12, p . ii2. 
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satisfactory, there being more than 700 societies numbering o v e r 
68,000 persons and with a working capital of nearly 66 lakhs. ̂  
The organisation of co -operat ive dairy societies in this c o u n t r y h a s 
been at tempted recently in L u c k n o w , Benares^, Central P r o 
vinces, Punjab , and in some parts of the B o m b a y Pres idency 
such as Belgaum, Hubli , Bhandup , Al ibag and Thana. 

Mr. V . H. GonehalU, the Assistant Registrar of Co-operat ive 
Societies, B o m b a y Presidency, briefly summarises the co -operat ive 
scheme^as^ follows : — 

would urge that the gowlees keeping milch cattle in a 
t o w n should be induced to keep their cattle outside the t o w n ; 
that the Municipality should provide t h e m with stables outside 
the town on a suitable site having water-supply and grazing 
facilities ; that the gowlees should be organised into a c o - o p e r a 
t ive dairy soc iety ; that the society should grant them loans 
for purchasing animals and foodstuffs ; that it should organise 
the jo int purchase of foodstuffs for the members ; that milking 
should be done in the presence of the secretary of the s o c i e t y ; that 
the ordinary simple sanitary rules as regards washing the udders 
of animals, the hands of milkers and the utensils used in drawing, 
storing, transporting and distributing milk should be o b s e r v e d ; 
a n d that the marketing of milk should be taken away from indiv i 
dual producers and entrusted t o the managing commit tee of the 
s o c i e t y . " . 

The product ion of milk in the cities has been shown to be 
very expensive and insanitary. The c i ty gowlee works under the 
greatest disadvantages, as he has t o pay high rents for the catt le 
stables and high prices for foodstuffs, and in addit ion, he borrows 
m o n e y from the Marwaris (usurers) at exorbitant rates of inter
est. It is no wonder , therefore, that he tries t o make u p for this 
loss b y raising the price of milk and adulterating it with water . 
The organisation of the gowlees into one or more co-operative societies 
and inducing them to stay outside the c i ty limits wou ld help 
a great deal in solving the e conomic side of the prob lem. B y 
jo ining a co -operat ive dairy soc iety the gowlee will gain in 
many ways : (1) he will be able to get loans at a lower rate of 
interest and on easy terms of repayment ; (2) he will be able t o 
purchase foodstuffs of superior qual ity at a moderate pr ice ; 
(3) the animals being kept under sanitary condit ions and proper ly 

1 Report of a lecture b y Mr. V . H . Gonelialli, in the Times of India, dated a9th July, 1915. 
« "The Journal of DiiryiDg." Vol . I, Part I, October, 1913, p. 23. 
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cared for, will improve in hcaltli ; (4) tlie yield of niilk will b e 
somewhat greater than under city condit ions ; (5) tliere would 
he an improvement in the breeding, as the society could maintain 
one or more superior breeding bulls ; (6) the society will be able 
to take u p a plot of land in the vicinity of the stables and g r o w 
fodder crops, utilising all the stable manure which would be 
otherwise wasted in the c i ty stables ; (7) the dry cattle could 
be kept at a small cost outside the towns^—instead of finding 
their way to the city butcher , as at present ; and (8) the 
cost of marketing milk in the city would be proport ionately 
diminished, as the society could market their milk in bulk and 
employ modern methods of rapid transit, such as horse and 
motor -waggons , etc . 

The second great source of the city milk supply is from the 
suburban villages, as fully described in Chapter I I . It would be 
desirable to start co-operative dairy societies among the village 
cultivators along similar lines as indicated above . The ordinary 
village cult ivator in India is usually poor and ignorant and often 
held fast in the clutches of the savakar { m o n e y - l e n d e r ) . I t 
would be very difficult t o conv ince him of the benefits of modern 
methods of breeding and dairy-farming. The average Indian 
agriculturist is usually careless in his methods of breeding. 
H e generally owns very f ew animals and cannot maintain a proper 
bull of his own, but has t o be satisfied with any nondescript 
animal that happens t o be kept in the village. He lacks b o t h 
ambition as well as money . The agriculturist has, however , the 
ad\-antage of being able t o grow enough of fodder on his own land 
for the use of his animals. He cannot be expected to 
improve on the o ld methods of milk product ion unless it is 
done for h i m b y a co -operat ive society or s o m e such b o d y 
under proper supervision. In the villages which provide 
milk t o the cities, central milking sheds might be c o n 
structed. The cultivators who are members of the local c o 
operative soc iety could bring their buffaloes and cows t o this 
shed d a d y at the appo inted hours, draw milk in the presence of the 
manager of the soc iety and then hand over measured quantities 
of milk to the cofumittee, who should make the necessary arrange
ments for the transport and marketing of the milk, either directly 
or through some private agency . In addit ion t o the advantages 
mentioned a b o v e , a village co-operat ive dairy soc iety wou ld 
be the means of improv ing the general condit ion of the vil lage 

\ 
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cult ivator , as dairying would form only a subsidiary industry and 
an additional source of income . Such societies could be very well 
utilised in course of t ime for scientific breeding of milch cattle. 

The co -operat ive societies in this c o u n t r y are still in their 
infancy. T h e y would be very valuable at present in the co l lec 
t ion of milk from the cult ivators , the supervision of the milking, 
and gradually improv ing the breed of the village animals. T h e y 
would be also the means of educat ing the agriculturist in modern 
methods of dairy- farming. 

The scheme outl ined above is not quite a new one and has been 
found to work satisfactorily in actual practice. Mr. Gonehalh 
informs me that in the B o m b a y Presidency co -operat ive dairying 
has been tried with success in Thana and Al ibag, and similar 
schemes are under preparation or execution at Belgaum, Bhusawal , 
Hubl i , B h a n d u p and Ahmedabad . (Vide Append ix B.) 

^ ^ 2 ) Private dairying concerns .—Private concerns with 
large capital could prof i tably take u p the c i ty milk trade and 
e m p l o y experts and compet e nt da i rymen and use modern 
methods for the importat ion and distr ibution of pure milk. So 
far as possible, however , all monopoly should be discouraged a n d 

•the existing milkmen (gowlees, etc. , ) should not be absolutely 
depr ived of their hereditary occupat ion . T h e y m a y be e m p l o y e d 
in the large concerns or be formed into co -operat ive dairy 
societ ies . 

The experience of Government Military Dairies and others 
in India seems to show that under the existing condit ions it is 
not generally profitable for pr ivate concerns t o undertake the 
production of milk, but the business of purchasing milk f rom the 
indigenous producer in the rural districts and sending it t o the 
city for sale is f ound to be a lucrative one . In other words , it 
appears that in the case of large commercia l dairies, dairying 
always pays but dairy farming se ldom. I t m a y be stated that 
there are a few dairy- farming concerns in the B o m b a y Presidency, 
but the product ion of milk b y such concerns has been found to 
be more expensive than that b y the small village cult ivator . 
The most e conomic source of milk supply for cities is to be found 
in the villages where the cult ivator maintains his cattle under 
cheap and natural condit ions . This is seen, for instance, in m a n y 
(jf the districts in Gujarat . The milk supply of the large cities 
of Europe and America also is usually obta ined from the country 
b y large contractors or " middlemen " who buy the milk f rom 
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the farmer and bring it to the c i ty for sale. The private dairying 
concerns proposed for this country would practicaUy o c c u p y the 
position of " midd lemen . " Such concerns are likely to be more 
suitable than co -operat ive dairies, at present, for the purpose o f 
import ing milk f rom long distances and marketing it on a large 
scale. 

The two agencies described above would greatly facilitate 
sanitary a n d legal control , as there wou ld be on ly a few organised 
concerns t o deal with instead of numerous small dealers. More 
over , it would help to solve the prob lem of marketing the milk after 
its arrival in the c i ty . Some of the smaller concerns, including 
co -operat ive dairy societies, supplying milk t o the c i ty m a y be 
federated into a dairy union. This union could then be respon
sible for the marketing of the milk. It could also arrange for the 
establishment of several c i ty m d k depots with proper storage 
rooms , cool ing appliances, delivery waggons, etc . T h e importance 
of the marketing of milk b y responsible agencies cannot be o v e r 
est imated, for unless the distribution of milk is taken a w a y 
from the hands of the petty vendors and entrusted to a properly 
organised b o d y , it wou ld be extremely difficult, if not impossible, 
t o stop the practice of adulterating milk with water. The public 
milk supply is more likely to be clean and pure if closely supervised 
in the manner described above , f rom its product ion to its final 
distribution, than under the present condit ions. Moreover, the 
introduction of economic methods of dairying would tend t o 
reduce the price of milk. 

W h a t is n o w required t o make such agencies a complete 
success is proper supervision a n d s o m e assistance f rom Govern 
ment and the local Municipalities. The Government of B o m b a y 
have already announced their intention t o help any Municipality 
if the latter laid before them any practical scheme to improve 
the mi lk supply.*-

The assistance from Municipalities m a y consist in the prov i 
sion of cattle stables and milking sheds near the c i ty , the 
sanitary and legal control of the marketing of milk in the c i ty 
b y the provis ion of milk inspection, the establishment of milk 
depots , etc . Whether the milk is brought into the c i ty by c o 
operat ive societies or private dairying firms—in any c a s e — 
it should be made t o conform to the required standards. If 

' yoMj-rtBlo/i'flirjitig, VcjI. H , Part II , p . 103. Vi'ifs also G R. No. 770^ oi 2510-13 and G. R. 
K o , 4644 o l 18-7-14. General Dtf jr iraeut : Government o j IJombay, 
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necessary, all imported milk m a y have to be rendered harmless 
b y sterilisation, pasteurisation or any other means, at the d is 
tributing depots under Municipal supervision. 

^ D ) Educational and other general measures. 
" Education is one of the principal spokes in the wheel of the 

milk waggon."^ —[a) Education of the P « 6 / i c . — E d u c a t i n g public 
opinion in the cities regarding the defects and dangers of the 
present milk supply and the urgent necessity for sanitary a n d 
other improvements is very important . Unless there is a definite 
and persistent demand for better milk, the supply will not be 
forthcoming. This can be done b y spreading information 
broadcast b y means of public lectures, sanitary tracts, practical 
demonstrations, publishing articles in the Anglo -vernacular press 
as to the best methods of collecting, storing, transporting and pur
veying milk, and the dangers to public health from the use of dirty 
milk, etc . The product ion of clean and wholesome milk is largely 
a matter of cost and education. The public must learn to appre 
ciate the fact that clean and pure milk cannot be procured c h e a p 
ly , and they must be willing to pay a reasonable price for it . 

(6) Instruction of the milk dealers regarding the economic and 
sanitary methods of supplying milk.—This would be a very difficult 
task but not a hopeless one. Ignorance, apathy, and prejudice 
will have t o be overcome , and sympathy , persuasion, and tact 
would have to be used in dealing with the Indian milkman. The 
instruction must be given free and adapted to suit local condit ions. 
The commit tee on dairying at the Agricultural Conference at 
Coimbatore , in December 1913, r e commended that provision 
should be made b y Government for " f r e e information and assis
tance to anyone willing to embark on a dairy enterprise of any sort. 
This should take the form of free plans and specifications for all 
classes of dairy buildings, free specifications and advice as to the 
purchase and erection of plant, advice as t o correct systems of • 
keeping dairying accounts and free information generally o n a.H 
points connected with the establishment and working of daiiry 
(•nterprise in any direction, so that anyone willing to invest m o n e y 
in the industry might be so guided as to ensure his organization 
being planned in the best possible manner for profit earning." •. 

The city gowlee should be persuaded, if possible, to leave 
the c i ty and settle in the suburbs, where he could produce milk 
under more economical and natural condit ions. 

' Rosenau. 
II 
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The village cult ivator should be induced t o take u p dairy 
farming along modern lines and he should be given free practical 
instructions in vernacular regarding the details of milk product ion , 
etc . He should be encouraged to rear the best breeds of cows and 
buffaloes, and the free services of a stud-bull at the nearest Govern
ment farm should be placed at his disposal. Practical d e m o n 
strations at a model dairy farm m a y be arranged from time to 
time for the benefit of village cult ivators in the ne ighbourhood. 
There is also a great need for the establishment of dairy schools 
at suitable centres, where practical instruction in dairying could 
be imparted in simple vernacular. The gowlee as well as the 
agriculturist should be encouraged to send their children t o such 
schools. Trained men would be also required b y various dairying 
concerns, co -operat ive societies, etc . , and the formation of special 
classes in the vernacular, where a short course of instruction in 
practical dairying a n d dairy farming could be given, wou ld b e 
very useful. 

The staff of the Agricultural Department is not considered to 
be large enough for the needs of India, and it would not be fair to 
expec t Government t o d o everything in the matter of 
imparting education t o the agricultural population. There is a 
great opportuni ty for publ ic -minded men, philanthropic bodies, 
wealthy Zamindars and Jahagirdars t o organise missionary 
societies for the purpose of teaching and preaching t o the 
village cult ivator and the gowlee the gospel of economics , 
hygiene and sanitation. The Servants of India Society , the 
Social Service League of B o m b a y , the B o m b a y Sanitary Asso 
ciation and other similar organisations, might very well 
undertake this kind oi w o r k and thus supplement the efforts 
of Government . 

(c) The training of Milk Inspectors, etc.—For this purpose 
a short course of instruction would b e required in milk testing 
and general dairy sanitation, etc . Arrangements for giving such 
a course could be easUy made in most of the cities in connect ion 
with the Publ ic Health Department . 

[d) Provision for the training of Export Dairymen and Dairy 
Farmers.—An improvement in the dairy industry of India is pos 
sible, p rov ided that there are a sufficient number of experts who 
have had a special training in modern dairying and dairy farm
ing with some knowledge of chemistry, bacteriology, animal hus
bandry , economics , veterinary science and other kindred sciences. 
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As far as the author is aware, no suitable provision has been m a d e 
b y our universities and colleges for imparting such a special 
course. The Indian colleges of agriculture are, as a rule, separate 
Irom the Government dairies and f rom the veterinary depart 
ment, and unless there is some co-operat ion between these, a 
complete educational course in dairying and dairy farming cannot 
be carried out. " E v e r y co lony in the (British) Empire has its 
Da i ry Branch o n the Agricultural Department except India, a n d 
no other country has the same possibilities of building u p an 
industry of so great a magnitude and one that will so mighti ly 
improve all other branches of industry or give so much b a c k t o 
the State Treasurv for any a m o u n t spent u p o n i t . . . . India 
offers a field, for enterprising men who have a bent for this line 
of farming, second to none in the world, but those embarking in 
the trade must be possessed of a sound intelligence, industrious 
habits a n d a reliable training in the best methods i n t r o d u c e d . " ' 

It m a y be well for us to emulate the example of America , 
where dairying is taught as a part of the curriculum in m a n y well-
k n o w n Universities and where there is a large and well-equipped 
Department of Agriculture, which issues very useful Bulletins 
f rom time to t ime for the benefit of the dairy farmer. A large 
number of excellent dairy schools have been established in Great 
Britain during recent years. The Government dairies and a 
very few pr ivate dairies are the only places where a student c o u l d 
learn modern methods of dairying and dairy farming in India . 
These dairies might be well utilised in connect ion with our colleges 
of agriculture, and special graded courses could be offered for 
t w o or three years leading u p t o some certificate or d ip l oma after 
passing the necessary examinations. Agricultural graduates 
with such special training would then be qualified for responsible 
posit ions, such as managers of dairies, etc . 

An Indian branch of the D a i r y Educat ion Association has 
been established recently with headquarters at Kirkee ( n e a r 
Poona. ) A quarterly journal is issued b y this Association in 
which various questions regarding dairying and dairy farming 
in India are discussed. The Association proposes to hold annual 
examinat ions in the science and practice of dairying in India . 
The successful candidates will be given the " National D ip loma 
in the Science and Practice of Dairying in I n d i a . " The subjects 
for the examinat ion include practical agriculture, general dairying, 

' "Journal o i Dairying," Vol . 1, I'art 2 p . 39-
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agricultural chemistry, bacter io logy and general chemistry , 
veterinary science, dairy technology , etc.^ This is the first syste
matic attempt t o train dairymen in this country , and the Dairy 
Educat ion Association deserves credit for taking the initiative 
in this important matter. 

v . ^ a i r v farming has a much more comprehensive meaning 
in India than in Europe. The duties of a dairy farmer in India 
are multifarious, and he must be familiar, not only with all branches 
of the dairy industry, but also with the allied subjects. The re
quirements and qualifications of a dairy farmer are well s u m m e d 
u p in the Journal of Dairying, Vol . I , No . 1, (October 1913). 

" A dairy farmer must be 
\st.—A g o o d business man, or he cannot make his farm a 

financial success. 
'Znd.—A keen observer, as his business is made up of in 

numerable details, which must be seen b y h im personally. 
3r( / .—A hard worker, as he must a lways be engaged in his 

work , for he is never finished ; it therefore follows that his 
recreation must be found in h i s work. 

Mh.—A g o o d breeder, as his success depends o n his being able 
to get " t w o cows under one h i d e . " 

Sth.—A student and investigator, the first as he must keep u p 
his s tudy t o keep in touch with n e w methods ; the second, as 
he must introduce n e w ideas to suit his particular environment . 

6; / i .—Well trained in practice and theory, theory t o guide 
h i m in a correct practical method , 

yth.—Trained to absorb new methods , as these become neces
s a r y ; and he must k n o w the best grasses, crops, weeds, also all 
poisonous plants. 

8th.—An intensive farmer, as he must use his manure and 
raise heavy crops cont inuously for green feeding on his own land. 

9th.—The chemistry of feeding-stuffs, soils, manures, a n d 
dairy products should be studied to s h o w him the cyc le o f appl i 
cation. 

\Oth.—The elements of bacterio logy taught, to show h i m 
the need of cleanliness, so that harmful bacteria shall not influence 
the qual i ty of his produce a n d its keeping p o w e r s ; a n d what 
pasteurisation and sterilisation mean, 

nth.—A mechanical training is necessary t o enable h im t o 
keep his machinery in order a n d prevent its failure ; what 

I The details will be found in the "Journal of Dairying," Vol . U , Part 1. p . 51, etc. 
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machinery is necessary and which is the best for his 
purpose. 

12tk.—A knowledge of heat is required t o enable h im to k n o w 
t h e principles on which his refrigerator works, and his co ld store 
is kept cold. 

I3tk.—A veterinarian, to enable h im to keep his cattle in 
health and to treat them when s i c k . " 

The important points in connect ion with the economic , edu 
cational and other general measures m a y n o w be s u m m e d u p : — 

1. The scientific breeding of the " dual purpose " animal 
for India . 

2. T h e establishment of cattle-breeding_ farms at suitable 
•centres, and the supply of bulls on the premium system or o ther 
wise. 

3. Proper feeding according to physiological standards and 
based u p o n practical experience. 

4. The removal of the c i ty cattle-stables from the c rowded 
areas to the non-residential parts of the city and to the adjo ining 
suburbs. 

5 . I m p r o v e m e n t in the tending of the cattle and better 
•care of the progeny. 

6. The provision for a large storage of fodder, both dry and 
in the form of ensilage. 

7. Better irrigation, particularly in some of the districts in 
the Deccan . 

8 . The provision of suitable land b y Government , o n easy 
terms, for dairy-farming and grazing. 

9. The organising or facilitating tlie export of valuable 
" dry " buffaloes and cows from B o m b a y , Calcutta and other 
large cities t o suitable grazing districts, and taking other measures 
for the prevention of the slaughter of such animals. 

10. The prevention of export ing the best b jeeds of Indian 
milch cattle to foreign countries. 

11. The organisation of the city gowlees into co -operat ive 
d a u y societies, the locat ion o f ti\eir animals outs ide the c i ty , 
wherever practicable, and a gradual transformation of the gowlee 
into the village cult ivator . 

12. The erection, b y the municipalities, of mUch cattle 
stables and jnilking sheds (with the necessary provision for water 
supply and drainage) in the suburbs, which m a y be rented o u t 
t o the gowlee and the cult ivator at a concession rate. 
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I I — S A N I T A R Y M E A S U R E S , including sanitary methods and 
reforms regarding the care and management of the milch cattle, 
their housing, the process of milking, the storage, transit and distri
bution, and artificial methods of preservation and purification of 
milk.—These m a y be considered as follows : — 1 . Measures 
relating to the milch cattle, etc. , t o be applied b y the producer 
at the source of the supply. 2. Reforms in the present methods 
of storage, transit and distribution of milk. 3. Precautions 
to be taken b y the consumer. 4. Artificial methods of pre
servation and purification of mi lk :— (a ) Refrigeration, etc . , 
(b) Boiling, (c) Pasteurisation, and (d) Sterilisation b y heat and 
electricity. 5. Infants' milk depots . 6. " Certified " milk. 

13. Tlie organisation of co-operative dairy societies of the 
village cultivators in the districts, which are within easy access of 
the c i ty and where a large supply of cheap milk is available. 

14. Improvement in tiie present methods of transport o f 
milk, and better facilities for rapid and cheap transit. 

15. The establishment of private dairying concerns on a large-
scale for the purpose of importing and distributing milk according 
t o modern methods and under sanitary conditions. 

16. The organisation of a " Dairy Union " in the c i ty for 
marketing the milk brought in b y the various co -operat ive 
societies. 

17. The construction of milk depots , cold-storage rooms , 
etc . , in the city. 

18. The appointment b v Go\'ernnient of dairy experts 
whose free services wou ld be available t o the a b o v e organisations. 

19. Creating a demand for better milk b y educating public 
op inion b y means of lectures, demonstrations and the press. 

20. Educat ing the gowlee and the agriculturist in modern 
methods of economic and .sanitary milk-production. 

21. The establishment of dairy schools and classes in the 
vernacular, etc . , for imparting practical instruction in dairying 
and dairy farming and the training of milk inspectors. 

22. I^rovision for the training of dairy managers and 
breeding experts in connection with the agricultural colleges and 
Government dairies. 

23. T h e holding of milcli catt le shows and the exhibit ion 
of milk products and dairy appliances in suitable centres from 
t ime to time. 
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1. Measures relating to tbe milch cattle, etc . , to be applied 
by the producer at the source of the supply. 

(A) Housing of the milch cattle.—The essential requirements 
for a sanitary cattle stable are ;—(a) Location and size.—It should 
be situated in a healthy spot either in the non-residential parts 
of the city, or better, outside the city within a convenient dis
tance from it. It should be far away from the crowded districts, 
preferably in the small country towns and suburbs near the 
cities. T h e points in favour of this v iew have been already 
considered. The erection of small-sized stables should be given 
preference over a single large stable. The B o m b a y Municipal 
bye- laws allow a m a x i m u m of 100 animals per stable. The 
author is in favour of small stables with accommodat ion for not 
more than 50 animals per stable, placed " tail to tail " in t w o 
rows. A smaller number (20-25) would be even better. Some 
of the advantages of the smaller stables a r e : easier for control 
and supervision, better possibilities of ventilation, easier removal 
of manure, e t c , less l ikelihood o l exc i tement for the animals, 
and greater chances of proper feeding and tending the individual 
animal. 

(b) Provision for light, ventilation, air-space, e f c .—Accord
ing to the model regulations of the Local Government Board , 
every dairy " shall be sufficiently lighted with windows, whether 
in the sides or roof thereof . " There should be sufficient light 
t o enable the whole interior of the stable to be easily visible in 
ordinary daylight. Savage '• recommends a definite amount 
of l ight-space, namely, three square feet per cow. This should 
not be difficult in this country where there is plenty of bright 
sunshine. The animals should be placed in such a w a y that 
the light m a y strike them from the side or from the rear. Ven
tilation should be adequate and efficient- ft should be so 
arranged as to prevent draught and to protect the animals f rom 
rain and wind during the monsoon, and at the same time to al low 
plenty of fresh air night and day. According t o Schlossmann,^ 
the air of the stable should not contain more than one part of 
carbonic acid to a thousand parts of air. A c o w weighing 1.100 lbs. 
produces 12.71 cub ic feet of carbonic acid which would have 
t o be di luted one thousand times in order to maintain the re
quisite proportion (1;1,000). The introduction of the necessary 

I Win . G. Savage. " Milk and tbe Public Health , " 1 9 1 2 , p . 274, 
t Schlosanan, W m . Ernst's Milk Hygiene. 
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' Vide Appendix D . 
a Speir. Public Heath, 1900 XU, p . 775. 

air is made possible b y three changes of air per hour, and accord
ing t o Schlossmann, the air-space in a stable for cows weighing 
1,100 lbs. each must be 176 .5 cubic feet. Under Indian condi 
tions, the air-space needed for buffaloes would be greater in 
proportion t o their weight. A fuU-grown Jaffrabadi buffalo, 
for instance, is known to weigh as much as 1,800 lbs. 

The model bye-laws of the Local Government Board recom
mend 800 cubic feet per cow. This would give about 50 square 
feet of floor space per cow. The B o m b a y Municipal bye- laws 
relating t o milch cattle stables^ require a floor-space not less 
than 12^ feet in length b y 5 feet in breadth for each c o w or 
buffalo. T h e y further require an open space of not less than 
fifteen feet in width all around the stable. 

