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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 only
within the last few years that the subject of improving it
has received the attention which it deserves,

In Bombay and other large Tndian towns, dairies have
been established by private enterprise, in which a fairly
good attempt is made to handle milk by Western methods.
But thcse establishments cater for the well-to-do classes,
who zlone 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 how to obtain a
reasonably pure and whelesome milk-supply at a mederate
price from indigenous agencies, viz., the gowlee.

It is well known that milk is stored by these gowlees
in dirty howvels, the brass milk vessels undergo a process of
so-called cleaning by heing scrubbed with mud obtained
from 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 Westernt cities,
but it is doubly so in India, and the book 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
and varied aspects of the milk supply in India.

In Bombay, for many years, we have been struggling
with the question, and, although some slight improvement
may be noticed, unless and until the matter is dealt with
seriously, no subsiantial improvement will take place.

Since 1904, in the Bombay Municipal Laboratory, milk
has formed one of the most important matters dealt with,
and Dr, Joshi has made it a special study and has sum-
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marised the work done in other cities, and the treatise
he now lays before the public is a valuable contribution
on the subject.

The demand for pure milk in large towns in India is
increasing rapidly, but the supply is not equal to it.

Inquiries have been made into the quantity of milk
consumed by different classes of people, and we find that
amongst the poorer classes very little is consumed, and
what is uscd is of a very inferior quality.

Many local autherities in England realise the difficulty
the poorer classes have in the way of obtaining milk
and have provided pure milk depots at which milk is
provided at cost price.

The protection of milk from dirt and contamination has.
been the subject of much discussion in all Western cities,
and strong legal provisions are enacted. In America, the
regulations for the control of milk are most stringent.

In Bombay much progress has been made in the direc-
tion of legislation and the regulations for the licensing of
milk sellers, but many difficultics must be overcome before
we can hope for much improvement. The work of Dr.
Josht will place, in the hands of the public, informa-
tion which should enable them to co-operate with the
authorities ; without such co-operation little can be done.

J. A. TURNER,
Bomsay, 6th January, 1916.
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The chemical analysis of Bombay-milk was first undertaken
in the Bombay Municipal Laboratory in 1903, A systematic
examination for Tubercle bacilli in milk was made by the author
during four years (1910-13). In the early part of 1913, a special
investigation was started regarding the bacteriolugical and chemi-
cal examination of the Bombay milk supply. This has been
continued for neatrly three ycars. The original object of the
investigation was to study the normal composition of milk and
its variations under different local conditions ; to find out the kind
and amount of aduiteration: to detect and measure the conta-
mination of milk and to establish chemical and bactericlogical
standards for Bombay. A preliminary paper was read at the
Third All-India Sanitary Conference at Lucknow. It was soon
found necessary, however, to widen the scope of the enquiry and
to study various other phases of the milk problem including the
economic, sanitary and legal aspects.

There are numerous publications available on the milk
question in Europe and in Ametica ; but here in India, with the
exception of scattered articles in journals and periodicals, very
Iittle literature has been published so far on a subject which is
of great importance to the Public Health. The present inves-
tigation deals with the milk problem as it exists mainly in
the city of Bombay, but may be applied with some modifica-
tions to most of the large cities of India. Reference is made
to Calcutta, Madras, Delhi, Poona, Bangalere and other cities
from time to time. It cannot possibly cover the entire field,
but the main aspects of the milk problem, including Remedial
Measures, are dealt with briefly. The physiology of milk as
well as the details of the methods used for chemical analysis
and bacteriological examination have been omitted, as these
can be easily found in most Text-Books.

The increased interest recently shown in this important
subject by Government, Municipal Corporations and the public
makes the author hope, that in spite of any possible defects
or shortcomings, the book would serve a useful purpose.
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THE MILK PROBLEM I[N INDIAN CITIES
WITH SPECIAL REFERENCE TO BOMBAY,

CHAPTER L
GENERAL CONSIDERATIONS.

THE problem of supplying pure and clean milk to large cities
has been found to be a very difficult and perplexing one and has
not been satisfactorily solved even in Europe or in America.
Rosenau of the U, 5. A, says: * Thereis probably no single
probiem 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 condition. This may be ascribed to various factors,
such as climatic 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 control | &c.

The milk problem may appear very simple to the casual
observer, being only a part of the larger problem of Pure Food.
A deeper study, however, would disclose the iact that the milk
problem is one of the most complex problems in public sanitation.
There are several reasons why we have a milk problem. In the
first place, milk is almost an universal article of human food, and
is used in all civilised countries. Secondly, milk is likely to
convey disease directly by pathogenic microbes when it is polluted,
or to cause it indirectly when it is adulterated. Example 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 ¢ssential article of diet during infancy and early childhood,
It is a perfect food not only for infants but also for bacteria which
grow abundantly in it. Another reason why 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 climate, milk decomposes more quickly than any other food.
Hence it may be assurmned that every sample of milk is [dkely
to become dangerous to health.
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In India, milk holds the first place in the dietary of the
people and 15 used universally in some form or other. Milk and
milk products such as curds, butter-milk, butter and ghee are used
pariicujarly by the middle and the high classes. Tea is rapidly
becoming the national drink of India, and in Iarge cities like
Bombay, most people of every race, caste, colour and creed
partake of tea. A great deal of milk is used up in this manner.
Miik is also uscd in making ** Khawa,” ** Mawa,” * Basundi,”
and swectmeats, such as “ Pedhas,” etc, which are peculiar
to India and which are consumed in large quantities by 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 Fconomist, the Dairy Expert, the
Sociglogist and the ILegislator.

(1) First, we hav the sanitary aspect of the milk problem.
This involves (a) a study of the various sources of the city milk
supply and of the manner in which milk is collected and distri-
buted, including an investigation of the different conditions
afiecting the milch-cattle, eg., their housing, feeding, breed,
discase, ctc,, and theireffects 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
Tndian milk, the kind and extent of adulteration and the amount
of pollution present; (¢) the relation of milk to the public
health ; and (d) a study of the practical sanitary measures (such as
inspection of the cattle-stables, the dairics, etc.) which can be
readily applied and are most suitable to conditions as they exist
in India.

{2} Secondly, there is the social side of the milk problem -
this is of special importance here in India. The intricate caste-
systam, the religious beliefs and the social customs of the people
the illiteracy of the masses, the domestic habits of the people, &,
are all important factors and have some bearing on the milk
problem. The customs and habits of the people who deal in
milk are most unfavoeurable to.the production of clean and whole-
come milk. The method of miiking, the modes of transportation,
etc, are greatly objectionable from a sanitary point of view.
Education, in thc broadest sensc of the term, is essential to over—
come ignorance, prejudice and indifference ; education alone
would give the people a keen sense of appreciation of public
faniation and personal hygiene. Without the intelligent and
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active co-operation of the milk dealers, it would be hardly possible
to apply any practical remedies to the solution of the milk probiem.
The milk problem thus involves a systematic and sympathetic
study of the various conditions of social and domestic life in
the city as well as in the country, and the devising of ways and
means for the removal of unfavourable conditions by means of
education, etc.

(3) Thirdly, we have the economic side. The improvement
of the milk supply of Indian cities is primarily an economic
problem. In some respects it is of the greatest importance in
India, where an appalling amount of poverty prevails among the
people, and where the dairy industry is in a very bad condition.
As will be shown in this memeir, it is extremely difficult to get
genuine milk in Bombay for less than four annas per scer {about
6§ pence or 13 cents per quart).  This rate is considerably higher
than that in most large European and American cities. It
indicates that there is something radically wrong in the cost of
producticn 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 problem 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 cattlestables and
modern dairies on co-operative basis, etc., etc. Unless there is a
vast improvement in the present methods of production and dis-
tribution of milk, the price is likely to remain very high. It 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
mmpossible for even the higher classes to obtain a sufficient quantity
of pure milk, Instcad 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 problem is quite new to India. The Government of Bombay,
after considering the representations of the Bombay Municipal
Corporation, have only recently passed an Act (Bombay Act VI
of 1913) for the sanitary control of the milk supply of Bombay.
This is the first attempt at milk legislation here and it would be
instructive to watch its effects. All the dairymen, dealers,
importers, or sellers of milk are now required to hold licenses in
Bombay. 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 Bombay. Legislation of some kind or
other is, no doubt, necessary for the effective sanitary control
of the milk supply in India ; but if that would render the economic
problem more complex by causing a further rise in the existing
high price of milk and thus making it practically impossible for
the masses to oblain pure milk, then such legislation may be
open to question from the economic point of view. Adequate
measures for the economic production 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 s 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 fonr-fifths of the milk supply of Bombay is adulterated
with waler, and over 90 per cent. of the milk samples examined
bacteriologically are comtaminated with microbes whose presence
indicates dirt, elc. In Poona and Bangalore ? milk has been
found to be adulterated with water to the exicnt 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 public health,
and particularly on infant mortality. Milk in India is not only
adulterated and contaminated but is also very costly. As remarked
by the Government of India in Resolution No. 888-908 of the
283cd May, 1914 :—

“ The adulteration of milk i3 almost universal in Indian
bazaars and a large proportion of the milk consumed is contzmina-
ted. In most cities the milk supply is in the hands of men igno--
rant of the clements of sanitation and addicted to uncleanly
practices. Moreover, the milk when stored and in transit to
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

L Observatious on the Chemical and Bacteriological Examination of the Mik Suppl
of Bombey,” by Dr, Lemnue] Lucas Joshi, being a preliminary paper read before the thipd a.lly-
Tndia Sanifary Conference at Lucknow in Jauuacy 1914,

3 Vids papers on milk tead at tbe same conlersnee by Dr. Maom and Dr. §. Rau
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to such an extent as to cause hardship to the poorer classes is a
difficult one.”

The milk trade in the large cities of India represents an outlay
of a considerable amount of capital. If the total daily milk-
supply of Bombay 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
1s estimated at about 75 lakhs or three-quarters of a crore of rupees.
Constdered from a financial pointl of view, there are great possi-
bilities if the dairy business in this country was organised
along economic and scientific lines. Improvement of the milch
cattle alone would result in a considerable increase in the net
income. The number of milch cattle in the city of Bombay and
suburbs may be taken at about 30,000. If these animals could
be improved so that each buffalo and cow would give on the
average, say, two rupees worth more milk per month {or Rs, 24
per year per animal} this would mean an additional income of
more than seven lakhs {Rs. 700,000) per annum without much
initial expense.

¥“The 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 citics may be summed up as follows :—

{1) The supply of milk in the cities is deficient in amount.

(2) The quality of milk supplied is bad 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
public health in India, particularly with reference to infants.

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

(4) The milk trade of Indian cities is mosily in the hands
of the city gowlee who has no idea of the principles of economic
dairying and who is quite indifferent to the laws of hygiene and
sanitation.

{5) Part of the milk supply of the cities is from the neigh-
bouring villages where the ordinary ewlfivator keeps a few buffaloes
and cows and supplies milk under expensive and very insanitary

# ** Journal of Dairying,” Vol. 1, Part 3, April 1814, p. 225,



6 SUMMARY,

conditions ; 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 varlous
phases of the milk question in India and to find out the most
scientific, economic and effective methoeds for the production and
distribution of pure milk to the cities in large quantities and at a
moderate price.



CHAPTER 1L

INDIAN MILCH CATTLE AND THE MILK SUPPLY OF
INDIAN CITIES.

The number of cattle (bulls, bullocks, cows, buffaloes and
young stock) in India amounts to the enormous teotal of 139
millions,? an increase compared with the number a decade ago.
The United Provinces account for 1} 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
Bombay Presidency including Sindh only 7 per cent. According
to Keatinge? the number of cattle in the Deccan amount to
3,400,000 of which about one-sixth are buffaloes, The plough
bullocks amount to 1,315,000 and the plough buifalces to 55,000.
The total number of cattle in the Bombay Presidency {excluding
sindh) is given as 7,529,792. Qut of this, 2,614,798 were plough
oxen, 214,691 were plough buffaloes (male), 587,853 were cows
and 868,746 were she-buffaloes. The excess of oxen over cows,
and of female buffaloes over male buffaloes is very marked. The
fact that the female bufialoes are nearly four times as numerous
as the males indicates that the buffalo is par excellence the milk
animal of the country.

The dairy industry in India is admitted to be in a most
unsatisfactory condition. This is in a great measure due to the
fact that the indigenous breeds of milch cattle—particularly cows
—are very poor milkers. \With the exception of the Government
dairies and a few private farms, no systematic attempt seemns to
have been made regarding scientific breeding in India. From
numerous cnquiries made, it appears that the Indian miich cattle
show a deferioraiion in quality, and that the number of good
animals is rapidly diminishing. This may be ascribed to the
following causes :—{1) Lack of scientific breeding. (2) Exporta-
tion of the best animals to foreign countries. (3) Removing
certain breeds of cattle tu other parts of the country where the
climatic and other conditions are not suitable for them. (4)
Supplying the large cities with thousands of milch cattle, which

1 4 The Titnes of India, ' Thursday, May 13, 1915, “ Indian Asriculture. Its strength end

Progress.
3 G, Keatinge, 1. C, ., " Rural Economy in the Deccan * 1912
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eventually fall into the hands of the butcher. (5) Occasional
famines. (6) Defective feeding and tending. (7) Neglect of
proper rearing of calves,

Notwithstanding the numerous adverse factors and crude
methods of breeding, it is surprising to find that there are so many
well-de fined and pure breeds of milch cattle in India. Among
the best breeds of cows may be mentioned Sindhi, Gir, Saniwahi
and Hanst, and among the buffaloes, the Delhi or ** Murrah "
Surati (Gujarat) and [Jaffrabadi (Kathiawar). There is hardiy
anything known regarding the original stock from which each
breed has sprung. It is possible that the breeds of cattle found
to-day in India differ a great deal from their original progenitors.
The fact that many pure breeds have a distinctive type and family
likeness seems to indicate that this may have been the result
of careful breeding through many generations. It may be also
due to the fact that until recent times, the local breeds have been
limited to their own habitat and rarcly taken to other districts,
s0 that they have developed into a specific type characteristic
of a particular distriet.

Some of our best dairy animals are reported to be
exported to Argentina, Uganda, Japan, Burmah, the Phillipines
and other countries, but no statistics are available as to the exact
nuinber thus exported from 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 ewn habitat to other
parts of India show dcterioration. Tor instance, a Hansi cow
when brought to Bombay from its home in the Punjab (Hansi- .
Hissar District) does not flourish but deteriorates. Similarly,
when certain milch breeds are taken to the hills from the plains,
the yield of milk is known to drop by as much as 20 per cent.

The slaughter of *“dry " animals in the large cities probably
accounts to some extent for the diminution in the number of good
milch cattle in India. Most of the cows and buffaloes in Bombay
are either sold to the butcher when drv, or are sent to the country
for grazing.  According to the Chief Veterinary Inspector of
Bombay. out of the dry animals, 75 per cent. are slaughtered and
only about 25 per cent. are sent out to the country. During the
year 1914-15 at the Bandra Slaughter House (near Bombay)
44,177 cows and 8,574 buffaloes were slaughtered. Out of this
number about 3,000 cows and all the buffaloes were from the
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Bombay milch cattle stables. During the same period about
5,000 buffaloes were slaughtered at Kurla, making a total of
about 13,600 Bombay buffaloes killed in one year. It is calculated
that from 40 to 45 per cent. of all the buffaloes in Bombay find
their way 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
Caleutta, 9,147 cows were slaughtered during the year 1913.
The Special Committee on the Milk Supply of Calcutta in their
report recommended that ' the slaughter of prime cows should
be discouraged and the fee for slaughtering such coews should be
tentatively raised to Rs. 10.” The Committee evidently felt that
this is a distinet loss to the country.

There was a considerable loss in milch cattie during the
tamine of 1899-1900, as will be seen from the following figures :—-

Number of Mulch Catile in the Bowmbay Presidency, ex-
cluding Sindh and the City of Bombay,

1694—1895 | 1909—1910
Cows .. ..1,892,404 | 1,587,853
Buffalors .. .. 988957 | 868,746

This decrease in number is ascribed to the famine of 1899-
1900. There has been a definite increase in the population, but
the number of cattle has not kept pace with the increase in popu-
lation. The loss of cattle during famine may not be considered
very serious if it results in the **survival of the fittest” by
the elimination of numerous useless cattle which are to be seen
all over the country. It may 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.
Defective feeding and careless tending is partly responsible for
the deterioration of Indian milch cattle. The former is common
among small owners in the country, while the Jatter is to be seen
on large dairy farms where the hired men do not care to tend tho
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 buffale
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calves, and constitutes a seriouns evil. In Bombay and other
large cities, as it is unprofitable to rear a calf, the town gouwlec
allows it to die of neglect. This means a sericus loss to the
country of a large number of calves of good milch buffaloes,

The tendencies of good 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
due 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 calving.?

The following characteristics are mentioned by Mollison?
as indicative of deep milking qualities of Indian cattle :—(1)
Mildness of temper.  (2) Forequarters should be light in compari-
son with the hind-quarters which should be massive and heavy.
(3) A good milch cow should have wide loins, decp, well-packed
thighs with back ribs long and well sprung so as to give a large
paunch and a full flank. (4) The udder should be of large
capacity, the larger the better, provided it is not fleshy. It should
not be too pendulous, but should extend well forward on the
abdomen and should come up well behind between the thighs.
(5) The feats should be large and of equal size. They should be
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 arc
also other points observable in a good milker.

1 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
Bombay and Western India. A few well-known breeds from
other parts have been also added. Most of the photographs
of the Bombay animals were taken in my presence, the animals
being selected from different cattle stables in Bombay. The
selection of individual animals was made in consultation with the
cattle owners and Mr. Laud, Veterinary Inspector, A few photo-
graphs (Saniwahl, Hansi, etc.) were kindly supplied by Mr. A, H.
Spearman, Manager, Gavernment Military Dairy, Kirkee, and
a few others (Nellore, Mysore, etc.) by Mr. A. M. Paton, Manager,

1 l{[ R. Blatkwood, I.C, S,. ¢ A Survey and Census of the Cattle of Bengal,” 1915, p. 13.
2 Moliison's Text Book on [ndian Agriculture, Vol, 11,
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Government Dairy Farm at Bangalore. The sources of other
photographs arc acknowledged elsewhere. The following breeds
of buffaloes and cows will be very briefly described:—

(4) Buffaloes.—1. Delhi or *“ Murrah.” 2. Surati (Gujarati).
3. Jafirabadi (Kathiawari). 4. Deccani. 5. Mehsana (Palanpur).
6. Varadi {Pandharpur).

(B} Cows.—l. Sindhi. 2. Gir (Kathiawari). 3. Sani-
wahl or Montgomery. 4. Hansi. 5. Kankreji. 6. Gujarati:
(2) Surati, (b) other Gujarati breeds. 7. Deccani. 8. Nellore
or Ongole. 9. Layalpur, (Punjab). 10. The Khillari Cattle.
11, The Mysore or ‘ Amrit Mahal.” 12, Malvi Cattle. 13.
Krishna Valley Cattle. 14. Shahabad Cattle (Bihar). 15.
Cross breeds : (a) Poona-Ayrshire and Sirdhi. (5 Bankipur
<ross breeds. '

(A} BUFFALOES.—(vide Map,)

1. Delhi or  Murrah.”’—(Plate I).

These buffaloes are bred in the Punjab, the United Provinces
and Sindh. They are large in size with deep wide frames and
short thick legs. They weigh from 1,000 to 1,200 Ibs. The colour
is usually jet black. Forehead is slightly prominent ; face is
hollow with staring looks, eves small and active. The horns are
very characteristic, being thick at the base and incline backwards
and upwards, and then curl up in fwe or three coils. The cars are
like the “ Surati;” the body is massive and well developed and
the udders are large. The daily average yield of milk varies from
18 to 27 pounds in Bombay, while the maximum yield of best
animals in Northern India reaches up to 50 or 60 pounds. The
average annual yield in Bombay is about 3,000 Ibs. with a
maximum 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 Bombay.

2. Suratl. {Gujarati or Nadiad)—(Plate LI).

This is a medium-sized shapely breed, found in the northern
and central parts of Gujarat. The colour variecs a good deal.
Tt may be black, grey, or albino.  Forehead is flat, face narrow,
eyes small and prominent ; the horns are short and take a back-
ward semi-circle, being slightly curved npwards at the tip; the

! The deseriptions given here are mostly based upon information supplied by the Manager
of Governmnent Dairies in various parts of India, and by the Chied Veterivacy ITnspector
Bombay,
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hips are inclined upwards and inwards and the slope is on an equal
[evel with the neck. Body is well formed and rounded, udders and
teats arc moderate i size. Being smaller in size than ** Delhi »
or “Jatlrabadi,” they need less food. A Surati buffale gives from 15
to 20 pounds of milk in Bombay. The maximum daily vield of
best animals reaches 32 pounds. In Bombay, the average annual
vield varies from 1,500 to 2,000 lbs., while the maximum seldoin
exceeds 3,000 lbs. In Poona, the average isfrom 2,000 to 2,500
Ibs., while the maximum yield may reach 50001bs. The price
in Bombay of a good animal is from Rs. 100 to Rs. 125.

3. Jafirabadi.—(Plate III}.

These buffaloes are bred in the Gir Hills and throughout
the south of Kathiawar. They are very large animals, being very
ponderous in front, with prominent pelvic bones and rather long
and thick legs. A full-grown female weighs from 1,600 to 1,800 1bs,,
while the male weighs from 2,000 Ibs. upwards, The prevailing
colour is black with a few white markings, Frontal bones are
very prominent, giving a rounded appearance ; below the eyes,
face is narrow. The cyebrows are thick, eyes sunken and partialiy
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. Body 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 Bombay is from 20 to 30 pounds, while in Kathiawar the
best animals arc known to give 40 pounds. The average yield
per year, in Bombay, is 4,000 Ibs ; when taken above the Ghauts,
e.g., in Poona, they give less milk. A good Jaffrabadi buffale
costs about Rs. 150 te Rs. 200 in Bombay.

4. Deccani,—(Plate XVIII).

This breed is indigenous throughout the Bombay Presidency
south of the Tapti river. The face is small and flat : horns are
short and thin, inclined upwards and backwards. Body and
udders small in comparison to any other breed. The average
daily yield is about 8 pounds, the maximum being about 12 lbs.
The price varies from Rs. 70 to Rs. 100,

5. Mehsapa, (Palanpur)—(Plate IV).

This breed is similar to ** Surati ¥ except that the size is
stightly larger and the shape of the horus is different. The horns
take alarger semi-circle at the middle and are not coiled 4s in the
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““Delhi.” Spacicus udders and prominent milk veins are found
in this breed. The price of 4 Mehsana buffalo is from Rs. 100 up.

6. Varadi. (Pandharpur).—(Plate XIX).

This is really a type of the “Deccani.”” Face flat and narrow
similar to “‘Surati”; body like ‘‘Surati,” but the horns are thin and
very long, being inclined backwards and reaching Irequently
as far as the point of the hip. The Varadi buffaloes are
generally sold from Rs, 60 to Rs. 75, The yield of milk is more
than that of the *“ Deccani” type.

(B) COWS.

1. Sindhi,—({Plate V),

Most of these cattle are bred in the country adjoining Karachi
and Haiderabad. They are smnaller in size than the Gujarati cat-
tle, the cows weighing 600 to 800 ibs, and bulls 900 to 1,16 lbs.
Great care is taken to keep the breed pure, They have been
selected for milking qualities for generations. Most of the “Sindhi*’
<cattle have a deep red colour with occasional white spots or
markings. The wedge-shape appearance is regarded as characteris-
tic of a Sindhi cow, the hind-quarters being broad while the fore-
quarters are narrow. The cows are mild in temper. Horns
are coarse, blunt-pointed and take an upward and outward curve ;
head is bigger than “ Surati,”” neck is short and thick, pendulous
dewlap and {rame well developed. They are compactly buailt
and have sloping shoulders and short legs. The hump is large,
quarters flat and udders well developed. Sindhi cows are good
milkers, giving as much as 30 lbs. milk per day in Sindh: but
in Bombay and the Deccan the yield is less, about 15 to 18 Ibs.
The average yield per year in Bombay varies from 1,800 to 2,700
1bs., the maximum being about 3,600 lbs. In Poona the average
is about 2,000 lbs.,, while the maximum may reach up to nearly
5,000 Ibs. The yield of these cows decreases in Bombay and the
Konkan either on account of the excessive moisture or on
account of the difference in the fodder.® The price of a cow
in Sindh varies from Rs. 45 to Rs. 60. In Bombay it frequently
costs double of this. The increase in price is partly due to
exportation to Japan, South America, etc.

5 ! J.B. Kaight, M, Sc., and E. W, Horoe, Bulletin No. 56 of 1913, Department of Agriculture.
ombay.

2 Mr, Reeves, in 2 personal communication,
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2. Gir or Kathiawari.—(Plate VI}.

This noted brecd derives its name from the Gir Hills and
{orests in the South of Kathiawar, which afford an excellent
grazing ground all the year round. Gir cattle are remarkable
for their purity of type and exhibit many 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 cow is of medium size weighing 800 to 1,000 Ibs. The
udder is fairly capacious but fleshy, and the milk veins are pro-
minent. The udder is pendulous and the quarters are drooping.
There is an abundant loose skin under the neck and dewlap. The
hump is of medium size. The head, horns and ears are specially
charactoristic.  The jromtal bownes are well developed, which
give a rounded appearance to the forehead. The horns take a
hackward curve and again incline a little forward. They are, as
arule, thinner and longer than those of bulls. The ears are long
and pendulous. The muzzle is large and black. The eyes look
sleepy and are shaded by heavy prominent brows., These cows
are usually of an irritable temperament, and thercfore the milk
vielded is readily affected by any irregularity in feeding, in milking
or general management. Under suitable conditions they give
good milk. They do not thrive well in the dry plains, but for the
Konkan they are prebably the best breed of cows for dairy
purposes. The demand for these cows in Bombay City is greater
than that for any other breed. In Gujarat these cows give
about 24 ibs. of milk, but in Bombay and the Deccan they
vield from 12 to 161bs. per day. The average annual yicld of milk
i Bombay varies from 2000 to 2,500 Ibs., the maximum being
about 3,700 Ibs. The cow is not a persistent milker and gets dry
sooner than the Sundhi. A Gir cow costs about Rs. 60 in Kathia-
war and about Rs. 90 to Rs. 150 in Bombay.

3. Samiwahl or Montgomery.- (Plate VII).

The Saniwalhl or Montgomery cattle are also known as the
“Teli” breed. The cows are very superior milk producers :
the only other Indian breeds that rival them in milk production
are the “ Hansi” and " Sindhi” cews. They are bred in the
Montgomery District (Punjab) where 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
irom those of the Montgomery District. They do not seem to
flourish in Bombay and Poona. Montgomery cattle are described
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asd “small, shapely and short legged, with fine clean cut heads,
fairly short horns, small alert ears, thin necks, fine leg bones,
small feet, and exceptionally long and thin tails.” The long and
heavy dewlap is characteristic.  One of the main distinguishing
features of the Saniwahl cow is considered to 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
casily shaken at their bases. The udder is large and well shaped.
The teats are also large and regularly placed. The colour of the
skin varies a great deal—dark red, lemon and white, grey or spotted
cattle being fairly common. The average daily yield of milk is
from 15 to 20 lbs. The best cows are known to yield about
30 lbs. per day. The price of a good animal varies from Rs. 80
to Rs. 120 or even more,

4. Hansi or Hansi-Hissar.—(Plate VIII).

This is another lcading breed of Indian cows. The Hansi
cow comes from the Hansi-Hissar District. The yield of milk
is aftected a great deal by climatic 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 cast or soutl,
{that is, the damper the climate becomes,) the more certain is the
decrease in the yield.2 The average daily yield of a gnod Hansi
cow varies from 20 to 30 Ibs.  If kept in their native habitat their
milk production is equal te that of the Sindhi or Saniwahl breeds.
A Hansi cow at the Allahabad Dairy Farm gave as mucl as
63 1bs. daily, and 7,000 Ibs. during the lactation peried.® This
is probably a record for a cow of pure Indian breed. The
prevailing colour is light grev.  Red ones are occasionally found
but are seldom good milkers. The head is clear cut with Jarge
cxpressive cyes, black muzzle, and upright curved horns sloping
slightly backwards. The neck is moderately long and fine,
carrying a fairly large dewlap. The head is always carried Ligh,
giving a very graceful appearance. In a good milker the shoulders
and hump should be light with fine cut limbs. The barrel is
long and round, and the milk vein prominent. The udder is
usually compact and well set up 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

! Mollisou and Freach : ™ Agriculture Joutnal of India,” Vel. 1I, p. 252
* ]Dl T. Mcassher and R, E. Vaughan, “Dairy Farming in Iadia " 1914, p 44.
3 Ibid, p. 45,
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long and moderately thick and carries a black brush. The most
noticeable characteristic in the “Hansi” is its gracefulness. With
head carried high and long measured gait it is probably the most
graceful of the bovine tribe. The faults of the “ Hansi” as a
dairy animal are :—their inconsistency, irritability, and that
they seldom do well outside of their own habitat.

5. Kankreji.— (Plate XIV).

They are bred mostly within the limits of the Palanpur
Political Agency in Kankrej or Wadial. Some Kankreji cattle
are bred in parts of the Ahmedabad and Kaira Districts. They
ar¢ brought into the Gujarat and Baroda Territory by the dealers,
so that they are really not indigenous to Gujarat. Kankreji
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 1bs. The bulls weigh
from 1,200 to 1,500 lbs. Face is like ‘ Surati,” ears like
““ Jaffrabadi,” 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
good Kankreji cow costs in Bombay from Rs. 75 to Rs. 125. The
yields recorded at Surat are about the same as the “ Sindhis ' at
Poona.

6. Gujarati: {a) Surati.

. Small and flat face, thin and well-shaped horns and frame
well formed, ears small ; udders and teats not well developed.

{6) Other Gujarati Breeds.— (Plate I1X),

The indigenous cattle found in the fertife plains of
Ahmedabad, Kaira and Baroda are exceptionaily fine and large.
These breeds belong to Gujarat proper, and differ somewhat from
Kankreji cattle. The horns are curved and pointed upwards
with points turning inwards, little bigger than “Surati.” The cows
are gencrally poor milkers. The price varies from Rs. 70 to Rs. 90.

7. Deccani,—(Plate X).

The head is characteristic.  The forehead is usually narrow
above the eyes, which are prominent. The muzzle is large and
black while the face Lhas a narrow appearance, Body very small,
thin and short; 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. milk per day. The
price is from Rs. 50 to Rs. 75,




BREEDS OF INDIAN CATTLE. 17

8. Nellore or Ongole.—(Plate XI),

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. 1t does not conform uniformly to one type like many
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 usaally docile tempered. The body
s somewhat narrow with a decided droop in the hind quarters.
The head is typical, being long between the eyes with a large
muzzle. The forchead bulges out above the eves which are
placed in clliptical 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. Layalput (Punjab).

Face * Surati”; horns short and pointed upwards ; cars long
and broad. Body big and well developed; quarters well
developed ; short neck and straight back. They are very good
milkers. The price varies from Rs. 100 to Rs. 125,

10. The Khillari Cattle are very poor milkers, but
provide very fine bullocks. They are bred extensively in the
Satpura Hills, chiefly in Holkar’s Territory to the north of
Khandesh, by Khillaris or Dhangars and Vangaris, They resem-
ble Mysore cattle in many respects.

1. The Mysore Cattle. The purest strain of Mysore
cattle is the dmrit-Mahal (Plate XII) which occupies a very
high position among the thorough-bred bullocks of India. The
<ows 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.!—(Plate XV).

Cattle of this breed arc met with in various parts of the
Southern Maratha country and specially along the valley of the
Krishna. They arc large and well-built animals with white
and grey as predominant colours. The general appearance of
the animal is massive, heavy and lethargic. The cows ate poor
milkers, giving when in full milk about 6 Ibs. in the whole day.

1 K. Hewlctt , ** Breeds of [ndiag Cattle,” Bumbay Presldency, 1812,
2z
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Good Krishna Valley cows are worth from Rs. 75 to Rs. 150
(16} (11}, 12} and (13} are not important breeds with regard
to milk production and hence a detailed description is not
considered to be necessary.