(c) Structural requirements.—The construction of the floor, 
walls, drains, etc. , should be such as to ensure thorough cleanli
ness. The composit ion of the floor is very important . It is 
essential that it shoidd be of some impervious material, such as 
cement-concrete , so as to prevent the soakage of urine, wash-
water, etc . The material used should be of the best quality, 
and in order t o prevent slipping, the floor surface should be 
ribbed or made rough in some other way. It should slope gently 
{a gradient of 1 : 32, or |" t o the foot , is sufficient) back to a " g r i p " 
or manure channel, so as to facilitate ready cleansing. The 
so-called " Holland type " of stable floor consists of rather 
short standing space for the animals with broad, deep drainage 
trough in the rear into which the solid and liquid manure fall. 
The soiling of the animal is thereby prevented and the contami
nation of the bedding is reduced to a minimum. In Holland, 
it appears, that the tails of the animals are tied with a cord in 
such a manner that the tail hangs in a natural position while 
the animal is standing, but when the animal lies down, the tail 
is kept raised u p so that it cannot be submerged into the c o n 
tents of the drain ! The manure channel or gutter, according 
t o Speir,^ should be 24 inches wide, 6 inches deep at the side 
next the cows and 4 inches at the walk. The manure pit or 
dung receptacle should be constructed of some impervious m a 
terial, the b o t t o m being raised above the surrounding ground. 
It should be situated at a reasonable distance {about 100 yards) 
from the stable and away from the water-supply. T o prevent 
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•the animals from backing into the manure channel or slipping 
In, a moulding of one-half inch m a y be prov ided along the upper 
border of the drain trough. The individual animals should be 
separated b y means of partitions which ex tend upwards 
well over the shoulder and which are prov ided with fastenings 
for t5dng the animals {vide Plate X X X I ) . This is essential 
in order to prevent the soding of the stalls with manure, etc . 
The stall or manger should be sufficiently long for the animals 
to lie down with ease, while it should be short enough to a l low 
the manure t o d rop directly into the gutter. The exact length 
and width would vary with the size of the animal, and this w o u l d 
he different for different breeds of cows and buffaloes ; 5 ' -6" b y 
4 ' -6" for buffaloes, and 4 ' -6" b y 3'-6" for cows are usually c o n 
sidered sufheient for each stall. The feeding troughs should 
be p laced at the heads of the animals and so constructed that 
there would be no corners or crevices in which dirt m a y accu 
mulate. T h e y should correspond, as far as possible, to the c o n -
<.litions of natural feeding in the pasture. The troughs m a y be 
made of glazed stoneware ' or cement concrete. A width of I'-G' 
is convenient. The walls of the stable should be covered on their 
internal surface, at least t o a height of three feet, with some wasli-
able, impenetrable material, such as cement or white enamelled 
bricks. Some of tbe a b o v e details may appear to be trifling, but 
from a sanitary point of view they are of great importance . 

{d) Water-supply.—This should be pure, abundant and 
easily accessible. It is required for drinking as well as for 
washing purposes. Where a public water-supply is available 
u pipe could be laid in the stable and a hose attachment would 
p r o v e v e r y useful for washing and Hushing purposes. The p r o 
vision of a separate paved washing-place for the animals is also 
necessary. It is very essential t o have a pure water-supply 
in sufficient amount for cleanliness of the animals, the stables, 
the attendants, the milk utensils, etc . The water should be 
•examined chemical ly and bacteriologically from time to t ime. 
.\s regards watering the animals, either each stafl should be 
j )rovided with an automat ic water-supply or a long iron gutter 
running the whole length of the stable in front of the animals 
m a y be prov ided for, or separate water troughs m a y be c o n 
structed. The last seems to be the best way from a sanitary 
point of v iew. 

' RobeitsoD and Porter. " Sanitary Law and Practice," 1912, p. 201. 



170 S A N I T A R Y M E A S U R E S . 

Tlie existence of insanitary cattle stables in the cities, par 
ticularly in the densely populated areas, is object ionable more 
from a publ ic health point of v i ew than o n account of the ani 
mals themselves. They constitute a danger to the health of 
people li^-ing in the immediate vicinity. Besides, milk is very 
likely to get contaminated in such stables. When the stables, 
however, are located outside the city, elaborate sanitary arrange
ments are not necessary. Ordinary cattle sheds would serve 
the purpose ^'cry well. Under village conditions, so long as the 
animals are protected from extremes of weather and g iven 
plenty of fresh air, minute sanitary requirements are not essen
tial. The principal reason for observing cleanliness in the stables 
is to protect the milk from contamination. All that is necessary 
for attaining this ob ject is t o have a central milking'shed, where 
the animals could be brought in for milking twice a day . Such 
a milking-shed should be constructed along sanitary lines and the 
utmost cleanliness observed during milking as described below.. 
This arrangement would be more economical than the expensive 
city stables which have t o conform to certain structural re
quirements. The animals are more likely t o be comfortable 
in the ordinary country sheds than in the city stables with their 
hard and cold stone floors. 

(B) The process of milking.—The process of milking in India, 
as stated already, is o f a most primitive type and needs radical 
reforms. Milking m a y be compared t o a surgical operation so-
far as antiseptic methods are concerned. The principles and 
methods invo lved in obtaining clean milk are practically the 
same as those employed in performing a clean operation. Scrup
ulous attention should be paid to minute details, and utmost 
cleanliiiess should b e observed with regard t o [a] the place at 
which milking is carried out , {b) the animals, (c) the person and 
clothing of the milker, and (d) the milk utensils. 

(a) The place at which milking is carried out.—The usual 
custom is to milk the animals in the same place where they are 
tethered. For several reasons this is object ionable . The milk 
is less likely t o be contaminated if milking is carried out in a 
separate shed or r o o m specially constructed and used exclu
sively for that purpose. This m a y not be necessary where 
the stables are kept scrupulously clean. The structural require
ments o f a milking-shed wou ld be similar t o those ment ioned 
for a sanitary cattle stable. Accord ing t o the number of animals. 
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it m a y be necessary to have several milking-sheds. A circular or 
ob long structure is recommended with a central raised plat form 
from which a responsible person could supervise the milking of the 
animals. The animals should be brought in batches of ten or 
twelve at a t ime in rotat ion. The milking-shed shouh) provide 
a c c o m m o d a t i o n for not more than twelve animals at a t ime, as 
only a small number of animals can be satisfactorily supervised 
at one t ime. The approaches to the miJking-shed should be 
kept quite free from m u d and manure. Plenty of hot and co ld 
water should be ready on hand ; a good boiler is indispensable. 
There should be ample provision for g o o d artificial Ught, e.g., 
large lanterns, " Kitson " lights, etc. , as the " morning " milk 
is taken during the dark hours (2 a.m. t o 4 a.m.) in B o m b a y . 

{b) Care of the animals.—The animals must be free from 
disease This should be previously certified b y the V e t e r i n a r y 
Inspector. Each animal should bo washed and cleaned t h o 
roughly. It is not necessary—and in the case of cows it is not 
advisable—to wash the whole b o d y of the animal just before 
milking. Particular attention should be given to the removal of 
all dirt from the lower and hind part of the abdomen, the udder, 
tail, groins, flanks and legs. The animals should be well brushed 
and c o m b e d at least half an hour bclore milking commences . The 
udders, teats and surrounding parts should be always washed 
immediate ly before milking. A n y long hair on the udder, etc . , 
should be c l ipped beforehand. Antiseptics m a y be used, but 
they must be entirely removed with sterile warm water 
so as t o ,prevent their getting into the milk. After washing 
with clean warm water, the udders, etc. , should be thoroughly 
wiped with a clean dry c loth which must be kept apart a n d 
used only for the udders. It m a y be ob jec ted that the a b o v e 
operation of washing and scrubbing would take u p much 
t ime. Practical experience shows, however , that t w o men 
can wash ten animals in half an hour. It has been found 
that ordinarily not more than 12 buffaloes or 16 cows 
can be milked b y one man in a satisfactory manner in about 
t w o hours. This gives an average of ten minutes per buffalo 
and about seven minutes per cow. A trained milk-man can 
manage t o milk more animals than this. 

(c) The person and clothing, etc., of the milker.—Only hea l thy 
persons should be allowed to milk the animals. Besides health, 
other essential qualifications for milkers are intelligence, c lean-
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"Uness, training and skill in milking. The hands and forearms 
should be washed each t ime a fresh animal has to be milked. 
Soap, water and nail-brush should be freely used. Disinfectants 

•or antiseptic lotions are ordinarily unnecessary. Immediate ly 
before milking, the hands should be rinsed in sterile or boiled 
water and then m p e d dry with a clean towel kept exclusively 
for that purpose. If a milking stool is used, it should be kept 
clean. After the hands have been cleaned, the milkman should 
touch only two objects ; (1) the milking pail, and (2) the teats 

•of the animal. The fingers must be kept away from the m o u t h 
.and nose, and if the milker has to sneeze, cough, spit or perform 
any other similar operation, he must take g o o d care not t o let 
any of the spray get into the milk. All possible sources of c o n 
tamination must be scrupulously avoided. The clothing of the 
milker must be always clean. It is advisable to put on a special 
" over-all " or long apron at the t ime of milking. This should 
be made of g ood washing material such as white " dri l l . " When 
this is not practicable, a clean dhotee and peharan (a kind of 
shirt) should be worn just before commencing the milking. 

After the milking is over 
the special clothing should 
be removed and kept in 
a clean place. 

{d) The milk utensils.— 
The " milk p a i l " or 
collecting vessel used in 
India is generally made 
ot brass and has a large 
wide mouth without any 

Fig. 2. Francisco pail. ]id. This needs improve 
ment both in the material 
used as well as in the 
shape. The milk pail 
should be so constructed 
tiiat it would reduce to 
a min imum the amount 
of dust, dirt and hair 
which might fall into it 
during tlie process of 
milking. Figs. 1 to 4 show 

Fig. 3. Freeman pail. Fig. 4. Champion pai!. ^'^"^^^ ^yP^^ P î*̂ -

"Fig. 1. Open pail . 
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The wide mouth pail or brass vessel is ob ject ionable and should 
b e replaced b y a narrow moutii one. The opening at the t o p 
should be large enough to allow a thorough scrubbing and c lean
sing of tlie inner surface. The collecting vessels should have-
as few seams as possible ; a seamless vessel would be best. Al l 
milk utensils should be heavily tinned, a n d where seams occur -
they should be flushed full and smoothed with solder. Gal 
vanized iron, w o o d , or any material that is rough or porous 
should not be used for the construction of milk vessels^. One 
of the best milk pails used on the continent of Europe is the 
" Algauer " pail. This is a covered pail and is furnished with 
^ ^ , - — a receiving tube with a 
The " Sanitary pail. c , i 

v ; ^ ^ — = f funnel at the upper end. 
Between the receiving, 
tube and the funnel is an 
arrangement for strain
ing the milk through 
clean co t ton . Figures. 
5 A and 5 B show a milk 
pail specially construct 
ed under the writer'--; 
directions.^ The mate -

Fig 5 A . (Closed.) Fig. S B . (Open.) rial used is either tinned, 
steel or brass well t inned inside, 

{c] The technique of viilking.—Miei the above -ment ioned 
precautions and preliminary cleansing, the milk should be-
drawn in a quiet manner. Milking should never be done with 
wet hands or with a wet udder as tJiis would make the filth from 
the fingers and the udder ooze o u t a n d drip into the milk pai l . 
It is a c o m m o n practice t o wet the hands either with water o r 
b y milking a few streams over the fingers. This is very o b 
ject ionable and should be absolutely forbidden. The hands 
of the milker as well as the teats of the animals must b e kept 
diy while milking. The first three or four streams from each 
teat—the " fore-milk " — s h o u l d be drawn into a separate vessel 
and discarded as it is likely to contain the largest number of 
bacteria. The milking must be done wi th thoroughness a n d at 
regular intervals. The am^ount of milk produced is largely 

' Uebster , E, H . " Sanitary Insreclion and its bearing on Clean Milk," Hyg. Ltd): Bv}\elU\, 
No. 56, p. 562. 

A patent for this pail has been applied for. 
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affected b y the thorougliness of the milking. HenkeU found that 
a c o w yielded 17 .8 lbs. of milk with 4 . 2 per cent, of fat when 
milked b y a thorough milker, but only l 2 . 3 1 b s . with 2 . 7 percent , 
of fat when milked b y an untrained hand. As far as possible 
a regular twelve-hour interval between two successive milkings 
should b e observed. T h e c u s t o m of first allowing the calf t o 
suck its mother should be discarded as far as possible. When 
this is not practicable, then the udders, etc. , must be again cleaned 
after the calf is withdrawn. It Itas been found unnecessary 
t o al low the calf to have its milk directly from the mother . In 
the case of both cows and buffaloes it is advisable t o remove 
the calf away from the mother and feed it b y hand with the 
separated or skimmed milk obtained in the process of making 
butter. This would effect a great saving in the amount of good 
milk which would have been otherwise taken b y the calf. All 
the sanitary precautions against sneezing, coughing, spitting, 
etc . , should be scrupulously observed and every effort should 
be made to reduce to a min imum the chances of initial contami 
nation. It is essential that the milkers should be specially 
trained for their work. The Indian milker, as a rule, does not 
use any milk stools or other seats, but squats on the ground as 
shown in Plate X X I . A milk stool would render the operation 
of milking more convenient and sanitary. It is immaterial 
what particular method is used in drawing the milk, that is, 
whether the teats are milked crosswise or the pair on one side 
or those of opposite quarters, simultaneously. 

Milking-machincs.~\n recent years various forms of mi lk
ing-machines have been devised as a substitute for hand-milk
ing. These machines act b y suction in imitation of the sucking 
of the calf. The suction is intermittent. The milk pail is c o n 
nected b y means of a rubber t u b e t o the udder of the animal. 
The machines are used in many cities abroad, particularly in the 
United States. The main advantages claimed for these m a 
chines are, the rapidi ty of milking several animals at the same 
t ime, thoroughness in milking, and the prevention of possible 
infection from the mUker. The working of milking-machines 
was carefully investigated b y W o l l and Humphrey.^ T h e y 
found no ill effects upon the cows, while their report is favourable 
regarding the economic efficiency of the machines. In samples 

' Quoted by W . Ernst in his Text Book of Milk Hygiene., p. 146. 
s Woll and Humplirey. WisconiinVrnvcnily AgHcuthtiat Experimcatitl Station, \903, Research 

.VttUetinNo. 3. 
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of nhik drawTi b y machines, they found the bacterial count 
slightly lower than in hand-drawn milk. The machines worked 
well on ly when kept absolutely clean and operated b y intelligent 
and trained men. The author saw the working of several types 
of such machines in N e w Y o r k several years ago. The mot ive 
power used was electricity. Their construct ion is rather c o m 
plicated and hence it is very difficult t o keep them clean. T h e y 
are also liable t o annoying accidents. F r o m an economic po int 
of view the cost of these machines would -be somewhat proh ib 
itive as they would probab ly cost more than manual labour 
in this country . T h e use of milking-machines does not seem 
to be quite practicable for India, at least at the present stage 
of our miik industr j ' , but they m a y be given a fair trial in s o m e 
of the well-organised dairy farms. They have been tried at 
Kirkee at the Government Military Dairy and seem to work 
fairly with cows but not with buffaloes, owing t o the peculiar 
structure of the udder and teats of the Indian buffalo. A 
lew a t tempts made with buffaloes resulted in laceration of the 
fold of skin between the different teats. Perhaps a modif ied 
form of teat -cups t o suit the anatomical requirements of the 
buffalo m a y be constructed. 

(2) Sanitary reforms in tlie present methods of storage, 
transit and distribution of mi lk .—P>om the milk pail, or c o l 
lecting vessel, the milk is usually distributed into other brass 
vessels of varying sizes. Straining or filtering of milk through 
" muslin " is practised b y some milkmen. The kind of strainers 
generally used here arc more likely t o add dirt t o the milk and 
increase the number of bacteria in it than to produce clean milk ! 
If the process of milking has been carried out in a sanitary manner, 

straining would be unnecessary. Milk which is obta ined in an 
insanitary w a y cannot be deprived of its ob ject ionable qual ity 
b y mechanical straining, for the filth dissolves and the bacteria 
pass through the straining cloth. Besides, straining the milk 
as a rout ine m e t h o d might encourage the producer in bis filthy 
habits and m a y serve as an excuse for being indifferent to clean 
methods of milking. 

Cooling and Aeration.—As soon as possible after co l 
lection it is advisable to coo l do^vn the milk in a cooler or a 
refrigerator, which m a y be either in the milking-shed or in close 
prox imi ty t o it. The initial cool ing and aeration are very valuable 
before putt ing it into milk cans for transit. The aeration 



176 R E F O R M S IN C O L L E C T I O N ' . 

Fig 7, 'IJie cylindncai type of miili c o o l e r . 

permits tlic escape of 
any carbonic acid gas 
{CO2 ) , sulphide of 
hydrogen {HaS) , etc. , 
and imparts t o the 
milk an agreeable taste 
and odour. The cool ing 
prevents the mult i 
plication of bacteria. 
There are t w o types 
of milk-coolers, the 
flat and the cylindrical 
(Figs. 6 and 7) . The 
milk is al lowed to pass 
in thin layers on the 
outside of a coil o f 
parallel pipes through 
which runs a stream 
of co ld water or brine. 
The degree of coolness 
will be affected b y (a) 
the rate at which the 
milk is allowed to flow, 
{b) the temperature of 
the cold water or brine, 
and (c) the extent of 
the surface exposed. 
It is important t o 
remember that the 
cooler should be used 
in a clean place free 
from dust and with 
plenty of fresh air. 

The transit of milk.— 
The vessels used for 
carrying milk from the 
producer to the purvey 
or or consumer, and 
the manner in which 
milk is at present 
transported, have been 
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already described. The brass milk vessels, or large lotas c o m m o n l y 
used, need at least the following improvements —(1) they should 
be thickly tinned internally ; (2) they should be prov ided with 
properly fitting covers and secure locks, etc . ; (3) they should have 
a large handle t o facilitate handling ; (4) they should be washed 
and sterilised, or at least rinsed with boiling water just before 
use ; and (5) they should be air-tight. Some milkmen in B o m 
b a y have been recently using covers for their milk vessels, which 
are prov ided with holes for ventilation ! Accord ing t o W . G . 
S a v a g e , ' ventilation is unnecessary. He made comparat ive obser
vat ions regarding the bacterial content , the rapidity of souring, 
etc . , and found no constant differences. In America , the milk 
cans are usually c o v e r e d with a closely-fitting metal lid. East 
w o o d in his report^ on American methods remarks : " The fact 
that , in the American trade, milk is hauled in dustproof recep
tacles demonstrates the absurdity of the notion that ventilation 
holes are necessary . " It wou ld be better to use one-piece cans 
or churns made entirely of tin or steel than to trust the mi lk 
men to satisfactorily tin their brass iotas. Milk cans (or churns) 

t o hold one maund and half a maund 
respectively, (80 lbs. and 40 lbs. ) , w o u l d 
be convenient sizes for transit. The milk 
cans or churns should be securely l ocked 
or sealed so as to prevent any tampering 
on the way . T h e y shouJd have no joints 
or seams, but should be in one piece^ 
(Fig. 8) After arriving in the c i ty , the 
miik would have t o be distributed to the 
retailer and this might be a fresh source 
of contamination. The most sanitary and 
ideal w a y would be to put u p the coo led 
milk into bottles of varying sizes at the 
source of the supply and sell it in the 

1*̂ original bottles, provided that they are 
thoroughlv cleaned and sealed. The 

, question of using milk bottles in India 
has been discussed b y H. J. R iddick in 

Fig. 8. D i u - i . R c c Churn, the Journal of Dairying in India (Vol . I, 

1 Savage. " Milk and the Publ-c Health " 1912, p. 290. 
' lLA%t.viCK>A, h'cpoH U> Ihe. Local Government Itn/iid. 1909, Xr-i: series. No . 1, p . 76. 
* Such lans arc supplied by the Dairy Supply Company ol London, at their Bombay depot. 

12 
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No , 4) , After pointing out the defects of the " Hygeia " and 
-other bottles, he recommends the use of (1) a glass bottle t o be 
sealed b y means of a specially prepared waterproof cap , or (2) 
the " Bourne bott le " with its patent closing cap . Both these 
bottles have wide mouths. In (I) the waterproof cap is secured 
last around the neck of the bot t le b y a metal band, which has 
several kinks or dents in it. This band has to be forced d o w n 
in order t o open the bott le . It cannot be again forced u p with
out be ing broken at one of the kinks and any at tempt t o open 
the bott le in transit could be easily detected. The caps are 
in the closing machine in sterile packets ; hence there is no 
object ionable handling. (2) The " Bourne m i l k - b o t t l e " is 
scaled b y means of a patent lever stopper. B y pressing down 
the lever the bott le is closed automatically and an adhesive 
label is n o w fixed over the cap. T o open the bott le , it wou ld 
be necessary to break the label in order to raise the lever. The 
main points against the use of the glass milk-bott le for India 
are (1) its initial cost , (2) l ikelihood of breakage. (3) more e x 
pensive rates for conveyance , (4) its weight, (5) the difficulty 
•of cleaning it thoroughly , for thousands of bottles would 
be needed for the c i ty supply , and (6) it is not likely t o be popular 
Avith the Indian public . Glass milk-bottles have been used in 
India b y a few large dairies where it is possible t o make the 
necessary arrangements for cleansing and sealing the bottles. 
J'"or large concerns, it m a y be necessary t o have bottle-washing 
machines as used in America. On the whole, it appears, h o w 
ever, that milk-bottles t o be filled at the source of the supply 
and then conveyed in railway trains, etc. , t o the city, are not 
suitable for Indian condit ions ; but at the distributing depot 
.in the city, milk m a y be put u p in bottles only for those customers 
requiring it. The average native of India would rather have 
roilk in metallic vessels than in glass bottles. Even in advanced 
cities like B o m b a y , the great majority of Hindus as well as 
Mahomedans would prefer a brass or aluminium vessel t o a glass 
bott le . Aluminium vessels, or better, tinned steel (one-piece) 
of varying capacity with wide mouths and secure arrangement 
for sealing would answer the purpose very well. 

The distribution of milk.-~U the business of importing and 
purveying milk were in the hands of a few large concerns as 
suggested above , it would be m u c h easier t o exercise sanitary 
-control over the distribution of milk than otherwise. The milk 
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'depots and milk-shops in the c i ty should be under strict sanitary 
supervision and legislative control . Clean methods must be 
used in every detail of distribution in the same manner as during 
col lection a n d transit. T h e methods of c onvey ing milk in small 
bulk for house to house delivery require considerable i m p r o v e 
ment . The insanitary methods {vide Plates X X I I and X X I I I ) 
must be replaced b y modern modes of del ivery such as mi lk -
barrows, milk carts, the " c a r r i e r t r i cyc les , " etc . The mi lk -
vendor should be instructed t o keep his fingers a w a y f rom the 
mi lk , while measuring it out from the container, b y the use of 
jneasuring vessels provided with a handle. 

(3) Precautions to be taken by the c o n s u m e r . — T h e average 
•consumer in this country is almost as careless and indifferent 
as the producer , regarding clean methods of keeping milk 
in the household. A m o n g the wel l - to -do classes the care of 
milk is usually left t o the ignorant and often dishonest servants. 
The consumer must see that a responsible member of the house 
hold personally attends t o all the details. The vessel used for 
keeping milk is usually a metallic one. If it is of brass, care 
must be taken to have it t inned frequently, and thoroughly 
cleansed. Just before taking the milk, the vessel should be 
rinsed with sterile or bo i led water. It should then b e c o v e r e d 
with a suitable cover and kept as cool as possible. If this is not 
practicable, tlicn the milk should be boiled. Boiling all milk 
has been the custom in nearly every Indian household for cen
turies, and considering the numerous chances of contaminat ion 
of milk in this country, this is a very efficient protect ive measure, 
provided that the milk is really brought t o the boiling point. 
Every precaution should be taken, however, t o guard against 
re-contamination. The nutritive value of boiled milk as compared 
with raw milk has been fully discussed in the latter part 
of Chapter V I . Should the consumer suspect that the 
milk supplied t o him is adulterated with water or contaminated 
with manure or other dirt, he should immediately arrange to have 
a sample taken by the Public Health Department of the c i ty 
for laboratory examination. Persons w h o desire to use raw 
milk must arrange t o have a proper i ce -box and the milk vessel 
must be kept in contact with the ice so as t o be constantly at 
a l ow temperature, always below 50 The upkeep of an ice
b o x is rather expensive here, and only those who can afford to 
p a y the high price of ice in Indian cities could maintain an ice-
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b o x . The precautions t o be taken b y the consumer mainly 
consist in cleanliness and boiling or cooling be low 5 0 ° F . 