14. Shahabad Cattle.—({Plate XVI).

The Shahabad district is bounded on the north by the Ganges,
on the east and south by the Sone and the Mirzapur district, on
the west by the Mirzapur and Ghazipur districts of the United
Provinces. In the south of the district the Kaimur Hills afford
good grazing during the rains, and cattle from long distances
arc driven thither in the month of June to remain in  dathans 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 this strain is dark grey. The head
is carried fairly erect, is long and tapers to the nose. The forehead
isabout 8 to 9 inches broad between the eyes and is slightly
conveX. The eyes are deep sct and mild, surrounded by a rim
of biack 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 back rises a little towards the loins; the quarters
are sloping. The shoulders are well defined ; legs short with
good bone and carricd well apart.  In the cows the udder is well
developed with teats properly separated and the milk vein is dis
tinctly prominent. The tail reaches just to, or a little below, the
hocks ; the hoofs, like the horns, are black. The animal presents
2 well-bred appearance and a good cow is strikingly different
from anything that can be scen in North Bihar. The price varies
from Rs. 70 to Rs. 8. The average product is about three to
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 milking
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 out of the district to Cal-
culta are lost for good since it does not pay to keep them thete
after the milking period is over, and they are either slaughtered
or exported to Rangoon and the Straits Settlements also for
slaughter.t

1 This description as well as the photograph were kindly supplied by Mr, G, Milae, LCS.,
Director of Agriculture, Bihar and Orisea,
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153, Cross-breeds :—(a) Indian cross-breeds, (#) Cross-breeds.
between Ewropean and Indian cattle.

{8) Apart from the distinctive breeds mentioned above
and in the map, (q.v.) there are a number of cross breeds to
be found everywhere in India. For instance, in Gujarat,
such cross-breeds wusually show signs of Gir or Malvi blood,
in the Deccan of Khillari or Gir blood, and in the Karnatak of
Mysore blood.

(&) Plate XIII represents a half-bred cow from an Ayrshire
bull and a Sindhi cow, bred at the Government Military Dairy
Farm at Kirkec. The average annual yield is about 4,000 1bs.,.
while the maximum yicld may reach 10,000 lbs,

Cross-bred Bankipuv Cattle or Tayler Byeed.—The resuits of
cross-breeding at Bankipur may be briefly stated. The hump
characteristic of the Indian zebu is bred out. The females
have improved greatly in milkproducing capacity, giving
from 8 to 14 scers, but this is certainly an extravagant
estimate, or at least is more than is now obtained by the
gowlees from their present race of cows. On the other hand
the male stock, although powerful animals, able in spite of
the absence of the hump to draw heavy loads on good roads,
are delicate and cannot stand the sun or labdur in deep
water and mud on the paddy fields. They are therefore not
popular as draught animals. Another drawback is that they are
much more susceptible to epidemic disease than the pure bred
country cattle. This will remain the great danger of cross-
breeding until such time as a cross is established that combines
the disease-resisting qualities of the Indian zebu with the milking
capacity of a Eurepecan stock.!

The amount of milk yielded by Indian cows and buffaloes.
depends upon a variety of factors such as breed, the kind and
amount of food, season, &c. Breed is perhaps the most important
single factor, For instance, the “Delhi” and “ Jaffrabadi
breeds of buftalces yield a larger amount than the * Surati”
and * Deccani” breeds., The following tables give the average
yield of milk from various breeds of cows and buffaloes that are
found in various parts of India. The factors which influence

! G, Milne, 1.C.5., in a personal commuaication.
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the yield of milk are so varied and numercus that it is not possible

to lay down any accurate figures.

only approximate :—

TABLE IL.*

The figures given below are

Average yield| Maximum
of milk per |yield of milk of
Breed of Animals. year {in best animals Remarks.
pounds,} per year Sin
pounds,
Cows.

Gir (Kathiawari) 1,500 2,500 | The quantity at Morning
Sindhi .. 2,500 6,000 and Evening milking
Gujrati (Kankreji} 2,000 3,000 depends entirely on the
Deccani .. - 750 1,200 hour of milking. If Te-
Saniwahl.. ... ... 2,500 7,000 gularly milked at 6 a.m,
Half-bred  from Sind and 6 p.m. the gquantity

and Ayrshire .. .- 4,000 10,000
will be equal but not the

Buffaloes. quality.

Delhi (Murrah) .. 3,000 10,000

Surati .. 2,000 3,500

Jaffrabadi . . 2,500 5,000

Deccani .. - . 1,250 1,500

|
Mehasana (Palanpur) . l 2,500 3,500
Sindhi .. . . ‘ 2,000 4,000

* This table was kindly supplied by Mr, G. H. Frost, Hony. Seecretary, Dairy Education

Association, Kirkee.
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TABLE 1IIL
1 Averagn I inelt: ]?i milk .
. er st animals,
Breed of Animals. | yﬂﬁkﬁ | Maximom | P7 ©Y o best 20 Remarks,
per year. | Per year.
Average, | Maximum.
- ,
Bufialoes. Pounds. ‘ Pounds, | Pounds. | Pounds.
1. Delhi . 2,970 | - 5,250 18 27 These approxi-
mate calcala-
2. Surati 1,620 2,160 12 15 tions are based
upon enquiries
3. Jaffrabadi .. 4,030 35,400 22 30 made by the
Veterinary TIn-
4, Deccani 1,100 1,350 8 12 spectors  from
various Gowlees
3, Mehasana in Bombay, but
(Palanpur) .. 2,870 3,570 18 21 the figures are
liable to wvaria-
6, Varadi ( Pan- tions under
dharpur) .. 1,080 1,820 10 16 certain  condi-
tions. The
Cows, calculations are
made on the
1. Sindhi 1,800 | 2,700 12 18 basis of foll
quantity for the
2. Surati - 1,080 1,620 9 12 first three
months in ordi-
3. Deccani .. 650 1,050 , 6 9 nary  animals
i and every month
4, Guijarati a reduction of 2
(Kankreiji) . 1,180 1,595 9 11 peounds. In
good milkers full
5. Gujarati ( Pa- quantity for
than) e 1,080 1,620 9 12 four months and
four pounds re-
6. Gir 2,250 3,645 15 22 duction every
following month
7. Kutchi 1,080 1,395 9 10 are allowed.
One  Bomb ay
8, Lavalpur Seer=24 Ozs=
( Punjab) .. 1,620 2,160 12 15 1% 1b.

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
at the expense of the quality.

found to increase the yield of milk, but

Succulent and green fodder lowers
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the percentage of total solids, but it slightly increases the quantity
of milk, It is a common Dbelief among Gowlees and other milk
producers in India that watering the animal just hefore milking
increases the yield of milk, but this is not based on facts.

In dry and moderately hot weather cows seem to do best,
while on the other hand, the rainy scason suitss 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. Tt has been found that the maximum yield of milk is
obtained on the plains from cattls in their own habitat. When the
animals are removed to a higher elevation, e.g., above the Ghauts
or hills, the yield is known to drop down as much as twenty
per cent.

THE MILK SUPPLY OF BOMBAY.

Almost all the milk supply of Indian cities is obtaired from
buffaloes and cows although a small amountis procured from
goats, etc. It is estimated that in Bombay (with a population
of 979,445 according to the census of 1911) there are about 21,000
milch cattle within the city limits, out of which about 18,000 are
buffaioes, the remainder being cows. No statistics are available
regarding the number of milch cattle in the suburban districts
which supply milk to Bembay, but the number may be calculated
as between 8,000 and 10,000. In Bombay the number of buffaloes
far exceeds the number of cows. The buffalo is evidently
found to be 2 much more prefitable milking animal than the cow.
According to a rough census taken in February, 1915, and again
in August, 1915, it appears that the total amount of milk daily
consumed in Bombay wvaries from 245000 to 285,000 Ibs,,
giving an average of 265,000 lbs.,, or about four thousand and
four hundred Bombay maunds. Out of this, about 40,000 to 43,000
Ibs. of milk are daily imported—the rest being preduced within
the city.

There are three main sources of the milk supply of Bombay :—

1. Within the City and Island of Bombay ;

2. From the suburbs, most of which are situdted on the
Island of Salsette ;
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3. From distant places such as Poona, Kirkee, Ahmedabad,
etc,

1. Milk is supplicd within the City of Bombay in threc
ways -—(a} by the INDIVIDUAL MILK VENDOR OR (GOWLEE, who
usually hawks about from house to house distributing milk to his
customers. The milk is generally contained in brass vessels of
varying sizes which are either carried onthe head orallowedtohang
from a pole slung across the shoulders, (Vide Plates XXII and
XXIIL) There are.two or three kinds of ‘' lotas’' used—each
“lota” containing milk of different quality and price. The
larger lotas or vessels are usually covered only along the edges bya
miniature wreath made out of hay picked up promiscuously from
amongst the rubbish lying about the flthy stable. This is an
additional source of pollution.  Adulteration is very common
except in the case of high-priced milk sold by a few honest Gowlees.
As far as can be ascertained there are 1,548 individual “hawkers”
-of milk in Bombay.

(¢) By MiLk SHOPs: * Halwais,” (sweetmeat sellers),
cte.  These shops are numerous in the ** native ” part of the
town. It is estimated that there %re 837 milk shops in
Bombay. Here also adulteration is almost the rule. Dlates
XXV and XXVI represent typical milk shops. The milk
1s 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 * Halwal ” shops is nsed for making
sweetmeat (pedas, efc.), " Mawa” and “ Basundi.,”

{y By THE Darrres. It is estimated that there ure about
36 dairies in Bombay. The milk supplied by the majority of these
dairies is by no means of a superior quality. Many of the dairies
sell milk in special bottles or in closed milk cans which are locked
and sealed.  In spite of all these precantions it is found that only
a few dairies can be depended upon to supply genuire and clean
milk. Most of the so-called ™ dairies” in Bombay are no
-dairies at all, in the sense that they are understood in America
und in  Europe. The *“ Dairymen ' usually are the agents
or importers of milk. Very few of them own any milch cattle,
They generally purchase milk from Gowlees {milkinen) at a fixed
low price and then sell it to their customers at a high price. They
thus act as “middle ” men. There are very few genuine dairies
m Bombay. The author lias come across only four or five good
dairies in Bombay, threc of which {owned by Europeans) are
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quite modern in their equipment and cmploy sanitary methods
for the production and distribution of milk.

There are 88 licensed midlch cattle siables containing about
15,068 milch cattle within  the Municipal limits of Bombay.
With a few exceptions, they are usually kept in a very insanitary
state, (see Plates XAVIII, XXIX and XXX). In these stables
milk is liable to get contaminated from numerous sources and in
a variety of ways. It may be said, in general, that the majority
of the milch cattle stables in Bombay, including those belonging
fo many of the dairies, need improvement in several respects.
The vessels in which milk is drawn are by no means kept
scrupulously clean. It is a rare thing to 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-
common constituent of adulterated milk. The old stables
are as a rule situated in very crowded localitics. They are hardly
ever thoroughly cleaned or flushed. The animals may often be
seen wallowing in their excrement and in the stable refusc. The
condition of some of these stables during the monsocon is most
deplorable ; the rain and wind beat in mercilessly at times and
the animals tethered there have to submit most meekly to all the
vicissitudes of an inclement rainy weather. This type of stahles,
however, is.now gradually disappearing and is being replaced by a
better type as required by the new Bye-Laws of the Bombay
Municipality.

2. From the Suburbs.

This is a very important source of the milk supply of Bombay.
Most of these places are situated pear onc of the two railway
lines {the G. I. P, and the B, B. & C. 1.) The various suburban.
railway stations from which milk is imported into Bombay are
Virar, Bassein, Nalla Sopara, Borivili, Andheri and Bandra on the
B. B. & C. I. Railway, and Kalyan, Dombivili, Thana, Ghatkooper
and Kurla on the G. I. P. Railway, the longest distance being
34 miles and the shortest distance about 10 miles, The total
amount of milk imported daily at the various local railway stations.
in Bombay isestimated at about 45,000 pounds. The milk is usually
conveyed in the local (suburban) railway trains in a most primitive
and insanitary manner. There are no ‘' milk trains ' nor are
there any special * milk cars.” The milkmen usually crowd:
into the ordinary third class compartment along with othep
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passengers, shelving their opent 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 filthv condition 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 occupving a third
class compartment can be more easily imagined than deseribed.
The milk has already been drawn under the most insanitary
conditions, and, after a slow journey of two or three hours under
the above conditiuns, arrives at its destination in Bombay and
thence distributed to the public. The high temperature and.
moist atmosphere add further to the most favourable conditions
for bacterial growth. According to a census taken recently
there are at least 429 *‘importers ™ of milk in Bombay. It is
estimated that about 1,500 men are emploved for bringing milk
dailv to Bombay-

3. From distant places like Poona, Kirkee, Ahmedabad,
Antand, Nadiad, etc.

The Government Military Dairy in Bombay get their milk
supply daily from Kirkee and Ahmedabad. The milk is
* pasteurised  at 170° F. for two minutes, rapidly cocled to
nearly freezing point and kept there until it is taken by train.
Insulated cans with cold packing outside are in use, There are no-
special milk cars at present, but the ordinary railway waggons
are used. The journey from Kirkee to Bombay takes about four
hours, while that from Ahmedabad to Bombay occupies about
ten hours. On the former journcy the temperature goes up about
10° F. and on the latter journey about 25° I. The milk cans are
rot kept at any constant temperaturc during their transit te
Bombay. On arrival in Bombay, the milk is again pastcurised
and cocled to a temperature of about 40° F. and then issued to-
the customers erther in cans or in special bottles. The milk
supply from Ahmedabad and Poona is about 2,200 pounds per
day. Some milk is also brought from Gujarat daily by other
dealers. A large dairying concern has been organised recently for
importing large amounts of pasteurised milk from Nadiad and
other places in Gujarat.

THE MILK SUPPLY OF CALCUTTA.
(Population 896,067.)
The milk supply of Calcutta is obtained from three sources -
(a) from the adjoining country districts, (5) from the suburbs,



23 THE MILK SUPPLY OF CALCUTTA AXD DELHI

and (¢} irom the local cowsheds.  The supply is in about equal
proportions from the three sources. The conditions under which
the milk is produced arc insanitary and unsatisfactory, especially
as regards the supply from outside sources.?

The number of milch cattle in Calcutta are as follows?;—

Cows. Buftaloes.
Local ‘e . 10,771 133
Imported . ol _-——4,-167 i 926
Total .. 14,938 ! 1,059

The number of cows greatly exceeds the number of
buffaloes, in contrast to Bombay, where the buffaloes outnumber
the cows. The total amount of milk consumed daily in Caleutta
Is estimated at about 3,000 maunds or 240,000 pounds, It appears
that the pricc of milk has at least doubled within the last ten
years and 1s likely to go up still further.® The whole of the milk
consumed is morc or less adulterated with water and is conla-
minated, owing to the unsatisfactory conditions under which
milk is produced and handled.

THE MILK SUPPLY OF DELHIL
(Population 225,471,)

There are two main sources of the milk supply : (1) within the
<ity, and (2) from Shahdra on the other side of the river Jumna.
Most of the milk is brought in by hand by the Ghosis. The amount
of milk daily consumed in Delhi is about 650 maunds or about
50,000 Ibs., 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 good buffalo is about 20 Ibs.
per day, while a cow gives about 12 Ibs. per day.*

The Health Officer of Delhi in his Annual Report for 1914
makes the following obscrvations en the milk supply :(—

“ The conditions of the milk supply in Dethi are most unsatis-
factory,and to this as one cause may be ascribed the high rate of

1 Report of the Health Officer of Calentta for 1913, p. 41,

* A Survey and Census of the Cattle of Bengal,” by J, R, Blackwood, LL B. 1.C.S.
Appendix [,

@ ibid, pp. 27 and 28, by Blackwoeod, I.C.S.
¢ Dr. K. S, Sethpa, Health Officer, Delhi, in a personal communication.

\.
3
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infant mortality which has been noticed in an earlier portion of
this report.  The matter is indeed one which requires immediate
attention and no words could be toostrong to describe the 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 insapitary conditions, crowded together in unlit,
unventilated and undrained sheds; no care is taken of the
receptacles  for milk which are usually filthy 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 suflers from the existence of a European dairy which takes
practically the whole of the cream. Such conditions not only
imply a tainted milk supply but also constitute in themselves a
menace to the general healti 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,
and of the general health of the city, would it be to cause the greater
part of the cattle to leave the city for more healthy surroundings,
and efforts have been made during the past year to establish
grazing settlements across the River Jumna.”

THE MILK SUPPLY OF MADRAS.
{ Population 518,660.)