( 4 ) ArtiRcial methods for the preservatton and purification 
of mi lk .—Most people would prefer to have pare milk rather 
than purified milk. The methods described be low cannot atone 
for filth, with which the public milk-supply in Indian cities is 
generally contaminated. It has been stated in Chapter 11 
that the main factors responsible for the rapid multiplicatioji 
of bacteria in milk are the initial contamination, t ime and t e m 
perature. The initial contamination can be avoided b y taking 
sanitary precautions as already described. It is a well -known 
fact that milk will not keep fresh very long, particularly in a hot 
country like India. This has been shown to be due t o the rapid 
multiplication of bacteria under very favourable condit ions 
of temperature, etc . Under modern conditions of c i ty life, c o n 
siderable delay is inevitable between the production of milk 
and its delivery. The greater the delay, the greater is the number 
of bacteria in it, unless the milk is kept at a l o w temperature ; 
in other words, the milk must be cooled down and maintained 
at a low temperature if we desire t o keep it fresh as long as possible. 
Another method of preserving milk is b y the addition of certain 
chemical substances, b u t as this is considered to be object ionable , 
it is not recommended. Pure niUk produced under the best 
sanitary conditions, and kept clean until its consumption, would 
be the ideal, and nothing short of this should be aimed at. But 
it must be remembered that , even with the most exacting care, 
milk is sometimes apt to become infected with dangerous b a c 
teria, such as those conveying Cholera and T y p h o i d fever, b y means 
of " carriers," flies, etc . Besides, so long as the average market 
milk in Indian cities shows such high contamination as d e m o n 
strated in Chapter IV , the only protective measure t o be 
adopted is t o kill the object ionable microbes b y means of pas 
teurisation, sterilisation or boiling. A n y method for preserving 
and purifying milk should be carefully selected after considering 
its advantages and disadvantages from the economic , sanitary, 
and public health points of view. The following methods vrill 
b e briefly considered :—{a) Refrigeration, (b) Boiling, (c) Pas 
teurisation, and (d) Sterihsation b y Heat or Electricity. 

(a) Refrigeration.—This is the best method for preserving 
clean milk for a considerable time ; the milk retains its fresh
ness and " sweet " taste. It is used extensively in the Uni ted 
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States, England and other co ld countries. The milk is c oo l ed 
Immediately after drawing and kept at a l ow temperature ( 3 5 " 
to 5 0 ° F . ) continuously until it is delivered to the consumer, w h o 
continues t o maintain the l ow temperature b y keeping it in an 
ice -box . Cooling the milk even to the freezing point does not 
kill or injure in any w a y the bacteria present nor does it diminish 
the harmfulness of the pathogenic microbes that m a y be present ; 
but it prevents their further multiplication. Savage* found 
that in milk samples kept at O^C to 10°C no marked increase of 
bacteria t ook place within twenty- four hours. There is a differ
ence in growth of the various kinds of bacteria at different t e m 
peratures, e.g., the lactic acid bacteria multiply rapidly at 20 "C, 
while at 37 ' 'C . 13. Coli communis and B. lactis aerogenes g r o w 
vigorously. A few species of microbes appear to be well adapted 
t o a l ow temperature (1 °C t o lO^C). 

Milk is not necessarily wholesome or safe from a bacterial 
point just because it has been kept at a l ow temperature. I t 
wou ld depend on the initial number and kind of bacteria present. 
T h e writer had occasion t o examine 118 samples of milk f rom 
a weU-known dairy in B o m b a y , which were reported t o be kept 
at a temperature ranging from 4 1 ° F to 5 0 ° F . This temperature 
was maintained until examination of the milk at the laboratory . 
The average total count was found to be thirteen millions of 
inicrobes per c . c , and lactose fermenters were present in a dilu
tion of 1 : 100,000. Refrigeration is an efficient method for 
the preservati{m of milk, as the l ow temperature prevents the 
multiplication of most bacteria, but it cannot destroy the injur
ious bacteria nor can it atone for the filth. 

The main ob ject ion t o the use of this method in India is 
its high cost. The cost will depend a great deal upon the price 
of ice which is rather high in most Indian cities. In some of the 
smaller cities there are hardly any facilities for obtaining a suffi
cient amount of ice. Ice being cheap in Europe and part icu
larly so in America, and the climate being cold, it is not expensive 
there t o maintain a temperature be low 50 °F. Here, in India, 
with cost ly ice and a Ingh atmospheric temperature, refrigera
tion of milk would be an expensive process. The ordinary milk 
dealer could never afford to use it. The only w a y b y which it 
m a y be practicable t o use refrigeration in this country is through 
the formation of large dairying concerns, which would be 

t William G. Savage. Mi'.k andUie Public HcnUh. 
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able to handle very large amounts of milk. In place of ice, 
brine m a y be emplo j 'ed in connection with a refrigerator. If 
it be desirable to keep the milk cool from the very beginning, a? 
in certain cases of infant feeding, recourse m a y be had to a 
special milking-pail which is provided with a cool ing arrange
ment . A cheaper method for prolonging the life of the milk 
t o some extent would be water-cooling and mechanical cleaning. 

(&) Boiling.—The effects of boihng on the chemical c o m 
position and bacterial content of milk have been already c o n 
sidered in the previous chapters. The question of boiled milk 
for children and its nutritive value, etc. , have been discussed at 
length in Chapter V I . It was shown conclusively that 
boiled milk is not inferior io raw milk as regards its digestibility 
and nutritive properties. Ample clinical evidence was quoted 
t o show that according to most observers, the use of boiled milk 
has not been found to be detrimental t o infants, either as regards 
nutrition or the development of diseases like rickets, infantile 
scurvy , etc . F r o m a consideration of the thermal death-points 
of bacteria, it is evident that boiling destroys almost all the 
pathogenic microbes excepting the spore-hearing bacteria. Boi l 
ing is therefore considered to be one of the most efficient methods 
for the purification of milk, and can be recommended as the 
safest and cheapest method for domestic use. The effect of 
boiling milk on the bacteria present was studied b y the author -
It was found that boiling for a moment kills almost all the bac 
teria, pathogenic as well as non-pathogenic . The milk was. 
boiled in an ordinary vessel and afterwards allowed to cool down,, 
the vessel being properly covered. The manner in which milk 
is usually boiled in Indian households was imitated as far 
as possible. N o unusual precautions were taken except that 
scrupulous cleanliness was observed in handling the milk. Ten 
samples of genuine buffalo miik were examined bacteriologicall ; ' 
before and after boiling with tlie following results 
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(c) Pasteurisation.—Soon after the Franco:Prussian W a r 
Pasteur found that beer could be preserved b y heating it t o a 
temperature of 5 0 ° t o 5 5 ° C for a few minutes. In 1886, Soxhlet 
suggested the heating of milk for infant feeding. B v pasteurisa
tion is meant the heating of milk for a short time to a tempera
ture be low that o f boiling, t o be fol lowed b y rapid cooling. P a s 
teurisation destroys only some of the bacteria in milk, and pas 
teurised milk is liable t o be " spoilt " in the same w a y as raw 
milk. It must be remembered that pasteurisation is n o t merely 
heating be low the boiling point , but the subsequent rapid chilling 
is very essential. The temperature and time of exposure for 
pasteurisation vary a great deal according to different observers. 
The temperatures recommended range from 6 0 ° to 7D'^C (140° 
to 158°F) , and the time from three minutes to thirty minutes. 
According t o Danish Law, a temperature of 80 °C (176°F) 
is required. 

There are t w o principal methods of pasteurisation :—(1) 
the "flash" method, and (2) the "holding" method. In the 

flash OT continuous flow pasteuriser, the milk is heated to a s o m e 
what high temperature ( 70 ° to 80 °C) for a moment and then 
suddenly cooled. The results obtained b y this method are 
generally unreliable and it cannot be depended upon to kill all 
the pathogenic microbes , e.g., the tubercle bacillus. In the holder 
or retainer type of pasteuriser, the milk is heated at a lower t em
perature ( 6 0 ' ' t o 6 5 ° C ) for a pro longed period (20—30 minutes) 
and then cooled immediately. This m e t h o d is sometimes called 
perfect pasteurisation; it gives very satisfactory results and 
is therefore preferable t o the flash method . Various patterns 
of pasteurisers of the retainer type are n o w in the market. A 
third w a y of pasteurising milk is pasteurisation in the final con
tainer o r in the milk bottle. This is, n o doubt , the most efhcient 
way as it eliminates the possibihty of re-infection. The milk 
bottles are corked and sealed, and then immersed in a water-
bath . T h e water -ba th is heated until the temperature of the 
milk within the bott les is 148 °F . This temperature is main
tained for 30 minutes . The bottles are then cooled b y placing 
them o n ice. Th is m e t h o d , with s o m e modification, m a y b e a d o p 
ted for home o r domestic pasteurisation. A very practical h o m e -
pasteuriser is that devised b y Freeman. A modified form of this 
is the Straus pasteuriser devised b y Nathan Straus, w h o has 
been an early a n d prominent> advocate of the pasteurisation Of 
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milk and whose phi lanthropy has helped the establishment 
of infants' milk depots in New Y o r k . " Pasteurisers must be 
efficient in operation, permitt ing a definite quantity of milk t o 
be heated to a definite temperature for a definite t ime (Russell) . 
T h e y must be easy to control , and the milk must be heated uni 
formly throughout , the apparatus must be simple in construc 
t ion, easily cleaned, economical in use, and arranged t o safe
guard against re-infection of the milk. Further, an efficient 
pasteuriser must not heat any part of the milk apprec iably 
higher than the temperature desired. Finally, provision must 
be made for rapid coo l ing . " ' A large amount of scientific work 
in connect ion with pasteurisation of milk has been carried out 
in Amer i ca , notab ly b y Ayers, Johnson, Rosenau and others. 
Ayers and Johnson'^ ^ made a special s tudy of the bacteria 
which survive pasteurisation. The average temperature used 
throughout the United States with the " holder " process is 
6 2 . 8 X (145°F) and with the " f l a s h " process it is 7 1 . 1 ° C 
(160° F)^. Accord ing to these observers, a percentage of bacterial 
reduct ion is of no value in determining the efficiency of the 
process of pasteurisation. T h e y mention four distinct groups 
of bacteria that survive pasteurisation, namely, the ac id- forming, 
the alkali-forming, the inert and the peptonizing. The per 
centage of the acid group is increased b y pasteurisation while 
the other groups are decreased. Exper iments carried on b y the 
author in B o m b a y {vide Chapter V) show that the number of 
bacteria is decreased considerably b y pasteurisation. Besides, 
in pasteurised milk, B.Coli communis , B.Enterit ides Sporogenes 
were always absent, while in raw market milk in B o m b a y B.Coli 
was detected in about 95 per cent, of all samples examined. T h e 
gas-forming organisms, however , survi\'e pasteurisation. 

The main known facts about pasteurisation of milk m a y be 
n o w stated as follows ; — 

1. Pasteurisation, when efficiently carried out, destroys 
most of the harmful organisms. It thus prevents disease and 
saves hves . 

2. Whi le pasteurisation destroys most of the bacteria 
I>resent, there does not seem to be any positive evidence as t o 
whether it destroys their toxins or otherwise. 

1 iJisftiau. " The Milk Question," p. 2\3. 
•' S. Hfiiry Ayers and William T. Jobnsou. U. S Dept. of .Agric. Uiir, Aiiim, ludii':. 

BuUctin No . \2S. 
^ S. Henrv- Ayer^; and William T, J'llinson. t ' .S. Dept. of Agric. Ucr. Aniin. Indus. 

Bulletin No. tiil. 
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3. Pasteurised milk is just as digestible and nutritious 
as raw milk (Rosenau) . 

4. The best temperature for pasteurisation of milk is 140" 
t o 145°F (60 t o 6 2 - 8 ° C ) , and the time of exposure should be 
from twenty t o thirty minutes. The cooling should fol low imme 
diately and the milk kept at 4 0 ° t o 50 ° F . 

5. Pasteurisation renders milk comparatively harmless, 
but it is not an ideal process as it cannot atone for filth. It is 
useful, however , as a temporary expedient. 

6. One of the main object ions t o pasteurisation is that it 
is likely t o promote carelessness and encourage dirty customs 
and habits. 

7. Pasteurised milk is liable t o re-infection, hence the false 
sense of security should be guarded against. 

8. Pasteurisation cannot make good milk out of bad miik. 
If pasteurisation is to be adopted, then only such milk as would 
c o m p l y t o some reasonable chemical and bacteriological s tand
ards, should be allowed to be pasteurised. 

9. Pasteurisation in order t o be efficient must be carried 
out under rigid supervision. 

10. The cost of pasteurisation is comparat ively moderate , 
and from an economic standpoint pasteurisation has been found 
to be practicable only for large concerns which handle very 
large quantities of mi lk . ' 

{d) Sterilisation by Heat, Electricity, etc. 
(i) Sterilisation by Heat is a step further than boil ing and 

consists in heating the milk t o a very high temperature, usually 
at about 120°C (248°F) for fifteen t o twenty minutes. This 
results in the destruction of all microscopic life. Milk thus 
treated and protected from re-contamination will keep indef
initely. Samples of ordinary market milk obtained in B o m b a y 
were sterilised b y the author at a temperature of 120 °C for 15 
minutes and kept in glass-stoppered sterile bo t t l es ; after twelve 
months they were still found to be sterile and in good condit ion. 
Sterilisation b y heat brings about profound physical and chemical 
changes in the milk as shown in previous chapters and for this 
reason this method has not found much favour either in England 
or in America. The " sterilised milk " sold in Europe is not 
a lways sterile. Savage^ found only 51 percent , samples of " steri-

1 According to Mr. G. H. Frost, the smallest amount of milk that it would pay to collect 
and pasteuri5e at one depot in India would be 2,000 lbs. per day. Vide also Appendix A. 

2 Savage. " Milk and the Public Health," p. ri74. 
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Used m i l k " t o be sterile. Robertson and Mair ' examined, 
milk sterilised in bottles in an infant milk depot in England , 
and found that only 15 per cent , were sterile. Weber^ of Berlin 
examined 150 samples of " sterilised m i l k " and found 54-
per cent, t o be sterile. These observations show that the " ster i 
lised milk " of c ommerce is generally unreliable. 

One of the principal effects of sterilisation on milk is the 
precipitation of the calc ium and magnesium salts. The ca l c ium 
salts in milk are considered t o be essential for the curdling of 
rennet in the process of digestion. Accord ing t o some authori 
ties,^ children fed o n sterilised milk are likely t o suffer f rom 
scurvy and rickets. Other observers,^ on the other hand, main
tain that sterilised milk does not seriously interfere with d iges 
tion nor nutrition, and scurvy is extremely rare or absent a m o n g 
children fed on such milk. Many of these observations have 
been discussed in Chapter V I . Some observers d o not m e n 
tion the temperature at which the sterihsation was carried out . 
This is, however, very important for comparing results. Besides, 
very little is known regarding the essential nature of scurvy . 
Koeppen and Rosenau's views relating t o this question have 
been already quoted in Chapter V I . There is a great d iver 
gence of opinion regarding the use of " sterilised m i l k " for 
children, and it will be seen from the a b o v e references that well-
k n o w n observers have c o m e to diametrically opposite conc lu 
sions. The major i ty of observers are able to cite clinical evidenct; 
t o the effect that a large number of children in several places 
have been fed on sterilised milk without any apparent pre judi 
cial effect. Considered from chemical and physiological points 
of v iew, it appears that milk heated at a l ow or moderately high 
temperature for a moment is more desirable than milk subjected 
t o prolonged heating at a very high temperature. Sterilisation 
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' Giuinui a n d Samarini , quoted b v W m . I^^u^t in his " T e x t - b o o k of Mi lk H y g i e n e " 
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-of milk has been recently advocated in India. It is stated that 
the cost of sterilisation, including bottl ing, is much higher than 
that of pasteurisation. Further practical observations and 
experiments are, however , necessary. Apart from the cost , 
it is not likely to be very popular on account of its peculiar taste. 
Besides, when it is homogenised it would not be suitable for 
preparing butter . 

(ii) Sterilisation by Electricity.—The sterilisation of milk 
through alternating electric currents of high tension was first 
recommended b y Guarini and Samarini . ' They did not , h o w -
•ever, work out any practical methods for carrying out their 
suggestion. It was only recently that N o v e y and Caldwell^ 
of the Ohio State University (U.S.A.) succeeded in sterilising 
milk b y means of electricity. This has been fol lowed in England 
b y Beattie and Lewis^ at the University of Liverpool . In the 
American method , the milk is al lowed to flow through a series 
of metal vessels which form the electrodes, while an alternating 
current of 2J amperes with a voltage of 2,000 is applied for fifteen 
seconds. This has been found to result in the reduction of the 
bacteria present t o the extent of 9 9 . 9 7 per cent. Chemically^ 
there ims no change in the composition of such milk. In Liverpool , 
m a n y experiments have been made b y Prof. Beattie and Mr. 
Lewis. A suitable apparatus has been constructed b y the latter, 
and milk has been sterilised on a largo scale. A rapidly alter
nating current is used. The results obtained m a y be summarised 
as follows-* 

(1) The total number of bacteria is greatly reduced b y 
about 9 9 . 9 3 per cent. 

(2) Bacillus Coli and its allies are destroyed. 
(3) Tubercle baciUi are destroyed. This has been verified 

•by inoculating guinea-pigs. 
(4) N o chemical change in the milk can be detected. 
( 5 ) The taste and odour of the milk are quite unaltered, 

while its keeping power is greatly increased. 
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Further investigation is being carried out at L iverpoo l 
with a view of perfecting the method and apply ing it on a c o m 
mercial scale t o the publ ic milk supply . As no chemical changes 
have been found to occur in the milk, it is presumed that its 
digestive and nutrit ive properties are equal t o those of raw 
mUk. Should this m e t h o d prove t o be successful f rom the 
scientific, clinical, as well as e conomic points of v iew, then it 
wou ld be the best and safest method for purifying and preserving 
milk. Most of the large cities in India are prov ided with e lec 
tric power which could be utilised for this purpose. As regards 
B o m b a y , advantage could be taken of the n e w Hydro -Elec t r i c 
W o r k s of Messrs. Ta ta & Co. , f rom which it might be possible 
t o obtain cheap and sufficient electric power for sterilising part 
of the milk supply of B o m b a y . 

(iii) Sterilisation by means of Ultra-violet Rays.—The 
bactericidal act ion of ultra-violet rays has been utilised for the 
sterilisation of milk b y Seiffert. ' Accord ing to L o b e c k , ' the 
exposure of water t o such rays results in the product ion of h y d r o 
gen peroxide, and t o this m a y be ascribed the bactericidal power 
of ultra-violet rays . There is no change in the milk fat. Several 
observers have obtained favourable results with the ultra-violet 
rays from mercury and quartz lamps. Mohler and Eichhorn^ 
comment ing o n the results obtained b y Ayers and Johnson,, 
express a d o u b t regarding the use of ultra-violet rays on a c o m 
mercial scale so as t o replace the process of pasteurisation. 

On the other h a n d , the Dairy Supply C o m p a n y of L o n d o n 
has been a d v o c a t i n g the use of W a l k e y ' s Patent Ultra-violet 
R a y Steriliser. The apparatus consists of a chamber having 
four sides. The milk is admit ted at the t o p from a suitable 
distr ibuting vessel , and flows in a thin stream over the cor ru 
gated surface o n each side in the interior of the chamber . In 
the centre of the space are three mercury vapour lamps with 
quartz tubes , arranged to give a m a x i m u m effect of intense 
l ight. The lamps are worked b y direct electric current. The 
electricity required is about t w o units per hour. The total 
expense of running a 200-gallon apparatus is given at 3d. per 
hour. It is c laimed that milk treated b y ultra-violet rays suffers 
n o loss in vo lume nor is there any alteration in its chemical 

I William Ernst's Text Book of .\tilk Hygiene. 
% Ibid, page 201. 

file:///tilk
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•contents, but is rendered quite sterile, 
and results are given as fol lows : — 

The comparat ive cost 

Heat pasieifrisalion 

1. Cream does not rise after. 
2. Loss of about one quart 

of milk on each churn 
pasteurised. 

3. Costs 4d., each churn pas 
teurised. 

4. Taste noticeable. 
5. Milk pasteurised at 168°F. 

and cooled immediately ; 
two-thirds original b a c 
teria destroyed. 

"6. Raises the temperature to 
at least 168°F , requir
ing expensive cooling to 
reduce it again. 

Sterilisation 
rays. 

by iiUra-violct 

6. 

Cream rises as with fresh 
milk. 

N o loss. 
Costs one-fifth of p e n n y 

each churn. 
N o taste of sterilisation. 
Milk sterilised b y Ultra

v i o l e t R a y s ; all bacteria 
destroyed and milk 
sterile. 

Raises the temperature b y 
only 30 °F . 

It appears that milk can be sterilised in six seconds b y 
Walkey ' s Patent Ultra-violet R a y Steriliser. 

None of the above methods of purifying milk could be said, 
however, to solve the milk problem. They are very useful and 
should be tried until an adequate supply of pure fresh milk 
would be available. Our chief aim should be t o so improve 
the present methods of handling milk as to ensure a fresh supply 

o f clean and pure milk rather than obtain milk which has been 
artificially purified. Considered from the economic , sanitary 
and physiological points of view, the choice of the quality of 
jnilk for consumption in the order of merit appears to be as 
follows 

A. For adults and children :— 
1. Clean and wholesome fresh milk, free from adulteration 

and any injurious bacteria, conforming t o the chemical and 
bacteriological standards, and obtained from healthy animals. 
This is the ideal. 

2. Boiled milk, thoroughly boiled at home and guarded 
-against re-contamination. 

3. Milk that has been sterilised by electricity. 
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4. Pasteurised milk that has been kept c o o l (under 50 °F) 
and guarded against re -contamination. 

5. Milk sterilised by heat. 
B. For children under one year of age :— 
(1) Mothers' milk.—Breast-feeding is the best for infants 

{under 12 months) , and nothing can ever take the place of human 
milk. 

(2) Fresh cows' milk (modified) which has been obtained 
with the most careful sanitary precautions and kept at a l o w 
temperature (below SO"! ' ) . It must be " certified " as t o its 
•<hemical and bacterial contents, etc. 

(3) Milk sterilised by electricity and modified to suit the 
individual requirements of the child. 

(4) Pasteurised milk kept at a l ow temperature (below 
50 "F). 

(5) Boiled milk (after modifying it ) , t o be given only if 
1 to 4 are not available. 

All milk, other than human milk, must be suitably modified 
according to the physiological requirements of the individual 
1, hild and made t o approach human milk as far as possible, 
' . eneral formulae are often misleading. Each case must be 
>tudied b y itself and a suitable modification of milk should be 
determined b y the physician. The fol lowing principles for 
modi fy ing milk for children m a y serve as a guide : — 

(1) Removal of some-of the fat.—This is important , as 
the milk from Indian cows and buffaloes contains a very high 
amount of fat . ' 

(2) Sterilising (electric), pasteurising, or boiling, if necessary. 
(3) Dilution with sterile water. The amount t o be added 

will vary according t o the casein content, e t c , o f the milk, 
age of the child, etc . 

(4) Sweetening with lactose or other sugars. 
(5) Addition of lime-water barley-water, etc., according t o 

the physic ian 's prescription. 
5. Infants ' Milk Depots. 
Milk depots for the supply of pure or purified milk for chi l 

dren are of comparat ive ly recent origin. The first milk depots 
were established in 1889, in Hamburgh and in N e w York.^ In 

> According to Major L. T . Rose -Hutchinson, I.M.S., (Professor of Physiology, Grant Med
ical College, Bombay) the percentage of fat should not exceed 3 . S for infants in India. 

1 Von Ohlen. Milk Pepots in Germany. Public Health, 1905. 
' Nm York Medical Journal, Jan 31 , 1891 and Febr. 4, 1893 
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1 Hygienic Laboratory Bulletin No , 56, p . 632. Washiogfon, D . C , U.S .A. 

1892, the first Frcncli milk depot was opened in Paris by V'ariot 
in connect ion with the Belleville Dispensary. The first British 
milk depot for infants was established in 1899. Since then 
several depots have been opened in Liverpool , London , etc . 

The depots in England are usually financed and controlled 
b y the Municipalities. A t these depots milk is modified chemi
cally b y using various proportions of milk, cream, sugar and 
water, according to physiological requirements. It is purified 
b y pasteurisation or sterilisation. It is then distributed in 
sealed bott les and sold t o the poor at a l ow price, the deficit being 
made u p b y the Municipality. The milk is supplied only in 
suitable cases ; the homes of the children are visited b y the 
health visitor, and the children are weighed from time t o time. 

It appears that in Liverpool the rate of infant .mortality has 
fallen considerably since the establishment of infants ' milk 
depots . This may not be entirely ascribed t o the better milk 
supply , b u t also t o the additional care bes towed upon the infants 
and t o the advice given b y the health visitors, etc. 

In the United States, in the year 1907, infants' milk depots 
were in operation in twenty-two different cities. ' The m a 
jor i ty of these owe their existence t o private philanthropy a n d 
are not maintained at public expense. In addition to the care 
exercised at the depots , the milk is put up in a manner t o pre
vent contamination in the home. Each bott le contains on ly 
one feeding and is so designed that it will not stand on end, and 
therefore cannot be left standing open. All the depots are 
under medical supervision, and the milk is modified according 
t o requirements. These depots have been beneficial in reducing 
infant mortal i ty in American cities, ' although it is difficult 
to demonstrate this b y means of statistics. 

Infants ' milk depots m a y be given a trial in our cities, al 
though they should never be a substitute for breast-feeding. 
T h e y would be useful in supplying pure and modified m:lk to-
children at a l ow cost when breast-feeding is impossible. Pri 
va te philanthropy, financial support from the Municipalities, 
as well as co-operation of the medical profession would be neces
sary for the establishment of such depots . Rigid sanitary 
supervision would be , of course, essential, b o t h at the source 
of the supply as well as at the distributing depots . 



C E R T I F I E D M I L K . 193 

( 6 ) " Certified Millt . "—This term was first used b y Dr . 
Henry L. Coit> of Newark , N J . , U.S.A. , w h o in 1892 outl ined 
his scheme for producing genuine and clean milk under the 
supervision of the Medical Milk Commissions. The first Medical 
Milk Commission in America was organised in 1893 in Essex 
County in the State of N e w Jersey. According to Dr , Coit , ' 
" the plan provides that the Medical Commission establish 
correct clinical standards of purity for the milk ; b e c o m e res
ponsible for periodical expert inspections of the dairy or dairies 
under its patronage ; provide for frequent examinat ions of the 
product b y % chemist and a bacteriologist, the first t o determine 
its f ood values, and the latter t o serve as a detect ive contro l 
over the methods employed in collecting and handling the milk. 
The Medical Commission also directs a frequent scrutiny of the 
live s tock b y competent \'eterinarians, whose duties consist in 
keeping the herd free f rom disease a n d also in the detect ion a n d 
exclusion of bov ine tuberculosis. Likewise the Commission 
directs a systematic medical supervision of the health of the 
dairy employees , and insists upon a continuous knowledge, 
through reports b y a physic ian, of their health and personal 
hygiene . B y the service of reliable experts in these four d e 
partments , safeguards are established against the c o m m o n 
dangers of impoverished and contaminated mi lk . " 

Rosenau defines ccyfified milk as " the very best, the very 
freshest, the very cleanest, the very purest and the very safest raw 
milk that it is possible to p r o d u c e . " Professor Rosenau of 
Har\-ard University, in col laboration with Professor Pearson 
of Cornell University , defined " ce r t i f i ed milk " and laid d o w n 
certain requirements for its production which are given be low 

Certified milk is fresh, clean, pure, normal milk, of uniform compo
sition and highest quality, obtained from healthy cows; produced and 
handled, under the supervision of a medical milk commission, with special 
sanitary precautions in accordance with the following general requirements 
and spcciiil conditions:—• 

G E N E R A L R E Q U I R E M E N T S . 
Certified milk shall be produced by a trustworthy dairyman in accord-

ance nith a code of requirements prescribed by a medical milk conunission. 
The dairyman shall enter into a lepal contract with the commission, in which 
he shall agree to comply with all il-i requirements. 

Certified milk shall be obtained from healthy, tuberculin-tested cows 
under veterinary inspection ; all persons who directly or indirectly come in 
contact with the milk shall be under medical supervision ; and the milk itself 
sliall be subjected to periodical bacteriological, chemical, and other test.-.. 

1 Henry L .Co i t . WiC Hfo" j i . 1909, Vol. X X U I , p. 33. 
13 
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Certified m i l k should be iree f r om h a r m f u l g e r m s and -shall c o n t a i n 
re lat ive ly f ew of the c o m m o n bacter ia . It should no t c o n t a i n m o r e t h a n 
10,000 bacteria, per c u b i c c e n t i m e t n ; , a n d shall n o t c o n t a i n o n an a v e r a g e 
m o r e t h a n 1 0 , 0 0 0 bacter ia p e r c u b i c c e n t i m e t r e , this a v e r a g e shal l be based 
u p o n bacter io log i ca l exa j i i inat i ons cover ing a per iod of n i n e t y d a y s , a n d 
t h e c o u n t s shall be m a d e at least o n c e a week during this t ime . 

Certified imlk nuist be bot t l ed a t the p o i n t o t p r o d u c t i o n , r a p i d l y ch jUed, 
k e p t co ld , a n d del ivered p r o m p t l y t o the consumer . A l t e r it is o n c e ch i l l ed , 
the t e m p e r a t u r e of certif ied m i l k shou ld a t n o t ime g o a b o v e 45°F, b u t 
n e v e r b e l o w 32°F. 

Certified m i l k shall be n o r m a l m i l k ; t h a t is, neither heated , frozeji n o r 
a l tered in a n y w a y e x c e p t strained and c o o l e d . 

Certif ied m i l k shall be o l un i f o rm q u a l i t y a n d c o n t a i n n o t Itss t h a n 3 . S 
p e r c e n t u m nor m o r e t h a n 4 , 2 p e r c e n t u m o l fat . unless i t is labe l led o ther 
wise , in w h i c h case i t shall n o t v a r y m o r e t h a n 0 , 2 per c (*nt«m f r o m t h e 
a m o u n t s t a t e d o n thf; l abe l . 

Certified m i l k shall n o t be su b j e c t ed t o the act ion o f h e a t ; shal l n o t 
h e s u b j e c t e d t o the a c t i o n o f a n y preserva t ive w h a t e v e r , e x c e p t c o ld ; sha l l 
T i o t b e s u b j e c t e d t o the a c t i o n o f l ight , e lectr ic i ty , pressure, o r a n y spec ia l 
i o r c e or a g e n c y of a n y k ind f o r a n y p u r p o s e ; no substance o f a n y land shal l 
•be added t o the m i l k for a n y purpose ; and n o par t of the m i l k shall be t o -
j o o v e d . 

As regards special requirements, the following regulations 
•of the milk commission of the Medical Society of the County 
•of New York will serve well as a m o d e l : — 

1 . The bayn-yard.—he b a r n - y a r d shouJd be free f r o m m a n u r e and wel l 
•drained, so t h a t i t m a y n o t h a r b o u r s t a g n a n t water . The " lanure whic l i 
c o l l e c t s e a c h d a y should n o t be piled c l ose t o the barn , b u t should be t a k e n 
several h u n d r e d feet a w a y . I f these rules are o b s e r v e d , n o t on ly wil l the 
barn -yard be free f r om o b j e c t i o n a b l e smeii , w h i c h is an in jury t o the m i l k , 
but the n u m b e r o f flies in s u m m e r will be cons iderab ly d imin i shed . 

These flies are an e l e m e n t o f danger , for t h e y are fond o f b o t h fi lth and 
mi lk , and are l iable t o ge t i n t o the m i l k af ter h a v i n g so i led the i r b o d i e s and 
legs in re cent ly vis ited filth, t h u s carry ing it i n t o the m j l k . 

Fl ies a lso i rr i tate c o w s , and b y m a k i n g t h e m nervous r e d u ce the a m o u n t 
oi the ir m i l k . 

2 . Tks stable.—In the s t a b l e s the pr inc ip les of c leanl iness m u s t be 
s t r i c t ly oDserved. T h e r o o m in w h i c h the c o w s are mi lked should h a v e n o 
s torage l o f t a b o v e i t ; w h e r e t h i s is n o t feasible , the f loor o f t h e l o f t s h o u M 
be t i gh t t o p r e v e n t the sifting of d u s t i n t o the stable beneath . T h e stable.s 
shou ld be wel l vent i la ted , l ighted, and dra ined , a n d should h a v e t ight f loors 
pre ferab ly o f c e m e n t , n e v e r oE dirt . T h e y shou ld b e w h i t e - w a s h e d inside 
a t least t w i c e a year , unless the wal ls are p a i n t e d or o f s m o o t h c e m e n t finish, 
w h i c h c a n be w a s h e d f requent ly . 

T h e air shou ld a l w a y s be fresh a n d w i t h o u t b a d o d o u r . A sufficJenf 
nt imber o f lanterns should be p r o v i d e d t o e n a b l e the necessary w o r k t o be 
p r o p e r l y d o n e d u r i n g the d a r k hours . T h e m a n u r e should be r e m o v e d 
t iv j ce d a i l y , e x c e p t when the c o w s are outs ide in the fields the entire t ime , 
b e t w e e n the m o r n i n g and a f t e r n o o n mi lk ings . T h e m a n u r e gut ter m u s t be 
k e p t in a sati i tary c o n d i t i o n . All sweep ing m u s t be finished before t h e 
g r o o m i n g o i the c o w s b e g i n s , s o t h a t the air m a y be free f r o m d u s t a t the 

me o f mi lk ing . 

T h e r e should be an a d e q u a t e s u p p l y o f w a t e r , w a r m a n d co ld , a n d the 
j i e c e s s a r y wash -bas ins , s o a p , a n d t owe l s . 

\ 
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3. Water supply.—The w h o l e premises used f o r da i ry p u r p o s e s as well 

L-i the b a r n m u s t h a v e a s u p p l y o f w a t e r a b s o l u t - l y free f r om a n y d a n g e r o f 
p o l l u t i o n with, a n i m a l m a t t e r a n d suif ic ientfy a b u n d a n t f o r a l l purposes , a n d 
e a s y o f access . 

4. The Caws.—^fo c o w s wi l l b e a l l owed in the herd furnishing cert i f ied 
m i l k e x c e p t those w h i c h h a v e successfut ly passed a tubercu l in test . Al l 
m u s t be tested a t least oDce a y e a r b y a veter inar ian a p p r o v e d b y the m i l k 
c o m m i s s i o n . A n y anim,al suspec ted o f be ing in b a d hea l th m u s t be p r o m p t l y 
r e m o v e d f r o m the herd a n d her m i l k r e j e c t e d . D o n o t a l l o w the c o w s t o be 
e x c i t e d b y hard dr iv ing , abuse , l o u d ta lk ing , or a n y unnecessary d i s t u r b a n c e . 

Feed.—Do not a l l o w a n y s t rong ly - f l avoured f o o d , l ike g a r h c , to b e e a t e n 
|)y the c o w s . 

W h e a ensi lage is fed , it must be g i v e n in o n l y o n e f eed ing da i ly , anij t h a t 
.-ifter the m o r n i n g milking, and the full ra t ion sha l l c ons i s t o f n o t m o r e t h a n 
'1K> p o u n d s da i l y for the average-s ized c o w . W h e n fed in the fall, smal l 
a m o u n t s m u s t be g i v e n and the increase to the full r a t i o n m u s t h'^ gradual . 

Cornsta lks m u s t n o t be fed unt i l after t h e c o r n h a s b l o s s o m e d , and the 
f irst f eed ings m u s t he in smal l a m o u n t s a n d t h e increase m u s t b e g r a d u a l . 
I f f ed o therwise , ensi lage and co rns ta lks are l iable to cause the m i l k to aHect 
ch i ld ren ser ious ly . 

Cleaning.—-Groom the ent ire b o d y o f the c o w d a i l y . B e f o r e e a c h m i l k 
i n g w a s h the u d d e r w i t h a c l o t h used o n l y f o r t h e u d d e r s , a n d w i p e it w i t h 
a c lean d r y t o w e l . N e v e r leave the u d d e r wet . a n d sure t h a t the water 
a n d t o w e l used are c l ean . T h e tai l shou ld be k e p t c l ean b y f r e q u e n t washing . 
I f the hair o n the ftanks, tai l , and u d d e r is c l i p p e d c lose , and the brush on tha 
t a i l i s c u t shor t , it wi l l be m u c h easier to k e e p tne c o w c lean , T . i e c o w a 
m u s t be k e p t s t a n d i n g after the c l ean ing unt i l the mi lk ing is f in ished . T h i s 
m a y be d o n e b y a c h a i n or a r o p e u n d e r the n-'ctc. 

5, The milkers,—Thii mi lker imi.st bs per.s' jQally c l e a n . H e s h o u l d 
ne i ther h a v e , n o r c o m e in c o n t a c t w i t h , a n y c o n t a g i o u s d isease whi le e m p l o y e d 
i n h a n d l i n g the mi lk . In case o f a n y i l l i ess , in the person o r f a m i l y of a n y 
e m p l o y e e i a the d u i r / , s u c h e m p l o y e e m u s t a b s e n t h imsel f f r o m the d a i r y 
u n t i l a p h y s i c i a n cert i f ies t h a t i t is sa te f o r h i m t o re turn . 

I n ordLT t h a t the m i l k coratnission m a y be i n f o r m e d as t o t h ; healt l i 
•of the emplov^ees at the cert i f ied farms , the c o m m i s s i o n has h a d p o s t a l c i rds 
pr i i t ed , t o be suppl ied t o the f a r m s , a n d t o b3 filled o u t an 1 r e turned e a c h 
w e e k b y t h e o w n e r , m a n a g e r , or phy,sician o ( the i a r m , cer t i f y ing t h a t n o n e 
.are h a n d h n g the m i l k w h o are in c o n t a c t w i t h a ly c o n t a g i o u s disease. 

Be fo re mi lk ing , the h a n d s shou ld be washed in w a r m water wi th s o a p 
a n d nail brush a n d wel l dr ied w i t h a c l ean t o w e l - O n D O a c c o u n t shou ld 
I b e h a n d s be w e t d u r i n g mi lk ing . 

T n e mi lkers s h o u l l h a v e h g h t - c o l o r e d , w a s h a b l e suits , i n c l u d i n g caps , 
.and n o t less t h a n t w o c l ean suits w e e k l y . T h e g a r m e n t s s h o u l d b e k e p t 
a c l ean pl,*r.e, p r o t e c t e d f r o m d u s t , w h e n n o t in use-

I r o i mi lk ing s too ls are r e c o n m e n d e d a n l t h e y should b e k e p t c l ean . 
Milkers should d o their w o r k qu ie t l y and a t the s a m e h o u r morninj™ 

a n d e v e n i n g . Jerking the t e a t increases mater ia l l y the b a c t e r i a l c o n t a m i 
n a t i o n o f the mi lk , a n d s h o u l d b e f o r b i d d e n . 

G, Helpers other than milkers.—All persons e n g a g e d in t h e s t a b b a n d 
d a i r y shou ld be re l iab le a n d inte l l igent . *, h i ldren u n d e r twe lve shoui i ol 
b e a l l o w e d in the s tab le uc d a i r y d u r i n g mi lk ing , s ince in their i g n o r a n c e 
t h e y m a y d o h a r m , a n d f r o m the i r l iab i l i ty t o c o n t a g i o u s diseases t h e y are 
m o r e a p t than o l d e r persons t o t r a n s m i t t h e m t h r o u g h the mi lk , 

7, Small animals.—Cats a n d d o g s m u s t he e x c l u d e d f r o m the s tab l e r 
d u r i n g t h e t ime o f mi lk ing . 

8. The milk.—All milk f r o m c o w s s i x t y d a y s be fore and t ea d a y s aft t 
c a l v i n g m u s t b e r e j e c t e d . 
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T h e first f e w s t reams f r om e a c h t e a t should b e di.;;carded in o r d e r t o f r e e 
t h e m i l k d u c t s f r om the m i l k t h a t has remained in them for .some t ime a n d 
i n w h i c h the bac ter ia are sure t o h a v e m u U i p h e d great ly . I f a n y part o ( 
t h e m i l k is b l o o d y or str ingy or unnatura l in appearance , the w h o l e q u a n t i t y 
y i e l d e d b y t h a t a n i m a l m u s t b e re j e c ted . I f a n y ac c ident o c curs in w h i c h 
a p a i l b e c o m e s d i r t y , or the mi lk in a pai l b e c o m e s d i r ty , d o n o t t ry t o r e m o v e 
the d i r t b y straining, b u t p u t as ide the pai l , and d o n o t use t b e m i l k for 
bo t t l ing , and use a c l ean pai l . 

R e m o v e the mi lk o f e a c h c o w from the stable , immedia te ly after i t is-
o b t a i n e d , t o a c lean r o o m and strain t h r o u g h a sterilised strainer o f cheese 
c l o t h a n d a b s o r b e n t c o t t o n . 

T h e rap id c o o l i n g is a m a t t e r o f g rea t i m p o r t a n c e . T h e m i l k should b e 
c o o l e d t o 45°F w i th in an h o u r and n o t a l l owed t o rise a b o v e t h a t as long" 
a s i t is in the h a n d s of p r o d u c e r or dealer . In order t o assist in the rap id 
c o o l i n g , the b o t t l e s shou ld b e c o l d b e f o r e t h e m i l k is p u t i n t o t h e m . 

A e r a t i o n o f mi lk b e y o n d t h a t o b t a i n e d in mi lk ing is unnecessary , 
9. Utensils.—All utensils shou ld be as s imple in cons t ruc t i on as p o s s i b l e , 

a n d s o m a d e t h a t t h e y m a y b e t h o r o u g h l y steril ised before e a c h us ing . 
Coo lers , if u.sed, should' be sterilised in a c losed steriliser, unless a v e r y 

h igh t e m p e r a t u r e c a n be o b t a i n e d b y the s t e a m sent t h r o u g h t h e m . 
B o t t l i n g m a c h i n e s s h o u l d he m a d e ent i re ly o f m e t a l w i t h n o r u b b e r 

a b o u t t h e m , and should be sterilised in t h e c l osed sterihser be fore e a c h m i l k 
i n g o r bo t t l ing . 

I f c a n s are used, all should h a v e s m o o t h l y so ldered j o i n t s w i t h n o p l a c e s 
l o c o l l e c t the d i r t . 

Pa i l s should h a v e o p e n i n g s n o t e x c e e d i n g 8 inches in d iameter , and m a y 
b e e i ther s tra ight pai ls , or the usual s h a p e w i t h the top p r o t e c t e d by a h o o d . 

B o t t l e s s h o u M be o f the kind k n o w n as " c o m m o n s e n s e , " and c a p p e d 
w i t h a steril ised para fhned p a p e r d i sk a n d the c a p s author ised b y the c o m 
m i s s i o n . 

A i l d a i r y utensils-, i n c l u d i n g the bo t t l e s , mu.st be t h o r o u g h l y c leansed 
a n d steri l ised. T h i s c a n be d o n e b y first t h o r o u g h l y rinsing in w a r m w a t e r , 
t h e n w a s h i n g w i t h a brush and s o a p or o t h e r alkaline c leans ing mater ia l 
i m d h o t w a t e r , a n d t h o r o u g h l y rinsing. A f ter this c leansing t h e y should b e 
steril ised b y boi l ing , o r in a c losed steriliser w i t h s team, and t h e n k e p t in
verted in a p l a c e free f r o m d u s t . 

10. The ^airy.—The r o o m o r r o o m s w h e r e the utensils are w a s h e d 
a n d sterilised and m i l k bo t t l ed should be a t a d i s tance f r om the house , s o as 
t o lessen the d a n g e r of t ransmit t ing t h r o u g h the milk a n y disease w h i c h m a y 
o c c u r i n t l ie h o u s e . 

T h e b o t t h n g r o o m , w h e r e the m i l k is e x p o s e d , should b e s o s i tuated 
t h a t the d o o r s m a y be ent i re ly c losed d u r i n g the boil ing, and n o t o p e n e d t o 
adD)it t h e m i l k nor t o t a k e out t h e filled bot t l es . 

T h e e m p t y cases should n o t b e allow-ed t o enter the bo t t l ing r o o m n o r 
.should the w a s h i n g o f a n y utensi ls b e a l l owed in the r o o m . 

T h e w o r k e r s in the d a i i y should w e a r whi te w a s h a b l e su i ts , in c lud ing 
c a p , when h a n d l i n g the mi lk . 

B o t t l e s m u s t be c a p p e d , as soon as poss ib le after filling, w i t h the steri 
l ised d i sks . 

Definite chemical and bacterial standards have been adopted 
for certified milk. The numerical standard for bacteria in most 
cases is a maximum limit of 10,000 microbes per cubic centimeter. 
The average price of certified milk in the United States is about 
J6 cents (8 annas) a quart, or 3 annas and 2 pies per pound. The-
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I M . L E G I S L A T I V E C O N T R O L , including milk inspection an.l 
legal milk standards. 

The question of controll ing the milk trade b y means of legis
lat ion has been only recently considered in India. In most 
European countries a n d in America , milk legislation has been 
in force for a considerable time. The cozisideration of the legis
lative side of the milk question has been reserved t o the last as 
the author beheves that the economic , sanitary and other r eme
dial measures for the product ion and supply of clean and who le 
s o m e milk should precede legislation ; for, unless there is an 
.adequate provision for the economic product ion of clean mi lk , 
legislation alone is n o t hkely t o effect much g o o d . I t wou ld 
be be j ' ond the scope of this memoir t o describe in detail the 
various laws and regulations that it would be necessary t o enact 
for the efficient control of the milk trade. All that would be 
i i t tempted here is to state some of the fundamental principles 
underlying milk control which m a y serve as a guide t o the legisla
tors. The laws and regulations affecting the milk problem in 
Indian cities m a y b e framed for the purpose of carrying out at 
least the following ob jects 

(1) T o regulate and control the quality and the quantity 
•of the entire c i ty milk s u p p l y — b o t h local and i m p o r t e d — b y 
m e a n s of registration of all milk producers, dealers, etc. 

amount of certified milk produced in the large American cities 
forms about one per cent, of the tota l supply . Some of the States 
have enacted laws concerning certified milk. 

The production of certified milk under the auspices of Medi 
cal Milk Commissions has been found to be a great stimulus 
for the improvement of the general milk supply of American 
cities. The cost of producing certified milk in India would b e 
very high as it wou ld necessitate the employment of a dairy 

expert , a chemist, a bacteriologist, a veterinary surgeon a n d 
trained dairymen. If carried on co-operative basis with 
the help of Government and the local municipality, it would be 
•quite possible to produce " certified " milk at a moderate cost . A 
niodel dairy under the supervision of a milk commission would 
be also of great educative value. Such a dairy wou ld b e useful 
in demonstrating the most modern methods of producing pure 
milk. The standards proposed for " certified " milk in India 
are mentioned under " Legislative Contro l . " 
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(2) T o provide for the sanitary control of the production, , 
transit and distribution of milk, b y means of licenses, 
permits, etc . 

(3) T o insist on certain sanitary requirements for the housing-
of milch cattle, and t o provide for their periodic examination b y 
du ly qualified Veterinary Surgeons. 

(4) T o restrict the export of valuable Indian milch cattle 
t o foreign countries, at least for the present, and t o secure the 
best milking animals in this country . 

( 5 ) T o minimise the evil of the slaughter of dry cows and 
buffaloes of dairying value. 

(6) T o prohibit the location of milch cattle stables in the 
c rowded areas of the cities. 

(7) T o provide , if possible, for the medical supervision 
of all persons w h o c o m e in contact with the milk. 

(8) T o prevent the abstraction of any constituent of milk, 
or the addit ion of any extraneous substance thereto, and to fix 
legal milk standards. 

( 9 ) T o preserve the purity of milk, to prevent its c ontami 
nation with stable dung and any other filth, and t o provide for-
the microscopic and bacteriological examination of milk. 

(10) T o require sanitary handling of milk in order tO' 
prevent it f rom acting as a vehicle of any specific disease, e.g.. 
Cholera, T y p h o i d fever, etc. 

(11) T o prohibit the addit ion of chemical preservatives to-
milk. 

(12) T o provide for an efficient system of milk inspection, 
and t o require certain qualifications and training for milk 
inspectors. 

(13) T o improve the existing administrative powers of the 
local Municipalities so as t o enable them to exercise an effective 
sanitary and legal control of the public milk supply. 

(14) T o appoint Milk Commissions in the different P r o 
vinces. 

Objects (1) and (2) have been partially fulfilled recently 
in B o m b a y , ' b y making it obl igatory for milk sellers, etc . , to-
obta in a license which is issued on certain condit ions. The form' 
of license required in B o m b a y will be found in A p p e n d i x C. [q.v.). 

It will be seen that this does not give sufficient contro l o v e r 
the milk that is imported into the c i ty . Only such milk should 

' VUt Bombay Act N o . V I ot 1913. Bombay Government Gazette, 2 i id . October, 1913 
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be allowed to be sold in the c i ty as has been p r o d u c e d in a c cord 
ance with the required sanitary regulations. For this purpose 
it would be necessary t o extend the legal contro l t o the place of 
product ion . In addi t ion , provis ion m a y b e m a d e for the regis
tration of all mi lk producers , dealers and vendors . 

W i t h regard t o (3), the B o m b a y Municipal Corporat ion h a v e 
enacted certain bye- laws relating t o milch cattle stables {vide 
A p p e n d i x D ) . These bye-laws are applicable only to those 
w h o hold a license for a cattle stable in B o m b a y c i ty . The milk 
dealers w h o import milk from the suburban districts are not 
under a n y obl igat ion t o h a v e their milch catt le housed a n d cared 
for according to these bye- laws . This is a great drawback , 
particularly when it is hoped that , in course of t ime, most of the 
mdch cattle stables will be located outside the c i ty . A t 
present there is neither any sanitary supervision nor a n y 
legislative control over the milch cattle and their stables 
in the suburban districts which supply the c i ty with 
milk. I t is suggested that s o m e legal provis ion m a y 
be made b y which the city authorities could control the p r o 
duct ion of milk in the suburbs . For example , n o imported mi lk 
should be allowed to be sold in B o m b a y which has not been p r o 
duced according t o sanitary requirements. The milk license 
cou ld be refused or revoked in such ca.ses. 

Some of these bye- laws m a y require some revision a n d m o d i 
fication after watching their pract ical effects for some t ime . 
For instance, under 6 (e) we find: " it (stable) shall be so c o n 
structed as to afford floor space not less than twelve-and-a-hal f 
feet in length b y five feet in breadth for each c o w or buffalo t o 
be stabled there in , " etc . These dimensions, perhaps, m a y b e 
modif ied. The space required for a c o w m a y be reduced b y at 
least 1 foot all round with advantage . The exact division of 
this space m a y be specified separately for the feeding t rough , 
stall, the manure gutter, and the passage, etc . If each animal 
be partit ioned off f rom its neighbour, it would mean more cleanli
ness of tiie stable as well as that of the animals , and this m a y 
be inserted as a requirement. (See Plate X X X I ) . 