Like Bombay and Poona, Madras has two main sources of
milk supply : (1) within the city, and (2) from the adjoining
villages. A third source is mentioned, namely, tinned milk which
isimported in large quantities into the Port of Madras.2 Tt appears
that there are only two real dairies in Madras. The milk
business is mostly in the hands of petty cattle owners. 3,587
milch cattle are owned by 531 licensed cattle-keepers in the City !
The condition of the cattle-sheds is described as being unsatis-
factory in every way, ‘' construction, entire space, ventilation
and sanitation leaving much to be desired.” Many of the sheds
oceupy either a part of human dwelling houses, or thev are
attached to these houses. The walls of these sheds are in -::Very
case plastered with cow-dung cakes. Overcrowding, low roofs,

atarg, PPERGIE A of the Anzua) Report for 1913, of the Healih Devartment, Corpoto® of
auras.

2 Indbe year 1912-13, 720,181 Ibs, of condensed milk were imparted into Madras ¢ 15 20t
¥nown as t0 Low rouch of this was actually used up in Madrag Clty.
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insufficient space, bad flooring, faulty provision for drainage, etc.,
are some of the common features of the cattle-sheds. The
cattle are never washcd and the udders and tcats not cleaned
before milking.

Conditions regarding storage and distribution of milk in the
city are of the most primitive kind,  There are no regular milk-
shops as in Bombay. Milk is kept in cans and brass-vessels which
are scldom washed. The vessels may or may 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 to
the purchaser by means of a cocoanut shell dipped into the con-
tainer along with their filthy fingers.*  As regards the milk
supply from the adjoining villages, it appears that about 2,400
Ibs. of milk are daily brought into Madras by hand or in carts.
All the insanitary conditions mentioned above with regard to the
production and distribution of milk in the city are found even
more intense in these \Jlla.ges

THE MILK SUPPLY OF POONA.
{ Population 117,256.)

In Poona the milk supply is cbtained partly from the neigh-
bouring villages and partly from within the city. It has been
estimated that 21.25 per cent, of the total daily milk supply is
obtained from the outside sources, 37.72 per cent, {rom animals
kept by householders for their own use, and 40.63 per cent. from
animals kept by Gowlees in the city itself. It appears that only
8.5 per cent. of the imported milk is provided by cows, the
remainder by buffaloes. From an actual census taken, the number
of milch cattle in Poona is given as 2,688 within the city and 956
in the neighbouring villages which supply milk to Poona, or a
total of 3 644 animals in all.  The total da#ly milk supply is esti-
mated at 25,690 lbs.?

The milk from the surrounding villages is brought to Poona
by hand, there being no special provisions for milk-wagons, ete.
Adulteration with water is very commmon. 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

gituated in all sorts of positions, without any control.  ** Nearly
six pcr cent. were under a dwelling housc, over six per ‘cent. were
;\\uual Report of the Health Dept., Corporation of Madras, 1913,

ke Supply of Milk o Indien C;ue.s, by Dr. H. H. Mﬂnn Journal of Dairying
and Dmry Furmmg in India, Vo.. I, No.

'\
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either i» a dwelling house or on the verandah of a dwelling house ;
over fifteen per cent. were attached to and continuous with a
dwelling house, while sixty-three per cent. were in the compound
of a dwelling house.”

The milke supply of other large Indian cities is somcwhat
similar to that of Bombay, 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 following table gives a summary of the approximate
nutnber of milch cattle and the daily consumption of milk in some
of the large Indian cities :(—

[TABLE.
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CHAPTER IIL

CHEMICAL COMPOSITION OF MILK OBTAINED FROM
VARIOUS SOURCES.

PROPOSED MILK STANDARDS FOR INDIA AND THE
EXTENT OF ADULTERATION IN INDIAN CITIES,

It is well known that the chemical composition of milk ire
India differs in many respects frotn that in Europe and in America.
This is largely due to 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 cow contains about one per cent. more
fat than the milk of most European cows. Buffaloes’ milk was
first examined by F. Strohner' in 1888. In 1889, Simpson and
Stevenson examined the milk of cows and buffaloes in Calcutta.
Similar investigations were carried out at a later date by Dutta
and Ghose of the Calcutta Municipality.® In 1850, Deppel
and Richmond investigated the milk of the * Gamoose’ in
Egypt.® Buffalocs’ and cows’ milk in the Bombay and Madras
Presidencies were examined by Leather in 1899 and 1900.1 In
1907, buffaloes’ milk was again examined by Leather in Poona®
and this was follwed by Meggit and Mann in 1507-1908., In the
Bombay Municipal Laboratory, the chemical cxamination of
milk dates back to 1903.

In the papers on milk read at the All-India Sanitary Confer-
ence in Lucknow in January 1914, by Dr. M. Shrinivasa Rau
of Bangalore and by the author, the composition of milk in
Bangalore and in Bombay, respectively, was discussed. Data
from other parts of India either have not been published or_are
not available.

F. Strohner: * Chemisches Centralblate,” 1888, p. 478.

W, J. R, simpeon ; ** The Principles of Hygieng,” 1904, p. 181,

Journal of the Chemical Society, 1890, p. 754.

W.] R.Simpsen: ‘' The Principles of Hvgiene,” 1808, p. 182.

J. Walter Leather :  * The Apalyst,” Vol, XXV (1907}, p. 40.

AL A, Megpitt and H.H, Mann; “ Memoirs of the Department of Agriculture in
India,” Vol, II, Nos. ! and 4,
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32 COMPOSITION OF BUFFALOES® MILK.
Complete analysis of Indian Buffaloes’ Milk,
TABLE A.
K 5
8 i i -:;?: % %) @ g
= O [ @ o] =1 w
-:'é:s‘ E:i’ 252 H3R E‘&? %‘63 §33 l 'EUSQ Remarks.
P I ANCINE
R E
1. Bomba :
y . ) In Series A
! the fat was
Lemeul L. ; ‘ geterArgined
oshi v ams’
J ‘ J method and
Series A, «.; B0 :1.0315 9.5 |82.3 8.214,0 |4,410.8 in Series B
i | ‘ by Gerber's
Series B. 50 ' .0308/9.8 81.6 | 8.6 |3,89 4,52/ 0.78 method,
(Vide Table B.) i i
| ‘
; | ;
2. Poona ! i |
Fat by
{Kirkee,) | Gerber’s
! methed.
J, Walter ! !
Leather l 0321;9.69 82,221 8.09| 4.34| 4.56] 0.76
| B l
3, Bangalore : Fat by th
a y e
Shrinivasa ) Werner-
Rau 129 (1,026 | 8.8 85.13| 6.07, 3.92| 4,13/ 0.75] Schmidt
. method.

The following analytical figures were recently obtained by me

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

Bombay :—



Analytical Results of Fifty sampies of Genuine Buffalo Milk. 33

TABLE B.

Specific Tugal (Sohds ! Fai F Non-fatty Progmds Lactose
No Gravity at | 2 00F %o Solids Kjcldahl's %

%= F. Woeighing,) | Gerbers. l 7o Method.
1 1032 15.92 8.5 942 3.83 4. 79
2 1030 13,82 5.0 | 8.82 \ 3.37 4,15
3 1030 18.83 9.3 | 9.53 | 3.93 4.30
4 1032 14.38 5.4 \ 8.98 3.72 4.06
3 (s) 1029 19.70 9.2 | 10.50 3.78 5.02
6 1031 19.70 10.0 ‘ 9.70 3.42 498
7 1029 19,92 0.5 | 9.42 | 4.19 4,03
8 1031 20 .44 10.5 9.94 451 4.15
9 (s)| 1029 21.30 10.0 | 11.30 4.15 5.35
10 1027 17.82 9.4 8.42 3,50 ! 4.12
11 1027 19,10 10.0 | 9.10 3.5¢ . 4.21
12 1033 19.62 10.2 9.42 ' 4,85 | 3.77
13 | 1031 \8.40 9.0 | 9.40 | 4.10 | 4.50
14 1030 18.31 9.2 ’ 9.11 3.49 4,32
15 1031 18.62 8.9 9,72 | 3.55 4.87
16 (s}} 1030 21.31 11.4 9,01 3.86 4.75
17 (sj| 1030 20.13 9.6 |  10.5% | 3.81 5.42
18 (s)| 1035 19,22 8.8 ' 10.42 | 3.89 5.23
19 (s); 1033 20,81 9.9 10.94 | 4,00 5.25
20 (s)| 1034 21.16 105 | 1066 1 3.97 5,09
21 (s)) 1030 19.46 9.3 . 10.16 3.85 5.01
22 (s} 1031 19.41 9.5 . 9.91 3,98 . 5.33
23 1032 16.72 6.8 | 9.92 | 3.90 4,22
94 1033 17.28 7.5 9.78 3.85 4.63
25 1033 16.10 6.6 | 9.50 | 3.63 4.57
26 1031 19.12 9.3 | 9.8 3.98 4.54
27 1032 15.58 5.9 9.8 3.84 4,54
28 (s)] 1031 19.26 9.0 | 10.26 4.00 | 4.96
29 1033 16.24 6.5 | 9.74 3.85 4.59
30 1029 20.52 11.0 | 5.52 3.75 1.47
31 1031 16.68 7.1 9.58 3.93 4.35
32 (s} 1030 21.08 10.5 - 10.58 4.18 5.10
33 1032 18.31 | 7.2 | 9,11 3.70 4.1t
34 1029 20,10 10.5 | 9.60 4.10 4, 2
35 1030 16,71 7.5 9.721 3.58 4.33
36 1029 20,54 11.0 ‘ 9,54 4,19 4.05
37 1035 15.26 6.3 | 8.97 4.02 4.15
38 1032 19,20 9.8 | 9.40 4.10 1.50
39 1031 15.77 65 | 9,27 3.76 4,21
40 (s)| 1032 19.06 9.0 . 10,06 3.92 4.84
41 1033 14,68 5.2 | 9.46 3.84 4.34
42 1031 19.30 12 . 9,10 4.10 4, 2
43 1031 8.62 8.9 | 9.72 3.93 4.49
44 1030 19.22 9.5 | 9.72 4.10 4,32
45 1032 17.18 7.7 ¢ 9.42 3.75 4.43
46 1028.51  21.10 11.6 | 9.50 4,10 4.1
47 1029 18,38 8.8 | 9,58 3.68 4.62
48 1029 20,350 11.0 9,50 4,17 4,28
49 1031 17.20 7.6 9.60 3.85 4.45
50 1030 19.08 9.3 9.76 3.92 4.54

St 10%0.8' 18.40 8.6 98 | 380 | 4.52

{s) Samples marked (s) were from the * Surrati ' breed of buffaloes,
2



34 COMPOSITION OF “MIXED” MILK.

Meggit and Mann give the following figures for complete
analysis of mixed milk of the whole Poona Dairy herd :—

= o
2 g i % £ & | &
-3 - == P ) o |2 e
E] - - = ; P= :..':: - - X
< 5 5 ] & = H
B 8 S 3 g 2 2
Water 94 81-5 | 8221 | 821 81-72| 81,94 81-19 |81-43
Fat &l 8-05| 760 80 15| 790 870 840
Prateids 9| 433 | 427 | 4-31 4-35| 430 4-37| 436
Milk-Sugaro,| 5°28 | 509 | 4-74 497 503] 491 502
Ash ol 0-83 ) 0-83] 0-85 081 08 083) 079
100-00 | 1000 ,100-0 1000 | 100°0 | 100-0 |100-0
Total
Solids 9| 18-48 [ 17-79 | 17'30 | 1828 1806 18-81 |18°57
Non-Fatty
Solids ~ %| 1044 10-19 ) 980 ; 10-13| 1016 | 10°11 |10°17
3p. grav:
at 60°F (10316 | ... | 1031 [1031-5 {10315 |1031°5 | ....

The analytical methods used in these calculations were
different with difierent observers. In Poona, milk fat was deter-
mined by Gerber's method; in Bombay, Adams’ 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
by actual weighing, etc. In Bangalore, the Werner-Schmidt
process was employed for the estimation of fat.

For a routine examination of milk, the only constituents that
need to be estimated are Specific Gravity (usually at 15°5° C or
60° F), Fat and Total Solids, the “ Now-fatty Solids” being
obtained by deducting the figures for Fat from 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 Bombay Municipal
Laboratory are given below in two series. In the first series
{Table C) 271 samples of “ Genuine ” buffale mik were
examined from time to time. The fat was determined by Adams’
process. In the second series (the most recent) 110 samples of
genuine buffalo milk were examined from July 1913 to Decemnber
1914. TFat was estimated by Gerber’s method.



BUFFALOES’ MILK IN BOMBAY.

TABLE C.—(Series I).
Average composition of ¢ Genuine '’ buffalo milk in Bombay.

Analyses of 271 samples.

35

Specific ‘Total Noo-iat
1203-1909. satmples i Solids l;/“ Sids”
examined. 400 F, % o %

Janunary . 31 1029-41 17:78 821 935
Februyary . . 30 1029-79 17-35 77 9-65
March .. . . 9 1028- 33 16-94 7°11 9-83
April 5 20 1029-06 17°37 7-57 980
May .. . 26 1029-36 16°96 815 8:81
Juone .. . 22 102863 17-45 7°81 9G4
July .. .s 33 102858 1750 7-64 0-86
August . 30 1027-41 1773 8:06 5+67
September . 13 1028-18 1675 7'33 9-42
October 17 102807 17-04 741 9-63
November 24 1029- 30 16-57 7-26 9-31
December .., 16 | 1029-77 1694 722 972
Total ..| 271 ! 1028°86 | 17°11 | 7°62 | 957

TABLE D.—(Series II).

Average composition of ¢ Genuine ’’ buffalo milk in Bombay.
Analyses of 205 samples.

No. of
i Noo-fa
Date. Seaxl;lt?llif- Grf&fﬁ?ﬁgt él‘:ltigl FE/‘ Solid!:ty Remarks.
ed. 09 F, o5 ° %

July 19131 11 1.027 17.94 7.71 10.22 [The highest
Aupgust " 8 1.030 18.20 8.42 8.78 amount of
September 1 1.029 18.26 9,1 9.16 fatfoundin
QOctober " 5 1.029 17.57 8.26 9,31 these sam-
November 10 1.030 17.48 | 7.94 9.54 ples was
December 15 1.031 17.36 | 7.85 9.51 11 per cent.
Januvary 1914, 14 1.031 18.21 | 8.45 9.76 | and the
February " 6 1,026 16,78 | 7.31 9.47 | lowest was
March . 12 1.029 16.35 6.68 9.87 5.2 9.

April ' 16 1,030 17.9 8.00 9.9 |The highest
May ' 2 1,030 18.76 | 8.5 10.26 | figure for
June Y 5 1.025 17.93 8,32 9,61 “ non-fatty
July ' 11 1.030 16.8 7.4 9.4 solids *’ was
August . 10 1.029 17.38 | 8.3 9.35 | found to be
September ,, 28 1,029 17.64 | 8,23 9.41 11.36  per
October e 15 1.029 17.61 B.27 9.34 | cent. while
November ,, 14 1.030 16,85 7.67 9.18 | the lowest
December ,, 22 1.030 16.67 7.3 9.37 | was 8.569,.

Total 205 1.030 17.40 7 .87 9.53




36 COMPOSITION OF COWS' MILK.

The samples were mostly coliected at random from different
dairies, cattle stables and individual milk vendors. They were
taken from various breeds of buffaloes including Delhi, Surati,
Jaftrabadi, Deccani, and Mehsana. Most of the samples represent
“mixed” milk from different animals.

The average figures for * mixed ”* buffaloes’ milk in Bombay
as Judged from the analyses of 271 genuine samples of Series I
arc 7.62 per cent. of fat and 9.57 per cent. of non-fatty solids. In
Poona, from the analyses of 155 samples the percentage of fat was
iound to vary from 7.06 to 7.92 for ‘“morning "’ and “ evening
milk, respectively. In the Second Series of milk analyses compris-
ing 205 samples, 1 found the figure for fat in the milk of two or
three buffaloes to be as low as 3.2 per cent.; but never below
that point under normal conditions. The average fat in the
Second Series was found to be 7.87 per cent., and the highest
figure for fat was over 11 per cent. in two samples. The non-
fatty solids were found to vary from 9 to 10 per cent. in both
series but rarely below 9 per cent. In two or three cases the
non-fatty solids werc 8.7 per cent., and in one case they were
8.56 per cent,

The average Specific Gravity at 60° F. in samples of the First
Scries was 1.0288, and in samples of the Second Series it wag
1.030.

The following analytical figures are from fifty samples of cows’
milk, most of which were collected by the Chief Veterinary
Inspector of Bombay and his staff and certified to be “ genuine.”
They were examined at the Municipal Laboratory with the
results given below :—

TABLE E.
Average composition of * Genuine *’ Cows’ Milk in Bombay,
Analyses ot Fifty samples.

No. of | Specific Non-
1913.00e, | REEs| eralty | Mot | Tat | fatty Remarks.
ed. | 60° F. s
June 1513 ..~ 5 U7 ¢ 15°05 | 5°52 | 953 | These samples were
July 2 1030 17-22 1 7-75 | 9:47 obtained from diffe-
August,, .. 8 1032 | 14°13 | 5-23 | 8:90 | rent breeds of cows
Sept, ,, ... 12 | 1-030| 1529 | 633 | 896 | including  Sindhi,
April 1914 .. 8 | 1-030! 131 |44 |87 | Gir Surati oete,
May ,, .., 18 1:030 14-35 ; 5:39 | 896 | Thesameanalytical
July ,, .. 2 1-030 | 1510 ' 5-95 { 915 [ methods were used
- : as in the case of
Total. .| 50 | 1029 | 14-80 " 5-79{ 9:10 | Dbufialo milk.




MILK IN BANGALORE, CALCUTTA, ETC. 37

The percentage of fat was found to vary between 3.5, and 6,
the average of fifty samples being 5.7, and only in 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
4.52 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. Shrinivasa Rau of
Bangalore : —

Specific \ Total
gravity. | Solids, Ash.

Fat. IProteids. Lactose. Water,

1027 L 13-119% | 0-69v;

458, 3810, | 4-03% ‘ 86899,

In Bangalore, fat was found to be 4.58 per cent. in 58 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 Caleutta has the following average composi-
tion (1) (—

Buffaloes' Milk, Cows’ Milk,
Water % . “ 81'5 i 8623
“Total solids % e e 18-7 | 12-84
Fat % . . 8-57 ]| 3-34
Non-fatty solids 9 l 10'7.5 ! 91
Proteids (Casein) 9 .. .. 4-68 I‘ 4+4
Sugar % .- . 4-86 i 4+4
Ash % .. . 0-74 | 0-75

[y

1 These figures were obtained by Dutta and Ghose, vid Simpson's « Principles of
‘Hygiene "’ 1908, p. 181
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The compesition of milk in Lucknow, U.P,, is given as
follows (1} :—

Buffaloes' Milk. Cows’ Milk.
Specific gravity at 15°5° C. . 1-0309 10302
Fat o .. .. .. 7-29 5-48
Total solids % .. .. . 16-43 14:26
Ash % .. .. .. 074 070

Breed.—The question of breed and its importance have been
already mentioned in Chapter IT. From the tables on pages 20
and 21 it will be seen that in the case of bufifaloes the largest yield
of milk is from the Delii and Jaffrabadi breeds. Milk from Swurati
buffaloes has been generally found to be much richer in faf than
any other milk, yielding nearly one per cent. more fat than the
other breeds of buffaloes. In the case of cows, the largest amount
of milk is given by half-bred cows from Sindhi and Ayrshire breeds,
the next in order being Santwahl, Hansi and Sindhi. As regards
vichness in faf, the Indian cows’ milk usually contains a higher
amount of fat than the milk of most European and American
cows. The percentage of fat in Sindhi cows has been found to
_ vary from 5.0 to 6.5, that in Gir cows from 5.0 {o 6.0, while in
the Saniwahl breed the amount of fat yielded varies from
3.5 per cent. to 5 per cent.

1 Mr. MacMahon's paper at the All-India Sanitary Conference in Lucknow, quoted om
page 204, * The Journal of Dairying and Dairy Farming in India,” Vol. I Part 3.

[TABLE.
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MILK STANDARDS. 41

MILK STANDARDS FOR INDIA.

From what has been said above regarding the difference in
composition between milk in India and milk in Europe or in
America, it is quite evident that Evropean or American standards
for milk cannot hold good for India. The milk standard would
be somewhat different in the different provinces of India, accor-
ding to various climatic and other local conditions, which are
mentioned at Jength in Chapter V. One uniform standard for
all India may be very desirable, but in the absence of more data
regarding the compesition of milk in other cities and provinces,
this does not appear to be quite feasible, at least at present. In
any case, it would he best to have local nulk standards for different
parts of India, where similar conditions 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 to moditication 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 to
influence the composition of milk. .

In the foregoing pages {vide Tables A to G) the average
general composition of milk in Bombay, Poona, Bangalore,
Calcutta, Lucknow, Peshawar, etc., 15 mentioned. Variations
in composition of Indian milk due to many factors, e.g., weather
conditions, breed, fuod, disease, etc., have been studied unly in
the case of milk in Bombay and in Poona, and these will be
discussed at length in a separate chapter. All these factors
have been taken into consideration while propusing the following
Chemical Standard for milk in Bombay and Western India.
This standard is based on the analytical results of about four
hundred samples of genuine milk obtained from different
breeds of animals and collected in Bombay under the most varying
conditions, from dairies, milk-shops, milch cattle stables, indi-
vidual vendors, cte.

Proposed Milk Standard (Chemical) for Bombay and Western India,

Non-fatty solids,
Fat, per cent. B per cent.
Lowest Lowest
Average. | TONPY | Average. 1 T
Bufialyes’ Milk .. 65t 8 55 1 9t 10°0] 9°0
Cows’ Milkk .. {to s 35 85t090]1_ 85
“ Mixed " Milk 60 50 ! a0 ! 8-5
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The **lowest limits ” proposed are really very low, but these
limits may be expected sometimes under certain influences, eg.,
breed, food, climate, <t¢., 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 good buffzloes” milk the average fat verv
seldom falls belaw 6 per cent., 7 to 8 per cent. being quite common,
and the average non-fatty solids in most cases are found to ke 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 Bombay nsually yields from 4 to
5 per cent. of fat and from 8.5 to 9 per cent. of non-fatty solids.
In many cases, however, the percentage of fat is found to be
about 3.5 and in very rare cases, under certain conditions, this
may iall lower down to even 3.0 per cent. The non-fatty solids
are also sometimes known to fall a little below 8.5 in the milk
of some individual cows, but this is cxtremely 1are in market
milk. Hence, the lowest limit for legal purposes may be fixed at
8.5 per cent.

Although separate standards for cows’ milk and buffaloes’
milk are necessary from a scientific point of view, many practical
difficulties may arise if such standards were legalised. Tn the
first place, it would scem almost impossible ta expect the ordinary
Indian milk dealers to declare honestly whether their milk is
buffaloes’ or cows’. Secondly, ne analyst ean distinguish between
buffaloes’ milk and cows’ milk as such. It would be therefore
easy for the vendor to remove some of the cream from bufialoes’
milk and bring the fat down to the lowest limit allowed for cows’
milk and sell it as cows’ milk, Thirdly, it must be remembered
that, as a rule, buffaloes’ milk and a small amount of mized milk
{cows’ and buffaloes’) are sold in the local market, and no practical
advantage would be gained by fixing separate standards for
buffaloes’ and cows’ milk, unless a legal provision could be made
that no mixed milk (cows’ and buffaloes’} shall be sald by anyv
vendor or dealer, or that the proportion of one to the other
shall be declared by the vendor or dealer at the time of sale.
Considering the fact that the bulk of the public milk supply of
most cities in the Bombay Presidency is obtained from buffaloes
and that practically all the milk sold in the market is either mixed
milk or buffaloes’ milk, I am inclined to suggest oue untform
standard for all milk s0ld in the market—namely, 5 per cent. fat and
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8.5 per cont. non-fatty solids, with the provision, that in the case
of pure cows’ milk when the source can be unquestionably proved,
the fat standard may be allowed up to 3.5 per cent. Such a
standard, if legalised, is likely to work well, at Ieast so far as
Bombay and Western India are concerned. As regards fat,
many wized samples that have been declared genuine by the
vendors have been examined by me from time to time in Bombay
and in not a single instance did the percentage of fat fall below
five. A very large amount of mixed milk is daily pucchased
by the Government Central Creamery at Ahmedabad Canton-
ment from milk dealers. The milk is obtained from mixed herds

* of cows and buffaloes and no difficulty is experienced in
getting an average of & per cent. fat in enormously large quantities
(millions of pounds per year) of milk.

The Government Military Dairy in Bombay gets its daily
supply of milk from Ahmedabad and Poona to the extent of
over two thousand pounds per day, Milk is obtained from herds
of cows and buftaloes and the samples taken from this source
are of mixed milk. One hundred and thirty such samples were
collected and e¢xamined by me with the following results :—

Average of 130 samples of mixed milk imported from Poona
and Ahmedabad.

SP“;;ﬁ(‘;D%‘gj’*ty Total Solids. Fat. Non-fatty Solids,
1.020 14.439, 5.99 8.539,

In other waords, the average percentage of fat in the mixed
samples of " genuine ” milk from a known source was found to
be 5.9 or nearly 6, while the average of non-fatty solids was 8.5.
There would be thus no difficulty in attaining the proposed
uniform standard for mixed milk in Bombay, Poona, and Ahmeda-
bad, viz.,, five per cent. of fat and eight znd a-half per cent.
of non-fatty solids.

The removal of cream from milk is not practised so extensively
by the Indian milk dealer as the adulteration of milk with
water, etc. The latter practice, as will be shown later, is of great
importance from a public health point of view. The amount of
“extraneous” or ‘added ” water is usually estimated on
the basis of nom-falfy solids in the milk sample. There is very
little difference between the non-fafty solids in buffaloes’ milk
and cows’ milk ; and for the mixed market milk, the lower limit
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of 8.5 per cent. non-fatty selids is proposed. Any sample of milk
which is found to contain non-fatty solids below this may be
generally looked upon as being adulterated with water. This
standard has been confirmed by many experiments. Several
samples of genuine milk were adulterated with measured amounts
of water in the Laboratory and then analysed. The calculated
amount of “added” water on the basis of 8.5 per cent. nonfatty
solids 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 may fall
to even 8.0, per cent., but this has never been found ir: the samples
of cows' milk obtained by us in Bombay.

The one uniform milk siandard proposed to be legalised for
Bombay and othev citics tn Western India may be now stated as
follows :—

MLk, as is ordinarily oblained in the market, shall be considered
gemuine of it is found to contain at least five per cent. of fat and not
less than cight and a half fer cent. of non-faity solids, provided that
the percentage of fal may be allowed up to three and a-half, only when
1t is proved lo the satisfaction of the court that the sample was
one of unmixed cows' wmilk, the onus of the proof vesting with the
vendor.

ADULTERATION OF MILK IN INDIAN CITIES.

It is a notorious 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
Bombay Municipal Laburatory, during a period of five years,
only 282 were found to be genuine. This gives 1,081 or 79.3
per cent. for adulteraled or watered samples of milk in Bombay.
The amount of water added varies from 3 per cent. to B0 per cent,

Statement giving a summary of the percentage of “added”’
or “ extraneous *’ water in 118 samples of adulterated
milk in Bombay:

Above 30 per cent. in 14 Samples or 11'9 per cent,
Between 40 and 50 . .. 13 " or 110 .
w30 apd 40 L - or 21-2 -
. 20 amd 30 ., .. ., 2R .. or 323-7 '
N 15 and 20 ., ., 23 " or 23
. 10 and 15 ,. .9 . or 76 R
» 3 and 10 A or 42 "

(Vide also Tables J. and L.)
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In Poona 80 per cent. of the milk was found to be adulterated
with water. The amount of adulteration in Poona City is as
follows® :—

Average amount of

Rate per Kupee. Per ceat "‘vsa“tlé:"“md “’f&g’;ﬂ‘gg}o Remarks.
i genuine milk.

1. 8 pounds. . R None - All genuine.
2. 10 " .. G- 29 parts
J. 12-14 .e 50 47,
4, 16-18 . 92 72,
5 20&

over . 100 117,

In Bangalore Dr. Shrinivasa Rau found 78 per cent. adultera-
tion in buffaloes’ milk. Out of 51 samples obtained from various
parts of Bangalore City, 40 samples were found to be adulterated
with water, the amount of ““ added ” water ranging from 35 to
65 per cent.

In Calcutta the amount of adulteration with water varies
from 5 to 80 per cent.

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

62.4 per cent. of the samples contained from 10 to 25 per
cent. of adulteration.

16.1 per cent. of the samples contained from 26 to 30 per
cent. of adulteration. ‘

2.5 per cent. of the samples contained over 30 per cent. of
adulteration.

In Lahore the amount of " added ™ water calculated on
the basis of 8.5 per cent. of non-fatty solids varies {from 30 to
40 per cent. and even higher. In Madras and in Delhi adultera-
tion is reported to be very common, but no statistics are wvailable
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 statemeat is based upon Dr. Mann’s article in the « Journal of Dairyicg acd Dairy
Tatmiog in India,” Vol, I, No. 1,
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46 Adulteration of Bombay Milk with water, showing the amount
of water added and the price charged.—TABLE |J.

serial N Percentagg (EE. water Price
rial No, . adde Annas .
(Bor:bap;“}‘ 2?;:. Per Quart.
1 9.3 3 | 5 d. or 10 Cts,
2 44 .2 2* i 'léd‘ E 8& I
3 32.4 2 | 3id . et
4 45.8 2 3id. ,. 6% .,
5 26.7 2 33d. ., 6§ ,.
6 18.0 3 5d4. ,, 10 ,,
7 25.0 3 5d. .. 10 ,,
8 9.0 3 5d. ,, 10 ,,
9 16.4 3 sd. ,, 10
10 28,2 3 5d. ,, 10 ,,
i1 20,0 3 5d. ,, 10 ,,
i2 17.8 3 a3 d. 10 ,,
13 356.4 23 41d, ,, 8%
14 45.0 2 34d. 61 .,
15 6.0 3 5d, ,, 10
16 25.8 23 43d. 8t
17 11.4 3 5 d. 10
18 21.5 n 63d. ,. 13} ..
19 27.3 3 5d4. , 10
20 27.0 3 5d. , 10
21 37.1 21 4id. . 8% .
22 44.5 3 5d4. , 10
23 23.1 3 | 5d. ,, 10 ,,
24 20.5 3 { 5d. ,, 10 ,,
25 28.5 2} | 4. .. 8%
26 51.8 3 ' 5d. ,, 10 ,,
27 16.6 3 5d. ,, 10 ,,
28 18.5 3 5d4. , 10 ,,
29 36.5 23 43d. 8t .,
30 60.0 23 43d, .. 8%
31 30.0 3 5 d. 10
32 44 .8 2 3d. . 6 ,,
33 39.7 2} 43d. . 8
34 33.38 3 54 , 11
35 17.7 24 43. ,, 8% .,
36 21.3 2} 42d. 8% ,,
a7 46.0 2 33d. ,, 6 '
38 22.0 4 63d. ., 13%
39 31.8 21 4id. ,, 8%
40 58.0 21 41d. ,, 8%
41 38.5 3 5d4. , 10
42 16.6 3 5d, ,, 10 ,,
43 32.8 3 5d. ., W0
44 15.22 21 4id. ,, B8}
45 30.33 2 3id. 6% ,,
46 16.55 3 5d. ,, 10 ,
47 23.0 3 5d. ,, 10 ,,
48 43.3 21 4., 8
49 50.66 2 34a. ., 6% ,,
50 13.0 3 5d4. , 10
51 26.66 2% 14, .. 9% .
52 21.1 2% 4ka. ,, 8k ,,
53 55.22 3 5d. ,, 10 ,,
54 15.5 3 54. , 10 ,,
55 i0.11 3 5d. ,, 10 ,,
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TABLE K.
Adulteration of Bombay Milk. ( According to different Wards.)
No. Exa- No. of | No, of . Percentage of sainples
Ward. mined. Gepuine | Samples not which  showed
Samples. Genuaioe. Adulteration with
‘ Water.
A 27 9 18 ' 66.6
B 28 9 19 G7.8
C 29 19 10 34.4
D 50 16 34 68.0
E 33 14 19 57.5
F 22 4 18 81.8
G 23 17 8 26,08
TABLE L.
To show that adulteration of milk varies according to the price
charged.
Price—Annas per seer.*
2 2} 3 4
Total number of samples examined .. 7 19 48 15
Number of adulterated samples .. 7 15 26 2
Percentage of adulterated samples...| 100© [ 789 341 13-3
Average of water added to 100
parts of pure milk .- 102 . 331 23'3 217

Largest amount of “ added ” water known so far was 81.1
per cent. in a sample, the price of which was not known.

Genuine milk may be bought in Bombay for 4 annas a seer
or 6%d. (or 13 cents) per quart. Even 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=3}d. cor 6% cents per quart.