Provisions ( 4 ) , ( 5 ) and ( 6 ) are necessary for the economic 
product ion of milk. T h e y have been briefly considered in the 
previous chapters , as well as in the beginning of this chapter . 
T h e keeping of mi l ch cattle within the c i ty limits is f o rb idden b y 
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iaw in almost all the Municipalities in .\merica, ' where the milk 
supply is known to be under the most rigid sanitary and legal 
contro l . The disadvantages of keeping milch cattle in the cities 
have been already po inted out . The cost of upkeep being t o o 
high in the cities, it is financially impossible to maintain dry 
animals or young stock there. This leads t o the sale of such 
animals to the butchers, which, as stated before, is a very disas
t rous practice devastating our best breeds of milch cattle. W i t h 
reference t o this. Professor Knight , of the Poona College of Agr i 
culture, and Mr. Horne , - s a y : " A s a remedy to such a state of 
affairs, we consider that the keeping of cattle for the public supply 
of milk, within such cities as B o m b a y , should be prohibited b y 
law . If this were done, the milk producers would be forced t o 
locate at a distance, where succulent fodder could be obtained and 
that t o o so cheaply as t o permit the retention of d ry animals, 
a n d the rearing of young stock . Co-operat ive methods of deli
vering would be forced upon them, simplifying the control . B y 
the removal of all dry animals from the c i ty , the cost of product ion 
would be lowered ; under co-operat ive action the cost of del ivery 
w o u l d also be less, the cost of cattle be reduced, and cleanliness 
of the product and ease of control and supervision would all 
fo l low in natural sequence . " 

(7) Medical supervision of all persons engaged in the produc
tion and distribution of milk is particularly desirable in India, 
where the milkmen are likely to act as " carriers " of infectious 
diseases, e.g., cholera, typho id fever, tuberculosis, etc. The Medical 
Milk Commissions of America have a medical officer in connect ion 
with the dairies produc ing " certified milk " w h o is known as 
the attending dairy physician. This officer has t o report from 
t ime to time regarding the health of the people working in the 
dairy and to enforce the ordinary rules of personal hygiene. 
Accord ing t o one of the regulations,^ " N o person shall be 
e m p l o y e d who has not been vaccinated recently or who upon 
examination is found to have a sore throat, or t o be suffering from 
any form of tuberculosis , venereal disease, conjunctivit is , diarrhcea, 
dysentery , or who has recently had t y p h o i d fever or is proved 
t o be a typhoid carrier, or who has a n y inf lammatory disease 
of the respiratory tract , or any suppurative process or infectious 

> Rosenau. The Milk Qui ;slion. 1902, p. 261. 
* J . B . Knight, M . S c , and E. W, Home, Dept. o l Agriculture: Bombay, Bulletio 

Nu. S^ of I9l:i. '• Present state o( the Dairying Industry in B o m b a y , " p . 12. 
a William Ernst. •'Milk H y iene," p. 269. 
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skin eruption, or a n y disease of an infectious or contagious nature , 
or who has recently been associated with children sick with 
contagious disease." 

(8) Unti l recently , there was n o legal provision in B o m b a y 
/or/he prevent iott of adulteration of milk. In 1899 an A c t was passed, 
k n o w n as B o m b a y Act No . I I of 1899, for the purpose of prevent
i n g the adulteration o f ghee and other articles o f human f o o d 
{vide A p p e n d i x E.) This A c t is based o n the English Sale 
of F o o d and Drugs A c t of 1875 and 1899. The provis ions 
of this Act applied only t o ghee until 1st Apr i l , 1912, when b y 
<;overnment Notif ication No . 1321, dated 27th February , 1912, 
the provisions of this Act were made to apply also to milk in the 
•city of B o m b a y . Dr. Turner, tbe Execut ive Health Officer 
of the B o m b a y Municipality, c omment ing o n the defects of 
the Act says , ' " In practice the working of this A c t has been found 
t o be defective, and it has not served the ob jec t for which it was 
passed . " H e points out that certain amendments in Section 4 
of the A c t are necessary in order to prov ide for the analysis of the 
samples of milk being made b y the Municipal Analyst instead of 
b y the Chemical Analyser t o Government , and also t o m a k e s o m e 
provis ion for the Municipal Officers t o be able to purchase samples 
of milk b y the hands of a deputy , so that the vendors m a y not 
k n o w for what purpose tl iey are being b o u g h t . H e suggests the 
fol lowing amendments in Section 4 : — 

" In Sub-section (1) substitute for the w o r d ' o f f i cer ' 
where it first occurs , the w o r d ' person." 

" In Sub-section (2) substitute for the w o r d ' officer ' where it 
first occurs , the w o r d ' person," and after the w o r d ' analysed ' 
where it first occurs, introduce the words ' in the City of B o m b a y 
b y the Municipal Analyst , a n d elsewhere, ' a n d after the same 
word where it for the second t ime occurs , introduce the words ' in 
the City of B o m b a y to the Municipal Analyst and elsewhere, ' 

" In Sub-section (3) for the words ' the Chemical Analyser 
t o Government ' substitute the words ' the Municipal Analyst 
o r Chemical Analyser to Government as the case m a y be." " 

Tliere are no chemical standards for milk in India which are 
officially recognised b y Government . It wou ld be necessary 
to legalise such standards as po inted out b y the author at the 
Third Al l -India Sanitary Conference^ in January 1914. T h e 

1 J . A . Turner, M.D., D .P .H. " Sanitation in India," 1914, p. 452. 
a " Observalions on the Bacteriological anil Clieraical Examination of Bombay Milk S u p p l y . " 

by Dr Lemuel Lucas Joshi, M.O., B. Sc., &c. (Lucknow). 
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milk standards in Great Britain have been fixed b y the Board of 
Agriculture in exercise of the powers conferred upon them b y 
section 4 of the Sale of F o o d and Drugs A c t , 1899. The milk 
standards for India m a y be fixed b y " Milk Commissions " as 
suggested on page 211. The question of chemical standards 
has been fully discussed in Chapter I I I . The average analyti 
cal figures obtained from a systematic analysis of several 
hundreds of genuine samples of milk in B o m b a y and Poona . 
h a v e been mentioned. The fol lowing standard is proposed for 
legal purposes for B o m b a y , Poona and other cities in Western 
India :—-

Milk, as is ordinarily obtained in the market, shall be consi
dered genuine if it is found to contain at least five per cent, of fat 
and not less than eight and a half per cent, of non-fatty solids, provided 
that the percentage of fat may be allowed upto three and a half, only 
when it is proved to the satisfaction of the court that the sample was 
one of unmixed cows' milk, ihe onus of the proof resting with the 
vendor. 

The standard m a y be also expressed as follows in connection, 
w i th the proposed amendments to Bombay Act No. II of 1899 : — 

" Sale of Milk " Regulations. 
{Applicable t o B o m b a y Presidency only.) 

1. Where a sample of milk (not being milk sold as s k i m m e d , 
or separated, or condensed milk) contains less than five per cent , 
o f mi lk fat, it shall be presumed for the purposes of this Ac t , until 
the contrary is proved , that the milk is not genuine, b y reason o f 
the abstraction therefrom of milk fat, or the addit ion thereto of 
water , provided that the lowest legal l imit for milk fat, in milk, 
exclusively derived from cows, shall be three and a half per cent.. 

2. Where a sample of milk (not being milk sold as sk immed, 
o r separated, or condensed milk) contains less than eight a n d 
a half per cent, o f milk solids other than milk fat, it shall b e 
presumed for the purposes of this Ac t , until the contrary is 
proved , that the milk is n o t genuine, b y reason of the abstract ion 
therefrom of milk solids other than milk fat, or the addit ion 
thereto of water. 

(9) a n d (10) Legal provision to prevent the contamination of 
milk with pathogenic microbes and with bacteria indicating stable 
dung or any other dirt.—No such provision exists at present. T h e 
practical importance of the bacteriological examination of milk 
has been po inted out in Chapter I V . The dirt content of mi lk 
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is sometimes determined b y filtration {e.g., with " Gerber's-
dirt t e s t e r " ) or b y sedimentation b y the centrifuge. T h e 
latter method was used b y Delepine ' for estimating the amount 
of dirt in Manchester milk. Such methods m a y be used for 
(.jetting a rough idea of the gross dirt present. A great deal o f 
the dirt, however , is dissolved in the mdk'^ which cannot be deter 
mined b y these methods . Besides, the sediment is not composed^ 
entirely of dirt but also of other substances, such as the cellular 
elements, which are natural t o milk. Another ob jec t ion is that 
the amount of sediment depends on the efficiency of straining, 
and therefore is not a reliable measure of the cleanliness of the-
methods used in handling milk. Accord ing to Savage, " straining'-, 
as a purification process is most irrational. The dung gives u p -
a large part of its bacterial content to the milk, the only part 
of it which is prejudicial , and the residue is then strained off." ' 
He is o f op inion " that the measurement of the sediment or-
dirt (as it is often called) in milk is an estimation which it is of n o -
material value t o retain. It gives no information which cannot 
be obtained much better in other ways , while it is open to m a n y 
and serious sources of error."^ Even if the amount of sediment b e 
accepted as a reliable measure of the dirt in milk, it cannot give 
a n y information regarding its character. This can be ascertained 
on ly b y microscopic and bacteriological examinations. T h e 
results of the bacterial examination of B o m b a y milk a n d the 
practical significance of the presence of different bacteria in 
milk have been fully discussed in Chapter IV . A knowledge o f 
the bacterial content of milk is essential in order t o determine the -
age of the milk, the quant i ty and character of the dirt present, , 
and the presence or absence of ob ject ionable bacteria. It wou ld 
also serve as an index of the cleanliness of the methods e m p l o y e d 
in the handling of the milk. 

Pure Milk implies four separate requirements'*:— 
1. Genuine SlUk—^That is the whole milk without addit ions 

or abstract ions. 
2. Milk derived from healthy animals. 
3. Clean milk—That is milk so col lected, transmitted a n d 

vended that it is free, or reasonably free, f rom manurial or o ther ' 
ob j e c t i onab le pol lut ion. 

I Delepine. Report to the Manchester Sanitary Committee, 1908. 
» William ErD*f. " Text Book ot Milk Hygiene," 1914, p. 215. 
» Savace. Afilk and the Public HeaHh. p . 201. 
* Modified slightly (rom Savage's •' Milk and the Public Health," 1912, p. 397. 
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4. Milk free from infection with the organisms of specific 
diseases, e.g., Cholera, Typho id fever. Tuberculosis , e tc . 

The first requirement is determined b y chemical analysis, 
and the second b y veterinary inspection. The third and fourth 

.requirements can be determined only b y a bacteriological examina
tion of milk. Savage is of opinion that t o ensure a reasonably 
clean milk supply, bacteriological examinations are essential, and 
noth ing can take their place. Detect ion of dirty procedures is 
on]y possible b y bacteriological e.xamination. 

The question of fixing legal bacterial standards for milk 
in India will have to be faced sooner or later. Unfor tu -
Tiately ve ry little w o r k has been done in this c o u n t r y regarding 
the bacter io logy of milk. So far as the author is aware, the work 
•described in Chapter I V is the first systematic a t tempt ever 
m a d e in India for finding out the bacterial content of milk and 
for propos ing certain bacterial standards. There is n o w a large 
number of wel l -equipped bacteriological laboratories in this 
country , and it is suggested that a systematic bacteriological 
•examination of milk m a y be carried out there with a v iew of 
•determining the local bacterial standards. In the meantime, so 
far as B o m b a y is concerned, it m a y be worth while to try the 
tentat ive bacterial standards proposed o n page 72, If they 
are found to be useful and practiral from the administrative 
point of \-iew, they m a y then be legalised at least for the c i ty o f 
B o m b a y . 

The proposed legal standards have been kept as l o w as possible. 
A real g o o d grade of milk ought to give higher figures for butter -
fat . As pointed out in Chapter I I I , a few samples o f buffalo 
milk is known t o give as much as 11 per cent, of fat, the 
average for buffaloes ' milk being 7 to 8 per cent. It would be 
possible therefore to r emove some of the fat and bring 
it down t o the required legal standard (5per cent . ) . Such a p r a c -
t icc is quite c o m m o n in England and in America , and is likely 
t o be followed in India after the declaration of standards. Milk 
containing 5 per cent, fat, howe\x'r, is quite nutritious so long as 
there is no addition of water. ' Besides, milk, from which a part 

• of the cream (about one-third) has been removed , could be sold 
for a lower rate than milk containing all its cream. " Sk immed " 
or separated milk also can be used under certain condit ions . Clean 
sk immed milk would be preferable t o milk t o which dirty water 
Jias been added. In order to prevent fraudulent extraction of 

file:///-iew
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butter-fat and at the same t ime lower the price of milk, the fo l 
lowing three grades of milk are suggested :— 

1. First Grade or " Certified " milk.—This should c o n 
tain at least 6 . 5 per cent, fat and 9 per cent , non- fa t ty solids. 
The number of microbes per c .c . should not exceed 100,000. 

2. Second Grade ov " Ordinary " market milk.—This should 
contain at least 5 p e r c e n t , fat and 8 . 5 per. cent non - fa t ty 
solids. In the case of c o w s ' milk, the lowest limit of fat should b e 
3 . 5 per cent . The number of microbes per c.c. should not exceed 
1,000,000. 

3. Third Grade or " Skimmed " milk.—This should contain 
at least 9 per cent , of total solids. 

All the three grades of milk must be pure, derived f r o m 
healthy animals and free from dirt and adulteration as well as 
from pathogenic microbes . 

(11) As regards the addition of preservatives to milk, the 
same practice m a y be fo l lowed here as in England, as ment ioned 
in Publ i c Health (Milk and Cream) Regulat ions . 1912. Article I I I 
of Part I I (1) " forbids anyone t o add , or order, or permit the 
addi t ion of preservatives t o milk intended for sale for human 
c o n s u m p t i o n ; " and (2) " forbids a nyo ne t o sell, or expose 
or offer for sale, or have in his possession, any milk t o which pre 
servatives have been a d d e d . " ' 

The Departmental Committee in England re commended the 
absolute prohibit ion of the use of any preservative in milk. The 
only preservative al lowed in cream was bor ic acid in amount not 
exceeding 0 . 2 5 per cent.^ 

As ment ioned in Chapter V I , m a n y samples of milk 
imported into B o m b a y from long distances, e.g., Gujarat , have 
been found to contain formaldehyde . Some legal provision is 
necessary t o prohibit the addit ion of any chemical preservative 
to milk. 

(12) Milk Inspection—This is an extremel j - important 
measure for the legal and sanitary contro l of the publ i c milk 
supply . It is pract ical ly impossible t o efficiently contro l the 
milk trade wi thout the proper aid of milk inspectors . A milk-
inspector should possess certain educational qualifications and 
should have had a thorough training in the theory a n d practice 
of dairying and dairy hygiene. He should spend at least twO' 

' Robertson and Porter. " Sanitarv Law and Practice." 1912, p, 699. 
' S.iVBftc. " Milk and the Public Health," p. 389. 
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years in training, taking animal husbandry and dairy hygiene as 
his special subjects . He should be acquainted with the ordinary 

•laboratory methods of examining milk chemical ly and bacter io lo -
.gical ly. After obtaining the necessary qualifications he should 
acquire some practical experience of the best methods , by working 

I under an experienced inspector. A milk inspector must be not 
o n l y capable, but also thoroughly honest conscientious. It is, 
perhaps, needless to point out that it is not possible to get the right 
man on the l ow salaries usually given t o inspectors in India. If an 
efficient sanitary supervision and a tactful enforcement of legisla-
.tion is desired, then it would be worth while paying a good salary 
t o the right man who would honest ly carry out these ob je c t s . 

The duties of milk inspectors consist mainly in [a) inspection 
•of the dairies, milk shops, dairy farms, stables, milk-sheds, milk 
depots , e t c . ; {b) inspection of the milch cattle with special 
reference t o the carrying out of the bye-laws, e t c . ; (c) taking of 
samples at the source after making a preliminary test ; [d) in-

• spection of milk utensils and all other dairy appliances used in the 
product ion of milk, with particular regard to the sanitary and 

-legal requirements ; [e) frequent inspection of milk during 
transit, and taking of samples occasionally ; (/") inspection of 
market milk and taking of samples according to instructions and 
sending them for chemical and bacteriological examination to the 
Public Analyst ; (g) keeping a careful record of all his observa-

•tions and findings ; [h) reporting o n any breach of rules and 
regulations, including conditions of license, and arranging for 
taking legal steps when necessary ; (/) making suggestions for i m 
provement in the present methods of supervision and contro l ; and 
\i) instructing the milk dealers and vendors in the sanitary and 
economic methods of dairying. It would not be possible for the 

• ordinary sanitary inspector t o carry out all these measures in 
addit ion t o his own duties. The veterinary inspector is expected 
t o examine the milch cattle from time to t ime. A trained milk 
inspector is therefore a great necessity. For a city like B o m b a y , 
at least ten such inspectors would be necessary—one for each 
district. The amount of milk t o be supervised b y one inspector 
would be about 25,000 pounds in the case of B o m b a y . 

As outlined above , the duties of a milk inspector are not only 
t o inspect and supervise, but also to instruct. The attitude of the 
inspector should not be that of a stern officer of law, whose sole 

•object is t o find fault, condemn, and take legal steps, but he 
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•should show a sympathet ic spirit, instructing the ignorant mi lk 
men in modern methods of dairying and pointing out the a d v a n 
tages of clean methods, etc . He should use persuasion and tact 
rather than threats. A t the same t ime he should b e firm a n d 
appeal to law as a last resort. 

The inspector must e.xercise great care and caution in taking 
the samples of milk for analysis. He should provide himself with 
three clean bott les , each having a capacity of not less than 8 ozs , , 
and t o which a blank label is affixed, t o be filled up afterwards. 
Other necessaries are sealing-wax, string or tape, a spirit l amp or 
candle and the official seal of the Public Health Department . As 
far as possible, the samples should be purchased b y the hands o f 
a deputy so that the vendors m a y not suspect the purpose for which 
the purchase is made . The deputy m a y be some assistant w h o 
is capable of g iving evidence intelligently in court . Whi l e 
the purchase is being made, the milk inspector stands within 
easy hearing distance. The purchaser must ask for pure milk. 
As soon as the required amount of milk (about one seer) is 
measured out and payment made , the inspector must announce 
that " t h i s milk has been bought for the purpose of analysis 
b y the Public A n a l y s t . " He should then divide the milk into 
three equal parts and put it u p in the three bott les . After care -
.fuUy sealing the bottles in the presence of the vendor, an inscrip
tion is written in ink upon the blank label affixed to each bottle,, 

•giving the number and description of the sample, date and t ime 
of purchase, n a m e and address of the vendor a n d signature of t h e 
inspector, One of the bottles is left with the vendor, another 
is sent t o the Analyst and the remaining one is retained b y the 
inspector. If the milk is contained in a large can or vessel, care 
should be taken that it is well stirred before sampling, otherwise 
only the top-mi lk containing most of the cream might be purchased 
and thus lead to an error. 

The Score-Card System. 

" The score-card is a mathematical photograph of the sani
tary condit ions of the dairy f a r m . " ^ The idea of the score-card 
was first conce ived b y Dr . W . C. W o o d w a r d , Health Officer of the 
District o f Columbia, U.S.A. A little later. Professor R . A . 
Pearson of Cornell University, N. Y . , introduced a different f o rm 
of score-card which was adopted , with a few alterations, b y the 
Dairy Division of the Bureau of Animal Industry. The size o f 
this card is 8 b y 5 inches and it is reproduced overleaf. 

a Kosenau. The Milk QuesSion. 
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B U R E A U OF A N I M A L I N D U S T R Y , 

DAIRY D I V I S I O N . 

SANITARY INSPECTION OF DAIRIES. 

D A I R Y S C O R E C A R D 

Aiiopteil by the Official Dairy Instructors' Association. 

Owner or lessee of farm 

P.O. address State 

Total number cows Number milking 

Gallons of milk produced daily 

Product is retailed by producer in 

Sold at wholesale to 

For milk supply of 

Permit No Date of inspection 1 9 1 

R e m a r k s , 

(Signed) 

Inspectoi 

[Front of Card.] 
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EQUIPMENT. 
SCORE. 

Perlect | Allowsd. 
METHODS. 

SCORE. 

PartMt. Allewtd. 

C O W 5 . 

Health 
ApparcDtlf in good health. -1 I 
If tested with tubeiculm | 

once • year and no tuber-
colosis is found, or if tested ' 
once in six months and 
alt reacting animals re-
D L O V C d 3 I 

(If tested only one; a year andi 
r e B C t J D g animals found aad re
moved. 2.) I 
Comfort I 

Bedding 1 ' 
Temperature ol itable 1 

Food [clean and nholesomel 
Water 

Clean and fresh 1 
CoDVCnient and abuQdant. . 1 

LocatioD of stable 
Well drained ) 
Free from contaminating 

Surroundmgs 1 
Construction of stable 

Tight, souDd floor and pro
per Rutter 2 

Smooth, tight walls and 
ceiling 1 , 

Proper stall, tie, and manger 1 
^leaDS of ligbling ; Four ft. 

i,t glass per cow 
(Three s q. ft., 3 ; 2 sq. ft. , 2 ; 

1 sq. f t . , 1 Deduct for uneven 
d i s t c i b i t i o n , ) 
Ventilation ; Automatic system. 

Adjustable windows . . . . . . 1 , 
Ciibie feet of space lor cow : 300 

to 1.000 feet. 
(Less than 300 feet, 2 ; less 

than 400 feet, 1 ; less than 300 
lei-t, 0 ; over 1,000 feet, 0,) 

U T B N S I L S . 

Construction and condition of 
utensils 

Water for clcaninR 
(C'ean, convenient, aoil abun

dant.) 
SmalMop milking pail 
Facilities for hot water or steam,. 

(Should be In milk house, not 
in kitchen.) 
Milk cooler 
Clean milking suits 

U I L K R O O M . 

Lodt ion of milk room 
Free from contaminating 

surroundings 1 
Convenient 1 

Construction of milk room 
Floors, walls, and ceiling . . . 1 
Light, ventilatioQ, screens... 1 

Total . 40 

cows. 
Cleanliness of cows 

S T A B L E S . 

Cleanliness of stables 
Floor 2 
Walls 1 
Ceiling and ledges 1 
Mangers and partitions 1 
Windows 1 

Stable air (dust and odours) at 
milking time 

Barcyard clean and well drained. 
Removal of manure daily to geld 

or oroper pit 
(To 50 feet from stable, 1.) 

K I L K R O O M . 

Cleanliness of milk room 
U T E N S I L S A N D M I L K I N G . 

Care and cleanliness of utensils... 
Thoroughly washed and 

sterilhed in live steam 
for 30 minutes 5 

(Thoroughly washed and placed 
over steam jet, 4 ; thoroughly 
washe'* and scalded with boiling 
water, 3 ; thoroughly washed, not 
scalded, 2.) 

Inverted in pure air 3 
Cleanliness of milking 

Clean, dry hands 3 
Udders washed and dried... 6 
(Uddcts cleaned with moist 

cloth 4 ; cleaned with dry cloth 
at least 15 minutes before milk 
ing, 1.) 

M A H D L I N a T H E M I L K , 

CleanliTiess of attendants in railk 
room 

Milk removed immediately from 
stable -

Prompt cooling (cooled immedi-i 
ately after milking each cow) 

Efiicient cooling below s C F 
( 5 1 " to 55°, 4 ; 5 6 ° to 6 0 " , 2.) 

Storage ; below S C F 
( 5 1 " to 5 5 " , 2 ; 56° to 6 0 " , 1.) 

Transportation ; iced in summer. 
(For jacket or wet blanket, 

allow 2 ; dry blanket or cover
ed wagon, 1.) 

Total. 60 

E q u i p m e n t + Methods. .Final Score. 
N O T E 1.—If any filthy condition i^ found, particularly ditty utensils, the total score shall be limited to 49 . 
N O T E 2 .—If the water is exposed to dangerous contamination, ot there is evidence of the presence of a 

dangerous disease in animals or attendants, the scoie shall be 0. 

14 [ BACK OF CARD.] 
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The detailed score is given on the back of the card and is 
divided into t w o parts •. equipment and methods. The marks 
given for equipment indicate the health of the animals, provision 
for their food, etc . , the construction of stables, and the quality, 
etc . , of the milk utensils and other dairy appliances used. The 
score for methods gives a iairly accurate idea of the manner in 
which the dairyman handles his milk, and comprises the condit ion 
of the stable, of the milk vessels, of the milkers, etc. , and cleanli
ness of the animals. It will be not iced that 40 points or marks 
are allowed for equipment while 60 are allowed for methods, so 
that even if a person has poor equipment, he can score high b y 
clean methods . 

The following are the principal advantages of the Score-Card 
System as mentioned b y the Bureau of Animal Industry, U. S. A . , 
(Dairy Division) :— 

(1) It serves as a guide t o the inspector in pointing out 
various condit ions, and making it impossible for h i m to over look 
any point of importance . 