" » o =d4d. 8 I » s

" » 1 =24 n 1 1] 33

4 » 13 n :do' " 13& EL 2 ”»
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be always sure of getting genuine milk, for out of 15 samples bought
at this rate, two were found to be adulterated with water. At
three annas a seer (=:5d4. or 10 cents per quart) more than half the
number of samples were found to be adultcrated. At 2l annas
per seer (=about 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
(=33d. or 63 cents per quart) it is impossible lo get genuine milk
in Bombay. 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 conditions there is hardly any
chance of their ever getting genuine milk. The richer and some
of the middle classes in Bombay and Poona can perhaps afford
te pay from 3% to 4 annas per seer, but even then there is no-
guarantce of their getting absolutely genuine milk. It may be
mentioned here that even at 4 annas per seer {=24 0zs.) pure and
elean milk from a bacterial standpoint, it is almost impossible
to oblain in Bombay. Even in some of the best samples, includ-
ing those from European dairies, contamination with objection-
able microbes is common as will be shown in Chapter IV.

In Calcutta also the price of milk is high—namely 4 annas per
seer (=32 ozs.) or 2 annas per pound which is about the same as
in Poona.

In Delhi and Allahabad milk is sold at 2 annas & seer (=32
0zs.) or one anna per pound. It is doubtful, however, as to
whether genuipe milk can be always had at this low price. No
statistics regarding adulteration are available from these or other
Indian cities.

In Ahmedabad and Surat, the price of geruine milk varies.
from 13 to 16 pounds per rupee.



CHAPTER IV,

'BACTERIOLOGICAL EXAMINATION OF THE BOMBAY
MILK SUPPLY AND THE QUESTION OF BACTERIAL
STANDARDS FOR INDIA,

Chemical analysis af 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 mnot reveal
anything as regards the contamination of milk with dirt, microbes
of disease, etc. A sample of milk may be quite genuine chemically,
‘but may be grossly confaminated with filth and even with
dangerons bacteria. The public milk supply must be both
genuine from a chemical point and clean from a bacterial point
of view. It should be entirely free from contamination with the
specific bacilli of the acute infectious diseases, e.g., Tuber-
«<ulosis, Typhoid, Cholera, etc. It should be also reasonably free
from cow-dung, stable refuse and other objectionable sources of
pollution.  Bacieriological examination of wmilk is, thercfore, very
smportant from a sanitary point of view.

Sources of Bacteria in Milk.—Most observers assume that
milk as secreted in the healthy udder is entircly free from
bacteria. This has been disputed by others. Under suitabie
«conditions, and with strict surgical precantions, it is quite pessible
to obtaln bacteria-free milk at least in small quantities. The
;author has been able to get perfectly sterile samples on several
-occasions in Bombay. Ar. 5 L. Stewart of Brookside Farms,
Newburgh, New York, has been able to produce milk in large
-guantities almost free of bacteria. If milk in the udder is sterile,
where do the bacteria come from ? Bacteria may squirm up the
milk ducts and work their way into the milk cistern. Once
‘there, they find ideal conditions for rapid growth : ‘a warm, coLy
-dark home with an abundance of food.” This may account for the
initial contamination of milk., It must be also remembered 1hat
the virus of Foot-and-Mouth-Disease, which is ultramicroscopic,
the virus of “ Milk Sickness” and the micrococcus causing
Malta Fever, are found in the milk of affected animals, even though
the udder may not be diseased. Bacteria may have their origin

4
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in Mastitis and other diseases of the udder. Ordinarily the
real contamination vceurs affer the milk has left the udder. From
the act of milking to the final distribution and consumption of
milk, numercus and varied are the possibilities of contamination.
Eighteen possible sources are mentioned below, During  the
process of milking  (Plate XXI) the possible sources are {1} the
calf, which, in India, is usunally allowed to have the {irst start
in getting milk from its mother ; (2) the dirty udders and flanks
of the unwashed animal ; {(3) the unwashed hands of the milker ;
(#) the filthy clotliing which the average milkman wears in India ;.
(8) the insanitary habits of the milkmun, ¢.g., coughing, sneezing,.
nose-blowing with the fingers, etc.; (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 XXX); (8) the dirty milk vessels; and (9) the faulty water
supply. The water supply of the farm or cattle stable may become
polluted by cases of cholera or typhoid on the premises, The
writer isolated cholera vibrio from several wells in Bombay in
June, 1912, and agzin in August, 1914. [t is quite commeon to
have wells near cattle 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) the peculiar concentric ring of hay picked up-
from the filthy stables, or a pioce of dirty rag which serves as a
“cover” for the milk-vessels in most cases; (3} the filthy
cendition 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 ; (3) the insanitary
condition 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 cities ;
(8) the carcless handling of the milk by the consumer; and (9).
the howse-fly. The house-flies are very common carriers of
disease in India and it is not uncommon 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.

It may be pointed out that a systematic and complete
bacteriological c¢xamination of milk has never been attempted.
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before by anyone in India and consequently there are absolutely
no data to start with. Considerable difficulty was experienced in
the beginning to work out practical methods best suited for local
conditions. The samples of milk were collected in special bottles
provided for the purpose and were stoppered and sealed in the
usual way. They were examined as svon as possible after collec-
tion. The following routine was followed 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 follows :—1:10,
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 co.—Agar plates were used for this
purpose and a count was made after incubating for 48 hours at
37° C. '

(3) Lactose Fermenters—MacConkey's Bile Salt medium
{(with lactose) was used in Durham's fermenation tubes and the
results noted with regard to acid and gas formation. The dilu-
tions used were from 1:10 to 1:1,000,000.

() B. Eunteritides Sporogenes. —(Milk test only).—I5 c.c.
of the sample were used. The milk was heated for 15 minutes
at 80° C, rapidly cooled, incubated anzrobically, and was examined
for the characteristic changes from four to five days.

(8) B. Coli Communis.—This was isolated on Neutral Red
Agar and cxamined for acid and gas formation ( MacConkey's
Bile Salt media) and for Indol reaction, ete. {By B. Coli is
understood the organism of type A as mentioned by Houston
on page 172 of his ** Studies in Water Supply, ™ 1913.)

(6) Cholera—Cultures were made on Peptone water and
examined for Cholera by cultural and biological tests in the usual
way,

(7} Typhoid~-Drigalski-Conradi's medium and Neutral
Red Apgar 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-
copically for Leucocytes, Streptococci, Staphylococci, and other
micro-organisms that may be present,

{8) Tuberculosis.—The results of examination for Tubercle
bacilli are described separately on page 69,
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The samples of milk examined bacteriologically may be
divided into four classes :—Class I.—Those collected from
kealthy animals under personal supervision and with the strictest
precautions, and which were cxamined immediately after
collection. Class II.—Those collected by the Chief Veterinary
Inspector and his staff with ordinary precautions and sent to the
Laboratory, the time elapsing between the collection and the
cxamination varying from three fo four hours. Class ITI1.—Those
bought at random in the diffcrent wards of the City from dairies,
milk-shops, cattle-stables, railway stations, Gowlees and other
milk vendors, by the staff of the Public Health Department,
These samples fairly represent the quality of milk that is usually
old to the public in Bombay. As the ““ morning * milk is taken
between 2 and 4 a.m. and sold a few hours later in the bazaar,
six 19 nine fionrs pass before it arrives for examination at the
Municipal Laboratory. Class IV.—Samples obtained from the
Government Military Dairy in Bombay, the sources of the supply
being Poona (Kirkee) and Ahmedabad. The milk is pastcurised
and cooled, and kept al a temperature between 40° F and 50° F,

Class 1.—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 ihe
Municipal Laboratory after being cxamined by a Veterinary
Surgeon and certified to be entirely free from disease, Ths
animals were thoroughly scrubbed and washed.  Just before
milking, the udders and necighbouring parts were washed, first
with an antiseptic solution and finally with sterile water. The
milking was done by the mmanager of the dairy himself, his
hands being rendered surgically clean in the usual way. Most
of the milk was drawn in sterile glass beakers while a few drops
were drawn directly into slant Agar tnhes. After making the
necessary dilutions, the samples were immediately subjected
to the routine examination for microbes per c.c., Lactose
Fermenters, etc., with the {following results :—

1. Microbes per e.c.—The average of several samples col-
lected on two different occasions was found to be 292 microbes
perce. This was probably due to the tao 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 bo sterile. This would indicate that milk drawn in small
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amounts with strictest precautions from healthy and clean animals
is practically sterile.

2. Lactose Fermenters were abseni in 1 c.c. and less of milk,
in ali the samples examined.

3. Examinalion for B. Coli comsmunis, B. Enieritides
Sporogenes, Strepiococct, Cholera Vibrio, B. Tuberculosis and
B. Typhosus was negative in every case. These results compare
favourably with those obtained by several observers in Europe
and in America.

Park! in 1901 found the average bacterial count per cubic
centimeter in samples of milk from six separate cows examined
five hours after collection to be 6,000, the lowest count being 400.

Von Freudenreich? (1902) obtained milk under the strictest
aseptic precautions from 28 cows. The bacterial count of the
mixed milk varied from 65 to 680 microbes per ¢.c. Continuing
his experiments, Freudenreich in 19033 examined the udders
and the milk in the udders of 15 cows, in 13 cases immediately
after slaughtering. The organisms found were mostly cocci.
B. Coli was never found.

Willem and Miele! in 1905 examined a sample of milk
containing 23 bacteria per cc. The milking was done in
a special place. The udders and teats were washed with an
,antiseptic solution and all possible precautions were taken
duaring milking.

MacConkey in 19065 found that with ordinary care and
cleanliness it is possible to obtain milk which contains less than
1,500 microbes per c.c., and in which gas-forming organisms are
absent in less than 50 c.c,

Class 11.—Samples collected by the Chief Veterinary Inspector
and his stafif with ordinary precautions.—68 samples were
examined in all, and it was found that B. Enteritides
Sporogenes, Cholera Vibric and B. Typhosus were not
detected in any of the samples, B. Coli was detected in 24

_samples or in 35.29 per cent., and Streptococci in two samples

! Park, W.H. * The great bacterial contamination of the milk of cities,”” etc, [Journal
Hyg., Vol. I, 1901, page 341,

* Von Freudenreich; ** Milchsiiurefermente upd Kiisereifung ™ Cent. f. Bakty 2 Ab.,
Vol. VIII, 1902, pagc 674.

¢ Von Freudeareich. ** Ueber das Vorkommen wvon Haliterien im Kuhenter,” Cent. |,
Bakt 1 2 Abt. Vol, X, 1503, page 1901,

¢ Willem and BMiele; * Proccd: poue l'obtention dulaft au aseptique Compte Rend.
du 18 Coog. internat. d*Hyg. Brux, 1903, Vol. ITI, page 67,

-‘SBSMacConkey. “A contribution to the Bacteriology of Milk," Journal of Hyg., Vol VI, 1906,
page .
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only. This leaves for consideration only microbes per c.c. and
lactose fermenting organisms. Taking first the microbes per c.c.,
it will be seen that the highest count was found to be 48,150,000,
while the lowest count was 450,000. The average number
expressed in millions was as follows :—

TABLE 1.

Microbes per c.c. in 68 samples—(Class I1.)

D No. of Average No. of Average of 68
ate. samples, microbes per ¢ c. samples,
June 1913 .. B 8,981,000
September ,, 12 16,183,000
December 12 18,833,000
17,103,000
Januwary 1914 ] 10,416,000 r
April " 9 19,000,000 }
May v 21 19,767,000 ]
TABLE IL

Microbes per c.c. in 68 samples expressed in millions-—(Class I1.)

Less than Above 1 Above3but | Abovesbut | Above 10 | Above 20 but
1 Million. | butlessthan 3]  less than § less than 10 |but less thar 20{  under 50
1 ‘ 4 14 30 18

Most of the samples showed a count of more than five
millions of microbes per c.c.

The above figures are only approximate, for as Savage says,
*“ There are no nutrient media and no known conditions of growth

which will allow all the bacteria in milk to develop.”
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Lactose Fermenters.—Qut of the 68 samples examined, only
four, or 5.9 per cent., did not show any lactose fermenters in 1 c.c.
and less of milk, The following results were obtained :—

TABLE IIL
No. of 10 : : X X ' i "
samples. | oo | e | oo % o | Tt | Tea |TOet [  memaris.
4 .. — -— - — — — — |Aboat 6%, did
not show
1. + — — — — — — lactose fer-
menters in
5. + e + — _ — — 1 ¢.c and
less of milk.
15 + 0+ -+ + — — — The same
! percentageof
21 + 0+ + + + — — i samples
showed L.F.
7. + ’ + -4 -+ + + — in the dilu-
. | tion of——
4 .. + J + + -+ + + + 1:1,000,000.
Total — 68 samples, + = Present. -— = Absent.

B, Coli Communis was detected in 24 samples out of 68, or
in about 35 per cent. These results compare favourably with
those obtained in the third series of samples. (Vide Tables VI
and VIL) -

Class IlL--Samples bought at random from a variety of sources
e.2., dairies, milk-shops, cattle-stables, railway stations, individual
milk-vendors or Gowlees, etc,—Two hundred and forty such
samples were examined in the same manner as Series 1 and II.
Only a brief summary of the results is given below :—

1. Microbes per c.c.-——The highest count was 118,400,000
and the lowest was 250,000 during a period of about 12 months.
The highest average figures were reached during May as will be
seen from Tabic IV,
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TABLE 1V,
Microbes per c.c.-Average of 240 Milk samples.—(Class III),

o || e
Date: | samples, | SIS Pere | tovpera- | (JOUR | Remanis
for 48 hours. Fahre, |
1913, °F.

April .- 12 46,363,000 | 82- -761 1
May.. .. 30 63,451,000 1 B86-5 *723
June .o 2 34,125,000 ! 83-7 822
Juiy.. .. 31 33,801,000 | 815 -864
August ‘e . 10 29,750,000 81'4 *815 Average num-
October - 18 38,027,000 827 ~785 ber of micro-
November .. 24 30,297,600 | 79-8 1697 bes per c.c.

1914. . from  April
January .. 18 30,905,000 | 79-8 699 1913 to July
February .. 24 26,366,000 | 760 1684 1914
March . 21 26,131,000 780 781 =36,385,000,
April ‘e 18 22,105,000 820 “747
June .. 16 35,462,000 850 *802
July.. . 16 39,025,000 | 82-0 - 866 ]

Total ..| 240 - ceen

TABLE V.

Microbes per c.c. in 240 samples of milk expressed im
millions—( Class I11.)

1
More than 10 | More than 20
but less than ' but less than
20 30

More than 1] More than 3
but less than| but less than
§ millions. 10

More than 30
but less than Mﬁﬁﬁ?ﬁ? %

50

|
3] 9 ‘32 s ‘63 16
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The majority of samples (nearly 829,) showed a count of
more than 20 millions; while about 19°; showed more than 50
millions of microbes per c.c.

2,  Lactose fermenfers.—The results are tabulated below :—

TABLE VI.

Lactose fermenters in 240 samples of milk—( Class IIL)

No, of Samples. 1c¢c | 01 I 0.01 | 0001 | 00001 | 0.00001 | 0.000001

c.C. .. C.C. [+H 9 C.C, &.C.

2 + x|+t = | = | =

17 + + ™ + + — —

40 + + T + + + —

181 =+ -+ — + + + +

Total..240 ... .. | .. |_"_| . ]
+ = DPresent; — = Absent.

All the samples showed the presence of lactose fermenting
organisms in 1 ¢.c. and less of milk. Out of the 240 samples.
182 or 75.89%, showed lactose fermenters in the weakest dilution.
used, wiz., in 0000001 c.c. of milk. Lactose fermenters were
found to be absent in (-0001 c.c. and less of milk in two samples.
only. These results are extremely bad as compared to those
in Table III. (q.v.)

TABLE VII,

Microbes per c.c. in Bombay milk—(Class IIL.)
(Distributed according to Wards.)

No. of A No. of microbes per c.e,

Ward Sarglpres. g:;:feﬁpr?l tOQIJI;n ifaulypﬁalcif Remarks.

A 37 34,331,000

B 38 40,081,000

1C 35 37,744,000 Average

D 33 39,963,000

E 39 37,786,000 l 38,162,000

r 28 49,218,000 |

G 30 28,013,000 J
Total 240 | L. | .
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TABLE VIIL.

Lactose fermeaters in Bombay milk—(Class IIL)

{ Distributed according to Wards,)

Ward., No. of L. ' 0.1 : 0.01 0.001 0.0001 0.0000t 0,0006001
samples. c.c. c.c. €.C: G.C. c.c. c.c, C.Co
3l o+ |+ o+ L+ — —
A 8 0 4+ | + | + | + + + —
2% 0+ | + |+ |+ + + +
Total 37
L I R I = + + — —
B.. Y + + + + | + + et
35 | - 1 o4 |+ + + + +
Fotal 38
c 2+ o+ |+ D+ o+ + -
“rd 3 | - |+ | + |+ + + +
Total 35
1 L 4 < + — —_ —
D. 3|+ 1+ | 4+ 0+ + + —
20 | 4+ b+ |+ |+ + + +
“Total .. 33
2 -+ + + + — —
E.. 12 |+ o+ | k| 4+ + + —
28 |+ | + 0+ |+ + + +
"Total .. 39
3o+ |+ o+ + — —
F.. 7+ | |+ |+ + + —
8 |+ o+ L+ |+ o+ T +
Total .. 28 . !
1o+ L+ ]+ — — —
G S L+ |+ |+ ]+ + — —
51 - | + | + + + —
s | + | + | + + |+ + +
Total. . 30 l
q'lfg‘g} } 240, 4+ == Present, — == Absent,
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3. B. Eaferitides Sporogenes, (Milk test only).—Twenty-nine
samples out of 240, or 12 9, gave positive tests with the production
of the characteristic changes in the milk. Animal experiments
were tried in a few cases but with negative results.

4. B. Coli was detected in 223 samples out of 240, giving
93.7 per cent., as compared with 35.3 per cent. in Series II.

5. Streptococci.—The centrifugalised stained deposit exa-
mined microscopically showed the presence of streptococei
in 28 samples out of 240, or in 11.7 9%, as against 2.8 %, in
Series, II.

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

Class IV.—118 Special Samples collected from the Govern-
ment Military Dairy, Bombay.—The milk is supplied daily from
Poona (Kirkec) and Ahmedabad. Ttis first pasteurised at 170° F.
for two minutes, rapidly cooled down to nearly freezing point
and then brought to Bombay in special cans with cold packing
outside. After arrival in Bombay the milk is again pasteurised,
cooled and held at a temperature between 40° and 50° I'.  The
samples were coilected in special bottles, packed in a case contain-
ing ice, and were examined immediately after arrival at the
Municipal Laboratory. The results are tabulated below :—

TABLE IX.
Microbes per c.c. in 118 samples of milk—(Class IV,)

S £ No, of s L PA b i
prkrhg Months, Cexatned. . | IGO0 PEF 0.0,
1914, i
Poona .. ..| August o 11 9,407,000
. e ..l September ol 20 12,845,000
" . ..| October - 19 16,630,000
" . ~v.} November ., el 21 14,390,000
e . +.] December .. . 3 11,618,000
Poona Total., .. e 76 13,644,000
Ahmedabad .. ..| August .. . 12 9,462,000
" e ..| September .. . 20 12,528,000
,, v .| October ‘e e 10 18,107,000
Ahmedabad Total .. . 42 12,980,000
Grand Total Average. cees 118 13,408,000
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The average number of microbes per c.c. in 118 samples-
examined was about 13 millions : these figures compare favourably
with those found in Bombay milk (Class III. See Table IV).
In another scries of 50 samples of pasteurised milk from the
same source examined recently, the average bacterial count was
found. to be 7 millions only,

All the above samples showed ILactose Fermenters in
lec, 0.1 ¢c and 0.01 c.c. ; only two from Ahmedabad and three
from Poona showed their presence in a dilution of one in a_million.
as detailed in the following statement \—

TABLE X.
Lactose Fermenters in 1I8 samples of milk—Class 1V}

- Source of Ng, of Dilation of Millk used,
supply. Samples.
et I ee \ o l oL | 000 1 00001 000004
R 4 i
Abmedabad, 2 + + 4 + — -— —
oooas 8 + -+ + + + —_ —
nooe 30 -+ + + -+ -+ + —
z + + | + + + + +
Poona ' 2 + 1+ | + + - . —
”» E) + + + + + — -—
a 40 + + + + + + -
»” 3 -+ + -t -+ - + +
+ = Present ; -— = Absent,

Neither B. Coli mor B. E. Sporogenes were detected in any of’
the 118 samples. The centrifugalised stained deposit examined
‘microscopically did not skow any Streptococei.  These favourable
results are to be ascribed to the fact that all the above samples
were pasteurised before collection,

Some remarks may be now made regarding the significance
of some of the foregoing results. Microbes peor c.c.—As has been
already said, all the colonies counted at any one time do not
by any means give a true count of all the bacteria present in milk,
for there are so many varieties of microbes found in milk that it
is tmpossible for them all to grow on the same medium. It cannot
be denied, however, that the count has a »elafive value when
made under precisely identical conditions, It may 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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«©f microbes cannot be said to be a suitable food, particularly for
infants. DBesides, 93.7°, 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.

Name of
Average for Microbes per ¢.¢. tt]i’:ﬂ‘t"a‘;eé;
authority,
S“ewage«( 1. London .. 1894 to 1901 | 2,000,000 to 11,000,000 |Rosenau.
112, Boston ..| 1894 to 1901 2,800,000 Rosenau.
f1. London .. Dec.to Feb...| 3,000,000 to 5,000,000 [Eyre.
| N Tune to Sept..! 20,000,000 to 30,000,000 [Evre.
Milk, < 2, New York.| In Winter ..} 1,000,000 Park.
’ | s In Summer ..| 5,000,000 Park.
{ i3. Boston .. 1904 2,300,000 Bergey.
L{4. Bombay..| April 1913 to
July 1914. }36.385,000 Joshi.
(240 samples.)

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 strictly
wcomparable. At any rate, it is quite evident that Bombay
enjoys the dubltous honour of standing first 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
(8) Conditions of collection, storage and distribution of milk.

{1} Time.—By ''time’ is meant the interval between
the withdrawal of milk from the cow or buffale and its examina-
tion at the Laboratory. A glance at the figures given above will
show the following :—

Nomber of cum | v emime Avsuags sehec o
eee - I ‘ Tmmediately £xa-
mined, .. . 292
68 .. 11 3 to 4 hours .. .e 17,103,000
240 .. 111 6 to 9 hours.. . 36,385,000
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In these cxperiments, the temperature was practically
constant, but the conditions of collection, etc., were different,
and this must be borne in mind when comparing the results. The
influence of ¢ime on the growth of bacteria in milk obtained under
aseptic conditions has becn observed in several samples examined
in Bombay by the author. The following figures are typical of
many others, The sample was collected with strict precautions,
Just before milking, the udders and neighbouring parts were-
washed, first with an antiseptic solution, and finally with sterile
water. The hands of the milker were rendered surgically clean
in the usual way and the milk was drawn in sterile glass flasks.

Microbes Lactpse
por ¢.c. Fermenters.
Shortly after milking, the sample contained .. 198 —in 1 ce.
and less.
One hour ,, ' . " ” . 304 —in 1 c.c.
Two hours ,, " ,e i - .. 624 —in 1 c.c.
Three ,, ' " ' . ' .. 1,035 —in 1 c.c.
Four ,, . ’ - . s .. 7,260 i .1 c.c.
and more,.
Five ,, " M ,, . . 19,400 +in .1 c.c,
and more.
-+ = Present: — == Absent,

The following figures from Freudenreich are also very
instructive :— :
Shortly after milking, the sample contained 9,000 microbes per c.c.

1tour ,, " " " " 31,750 " PN
2 hours ,, . " " " igg?g . nooow
4 o " " 00 o PR
7 . ' " 5 . 60,000 ” ' '
9, " e N " " 120,000 ™ ia "
25, . " . " . 5,000,000 " wooom

It may be concluded that under identical conditions of
collection, transportation, etc., and with a constant optimum
temperature, the longer a milk sample is kept the greater the:
nuinber of bacteria in it, up to a certain limit.

Il. Temperature,.—This is a very important factor. here
in India. Tt has been found that the majority of bacteria met
with in milk grow best at about 25°C to 35°C (or 77°F to 95°F).
At a lower temperature, (15°C and below) they multiply very
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Influence of Temperature on the growth
of Bacteria erdinarily found in Milk,

o
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little. At a higher-
temperature, the differ-
ent bacteria have their
different thermal death
points. In other words,
a certain amount of heat
is essential and a certain
amount is fatal to the.
growth of  bacteria.
Each particular variety:
of bacteria grows best
at a certain temperature
called the optimum ; each
also has an upper and a
lower temperature limit
beyond which its growth
is arrested. The accom-
panying diagram illus-
trates these points.!
The atmospheric tem-
perature  in Bombay
corresponds very closely
to the most favourable
temperature for bacterial
growth in milk, namely,
25°C to 35°C or 77°F to-
95°1°, and accounts par-
tially for the high counts.
obtained. It will beseen
from Table IV that the-
highest number of mi-
crobes per c.c. {63 mil--
lions) was found during:
May,which is the hottest
month in Bombay and
Western  India, the
average mean tempera-
ture during May 1913
being 86.5. In July
and August, on account

1 US, Depariment of Agriculture, Butletin 348, p. 10,
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of the monsoon, it is comparatively cooler, and correspond-
ingly the figures show g lower count (29 to 35 millions) than
inMay. InOctober the temperaturc again rises (82.7) and with
it the number of microbes. From November to February there
is a gradual decline both in temperature and in the number
«of bacteria.

The relative increase of bacteria in millt held at diffcrent
temperatures is given as fallows? :—

Milk held at Relative number of bacteria at the end of
3 hour, 6 hours. 12 hours. ( 24 hours. 48 hours,
)
680 Fahr.. 1 1.7 / 24.2 | 6128.0 [357,499.0
T 50° Fahr.. 1 ENEE J 4.1 6.2

“In the foregoing table, 1 is assumed to represent the
numbers of bacteria in the fresh milk, and the relative numbers
which will be found at the end of six, twelve, twenty-four and
forty-eight hours, at the two temperatures; are shown in the
succeeding columns. These figures are based on a number of
actual counts and illustrate the effect of 2 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 ather would have contained at the same stage,
-6,128,000.”

1, Cenditions of collectich, distribution, ete,—The clean-
liness of the methods employed in milking, etc., has a direct
bearing on the bacterial content of milk, It affects not only the
total sumber of bacteria but also the kind of bacteria in milk. As
a rule, the dirtier the milk the greater is the number of microbes
in it.  This has been clearly proven by the results already tabula-
ted in the case of all the four different classes of samples collected
under widely different conditions.

To sum up, the enumeration of microbes per c.c. in milk serves
as an index to its (1) age, (2) temperature at whick it was held, and
(3) the cleaniiness of the methods emploved in its collection, ete.
A favourable combination of all these three factors will result
in an excessive multiplication of the bacteria present,

* 1 U.5. Department of Agriculture, Bulletin 548, p. 11.
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As regards the presence of lactose fermenting organisms and
&, Coli in Bombay milk, a comparison may be made between the
figures in Table 111 and thosc in Table VI. In the former case
only 5.9 per cent. of samples showed lactose fermenters in (-00001
c.c. and more of milk, while in the latter case the percentage of
samples showing lactose fermenters in the same dilution was 75.8,
or nearly twelve and a half times as much. In Class II, B. Coli
was found in 35.3 per cent. of the samples, while in Class [T in
93.7 per cent.  The presence of organisms of the B. Coli group in
such large numbers indicates pollution with cow-dung, cte. This
is not at all astonishing, when one remembers the filthy condition
of the stables, etc., where milking is usually carried on. Out of the
samples of milk collected with the strictest sanitary precautions,
not one showed any ' fecal bacilli”” This taken together
with the results tabulated in Tables III and VI would indicate
that the presence and the number of laclose fermenting orgaAnLSIMS
and the presence of B. Coli in milk depend moslly on the amount
of cleaniiness observed in the collection, storape and distribution
of milk. The figures for milk of Class IIT (Table V1) show an
appalling amount of manurial and other undesirable pollution of
Bombay milk as is ordinarily found in the local market. The
figures obtained in samples of Class I and Class IV demonstrate
the advantages of cleanly 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 per cent. of Rombay milk and the
detection of lactose fermenters in a dilution of one in a million
of milk, clearly show that the Bombay milk supply is grossly
contaminated with manure and other dirt. The conditions
of a perfect bacterial indicator are defined as follows by Willjam
G. Savage:—I. 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, from all other sources. 3. It
should be easily isolated and numerically estimated, 4, Its
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, {ulfils all these conditions very adequately. The same may
be said regarding the organisms which are closely allied to B. Coli.
The enumeration of B. Coli and allied organisms in a sample of
milk may be taken generally as a fairly reliable measure of the

3



66 MICROSCOPIC EXAMINATION,

degree of pollution of that sample. It is, however, by 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 ¢ime and temperature as discussed
already. If it were an universal custom to thoroughly cool milk
and maintain it at a temperature so low that B. Coli could not
multiply in it, then one could lay down definite standards for
B. Coli by which the amount of pollution could be measured.
Bearing in mind the various insanitary conditions under
which milk is collected and distributed in India, and the various
local factors, e.g., favourable temperature for bacterial growth,
etc., it may be assumed that the presence of B. Coli and allicd
organisms in large numbers indicale manurial and other undesirable
pollution of milk,

B. Enteritides Sporogenes in milk.—It has been shown that
the spores of this organism are present in considerable numbers
in cow-dung. According to Savage, the estimation of the number
of spores in milk is valuable, as B. Enteritides sporogenes is an
organism which does not multiply in milk. The ordinary test for
the detection of this bacillus cannot be considered as conclusive,
In 29 out of 240 samples (12%,) B. Enteritides sporogenes was
found in Bombay, Whatever may be the significance of its
presence, it does not scem to be very common in Bombay milk,

Microscopic  examination of the Centrifugalised and.
Stained Sediment.—A microscopic study of the milk sediment
gives one a general idea of the number and kind of bacteria and
ot the cellular element present. The presence of streptococci,
pus cells, leucocytes, etc., can be also detected by microscopic
examination. 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.z.,
leucocytes, etc., and partly of bacteria, sand and dust particles,
cotton fibres, hairs, manurial matters, and particles of straw,
‘kadbi’ and other feed. After a little practice one can fairly
distinguish certain types of bacteria which are characteristic of
stable-refuse, cow-dung, ete. A high leucocyte count accompanied
by streptococci usually indicates diseased udders. The presence
of pus cells may indicate purulent inflammation of the udders.
Microscopic examination 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 Significance of Streptococei in  Milk.—The strep-
tococcus wiich is usually associated with Mastitis is calied
streplococcus mastitides by Savage. Out of 36 cases of mastitis
in cows investigated by Savage, nearly 75 per cent. were due to
streptococci.t  Further investigations were made by Savage to
determine whether these streptococei were pathogenic to man.
He made a comparative study of the haman and bovine groups
of streptococci with regard to their virulence, etc. He found that
although the two groups were morphologically and culturally
indistinguishable, they showed a’ wide divergence when their
. action towards animals was considered. Savage concludes
from his researches that *under ordinary conditions the strep-
tococcus mastitides is not a cause of human disease.”

Moore found® streptococei associated with many diseases
of cattle, sheep and horses. Streptococcus has been also found
in milk derived from healthy udders. Reed and Ward observed
this in the case of a cow from 1897 to 1900.2 A post-mortem
examination of the glandular tissue of the udder was made and
streptococei were isolated.

Pus Cells in Milk.—It is not easy to accurately distinguish
between pus cells and leucocytes in milk. A leucoeyte in fluids
other than blood—milk for example—soon undergoes changes
which render it almost indistinguishable from a pus cell. Some
observers regard all noticeably clumped cells as pus cells,  Others
regard all polynuciear neutrophilic cells as pus cells. The writer
distinguishes a normal healthy leucocyte from a pus cell in that
the latter is regarded by him as a leucocyte in a state of degenera-
tion, showing a swelling 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 fires 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 to a single microscopic field, (2} The
sccond grade consisted of 50 cows kept in the country, but in a
badly ventilated and dirty stable—no precautions were taken in
collecting the milk. The samples were examined in the same way

L Savage : " Milk and the Public Health,'
1 Moore; “Observations coneerniag the significance of Streptococeiin comparative Pathology.™”
American Vet Review, 1500, Vol, XXIII

* H.C. Reed and A. R, Ward, "'St:ep:ooocci ig Market Milk.," dmerican Medici:e,
February 14th, 1803, p 257,
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as (1) and gave an average of 11.3 pus cells to a single field. (3)
The third prade consisted of 100 cows kept in the city, always
confined in a filthy stable. The milk was collected under
veterinary supervision and on being examined in the same manmner
gave an average of 19.2 pus cells to a single microscopic ficld.