(2) ft provides the Health Officer with a permanent, 
accurate a n d convenient record of all the dairies in his 
district. 

(3) It m a y be used as a basis for issuing licenses or permits 
to sell milk. 

(4) It promotes co-operation between the producer and the 
Health Authorities. 

(5) It serves as a check upon the work of the inspectors. 
(6) " The score-card is the salvation of the producer in the 

case of an incompetent or dishonest inspector, because he has a 
written record of his faults of commission and omission. On the 
other hand, the score-card protects the inspector against u n 
reasonable attacks from the producer . " 

(7) It is a valuable means of improving dairy condit ions. 
Information as t o the conditions in the dairies could be tabulated 
and the scores published f r o m t ime to t ime so as t o give the dairy
men every credit for their efforts t o produce clean milk. This 
would also help the public t o distinguish between high-class 
dairies and poor dairies. 

In commenting on the score-card, Rosenau says : " Methods 
are much more important than equipment. This is one of the 
things that the score-card does not take into sufficient account . 
Clean milk m a y be produced with clean methods and poor 
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equipment, but g o o d milk cannot be produced with a g o o d equ ip 
ment and poor m e t h o d s . " 

T h e score-card system of dairy inspection is in use b y about 
one hundred and fifty cities and large towns in America and is 
recognised b y the United States Government . The score-card 
reproduced a b o v e has reference on ly t o the product ion of 
milk in the dairies and dairy farms. Special score-cards could be 
devised for inspection of milk during transit, in milk depots , 
in the c i ty dairies and milk shops, and throughout its distribution 
t o consumers. The score-card system of America , with some 
modifications, m a y be tried for the control of the milk supply of 
Indian cities. The sj 'stem should be given a thorough trial 
before adopt ing it legally. 

(13) Improvement in the existing administrative powers of 
the local municipalities, etc.-—The necessity for this is quite 
obv ious . The duty of supervising the c i ty milk supply, including 
laboratory examinations, veterinary and sanitary inspections, 
devolves upon the local health authorities ; and if an efhcient 
sanitary and legal control is desired, it would be necessary to 
strengthen the hands of the Publ i c Health Department . I t 
would seem desirable t o give sufficient power to the local health 
authorities to enforce the sanitary and legislative measures without 
many technical difficnlties and wi th the least possible de lay . 

(14) The appointment of Milk Commissions in the different 
Provinces t o s tudy in detail the milk problem in its various phases 
and to propose practical remedial measures for its solution. The 
Commission should be e m p o w e r e d : (1) to fix the legal standards ; 
(2) t o determine all questions regarding feeding, breeding, and 
housing, etc . , of cattle ; (3) to arrange the details of the sanitary 
contro l o f the milk supply b y means of inspection, e tc . ; and (4) 
t o s tudy the local condit ions and make definite proposals for 
improvement in the present methods of handling mi lk . ' 

The supply of pure milk at a reasonable rate t o our cities 
is thus a comphcated problem, and its ultimate solution would 
depend upon the practical application of the various remedial 

' As regards the Bombay Presi^iency, It is fuggesled thai the CoJuinission should incJiKte tbe 
Dirrc lorof Agriculture, Ihe Sanitary Commissioner with the Government, the Municipal Com- ' 
missioDenit Bombay, the Executive Health Officer of Bombay, the Agricultural Chemist to 
GuverEment, the Superintendent of the Civil Vi'terinary Department, the Chemiral Analyser to 
Govctoment , the Municipal Analvst for the City o l Bombay, the Managers o£ the Government 
Mihtary and Civil Dairies at Kiikee, the Registrar or Assistant Registiar ot Co-operative Societies, 
and tH-brepreseDtatl»es elected by private dairying conCEras. 
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measures. If milk is produced under economic condit ions witJi 
proper supervision, it is not likely that the price would rise appre 
ciably. But even if it should rise, it must be remembered that the 
quality would be superior, and one seer of genuine and clean milk 
produced under sanitary conditions is certainly preferable t o t w o 
seers of watered and ftlthy milk. If sanitary reforms and i m p r o v e 
ments cause an increase in the cost of product ion of milk, it is 
but fair that the consumer should be wilhng t o pay a reasonable 
price for it. T h e organisation of suitable agencies for the 
product ion and distribution of milk and the provision of 
i m p r o v e d facilities for its cheap and sanitary transport t o the 
cities, should result n o t only in the jmprovement in the quantity 
and quality of the present milk supply, but also in a reasonable 
reduction in its price. A great deal would depend, of course, 
upon the local conditions. A s tudy of the possible sources of 
cheap milk supply and of the best methods for organising it, etc . , 
w o u l d be necessary in the case of each particular city. 

Taking, lor instance, the city of B o m b a y , there are at least 
t w o sources from wbich an ample supply of milk at a l ow cost is 
available. In the villages of Gujarat, milk is both abundant and 
cheap. It appears that good milk can be purchased in the villages 
near Ahmedabad , Nadiad, Anand, etc. , at the rate of 20 t o 25 lbs. 
per rupee. Being near the railway line, and even with the present 
facilities for transit, milk from these places can be imported into 
B o m b a y with profit. Another source of cheap milk supply is even 
nearer B o m b a y , namely, the villages near Thana, Kalyan, etc. , 
as well as a few places above the Ghauts, such as Talegaon. 

T h e product ion of milk within the c i ty limits could be also 
improved b y proper organisation. Whi le it is desirable t o locate 
the milch cattle stables outside the c i ty as far as practicable, it is 
n o t absolutely necessary t o remove all o f them, prov ided that t h e y 
o c c u p y only the thinly populated or non-residential areas of the 
c i ty . It appears that there are a few large vacant spots in the 
northern part of the city, which are not likely t o be developed as 
residential areas and which m a y be well utilised for the purpose 
of dairying. Early in 1914 a scheme for creating a centre in an 
isolated part of the c i ty for the location of new milch cattle 
stables under Municipal supervision was discussed. A large 
plot of land on the north-east of Haines R o a d , in close prox imity 
t o the Mahaluxmi Station on the B. B. & C. I. Rai lway, was 
suggested. It appears that this plot would accommodate between 



T H E P R O B L E M IN B O M B A Y . 213 

7,000 to 8,000 animals. There is very little likelihood of this 
becoming a residential area. Being near a railway station it 
would be convenient for transit. It is suggested that as an 
•••xperimental measure modern cattle sheds for 500 animals 
m a y be constructed on part of this or any similar plot , and the 
<ity gowh'cs m a y be induced t o rent them at a nominal r e n t — 
s a y , — S annas a month or Rs. 6 per year per animal.^ Taking 
the cost of construction at Rs . 100 t o Rs . 150 per animal, the 
proposed rent wou ld bring in sufficient interest on the capital 
invested. The gowlees could be organised into co-operative 
societies as indicated above . A close sanitary supervision would 
b e , o f course, necessary. The societies should prov ide for rapid 
transit b y means of railway trains, tram-cars, motor -waggons , etc . 
They should also arrange for the marketing of the milk in 
B o m b a y . 

The proposed mi lk inspectors could supervise the entire milk 
.supply irom its source t o its destination. The facilities for pure 
water supply and the provision for drainage would be additional 
advantages . The cost of transit would also be less, and there 
would be no need of pasteurising the milk as the t ime elapsing 
between milking and delivery would be comparat ive ly short. 

A similar scheme m a y be tried for the improvement of the 
•suburban milk supply . Co-operative societies of the cultivators 
•could be formed in the suburbs, e.g., Andheri , Borivil i , Palghar, 
Bhandup , Kalyan, etc. , where mi lk could b e produced under 
cheap and natural condit ions. The milk could be brought info 
the c i ty b y means of one of the agencies already described. 
Pasteurisation would not b e usually necessary for the preservation 
•of milk during transit as the distances are short and transit b y 
rai lway is a^'ailable. Pasteurisation, however , m a y be necessary 
for purifying the milk after its arrival in the city. If milk has 
been produced and handled imder clean condit ions in the suburbs, 
then there would be n o need of pasteurisation. In ziny case, it is 
suggested that as an experimental measure, the Municipality 
should establish a few distributing depots or " milk markets " 
in the city, where milk could be kept in cold storage, pasteurised 
if nefessary, and sold to the public at market rates. Samples of 
mi lk should be taken from the source as well as at its destination 
a n d examined chemical ly and bacteriologically at the Municipal 

1 Fram enqviirka made at sevtral cattle -t.ibles in Bombav it appears that the average tta 
-.harEcd is about Ri. S per iHijiiih or Rs. 60 !>" r year per aoitnai. 
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Laboratory . The laboratory findings and the reports of the 
inspectors would give a definite idea regarding the quality of the 
milk and the condit ions under which it has been handled. If the 
experiment proves a success from the economic as well as from 
sanitary points of view, then similar organisations could be 
enlarged and multipHed. Whi le it would be necessary for the 
Municipality t o exercise legislative contro l a n d sanitary supervi 
sion over the milk trade, the entire " muni c ipa l i za t i on" of 
the milk supply of our cities is considered undesirable for various 
reasons. 

In Calcutta, the question of establishing Municipal grazing 
farms. Municipal milk depots , pasteurising plants, etc . , was 
considered carefully b y a special committee appointed t o enquire 
into the question of the milk supply of that city. A m o n g their 
conclusions and recommendations are the foUowing : — 

(1) Depots for the sale of pure milk and milk products shoiUd 
b e established in Municipal markets, private markets and o n 
Municipal lands at suitable centres, staUs being let out at reduced 
rents. 

( 2 ) Municipal dairy farms cannot b e established under the-
law and should not be started till the Act is amended. 

(3) Municipal purifying (pasteurising or sterilising) plant 
should b e instaJled. It affords protect ion against harmful 
bacteria but discourages attempts for the production of clean 
milk. The efforts of the Municipality should be directed t o the 
improvement of the conditions under which milk is produced . 

( 4 ) Municipal grazing farms cannot be provided as there are 
no suitable pasture lands near Calcutta. Power should be taken 
under the Act t o subsidise grazing farms outside Calcutta and to 
open grazing grounds inside or outside Calcutta. 

( 5 ) Rai lway authorities should be asked to assist in the 
transportation of milk by providing special vans, fast trains and 
concession rates. 

(6) Enquiries should be made t o ascertain whether the 
Tramways Company will assist the Corporation in improving 
the transport arrangements for milk. 

It appears that all suggestions made b y the Corporation of 
Calcutta, on the recommendation of the special committee , 
have been accepted by the Government of Bengal and incorpo
rated in the Calcutta Municipal Act Amendment Bill, with the 
except ion of the proposal for licensing and the establishment 
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l)y the Corporation of cowsheds and dairies outside Calcutta for 
the supply of milk to the c i ty . This proposal is still under c o n 
sideration. 

v- jCspecial committee has been recently appo inted b y the 
Government of B o m b a y t o consider the ques t i on of the 
milk supply of large towns in the B o m b a y Presidency, and 
niore part i cu lar ly : 

" (i) T o indicate the most suitable localities in which 
scientific dairying can be undertaken with reference t o i ( « ) the 
d e m a n d for g o o d milk, (6) the possibility of obtaining a supply 
of good fodder , (c) transport facilities. 

" (ii) T o indicate the agency b y which such operations 
•can b e most prof itably undertaken and the exac t nature o f 
G o v e r n m e n t assistance that w o u l d be required to give them a 
fair start. 
^ " (iii) T o indicate the best methods of organising and 

contro l l ing the existing agencies wh i ch supply milk t o latge 
c i t i e s . " 

LI The organisation of the sanitary product ion of milk b y village 
•cultivators, gowlees and others keeping milch animals under natu
ral c ond i t i ons ; adequate assistance from Government and Munic i 
palities ; considerable improvement in the transport of milk to the 
c i t i e s ; the establishment of large dairying concerns for the purpose 
o f importing and distributing milk ; and complete sanitary control 
b y the Mimicipality of the entire milk supply of the city seem t o 
afford the best prospects for a satisfactory solution of the milk 
prob lem. The agriculturist, the gowlee, the dairyman, the 
scientist, the practical sanitarian, the economist and the 
legislator, individually and jointly, must study the prob lem 
thoroughly from various points of view, and work out the most 
suitable remedial measures. Then alone, b y systematic and per
sistent effort, b y broad education and scientific research, b y 
intelligent organisation a n d co-operation, b y efficient sanitary 
supervision and tactful legislation, would it be possible to bring 
about a practical solution of the milk problem in Indian cities. 

The author is aware that there are many practical difficulties 
in the way of applying the proposed remedial measures, but these 
difficulties arc not insuperable, nor d o they in any w a y invalidate 
the general principles laid down in the foregoing pages. 



P L A T E 1. 

M U R R A H O R D E L H I B U F F A L O . 

FROUI a Photo-mpii :«:.cu in Bombay. 



PLATE n. 
S U R T I B U F F A L O . 

From a Photograph taken in Bombay. 



PLATE III. 
J A F F R A B A D I B U F F A L O 

From Hcivletfs •' Breeds of Cattle in 
the Bombay Presidency. 



PLATE IV. 
M E H S A N A B U F F A L O . 

From a Photograph taken in Bombay. 



PLATE V. 
SINDHI COW. 

PLATE XUL 
H A L F BRED COW (Ayrshire and Sindht,) 



PLATE VIL 
S A N I W A H L C O W . 

From a VkotograpU taken at the Government MU,ary Dairy Far.. K.kee. 

PLATE X. 
D E C C A N I C O W . 

l-->om a Phoio taken in Bombay. 



G I R C O W . 

-Byccds of Cattle in the Bombay Fycsulcncy. 



H A N S I C O W . 

J--n>m Mcagkey Vaw^iniu'.^ Dai^y l-aywm^^ in India: 



PLATE IX. 
G U J A R A T I C O W . 

From a Photogmph taken in Bombay. 



PLATE XL 
N E L U O R E or O N G O L E C O W and C A L F . 

From a Photograph taken in Bangalore. 



PLATE XII. 
A M R I T — M A H A L C O W . 

This was a favourite cow at the Mysore Palace. 
From a Photosraph taken at Bangalore. 



PLATE XIV. 
K A N K R E J I C O W . 

prom Bsii' .lett's " Breeds of Utile in Ihe Bombay Presidency. 



PLATE XV. 
K R I S H N A V A L L E Y C O W . 

From HevjleU 
's Breeds of Cattle in the Bombay Presidency.'' 



PLATE XVL 
S H A H A B A D C A T T L E , 

I-'rom a Photograph kindly sent by Mr. G. Milne. I.C.S., Director of Agriculture, Bihar and Orissa. 



PLATE XVIL 
GIR B U L L . 

From a Pkopgraph taken in Bombay, 



PLATE XVin. 
D E C C A N I B U F F A L O . 

From Hewlett 
•s " Breeds of Cattle in the Bombay Fu.ul.a.y." 



PLATE XIX. 
V A R A D H l ( N A G P U R ) B U F F A L O . 

From HewleWs " Breeds oJ Cattle, tn the Bombay Presidency." 



PLATE XX. 
J A F F R A B A D I B U F F A L O B U L L . 

From Hewletl-s " Breeds of Cattle in the Bombay Presukmy: 



PLATE XXI. ~ 
METHOD OF MILKING. 

From a Photograph taken in Bombay. 



PLATE XXII. 
O N E O F T H E M O D E S O F C A R R Y I N G M I L K IN B O M B A Y . 



PLATE XXIII. 
T R A N S I T O F M I L K IN B O M B A Y . 

T H E O L D W A Y . 



PLAi E A A i V. 
T R A N S I T O F M I L K IN B O M B A Y . 

T H E N E W W A Y . 



PLATE XXV. 
A M I L K S H O P I N B O M B A Y . 

A s a m p l e o£ m i l k t a k e n f r o m this p lace "^o^tained acirf^/asi ft^a^^^^ 
From a block kmdly lent by Dr. J.A. iiirner. 



PLATE XXVI. 
A M I L K S H O P IN K A M A T I P U R A , B O M B A Y . 

Milk col lected from here also showed acid-fast bacilli. 
from a block kindly lent by Dr. J. A. Turner. 



PLATE XXVII. 
P O U R I N G M I L K I N T O V E S S E L S F O R R E T A I L . 

From a block kindly lent by Dr. J. A. Turner. 



PLATE XXVIIL 
W A S H I N G P L A C E F O R B U F F A L O E S , n e a r a B o m b a y C a t t l e S t a b l e . 

T h e G o w l e e s are acen w a s h i n g t l i c m s e l v t s , t l i e i r b u f i a l o e s a n d m i l k v e s s e l s . From a block kitidly lent by Dr. J. A. Turner. 



PLATE XXIX. 
C O W - S H E D IN K A M A T I P U R A , B O M B A Y . 

Milk collected from this place contained acid-fast bacilli. The cows reacted to TubercuHn. 
aiiix. cuuc^.Lcu j-^^^ ^ ^i^^/^ kindly lent by Dr. J. A. Turner. 



PLATE XXX. 
A N I N S A N I T A R Y M I L C H C A T T L E S T A B L E IN B O M B A Y . 

This represents a corner of a buffalo stable in a crowded locality in Bombay. This type of stable is gradually disappeadng. 



PLATE XXXI. 
A M O D E R N S A N I T A R Y M I L C H C A T T L E S T A B L E IN T H E U S . A . 

T h i s is a p o r t i o n o£ a b a m o f t h e M i c h i g a n A g r i c u l t u r a l C o l l e g e , E a s t L a n s i n g , M i c h - , U . S . A . , a n d is t a k e n f r o m a 
i h i s IS a p o r t i o n o^^^^^^^^^j^ p u b l i s h e d b y t h e K e n t M a n u f a c t u r i n g C o . . F t . A t k m s o n , \ \ i s c o n s m . 
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T o t a l for Buik l ings . . . . 2 ,000 

Boi ler , vert i ca l c ross t u b e , 5" X 6 " X 3 " = 80 lbs. pressure, c o m p l e t e 
w i t h f itt ings, m o u n t i n g a n d N o . 4 I n j e c t o r and 20 f t . c h i m n e y . . 700 ' 

LaiATence W a t e r - C o o l e r . . . . . , . . . . . . . . 8 0 
" D i r e c t M o t o r " s t e a m - d r i v e n pasteuriser , size " C , " e l e v a t i n g 

t v p e . . 550 ' 
M i l k T a n k , 4 ' X 3 ' X U' 80> 
Gerber B u t y r o m e t e r L u x , 4 Tes t , c o m p l e t e . . . . . . . . 6 0 
Milk l i e c o r d e r w i t h Pai l and T r i p o d . . . . . . . . . , 35 ' 
24 " F i r s t e o l " c a n s — 1 7 g a l l s , 15 galls . , and 10 gal lons . . 5 0 0 
1 set m e a s u r e s — 1 gal lon, ^ ga l lon , 21 lbs . a n d 1 l b . . . . . 10 
1 H y g i e a Fi l ter w i t h 500 spare m e d i u m s . . . . . . . . 45-
1 S t e a m i n g B l o c k 10 
1 W a s h - u p T a n k 50 ' 
1 Set Seals and P incers SO 
Misce l laneous Cont ingenc ies , i.e., s t a t i o n e r y , smal l safe , s o a p , 

soda , l a c t ometers , t h e r m o m e t e r s , e t c . . . . . . . . . 3 0 0 

T o t a l . . 2 ,500 ' 

(Sd. ) G . H . F R O S T , 
Assistant Director, Military Dairies, 

Hoiitkern Circle. 

APPENDIX B. 

Note on Co-operative Dairy Societies in the Bombay Presidency : 
I, Alibag Co-operative Dairy Society, Limited :— 

D a t e of registration—-23rd Apr i l 1915. 
N u m b e r of m e m b e r s — 3 5 ; of w h o m 28 are cu l t i va tors p r o d u c i n g m i l k a n d 

m a r k e t i n g it t h r o u g h the Soc i e ty . Capi ta l 1,152-8-n. Milk is o b t a i n e d 
f r om the vi l lages of V e s h w i and M u l a , w h i c h arc at a d i s tance of 2 miles f r o m 
the t o w n of A l i b a g . 

Method of collecting, transporting and distributing milk.—The S o c i e t y 
has p u t u p t w o mi lking sheds at a c o s t of R s . 340 . o n e a t V e s h w i and the o t h e r 
a t M u l a . T h e m e m b e r s keep their animals in their o w n houses , b u t br ing 
t h e m t o the S o c i e t y ' s mi lk ing sheds tw i c e a d a y a t the a p p o i n t e d hours a t 

15 

Note on the cost of establishing a collecting station for 
about 2,000 lbs. of milk to be pasteurised and water-cooled, 
for despatch b y train or motor to a distance not exceeding 50-
miles with suitably timed trains :— 

R s . 
D a i r y bui ld ings w i t h ti led roof , p a t e n t s t o n e f loor, gauzed w i n d o w s 

a n d d o o r s , 12 ' X 1 6 ' w i t h w a s h - u p r o o m 10 ' X H' a n d office 
1 0 ' X 8 ' o r p l i n t h area 2 6 ' X 2 0 ' = 520 R s . 3 1,560-

W a t e r t a n k , dra ins , sma l l p u m p , e t c . . . . . . , . . 440 
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w h i c h t h e y mi lk t h e m u n l e r the suparvis ion o f the representat ives of the 
m a n a g i n g c o m m i t t e e . T h e Soc ie ty keeps its o w n raillcing pails , and e a c h 
m e m b e r is p r o v i d e d wi th a pai l for d rawing the mi lk . T h e mi lk is measured 

• a n d h a n d e d o v e r t o tlie Soc ie ty . E a c h m e m b e r carr ies a p a s s - b o o k w i t h h i m , 
in w h i c h the quant i t ies suppl ied b y h im t o the S o c i e t y are regular ly entered . 
A l l m i l k thus co l lec ted at e a c h centre is p u t i n t o a b ig brass c a n , w h i c h is 

l o c k e d a n d sent t o the t o w n (on h e a d load) w i t h a servant o f the S o c i e t y for 
d e l i v e r y t o registered c u s t o m e r s . 

Cleanliness — A l l the pai ls , c a n s and o ther utensils o f the S o c i e t y are 
k e p t in a per fec t ly c l ean c o n d i t i o n . E v e r y utensil used in h a n d l i n g m i l k 

.ds first washed in co ld water , then in w a r m water w i t h s o m e w a s h i n g s o d a 
in i t , and finally in b o i h n g w a t e r , and dr i ed . Be fo re m i l k is d r a w n f rom t h e 
an imals , the h a n d s of the mi lker and the u d d e r s of the an imals are washed a n d 
w i p e d w i t h musl in . B a r - s o a p is freely used . 

T h e t o t a l n u m b e r o f c u s t o m e r s is 76 , and the t o t a l q u a n t i t y o f m i l k 
supp l i ed t o thera in S e p t e m b e r 1915 w a s 2 ,700 seers. A l l m i l k t a k e n b y the 
S o c i e t y f r o m the m e m b e r s is d i s t r ibuted t o c u s t o m e r s , a n d n o surplus is left 
o n h a n d . 

Advantages to members.—The S o c i e t y t a k e s m i l k f r o m the m e m b e r s 
.at a little o v e r nine seers a rupee and supplies it at e ight seers a rupee t o the 
•customers. A f ter d e d u c t i n g expenses , a smal l m a r g i n of prof i t is left t o the 
S o c i e t y . T h o u g h the m e m b e r s are p r e v e n t e d f r om adul terat ing their m i l k 
•with water , t h e y get g o o d prices and s a v e a g o o d d e a l o f t i m e , w h i c h t h e y 
used t o spend {before j o in ing the Soc i e ty ) in h a w k i n g a b o u t their mi lk . T h e y 
are ent ire ly satisfied w i t h the pr i ces w h i c h t h e y n o w get . Bes ides , t h e y ge t 
. loans f r o m the S o c i e t y a t 9 | per cent , for purchas ing animals and foodstuf fs . 

Advantages to customers.—The publ i c o f A l i b a g are ful ly satisfied w i t h 
the q u a l i t y and the pr i ce o f the mi lk . 

Remarks.—The S o c i e t y is n o w arranging t o k e e p a g o o d buf falo b r e e d 
ing bu l l for serving the m e m b e r s ' s h ^ b u f f a l o e s . I t h a s also secured s o m e 
graz ing l a n d f r om the Co l lec tor for the use o f the m e m b e r s ' shc -buf fa loes , 
w h i c h , w i t h the bull p r o p o s e d t o be o b t a i n e d f r o m Gujara t , are t o b e c o n 
s t i tuted into a herd . 

//. Belgaum Co-operative Dairy Society, Ltd.—This S o c i e t y cons i s t s 
o f 24 m e m b e r s , o f w h o m 20 are m i l k - p r o d u c i n g G o w l e e s w h o s u p p l y the i r 
m i l k t o the Soc ie ty . T h e G o w l e e s a t present k e e p their an imals in tbe t o w n 
a n d bring t h e m t o t w o mi lk ing centres for mi lk ing t h e m u n d e r the superv i s i on 
o f the m a n a g e r . T h e arrangements as regards c leanl iness and the co l l ec t ion , 

•.transport and d is t r ibut ion o f mi lk arc s imilar t o tho.se of the A l i b a g D a i r y 
Soc i e ty . T h e S o c i e t y has appl ied t o the Muni c ipa l i t y for bui ld ing a shed 
outs ide the t o w n for hous ing the animals of the m e m b e r s of the Soc i e ty . T h e 
B e l g a u m D a i r y S o c i e t y m a r k e t s a b o u t 3 ,500 seers of m i l k a m o n t h . T h e 
p u b l i c of B e l g a u m are entirely satisfied w i t h the qua l i t y and pr ice of the mi lk . 

III. Thana Co-operative Dairy Society, Ltd.—This Soc ie ty has g o t a 
shed in w h i c h s o m e animals o f the m e m b e r s are k e p t ; o ther m e m b e r s k e e p 
their an imals in small h u t s near the S o c i e t y ' s shed , ]\Iilk is d r a w n in t h e 
presence o f the m a n a g e r . T h e ar rangements as regards c leanl iness a n d 
t r a n s p o r t i n g and d is tr ibut ing mi lk are e x a c t l y o n the lines of the A l i b a g 
Soc i e ty , T h e t o t a l q u a n t i t y of mi lk m a r k e t e d b y the S o c i e t y e v e r y m o n t h 
i s a b o u t 6 ,000 seers. T h e T h a n a p e o p l e are fully satisfied w i t h the q u a l i t y 
•of mi lk . In this Soc i e ty , s o m e o f the p r o d u c i n g m e m b e r s are G o w l e e s 
. (bhayyas) a n d o thers n o n - g o w l e e s . T h e S o c i e t y has secured m o r e t h a n 2 0 0 
f a m i l i e s as its cus tomers . 

JV. The Gomatipur Co-operative Dairy Society, near Ahmedabad.—This 
S o c i e t y h a s o n l y v e r y recent ly begun t o supp ly pure a n d u n a d u l t e r a t e d 
m i l k t o the c i t y o f A h m e d a b a d . 
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VT. P r o p o s a l s f o r establ ishing c o - o p e r a t i v e d a i r y soc iet ies a t G a d a g 
a n d H u b l i f o r i m p r o v i n g the mi lk -suppl ies o f those t o w n s are under c o n s i d 
erat ion . , 

VII. S imi lar ly , there are p r o p o s a l s f o r es tab l i sh ing d a i r y soc iet ies a t 
K o t r u d a n d T a l e g a o n for s u p p l y i n g pure m i l k t o the c i t y of P o o n a . 

(Sd.) V . H . G O N E H A L L I , 
Assistant Registrar, Co-operative Societies, 

Bonibay Presidency. 
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Form o ! License used in Bombay. 

X o . O F 1 9 1 5 — 1 9 1 6 . 

Licsnsc for car ry ing on withfn tfia Ci ty the Irade or business of a d e a l e r 
in or importer or seller or hawker of milk and for using premises 

i n the Ci ty for the sals of milk. 

P U R S U A N T t o the prov is ions o f Sec t ions 4 1 2 A (a) and [b) and 4 7 9 o f 
" T h e Ci ty o£ B o m b a v M u n i c i p a l A c t , 1888 " as a m e n d e d b y A c t s . N o s , I I 
o f 1911 a n d V I o f 1913, hlr 

o f B o m b a y , is h e r e b y l icensed 
for the per iod of o n e y e a r , n a m e l y , F R O M 1ST A P R I L 1 9 . . T O 3 1 S T M A R C H 
1 9 . . t o c a r r y on within the City the trade or business o f a dealer in or i m p o r t e r 
o r sefJor or h a w k e r o f m i l k and t o use for the sale o l mi lk the r o o m o r s h o p 
o r p l a c e m e a s u r i n g Sq . Ft . , be ing p a r t of t h e 
premises N o 

W a r d , B o m b a y , 
s u b j e c t , h o w e v e r , t o the restr ict ions and condition.s f o l l ow ing , t h a t is t o s a y — 

1. T h e Licensee shall n o t himsel f or t h r o u g h his servants i m p o r t i n t o 
B o m b a y o r t ransport or h a w k o r e x p o s e or offer for sale in B o m b a y a n y 
m i l k which has been adu l terated b y a d d i n g t o o r m i x i n g w i t h i t a n y w a t e r 
o r o ther subs tance for the purpose o f increasing Che bu lk o r measure thereof , 

2 . T h e L i c e n s e e and his se rvants w h e n i m p o r t i n g a n y m i l k into B o m b a y 
or t r a n s p o r t i n g or h a w k i n g or e x p o s i n g or offering for sale a n y mi lk in B o m b a y 
shall w h e n e v e r required so t o d o b y a M u n i c i p a l Inspec to r of the L icens ing o r 
H e a l t h D e p a r t m e n t sell t o such I n s p e c t o r at a r easonab le price a s a m p l e o c 
s a m p l e s of such mi lk no t more in q u a n t i t y t h a n shall be r easonab ly requis i te 
l o r the p u r p o s e of e x a m i n a t i o n b y analys is o r o ther test, and shall n o t r e m o v e 
o r p e r m i t the r e m o v a l of the milk f r om w h i c h such s a m p l e or s a m p l e s h a s 
o r h a v e b e e n s o t a k e n unt i l s u c h e x a m i n a t i o n h a s b e e n m a d e . 

3. T h e L i censee shal l not at a n y o n e t ime k e e p or p e r m i t t o b e k e p t 
in the said r o o m or s h o p or p lace (hereinafter referred t o as the said premises) 
a n y greater aggregate q u a n t i t y o f m i l k t h a n 

4. T h e L i censee shal l cause the floor and dra ins o f e v e r y par t of t h e 
said premises and e v e r y counter , shelf o r b e n c h o n w h i c h vessels c o n t a i n i n g 
mi lk are kept t o be thorough ly c leansed w i t h water a t least o n c e in e v e r y d a y . 

5. T h e L i c e n s e e sha l l c a u s e t h e floor o f t h e said premises t o be p a v e d 
t h r o u g h o u t w i t h sui table i m p e r v i o u s mater ia l t o b e a p p r o v e d b y the M u n i -

A p r o p o s a l for s tar t ing a d a i r y society ol cuitivators at Asanva f o r 
s u p p l y i n g p u r e m i l k t o A h m e d a b a d has been rece ived . 

V. T h e B h a n d u p Co -operat ive D a i r y S o c i e t y for s u p p l y i n g p u r e m i l k 
t o B o m b a y has been recent ly f o r m e d . 
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c i p a l Commiss ioner a n d the p a v i n g shall be s l oped in such a m a n n e r as l o 
ensure the effectual dra inage ol the said premises , the g r a d i e n t o f s u c h p a v i n g 
be in g n o t less t h a n 1 in 3 0 . 

6, T h e L i censee shall cause e v e r y p a r t of the internal sur face o f t h e wal ls 
-and ce i l ing o f the said premises t o be t h o r o u g h l y l ime w a s h e d a t l e a s t ooct ; 
•in e v e r y y e a r , a n d o f teaer , i f s o required b y t h e M u n i c i p a l Commiss i oner . 

7. T h e Licensee shall n o t d e p o s i t or k e e p a n y m i l k l o r sale—• 
(a) in a n y s tab le ; 
(b) in a n y r o o m or p lace where i t w o u l d b e l iable t o b e c o m e in fec ted 

o r c o n t a m i n a t e d b y impure air or b y a n y of fensive , n o x i o u s 
or de leter ious gas or subs tance , or b y a n y n o x i o u s o r in jur ious 
e m a n a t i o n , e x h a l a t i o n o r ef f luvium ; 

•(c) in a n y r o o m used as a k i t chen or as a Jiving r o o m ; 
(dj in a n y r o o m where a n y o ther t rade d i s a p p r o v e d b y the M u n i c i p a l 

Commiss i oner is carr ied o n ; 
(c) i n a n y r o o m o r bui ld ing o r p a r t o f a o u i l d i n g c o m m u n i c a t i n g 

d i re c t l y b y d o o r , w i n d o w or otherwise w i t h a n y r o o m used 
as a s leeping r o o m or in w h i c h there m a y be a n y person suffer
i n g f r o m a n y infect ious or c o n t a g i o u s d isease o r w h i c h 
m a y h a v e oeen used b y a n y person suffering f r om a n y such 
disease a n d m a y n o t h a v e been p r o p e r l y d is infected ; 

( / ) in a n y r o o m or Duiiding or p a r t o f a bui ld ing in w h i c h there 
m a y b e a n y d i rec t inlet t o a n y drain or w h i c h o p e n s o n t o a 
gul iy or w i t h w h i c h a pr ivy or w a t e r - c l o s e t c o m m u n i c a t e s 
d i rec t ly . 

8. T h e I- icensee sha l l n o t k e e p a n y m i l k in tended f o r sa le i n o p e n 
•vessels, b u t e v e r y vessel c o n t a i n i n g such m i l k shall be p r o v i d e d w i t h a 
su i tab l e c o v e r . 

9. T h e Licensee shal l n o t retai l mi lk t o his c u s t o m e r s by d i p p i n g h i s 
i h a n d s into the vessel c onta in ing the s a m e and e^'cry such vessel shall ia cases 
-where the M u n i c i p a l Commiss i oner shall so require be p r o v i d e d %vith a t a p 
a t the lower end t h r o u g h w h i c h the m i l k shall be d r a w n . 

10 . T h e Licen.see shall h a v e his n a m e and address c l ear ly m a r k e d u p o n 
rail vehic les and c a n s used by him for the sale o f m i l k o r for c o n v e y i n g m i l k 
f o r sale, 

11 . X o imffato m i i k sold o r e x p o s e d for sa le b y the L i c e n s e e shal l 
<:ontain less t h a n f ive per cent , of fat nor less t h a n nine per cent , of soUds 
n o t fat a n d n o c o w mi lk sold or e x p o s e d as aforesaid shall c o n t a i n less t h a n 
3 • 5 per t e n t , o f f a t n o r less t h a n 8 " 5 per c e n t , o f so l ids n o t fa t . 

12. T h e Licensee shall no t cau.sc or suffer a n y c o w or buffalo be long ing 
t o h i m o r u n d e r his c a r e Qr control to be mi lked f o r the purpose o f o b t a i n i n g 
siiilk for s a l e — 

(a) unless, at the t ime of mi lk ing , the u d d e r a n d teats of such c o w o r 
buf falo are t h o r o u g h l y c l ean ; a n d 

(6) unless the h a n d s of the person mi lk ing such c o w or bu f fa l o a lso 
are t h o r o u g h l y c l ean a n d free f r om all in fect ion a n d c o n t a 
m i n a t i o n . 

13. T h e Licensee shall t a k e all reasonab le and p r o p e r precaut ions in cOn-
Tiection w i t h the co l l ec t ion , s torage and d i s t r ibut i on o f the mi lk , and otherwise 
•to p r e v e n t the exposure o f the mi lk t o a n y in fect ion o r c o n t a m i n a t i o n . 

14. T h e Licensee shall n o t al low a n y person suffering f r om a n y d a n g e r 
ous or infect ious disease or h a v i n g been recent ly in c o n t a c t w i t h a p e r s o n s o 

-suffering t o m i l k a n y c o w o r buf fa lo or t o h a n d l e any vessel used for c o n t a i n i n g 
m i l k for sale or in a n y w a y t o t a k e p a r t or assist in the c o n d u c t of the t rade 

' O r business o f this L icense so far as regards the p r o d u c t i o n , d i s t r ibut i on o r 
s t o r a g e o f mi lk a n d the Licensee shall n o t if himself so suffering o r h a v i n g 

ijrecently been in c o n t a c t as aforesaid imlk any cow o r buf fa lo or h a n d l e a n y 
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vesse l used f o r c o n t a i n i n g m i l k for saie o r in a n y w a y t a k e par t in the c o n d u c t 
of the t r a d e or business as far as regards the p r o d u c t i o n , d i s t r ibut ion or 
i,torage of mi lk . 

15. T h e Licensee shall n o t k e e p m i l k for sale , or c a u s e o r suffer a n y such 
m i l k t o b e p laced in a n y vessel , r e ceptac l e or utensi l w h i c h is n o t t h o r o u g h l y 
c lean. 

16. T h e Licenses shall cause e v e r y vessel , receptac le o r utensi l used 
•by h i m for c o n t a i n i n g m i l k f o r sale t o be t h o r o u g h l y c leansed w i t h s t eam o r 
•clean b o d i n g w a t e r be fore a n d after it sha l l h a v e b e e n used, a n d t o b e m a i n 
ta ined in a c o n s t a n t s tate o f c leanl iness . 

17. T h e L i censee shall n o t convey any milk lor sale or d i s t r ibut ion in 
•open vessels but all vessels c o n t a i n i n g such m d k shall be p r o v i d e d w i t h 
] )roper c l ose f itting c o v e r s and in cases w h e r e the M u n i c i p a l Commiss i oner 
shal l so require a t a p a t the lower end t h r o u g h w h i c h the mi lk shall be retai led 
i o the c u s t o m e r s . I f the mi lk is d is tr ibuted in c a n s such c a n s sliall a lso Dc 
p r o v i d e d w i t h p r o p e r l y f ixed covers . 

18. T h e Licensee shall no t a t a n y t ime m i x w i t h o t h e r milk or sell o r uso 
f o r h u m a n food the m i l k o f a n v c o w or buf fa lo w h i c h m a y be suffering f r om 
T u b e r c u l o s i s , R i n d e r p e s t o r F o o t a n d :\Iouth Disease or f r o m a n y d isease o f t h e 
n d d e r w h i c h m a y be ccrtit ied bv a V e t e r i n a r y Surgeon t o be T u b e r c u l a r . 

19. T h e Licensee shall n o t keep o r perui i t t o be k e p t outs ide the said 
p r e m i s e s o r o n the pub l i c r oad o r .street a n y t ins, d r u m s o r o ther vessels used 
ot in tended t o be used for c o n t a i n i n g mi lk . 

'M). Th is L icense is va l id o n l y for the said premises and for the q u a n t i t y of 
m i i k herein specif ied and if the Licensee a t a n y t i m e dur ing the per iod o f this 
L i c e n s e desires t o use any a d d i t i o n a l r o o m or s h o p or any a d d i t i o n a l space ior 
k e e p i n g mi lk o r t o keep an add i t i ona l q u a n t i t y o f milk, l ie m u s t a p p l y for a 
dresh l icense w h i c h (if granted) will b e s u b j e c t to the p a y m e n t o f such a d d i 
t i o n a l Or e x t r a fee a s m a y for t h e t i m e b e ing b e proper ly c h a r g e a b l e i n r e s p e c t 
thereo f . 

2 1 . I f the L i censee i n t t n d s t o v a c a t e or g ive u p possession o f the said 
p r e m i s e s dur ing the per iod o f this License he shall f o r t h w i t h i n f o r m t h e 
J_>cputy H e a l t h Off icer—-Ward o f his intent ion s o t o d o . 

2 2 . Th is L icense is n o t transferable c i ther as regards the p e r s o n t o 
w h o m or the premises for w h i c h it is g r a nte d , w i t h o u t the wr i t ten permiss ion 
•of t h e M u n i c i p a l Commiss ioner . 

23 . T h e L i censee shall cause this L icense t o be affixed in s o m e c o n s p i -
•cuous p a r t of the .said prenii.ses. 

2 4 . I f the L i censee enter ta ins a n y s e r v a n t s for the p u r p o s e o f c a r r y i n g 
•on this t rade , he shall p r o v i d e t h e m w i t h such b a d g e s or authori t ies as t h e 
C o m m i s s i o n e r m a y d i rec t . 

25 . T h e Licensee will at all t imes dur ing the c o n t i n u a n c e o f this L i c e n s e , 
he r espons ib le for the d u e ful f i lment and o b s e r v a n c e of all the f o rego ing 
c o n d i t i o n s , and in case o f a n y in f r ingement of, or neglect or fai lure o n t h e 
p a r t of the Licensee o r o f a n y o ther person t o fulfil or observe a n y o f t h e said 
c o n d i t i o n s , the Licensee wi l l be l iable t o prosecut ion a n d t o suspens ion o r 
r e v o c a t i o n o f this L i cense . 

2 6 . T h e fee chargeab le f o r this L i cense as Used by the Munic ipa l C o m -
iiiissioner w i t h the s a n c t i o n o f the M u n i c i p a l C o r p o r a t i o n u n d e r S e c t i o n 4 7 9 
i2} and Sec t i on 4 1 2 A (a) and [b) of the Ci ty of B o m b a y M u n i c i p a l A c t 

a f o resa id is K s . ( ) , O N L Y . 

P U B L I C H E A L T H D E P A R T M E N T , " ) 
B O M B A V M U N I C I P A L I T Y , C 

191 ,J Municipal Commissioner, 

Deputy Health Officer, for the Cily o / Bombay. 
Ward. 
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APPENDIX D. 

Bye-Laws relating to Milch Cattle Stables made by the 
Municipal Corporation ot the City of Bombay in exercise of the 
powers conferred by Section 461 (/) , {g), and [h) of the City of 
Bombay Municipal Act, 1888 and confirmed by the Municipal 
Corporation at a meeting held on 24th November 1913, and by 
Government by notification No. 675, dated 26th January 1914, 
published in the " Bombay Government Gazette," of the 29th 
January 1914. 

G E N E R A L . 

1, A person or firm hav ing a l icense f r o m the C o m m i s s i o n e r t o u.^e 
a n y premises l o r the purpose o f k e e p i n g M i k h Cat t l e is in these b y e - l a w s 
referred t o as " a L i c e n s e - h o l d e r , " and the premises t o w h i c h a n y such 
l icense relates are referred t o as " l icensed p r e m i s e s , " 

2 , '• D a i r y " m e a n s a p lace in w h i c h milk, butter or o ther p r o d u c t * 
o f mi lk are stored, m a d e o r k e p t for sale, or are so ld . 

3, " S t a b l e " m e a n s any building used o r in tended t o be used f o r 
k e e p i n g Mi l ch Catt le , 

P R E M I S E S L I C E N S E D F O R K E E P I N G M I L C H C A T T L E , 
4 , A person shall n o t be entit led t o a l icense t o use for keep ing M i l c h 

Cat t l e any s tab l e which does not fulfil the c o n d i t i o n s prescr ibed b y b y e - l a w 6 . 
O n e such license o n l y wil l be granted in respect o f the w h o l e o f a n y premises , 
n o t w i t h s t a n d i n g t h a t such premises arc so used o r in tended t o b e used b y 
m o r e persons than o n e o c c u p y i n g several ly , 

5, A l i cense-holder shall n o t a t a n y time o f the d a y or n i g h t — 
(fl) k e e p o n the licensed premises a larger n u m b e r o f Mi l ch Catt le 

t h a n the n u m b e r a l lowed b y his l icense ; 
( 6 ) k e e p in a n y o n e s tab le o n the l i censed premises a larger m i m b e r 

o f Mi lch Catt le t h a n the s tab l ing c a p a c i t y of such s tab le or 
shed will admi t of a c c o r d i n g t o the s t a n d a r d o f floor s p a c e 
prescribed by b y e - l a w 6 (e) : 

(c) in any case, keep in a n y one stable or shed erected o n the l i cense 
premises after these bye - laws c a m e into force a larger n u m b e r 
of Mi lch Catt le t h a n lOO, 

6 . A l i cense-holder shall n o t use ( o r k e e p i n g M i l c h C a t t l e a n y stable-
o n the l icensed premises w h i c h d o e s n o t fulfil the fo l l owing c o n d i t i o n s , 
n a m e l y : — 

(a) its he ight sfiafl be no t less t h a n twe lve f e e t m e a s u r e d f r o m the 
floors of stalls t o the wa l l -p la te ; 

(b) it shall h a v e an o p e n space o f no t less t h a n fifteen feet in w i d t h 
all r o u n d it, .such w i d t h t o be measured f r o m the o u t e r s i d e s 
of the ex terna l p o s t s ; 

(c) its floor surface shall be a t least o n e f o o t h igher t h a n the m e s n e 
level of such surrounding o p e n space , and i ls s i tuat ion shair 
s u c h as t o a d m i t o f i t s b e in g proper ly d r a i n e d i n t o a d r a i n 
or p l a c e legally set apart for the d i s charge of d ra inage ; 

(d) it shal l be o p e n on all sides t o such surround ing o p e n s p a c e , 
but m a y be fitted -with such screens o r weather b o a r d s as t h e 
Commiss ioner m a y in e a c h case a p p r o v e ; 
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{e) it shall be so c o n s t r u c t e d as t o aftord floor space n o t less t h a n 
t w e l v e - a n d - a - h a l f feet i n length b y five feet in b r e a d t h f o r 
each c o w or buf falo t o be s tab led therein, such s p a c e t o be 
inc lus ive of space o c c u p i e d b y a n y manger , c entra l or s ide 
d r a i n , o r centra l passage . 

7. A l i cense -ho lder and e v e r y person using for keep ing Mitch Cat t l e 
a n y p o r t i o n o f the l icensed premises shall , f r o m t ime t o t ime w h e n e v e r required 
by t h e Conuii issioner s o t o d o , furnish t o the C o m m i s i i o n e r a s t a t e 
m e n t in wr i t ing c o n t a i n i n g the co r re c t n a m e o f e a c h person w h o o w n s a n y o f 
t h e M i l c h Cat t l e for the t ime be ing k e p t u p o n the l icensed premises , a n d o f 
i h e n u m b e r o f Milch CattJe o w n e d b y e a c h such p e r s o n . 

8 . A l i cense -ho lder shall no t cause or suffer the d n n g o f a n y M i l c h 
Catt le k e p t o n the l icensed premises t o be d e p o s i t e d 

e d ^ ! ["oUllute S ! ' s u c h a s i tuat ion o r in sitch a m a n n e r a s t o p o l l u t e 
a n y water supplied for use or used or l ikely t o be 

used b y m a n f o r dr ink ing o r d o m e s t i c purposes , or a n y water used or l ikely 
t o be used by Milch Catt le or horses or o ther f o u r - f o o t e d animals , or in a n y 
d a i r y or for c leaning or washing vessels used or in tended for mi lk . 

9 . A l i cense-holder shall canse the floor o f e v e r y s tab le to be p a v e d 
wi th i m p e r v i o u s m a t e r i a l appro\ 'ed by the C o m m i s -

t o S S ^ s S e a"*^ ^'"P^'i ^ " i ^ ^ grad ient of n o t less t h a n 1 
in 30 t o the sat i s fac t i on o f the C o m m i s s i o n e r so as t o 

p r e v e n t a n y s o a k a g e into the g o u n d o f urine or o ther filth. 
10 . A l i cense-holder shall p r o v i d e u p o n o r in s o m e c o n v e n i e n t p l a c e 

in the i m m e d i a t e n e i g h b o u r h o o d of the l icensed p r e -
•be1>TDvidM ^ ^"^ nii-ses a su i tab l e r e ceptac l e o r receptac les f o r d u n g , 

m a n u r e , soil, filth o r o ther o f fensive or n o x i o u s 
m a t t e r w h i c h m a y f r o m t ime t o t ime be p r o d u c e d in the k e e p i n g o f Mi l ch 
Cat t l e u p o n the premises . S u c h receptac l e or receptac les m a y be c o n s t r u c t e d 
o f m a s o n r y o r . m a y be m o v a b l e on wheels , but in the latter case shall be l ined 
w i t h t in p lates o r d a m m e r e d internal ly t o the sat is fact ion of the Commiss i oner . 
S u c h receptac le o r receptac les shall h a v e a n aggregate internal s p a c e 
p o r t l o n a t e t o the n u m b e r o i animals k e p t in the l icensed premises , a n d such 
s p a c e shall n o t be less t h a n c u b i c feet for e a c h h e a d of cat t le so k e p t . 

He shal l cause such receptac le or receptac les t o be c o n s t r u c t e d 
With floor not lower SO t h a t the b o t t o m or floor thereof shall be in e a c h 

than surface of adjoining case a t least ] J fee t h igher t h a n the sur face 
ground. o f the ground ad j o in ing such receptac les . 

He shall a lso c a u s e such receptac l e or receptac les t o be c o n s t r u c t e d in 
such a m a n n e r and of such mater ia l s a n d t o be 

To be so constructed as m a i n t a i n e d at all t imes in such a c o n d i t i o n as t o 
lUlir^tcmS^T °' p r e v e n t a n y escape of the c o n t e n t s thereof o r a n y 

s o a k a g e there from i n t o the g r o u n d or i n t o the wal l of 
a n y bu i ld ing . 

He shall if s o required b y the Commiss ioner cause e a c h such receptac le 
t o b e furnished w i t h a suitable t in . tile or j o w l i roof , 

coT« ^'^"'^'^^ '^'^^ H e m a y p r o v i d e a loft for s torage of h a y o v e r a n y 
stab le o n the l i censed premises , b u t n o t so t h a t a n y 

p a r t o f a n y s u c h lo f t wil l be less t h a n 12 feet a b o v e the floors of stalls . 

He shal l n o t p e r m i t a n y g o w l i or o t h e r person t o sleep in a n y s tab le , nor 
shall he p e r m i t any l o f t or p a r t of the premises o v e r 

stab"e"'ind°l'o'£t '̂' a f^uot ^ ^^^^^^ ^^^'^ p u r p o s e s of h u m a n h a b i t a t i o n , 
to be'inhabited,' " P r o v i d e d t h a t the C o m m i s s i o n e r m a y p e r m i t such 

specif ied n u m b e r , as he m a y th ink fit, of a t t e n d a n t s t o 



224 APPENDIX I'. 

s leep o n the premises , t o prevent a c c i d e n t a m o n g the an imals : b u t n o 
a t t e n d a n t shal l o c c u p y a n y space vihitjh wi l l e n c r o a c h u p o n the air s p a c e 
prescr ibed for e a c h an imal . 

11 . A l i cense-holder shall also p r o v i d e u p o n o r in c o n n e c t i o n w i t h t h e 
„ . , l icensed premises a p a v e d s p a c e t o t h e sat is fact ion 

aiXSauVô bê rSd the Commiss ioner on w h i c h ths ca t t l e c a n be w a s h e d . 
Such paved spacp shall h a v e an area equa l t o n o t less 

t h a n l - 7 t h o f the floor a r e a o f the stable. 
12. A l i cense-holder shall also cause ev^ry dra in or m e a n s o f 

d ra inage u p o n or in c o n n e c t i o n w i t h the l icensed 
t a S ^ d l ^ ' g o c d o r l e r " " " " premises t o be mainta ined a t all t imes in g o o d 

order and efficient a c t i o n t o the sat is fact ion o f 
the Commiss i oner . 

13. ((7) A l i cense -ho lder shall tw i ce d a i l y — m o r n i n g and e v e n i n g -
cause the licen.^ed premises t o oe t h o r o u g h l y c leansett 

y c k S da?!y " ' ^" '^ flushed and shall cause t o b e r e m o v e d f r o m the 
re ceptac l e or r e ceptac les p r o v i d e d in a c c o r d a n c e w i t h 

t b e r e q u i r e m e n t s of byc - I . iw 10, all d u n g , manure , soil , filth, ur ine or other 
of fensive or n o x i o u s matter p r o d u c e d in or u p o n the premises and p l a c e d or 
a c c u m u l a t e d in such receptac le and shall cause the s a m e to be d e p o s i t e d im 
s u c h p l a c e o r p l a c e s a s tht; Commiss i oner shal l from t i m e t o t i m e d i r e c t . 

(b) H e shall n o t cause or suffer a greater q u a n t i t j ' of h a y , grass o r s t r a w 
Not more tban four t ° '^ept o r stored o n the l icensed premises 

days'supply of hay, grass at a n y One t ime t h a n wi l l suffice t o m e e t t h e 
or straw to be stored at r equ i rement of four d a y s o f the animals s tab led 
any one time. therein. 

H e shall no t b y s tor ing the l iay, grass or s t raw, e n c r o a c h o n or d imin i sh 
Storaie ol hay, jn a n y w a v the m i n i m u m space l o r an imals p r e -

rptelor^rmair'"""" Scribed' b y b y e - l a w 6 ( . ) . 

H e shall n o t cause o r a l l ow a n y fire t o be l ighted in a s tab le o r i n a n y 
No ere to be atlLwed p o r t i o n o f the l icensed p r e m i s e ; near t o a n y h a y , 

near hai', 4c. grass o r s t raw stored therein. 
14. A l i cense-holder shall , w h e n e v e r required b y the C o m m i s s i o n e r . 

b r i n g out or cause t o be b r o u g h t out f r om e a c h s tab l e 
To brin<|; oiit animals ^̂ ^̂  l icensed premises for the purpose of inspec t i on 

be ing b e s tab led there in and shall p r o v i d e e v e r y s u c h f a c i h t y as m a y be 
required for e n a b l i n g the person m a k i n g such inspect ion t o t h o r o u g h l y 
e x a m i n e the said an imals o r any o f t h e m . 

L I C E N S E D P R E M I S E S A N D P R E M I S E S O C C U P I E D B Y D A I R Y - M E N 
A N D A U L K - S E L L E R S . 

15. A Ucense-holder , d a i r y - m a n or milk-sel ler shall p r o v i d e a sufficient 
s u p p l v of water f r o m a Munic ipa l m a i n t o tbe premises 

S l i J i f i d ^ r m t i " ^ ' " l i c e n s e d to or o c c u p i e d b y h im for c a r r y i n g o n his 
t rade , a n d shal l n o t w i t h o u t the p r e v i o u s a p p r o v a l in 

Writing o f the Commiss i oner cause of suffer a n y water d r a w n f r o m a wel l t o 
b e used for or suppl ied t o a n y Milch Catt le , 

16. A l i cense-holder , dairy -ntan o r mi lk-se l ler w h o s e premises d o n o t 
fulfil the requirements o f the n e x t succeed ing b y e -

To alter (if required) j respect ing n e w dairies o r s tables shall s o f a r 
lieeoied premises not lul. , ^, . p i i c ^ . l 
Mling I t quite ments of a l ter t h e sa id p r e m i s e s o r a n y p a r t thereo f a s t h e 
next succeeding bye-law Commiss i oner shall f r om t ime t o t ime b y n o t i c e in 
as new dairies or Cattle T^.^iting require for the purpose o f br inging the s a m e 
^ " -̂ in to c o n f o r m i t y so far as m a y be d e e m e d necessar\' 
w i t h the said requii-cinents or a n y of them. 



A P P E N D I X D. 225 

16 

17. A person w h o shall erect a n e w d a i r y or cat t le - shed f o r the s tab l ing 
TiesuJations for con- Milch Cat t l e be l ong ing t o d a i r y - m e n o r milk-sellers 

jtriiciion of nc« dairius or sha l l c o n s t r u c t t h e s a m e in a c c o r d a n c e w i t h the fo l low • 
canie sheds. i n g r u l e s : — • 

(a) T h e r o o f shall be tiled o r c o v e r e d wi th c o r r u g a t e d s h e e t 
Rooi. iron. 

{b) T h e f loor sha l l be p a v e d t h r o u g h o u t w i t h sui table i m p e r v i o u s 
Pl^^j. m a t e r i a l a p p r o v e d b y the C o m m i s s i o n e r a n d t h e 

p a v i n g shall b e so s loped as t o ensure e f fectual d r a i n a g e 
h a v i n g a gradient of n o t less t h a n 1 in 30 . 

(c) T h e s tab le shall b e f itted w i t h m a n g e r s 2^ feet in w i d t h , and if t b e 
m a n g e r s are so arranged t h a t the animals in t w o r o w s face e a c h o ther , a p a s s a g e 
o f a t least 3 feet in w i d t h .shall be left b e t w e e n tbe t w o r o w s of m a n g e r s . T h e 
f loor of this p a s s a g e shall b e p a v e d in the s a m e m a n n e r as the f loor o f the 
s tab les , and t h e passage shal l a t a l l t i m e s bft k e p t free o f o b s t r u c t i o n . 

{d) T h e s tab le shall be drained b y an o p e n o v o i d dra in of such mater ia l s 
a n d d i m e n s i o n s w i t h such fal l and la id in such pos i t i on and m a n n e r in all 
r e spec t s a s the C o m m i s s i o n e r sha l l r equ i re and such drain shal l b e c o n n e c t e d 
w i t h such sewer or o ther m e a n s o f dra inage as the Commiss i oner shall d irect . 

18. A person shal l n o t erec t a n e w s tab le f o r Mi l ch Catt le be l ong ing t o 
Not to hp within 15feet d a i r y - m e n or milk-sel lers w i th in a d i s t a n c e o f IS 

from any street or 25 teet feet f r o m a n y street or 25 feet f r o m a n y d w e l l i n g 
from aiiy dwelling house. house 

19. A d a i r y - m a n or milk-sel ler shall n o t sell or keep m i l k in a n y dwe l l ing 
Milk not to he sold house or r o o m or p l a c e used for s leeping o r c o o k i n g 

OT kept in d w e l l i n g o r where o t h e r art ic les o f f o o d are k e p t or where a n y 
houses, ikc. o t h e r t r a d e is carr ied o n . 

20 . A d a i r y - m a n or milk-sel ler shall c a u s e e v e r y par t o f the internat 
Internal surfacee of sur face o f t h e w a l l s a n d ce i l ing o f e v e r y r o o m or p l a c e 

walls and ceiings to be in w h i c h m i l k is k e p t or sold b y h i m t o b e t h o r o u g h l y 
lime-washed peciodicaUy. Uuie-washed tw i ce at least in e v e r y y e a r o r o f t e n e r 
if so required by t h e Commiss ioner , 

H e shall also cause the f loor of e v e r y such r o o m o r p lace t o b e p a v e d 
t h r o u g h o u t w i t h sui table i m p e r v i o u s m a t e r i a l a p p r o v e d b y the C o m m i s s i o n e r 
a n d the p a v i n g shal l b e s o s l o p e d as t o ensure e f fectual d r a i n a g e h a v i n g a 
g r a d i e n t of no t less t h a n 1 in 30 . 

H e shall also cause the f loor and drain o f e v e r y such r o o m c r 
p lace and e v e r y c ounter , shelf or b e n c h o n w h i c h 

&^iolTc\e!'J^ mil"* vessels are k e p t t o be washed and t h o r o u g h l y 
c leansed d a i l y , 

2 1 . A d a i r y - m a n o r milk-sel ler shall cause e v e r y vessel used in h i s 
Milk vessels to be rins- m i l k - s h o p or in the d is t r ibut ion of his m i l k t o b e 

ed and'boroughIy cleans- r insed w i t h boiUng w a t e r a n d t h o r o u g h l v c l e a n s e d 
.-d below and alter use. be fore a n d after use . 

22 . ,\ d a i r y - m a n or milk-sel ler shall n o t use or p e r m i t t o be 
used f o r t h e w a s h i n g a n d c l eans ing o f m i l k 

mabs'tndT'̂ ro'̂ Jed'wiils "̂ '̂ ^^^ '̂̂  w a t e r e x c e p t such as is d r a w n 
(jray^to be used'forwatii- ^'^om a Munic ipa l m a i n or f r o m a wel l t o be
ing tnilk vessels, p r e v i o u s l y a p p r o v e d in wri t ing b y t h e C o m m i s 

sioner. 
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Provisions which relate to the sale of food, and which may 
b y notification be made applicable to any food . 

3 . (1} W h o e v e r sells t o the pre jud i ce of the purchaser a n y art ic le o f 
f o o d w h i c h is no t o f the na ture , s ubs t a nce or qua l i t y o f the artic le d e m a n d e d 
b y such purchaser , shall b e pun ished for the first o f fence w i t h fine w h i c h m a y 
e x t e n d t o o n e hundred rupees , and for a second or a n y s u b s e q u e n t o f fence w i t h 
fine w h i c h m a y e x t e n d t o five h u n d r e d rupees . 

(2) P r o v i d e d t h a t n o o f fence shall be d e e m e d t o h a v e been c o m m i t t e d 
u n d e r this sec t i on in the f o l l owing cases , t h a t is t o s a y , — 

{a) w h e r e a n y m a t t e r or ingred ient n o t in jur ious t o h e a l t h has b e e n 
a d d e d t o the artic le o f f o o d , b e c a u s e the s a m e is required f o r 
the p r o d u c t i o n or p repara t i on thereof , as an artic le o f c o m 
m e r c e , in a s tate fit for carr iage or c o n s u m p t i o n , a n d n o t 
f raudulent ly t o increase the bu lk , we ight or measure of the 
f o o d or c o n c e a l the inferior qua l i t y thereof . 

[b) where in the process of p r o d u c t i o n , p repara t i on or c o n v e y a n c e 
of such artic le of f o o d s o m e e x t r a n e o u s su bs tan ce liEis 
u n v o i d a b l y b e c o m e i n t e r m i x e d therewt ih , 

(c) w h e r e a n y m a t t e r or ingred ient n o t in jur ious t o hea l th has b e e n 
a d d e d t o or m i x e d w i t h such art ic le of f o o d a n d , be fore the 
sale thereof , the seller has b r o u g h t t o the not ice of the 
purchaser , e i ther b y m e a n s of a labe l d i s t inc t ly and l eg ib ly 
wr i t t en o r pr inted o n or w i t h the artic le or o therwise , the 
f a c t t h a t si ich m a t t e r or ingred ient has been so a d d e d or 
m i x e d . 

Explanation :—If in c o m p l i a n c e w i t h a d e m a n d for ghee a n y artic le is 
s u p p l i e d w h i c h c o n t a i n s a n y subs t a nc e n o t e x c l u s i v e l y der ived f r o m mi lk , 
such artic le shall be d e e m e d t o h a v e been sold t o the pre jud i ce o f the purchaser 
w i th in the m e a n i n g of sub - sec t i on (1), unless before the sale thereof the seller 
has b r o u g h t t o the n o t i c e of the purchaser the fac t t h a t it c o n t a i n s s u c h 
s u b s t a n c e . 

(3) I n a n y p r o s e c u t i o n under this sec t i on it shall be n o de fence t o al lege 
t h a t the v e n d o r w a s i gnorant o f the nature , substance o r qua l i ty o f the art ic le 
so ld b y h i m , or t h a t the purchaser h a v i n g b o u g h t o n l y for analysis w a s n o t 
p r e j u d i c e d b y the sale . 

P r o v i d e d t h a t the v e n d o r shall n o t b e d e e m e d t o h a v e c o m m i t t e d a n 
o f fence under this sec t ion , if he p r o v e s t o the sat is fact ion of the C o u r t — 

(a) t h a t the article so ld w a s purchased b y h im as the s a m e in na ture , 
subs tance and qua l i t y as t h a t d e m a n d e d b y the purchaser , 
a n d w i t h a wr i t t en warrant t o the effect t h a t it w a s o f s u c h 
nature , s ubs t a nce and qua l i ty , 

(b) t h a t he h a d n o reason t o bel ieve a t the t i m e w h e n he sold i t t h a t 
the artic le w a s n o t of such na ture , su bs tan ce and qua l i t y as 
aforesaid , and 

(c) t h a t he sold i t in the same state in w h i c h he purchased it. 

APPENDIX E. 

Extracts from the Bombay Prevention of Adulteration 
Act . , 1899. 

(As modified up to the 1st July, 1909.) 
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4. (1) If i n the City of B o m b a y the Commiss i oner o r a n y officer 
•empowered by h i m in t h a t behalf , or e lsewhere the officer author ized b y the 
Muni c ipa l i t y for the purposes o f sec t i on 142 o f the B o m b a y Dis t r i c t M u n i c i 
pa l A c t , 1901, shall a p p l y t o purchase a n y art ic le o f f o o d e x p o s e d for sale 
a n d shall t ender the pr ice for a q u a n t i t y n o t m o r e t h a n shall be r e a s o n a b l y 
requisite for the p u r p o s e of analysis , a n d the person e x p o s i n g the s a m e f o r 
sale shall refuse t o sell the s a m e , such p e r s o n shall b e h a b l e t o a p e n a l t y n o 
•exceeding fifty rupees . 

(2) T h e Commiss i oner o r officer e m p o w e r e d as aforesaid in the C i t y 
o f B o m b a y , a n d elsewhere the officer author ised b y the Munic ipa l i ty as 
•aforesaid, o n purchas ing a n y artic le u n d e r this sec t i on for the p u r p o s e s of 
ana lys i s , shall , after the purchase shall h a v e been c o m p l e t e d , f o r thwi th 
n o t i f y t o the seller or his agent selling the artic le his in tent ion t o h a v e the 
s a m e ana lysed b y the C h e m i c a l A n a l y s e r t o G o v e r n m e n t , and shall offer 
t o d i v i d e the article i n t o three parts t o be t h e n and there separated and e a c h 
p a r t t o be m a r k e d and sealed or fastened u p in such m a n n e r as its nature 
will permi t , and shall , if required t o d o so , p r o c e e d a c c o r d i n g l y , a n d shall 
del iver o n e o f the parts t o the seller or his agent . 

H e shall a f terwards retain o n e of the said p a r t s for future c o m p a r i s o n 
and s u b m i t the third part , if he d e e m s it r ight t o h a v e the artic le a n a l y s e d , 
t o t h e C h e m i c a l A n a l y s e r t o G o v e r n m e n t . 

(3) I f the seller or his a g e n t d o n o t a c c e p t the offer o f the purchaser as 
aforesaid t o d i v i d e the artic le purchased in his presence , the C h e m i c a l A n a l y s e r 
t o G o v e r n m e n t rece iv ing the artic le for analys is shall d i v i d e the s a m e into 
t w o parts , and shall seal o r fasten u p o n e of those parts and shall cause i t , 
e i ther u p o n rece ipt of the s a m p l e or w h e n b e suppl ies his cert i f icate , t o be 
t ie l ivered t o the purchaser , w h o shall retain the s a m e for p r o d u c t i o n in case 
p r o c e e d i n g s shal l a f terwards be t a k e n in the m a t t e r . 
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N u m b e r o f m i c r o b e s in m i l k , 52 , 56 . 
N u t r i t i v e va lue o f bo i l ed mi lk , 117, 

118, 182. 
N u t r i t i v e va lue of sterilised m i l k , 

118, 119, 120, 187, 188. 
Pas teur i sa t i on : a d v a n t a g e s a n d d i s 

a d v a n t a g e s of, 185, 1 8 6 ; cos t of , 
154, and Appendix A. 

Pasteur i sat ion : for c o m m e r c i a l pur 
poses , 153 ; m e t h o d s of , 184. 

P o i s o n i n g t h r o u g h mi lk , 105, 106. 
P o o n a : a d u l t e r a t i o n o f m i l k in . 

4, 45 ; c o m p o s i t i o n o f m i l k in . 
34 ; m i l k supp ly of, 28 . 29 . 

Preserva t i on o f m i l k ; m e t h o d s for , 
180 ei seq. 

P r e s e r v a t i v e s in mi lk , 1 2 1 , 122 , 123 •, 
legis lat ion regard ing , 2 0 5 , 

Pr i c e o f m i f k in I n d i a n citiei^, 4. 48 . 
P r o t e c t i v e s u b s t a n c e s in mi lk , 128, 

129, 130. 
P u r e m i l k : def in i t ion of, 2 0 3 , 2 0 4 . 
Pur i f i ca t ion o f m i l k : m e t h o d s f o r 

the , 180 et seq. 
P u s Cells in mi lk , 67 , 68 . 
R a t i o n of I n d i a n m i l c h c a t t l e , 143, 

144, 145. 
R e f r i g e r a t i o n , 180 . 181. 
R e f r i g e r a t o r s ; t y p e s of . 175, 176. 
S a m p l e s of m i l k : f our c lasses o f 52 ; 

the m e t h o d o f tak ing , 207 . 
Score - card , 208 , 209 . 
Score - card s y s t e m , 207, 2 1 0 , 2 1 1 . 
Seasona l var ia t i ons , 77, 78 , 7 9 . 
S e d i m e n t in mi lk , see dirt. 
Shops (mi lk) , 23 . 
S k i m m e d mi lk , 205 . 
S laughter o f d r y an imals in the c i t ies , 

8. 9 ; measures for min imis ing the 
evi l of. 151. 

Stables , m i l c h c a t t l e : in B o m b a y , 
24 ; b } e d a w s regarding B o m b a y , 
199. and Appendix Z>,,; essential 
p o i n t s a b o u t , 1 4 6 ; l o c a t i o n of. 
146. 147, 148 : s t ructura l require -
n^ents ior , 168-169 . 

S t a n d a r d s , see milk standards. 



ADVERTISEMENT. 

Telegraphic A'^dres'! • 

' l a c t i c : 

B O M B A Y & N A D I A O . 

Wholesale Dealers. Manufacturers. 
AN D 

Exporters ot Choicest Dairy Produce 
and Fresh Mill( Suppliers. 

SHOP-KEEPERS, HOSPITALS, HOTELS 
AND SHIPPING 

SUPPLIED AT REASONABLE RATES, OBTAIN-
ABLE ON APPLICATION. 

Heaa Office: 

5 , B a n k S t r e e t , B O M B A Y . 
BOMBAY BRANCH : CALICUT STREET. 
CREAMERY: NADIAD, GUJARAT. 

W. R E E V E S , M a n a g e r . 



A D V E R T I S E M E N T . 

B E F O R E T H E W f f R 
The " A L F A - L A V A L " was used in 98 out of every 100 of the 
Dairies throughout the world, because it skims clear, extracts more 
fat from the milk than any other, turns more easily and costs less in 
ppkeep. 

D U R I N G 
T H E W A R 

W e are advised to economise , 
therefore every Dairy must have 
the Latest Model •< A L F A - 
L A V A L " — i t produces more 
butter and of a better quality— 
SOUND ECONOMY. 

H F T E R 
T H E W H R 

The " A L F A - L A V A L " will be 
in still greater demand. It is 
always 10 years in advance of 
others. Every improvement of 
any practical value is embodied 
in the Latest Model " A L F A - 
L A V A L " Cream Separator. 

O v e r 1 , 7 5 0 , 0 0 0 h a v e b e e n s o l d a n d o v e r 1 , 0 0 0 F i r s t P r i z e s 

h a v e b e e n a w a r d e d t o t h e " A L F A - L A V A L . " 

A G E N T IN INDIA 

E D W A R D K E V E M T E R , 
Dairy Farm P.O. . filigarh, U P . 

D H R J E E L I N G . D E L H I . C H L C U T T K G S I A I L H . 



V . M ) V ] : R T I S E M E N T , 

M I L K P O W D E R 
i-s prepared from tlie FresK Milk of healtliy Cows nurtured 
on tlie best Pasture lands in America, Australia and 
France, is obtainable as Skim, Half-cream and Full-cream 
powder- It has tbe taste of Fresb Milk, is decidedly 
-economical and free from dirt and germ and keeps well. 
It is easy to prepare 

For further particulars apply io ihe Sole Premier Importer 
of Milk Powder in the East. 

F M . C A M A , 
Provisions Mercî ant & General Commission Anenf, 

2nd FLOOR, OOMRIGAR BUILDINGS, 
NEAR THE CRAWFORD MARKETS, 

BOMBAY. No. 3. 

COCOSE COOKING B U T T E R 
as absolutely pure and unadulterated, is a vegetable product that keeps 
well m all climates, is eminently suitable for all culinary purposes. 
IS agreeable m taste, and free from any smell, more economical tban 
-ghee because free from moisture and adulteration and therefore 
absolutely safe to use. 

It IS more digestible tban other fats and its use has been 
recommended in France by the Medical and Health Departments and 
the War Minister. 

It is locally supplied to the leading Hotels, Restaurant 
Cars and Private Families in India, 

Apply for a list of various Grand Prix secured by the Beurre 
•de Cocose at several Exhibitions. 

Sole A^ent: F . M . C A M A , 
rrovisions A\erchant & General Comniission Agent. 

2nd FLOOR. OOMRIGAR BUILDINGS, 
NEAR THE CRAWFORD MARKETS, 

BOMBAY. No. 3. 



A D V E R T I S E M E N T , 

BY ROYAL WARRANT 

TO H-M. KING GEORGE V-

DAIRY SUPPLY 
Co., LTD., 

LONDON. 

SOLE AGENTS. 

H. E. THE GOVERNOR OF BOMBAY. 

BOMBAY DAIRY 
SUPPLY Co., 

62. LAMINGTON RD.. 
Near Grant Rd. Station, 

BOMBAY. 
Illustrated List and 

any desired information 

free on application. 

" A L F A - L A V A L " 
CREAM 

SEPARATOR 
used ill 98 out of 
every 100 of the 
Creameries through
out the World. 

K 7 0 0 , 0 0 0 
S O L D -

A W A R D B D 

l . O O O 
FIRST PRIZES. 

Dr. GERBER'S 

BUTYROMETERS. 
PASTEURIZERS. 

The " S i m p l e x " S T E R I L I Z E R S . 
M I L K B A L A N C E S A N D P A I L S . 

„ F I L T E R S . 
„ R E F R I G E R A T O R S A N D COOL= 

ERS. [ B O T T L E S . 
„ S T E R I L I Z E R A N D H Y G E I A 

Railway and Delivery C H U R N S . 
One Piece CANS. 
B U T T E R C H U R N S A N D W O R K E R S , 
D E L A I T E U S E B U T T E R D R Y E R . 
CHEESE PRESS A N D R E N N E T 

T A B L E T S . 
BOOKS ON D A I R Y I N G , etc . , etc . , e tc . 



A D V E R T I S E M E N T . 

POLSON'S 
T H E Q U A L I T Y B U T T E R 

I s m a d e s o l e l y f r o m R i c h C r e a m — t h a t is w h y i t 
is f a r s u p e r i o r t o t h e B u t t e r s o l d i n the B a z a a r . 

IT IS FULL j^^^^^k ^^N^PACTURED 

* i f f lVj^Ho UNDER THE 
VJ EIGHT—1 Sozs. WvSS^Sh\ 

CltlDBER^^ M O S T SCIENTIFIC 
TO THE POUND ^ ^ M W ^^jy HYGIENIC 

INSIDE THE TIN. METHODS. 
Facsimile of T i n . 

T r y a t i n w h e n n e x t y o u w a n t B u t t e r . 

3 one-tb. T i n s Poison's Butter Post Free fo r R s . 3 - 3 . 

PRESENT TICKET INSIDE POUND TINS. 
List of PresGits sent for Half-anna Stamp. 

WHOLESALE PRICES TO T h E TRADE 
ON A P P L I C A T I O N . 

P O L S O N ' S L t d . , 
C O F F E E & B U T T E R M A N U F A C T U R E R S , 

1 1 5 , Frere Road, Fort. BOMBAY. 