From these results the obvious conclusion is that cows kept
in the country under sanitary and hygicnic conditions are less
capable of causing disease through their milk than those kept in
the city under the conditions of grade 3. Tn Bombay and other
Jarge Indian cities, most of the milk is obtained from cattle kept
under the conditions of grade 3. 308 samples of mixed market
milk were examined microscopically by the author. All contained
leucocytes in varying numbers—the polymorphonuclear variety
being predominant. True pus cells were very rarely found.
Streptococci were found only in 2.9 per cent. of samples of class
11, but in 11.7 per cent. of samples of class III.

Miller* draws the following conclusions with regard to
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. Nosatisfactory method has been devised for distinguishing
the pathogenic from the mon-pathogenic streptocacci in milk.
Their significance is therefore a matter of further study,

Tubercle Bacilli in Milk.—The following figures will show
the frequency with which Tubercle bacilli have been found in
milk in English and American cities :—

Percentage ‘ Investigator
. No. of Samples | containing or
Cities. Examined. Tubercle ! Authority.
Bacilli,
Tondon {1908) .. .. v 11,6 |William G. Savage.
Manchester ({1908 ) . e 8.28 IWiliiam G. Savagc.
New York (1910) .. 107 16.0  |Hess.
Chicago (1910} .. . 144 10.5 Tonney.
" Washington (1906) .. 233 6.7  |Anderson.

-1 Miller, Wm, W.: ' The significance of Lrucocytes and Streptococti in milk.” Hyg. Lab
Bull, No, 56, March 1909, Washington, U. 5. A,
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Ave tubercle bacilli conveyed by milk n India? A systematic
examination of Bombay milk for B. Tuberculosis was mads by
the author during four years (19101913 inclusive). The total
number of the samples examined was 741. Forty-eight samples,
or 6.47 per cent., showed the presence of acid-fasé bacilli, but i
nol a single sample tubercle bacilli could be demonsirated by animal
experiments. These results have been confirmed independently
by those at the Bombay Bacteriological Laboratery, Parel, where
100 samples of cows' milk were recently examined for tubercle
bacilli, but in o instance did the guinea-pigs develop tuberculosis.
Further investigation in other cities of India is necessary . before
drawing final conclusions, but so far as our present knowledge
gaes, it may be concluded that in Iudic, tubercle bacitli are
rarely, if al all, conveyed by milk,

The value of bacteriological examination of milk in India
cannot be denied in the light of the foregoing results. Chemical
examination is no douhbt important, as it gives us information
as to whether a sample of milk is genuine or not, that is
whether itis ** watered ” or deficient in fat, etc. If clean and
pure water be added, it would not be directly injurious to health.
If, however, a sample of milk shows a very high count of bacteria,
most of which are of {zecal origin, or the presence of a pathogenic
microbe, (like cholera or typhoid), then its bearing upon the
public health is quite obvious. Again, a sample of milk may
be quite genuine from a chemical point of view, but very
objectionable from a bacteriological standpoint. The following
two samples, (A and B), may be cited to illustrate this point :—

1 . — ; Bacieriological
Samples. | Chewnical Examination. : Emw-n‘;gh.m_
{ Y :
—— - : . actose fer-
spec: Grav:l  Total Fat | Non-fatty chxuch.:.s per menters pre-
seat in

at 80O F. . Sellds % | 9 | Solids 9,
]
1
|

- . .= . 0-000001c.c.
A, 1080 | 17-14 | 65| 10784 | 47.100,000 J ang e
—_— ‘ —_— .
cn > I . . . 0000001 ¢ c.
B l 1026 | 1544 | 64| 904 ' 52,852,000 | O DoFC-
i

(B. coli present
in Doth)

Both the samples are genuine from a chemical point of
view. = Bacteriological examination shows, however, a very hLigh
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count, the presence of lactose fermenters in 0.000001c.c. and more,
and the presence of B. Coli communis. 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 - —

1. Microscopic examination of the centrifugalised sediment,
especially for leucocytes, pus cells and streptocoeci.

2. Number of microbes per c.c. {(count on Agar plates.)

3. Lactose fermenters in different dilutions, and

4. Examination for B. Coli communis and B. Enteritides
Sporogenes.

Dr. Eastwood in his Report to the Local Government Board
(1909) on American Methodsl emphasises the great importance
of bacteriological examination of milk in the interests of public
health, A knowledge of the bacterial content of milk is very
useful in the control of the milk supply of a city. Dr. Eastwood
says that " the results already obtained in America by the use
of bacteriological methods are worthy of admiration.” The
following example from a Philadelphia report is quoted by him
to illustrate the prompt efficacy of the micrescopic exarnination
of milk. " Recently a child was made sick by the use of milk :
the sample, which was sent to the Laboratory, was found to con-
tain pus and streptococci in large numbers. The dairyman was
notified, his herd inspected and the infected cows excinded within
six hours.”” The results achieved by 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 now 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 of infantile mortality.” Dr.
Eastwood concludes, * routine bacteriological examinations of
samples for the guidance of the milk inspection service are
valuable and sheuld be adopted. They afford the most reliable,
the cheapest, and often the quickest means of discovering when

1 [ New Series No. 1} Dr. Eastwaed's Repor? 2 the Local Governmenat  Board on
** American Metbuds for the Contrel and Improvement of the Milk Supply,” 1908, page 6.
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milk has been improperly handled. The practical importance
of the work is well put by Rosenau: ‘The activities of our
health officer were at first directed almost exclusively to the pre-
vention of sophistication of milk, detected by chemical methods,
to the neglect of the valuable informatien obtained from 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 public beaith. The bacteriological
examination of milk gives us a clue to the cleanliness of the
methods employed, the temperature and the age of the milk. The
health officer who has the advantage of bacteriological assistance
knows that the milk of dairies containing excessive numbers of
. bacteria is dirty, old, or warm. With a bacteriological count
as a guide it is comparatively easy to determine the cause of the
trouble and to institutc proper means to correct it.  The enumera-
tion of bacteria in milk is, therefore, one of the readiest and cheap-
est methods at the disposal of health officers to determine
the general sanitary quality of the market milk supply. The
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.” [ consider that
Rosenau’s statements are fully justified by what has already been
accomplished in America.”

BACTERIAL STANDARDS.

The first attempt to adopt a bacterial standard was made by
the New York Board of Health in 1900, According to this, no
milk was allowed to be sold in New York 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.  According to Rosenau the number of bacteria per c.c.
in clean milk should never exceed 100,000. It must be remembered
that conditions in America are quite different from those obtained
in India, and if 2 standard is to be adopted in India, it would
have to be done with due regard to the various factors which affect
the bacterial content of milk here. The most important of these
are, {1} the local conditions of collestion and  distribution of
milk, (2) the temperature at which the milk is held, and (3) the timae
elapsing between the colleclion of the milk and its consumption,
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A bacterial standard  should mnot consist merely of the
minimum number of microbes per c.c. The kimd of bacteria
in milk are even more important than the mwmder, and this must
be taken into consideration in fixing the standards. There
are many difficulties in the way of adopting numerical bacterial
standards, and at the present stage of our knowledge it is ques-
tionable wlether such a standard should be fixed for legal purposes.
Bacterial standards for milk in India would be, however, very
useful as guides for adwinisirative purposes. Further research is
necessary before fixing any such permanent standards. In the
mcantime, in the light of the results obtained in Bombay, the
following standard for pure milk is suggested as a provisional
measure for Bombay City.

1. Microbes per c.c.-—~The total number of microbes per ¢.c.
should mnot exceed two millions during the cold weather
(November to March) and five miliions during the hot and rainy
seasons {Aprnl to October).

2. Lactose Fermenfers.—These should be absent in at least
tc.c. of the sample, if it is taken with strict sanitary precautions.

(@)  During the cold seasom (November fo March) the sample
is of —

Pure  mill, if lactose fermenters are absent in 1 c.c.

Good . R " | c.c.

Faiv . . ) . 0.01 G.C.

Unsatis-

Sfactory . " . present (.01 c.c.

Bad . o v o 0.001 c.C.
Contani- '

Haled ' . " " 0.0001 c.c.

Highly-

contami- )

nated . . .. 0.00001 c.c. and less,
()  During the hot weathzr and Monsoon (April to October.) —
Pure milk, if lactose lermenters are absentin 0.1 c.c,

Good " " " . 0.01 c.c.

Fair . . " - 0,001 c.c.

Unsatis-
Sactory . . . present 0.001 c.c.

Bad " " » . 00000 ce.
Contami-

nated .. " " o 0.00001 co.

Highly-

confam:-
nated . .. 0.000001 c.c.and less,

3. Mz’c%ascopz‘c exananation of the centrifugalised sediment
should show only a few leucocytes and perhaps a few cocci and



SUMMARY AND CONCLUSIONS. 73

bacilli, but pus cells and (pathogenic) streptococei should be
absent. There should be no leucocytosis, especially of the
pelymorphonuclear variety.

4. Pathogenic microbes, e.g., Tubercle bacilli, Cholera Vibrio,
B. Typhosus, etc., must be always absent.

SUMMARY AND CONCLUSIONS.

L. The principal factors affecting the bacterial content of milk
are ;—

{#) Climatic influences—temperature, humidity, etc.

(8) Conditions relating to the milch caitle, e.g., the various
diseases of the animals, their housing and
"tending, etc.

(¢} Conditions to be ascribed fo the producers, dealers,
and vendors of wilk, eg., insanitary habits of
life, objectionable methods of milking and of
storing and transporting milk, commuunicable
diseases of the milkmen, eg., Tubercuiosis,
Tvphoid, Cholera, etc.

2. Four classes of milk samples were examined bacteriolo-
gically in Bombay :1—

Crass 1. samples taken from healthy cows and buffaloes
which were specially brought to the Municipal Laboratory. These
were collected under the strictest personal supervision and
examined immediately after collection.

Crass 1I. Samples collected in sterile bottles by the
Veterinary Inspectors with ordinary precautions and examined
three or four hours after collection,

Crass IIL.  Samples bought at random from various sources
in the City from cattle stables, dairies, railway stations, milk-
shops, individual vendors and hawkers. This represents the
ordinary market milk of Bombay.

Crass IV. Samples of pasteurised milk obtained from the
Government Military Dairy, Bombay.

3. The milk samples were examined as follows ;—

Enumeration of microbes per c.c.

Lactose fermenters in dilutions of 1:10 to 1:1,000,000,

Microscopic examination of the centrifugalised - sediment
including search for leucocytes, pus cells, streptococct and staphy-
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lococei.  Examination for Tubercle bacilli including animal ex-
periments. Cultural and other tests for B. Typhosus, Cholera
Vibrio, B. Coli communis and B. Enteritides sporogenes,

4. TIn samples of Class I, the results obtained were almost
ideal, The average number of microbes was 396 perc.c.; lactose
fermentcrs were absentin 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 II were examined with the
following resulis :—

(a} AMicrobes per c.c. (average of 68 samples) were 17
millions,

(0} Laclose fermenters : only four samples or 5.9 per cent.
showed their presence in a dilution of one in a
million.

(£} Streptococei were detected only in two samples.

{d) B. Coli was detected in 24 samples, or in about 33

per cent.

(¢} Examination for other microbes was negative,

These results compare favourably with those obtained in
Class ITI,

6. 240 samples of Class IIl were examined with the fol-
lowing results :—

(a) Aicrobes per cc.—The average was about 36 mil-
lions.

(8) Lactose fermenters.—In 75.8 per cent, samples they
were present in a dilution of one in a million.

(¢} Streptococci were detected in 11.7 per cent,

(d) B.Coli was present in 93.7 per cent, Other microbes
were absent. These results are extremely bad
when compared with these of Class 11,

7. 118 samples of Class IV were examined with the following
resuits :—

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

(0) Lactose Fermeniers.—In 63.5 per cent. of the
samples examined they were present in a
dilution of 1:100,000, and in 96.8 per cent. in a
dilationt of 1:10,000.

(¢) B. Coli, B. Enteritides sporogenes, and Streplococes

: were absent.
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8. These widely different results of the bacteriological
examination are mainly dependent on () the different conditions of
collection and distribution of the milk samples, (b) the tinte elapsing
hetween milking and examination of the samples at the Labora-
tory, and (c) the lemperalure at which the milk samples were held,

9. The favourable results obtained in samples of Class I
from a bacterial standpoint show that it is quste possible to get
the purest milk i1 Bombay, provided that proper precautions are
taken regarding milking, etc,

10. The results of bacteriological examination of samples
of Class I indicate that even with ordinary precautions, a great
deal of the objectionable contamination of milk can be avoided.

11.  As regards the results obtained in samples of Class 111,
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 several samples of milk which were quite
genuine as regards their chemical composition, being free from
adulteration with water; but a bacteriological examination
revealed much contamination with cow-dung and other dirt.

12.  The comparatively favourable bacterial results obtained
in samples of milk which were pasteurised and then kept constantly
at a temperature under 50° F, demonstrate the advantages of
pasteurised milk over raw milk.

13.  As regards Tuberculosis, out of 741 samples of milk
cxamined during four years not a single sample showed the
presence of tubercle bacilli. These results have been since
confirmed independently at the Bombay Bacteriological Labora-
tory, Parel. It may be concluded that so far as our present
knowledge goes, Tuberculosis is ravely, if at all, conveyed by milk
i India. ‘

14. The ordinary physical tests used for the determination
of dirt in milk (e.g., fltration, sedimentation) are not reliable.
The amount and quality of the dirt present can be ascertained only
by microscopic and bacteriological examinations, The bacterial
content of the milk is an index of the cleanliness of the methods
employed in the handling of milk.

15. The above investigation has demonstrated the practi-
cal importance of the bacteriological cxamination of milk in India.
It cannot be denied that much valuable information can be
obtained from a bacteriological examination of milk,
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16.  As regards bucterial standards for milg, it may 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 necessaryin 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 Bombay the standard
proposed above should be adopted as a provisional measure for
Bombay City.

17. In a routine bacteriological examination of milk in
Indien cities it is not ordinarily necessary to search for
pathogenic microbes, e, g., Tubercle bacilli, B. Typhosus and
Cholera Vibrio, The only procedure that is needed is a micros-
copic examination of the sediment, the bacterial count, an
enumeration of the lactose fermenters and the detection of
B. Coli.



CHAPTER V,

LOCAL CONDITIONS, DISEASES OF MILCH CATTLE
AND OTHER FACTORS AFFECTING THE COMPOSITION,
CHARACTER, AND PURITY OF MILK IN BOMBAY
AND OTHER INDIAN CITIES.

There are numerous factors which influence the physical
character, chemical composition and bacterial content of milk
in India, and which must be always borne in mind while attempting
to interpret the results of chemical and of bactericlogical exa-
minatior. Many of these have been already mentioned in the
foregoing chapters. The principal factors may be classified as
follows : —

(1} Climatic influences, c.g., seasonal and daily variations,
the effects of weather conditions, etc.

(2) Conditions relating to the milch cattle:—

{(a) Heredity and breed ; () food; (¢} housing, tending,
etc.; (d) age; (¢) period of lactation; (f)
discases of the milch cattle.

(3) Conditions ascribed fo the Gowlees and other milk
dealers:—

(z) Custums and habits, e.g., methods of miltking, etc. ;

(&) Communicable diseases, e.g., Tuberculosis, etc., of

the milk dealers themselves.

(4} Miscellanesus factors contributing towards contamina-
tion of the milk supply during its collection, storage, transporta-
tion, and distribution,

(5) Effects of heat, bacteria, enzymes, ete.

(1} Climatic influences :—

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

{h)  The effect of weather conditions on tite chemical
composition of milk.—This was studied in Poona by Meggit
and Mann.' According to them, temperaturc and humidity
have a slight infiuence on the composition of milk, provided that

1 ' Memoirs of the Departmeat of Agriculture o India, Chemical Series,” Vol. 17, Nes, 1 and
by A. A, Meggit, B.Sc., and H, H. Maou, D, Se.
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green fodder is available throughout the vear as at the Poona
Government Dairy Farm, Inthecaseof “ Gir” and * Sind"
cows, they found that the milk is remarkably constant in com-
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.

The following figures are given for seasonal variations
with regard to fat in buffalo milkt :—

(orconioge ot | (peenng il
fat.) fat)

Cold Weather.— !

(November to February) .. . 7.16 §.22
Hot Weather—

(March to May) e .e . 6.94 7.81
Rains.—

(June to October) .. .. .. 6.86 7.66

Datly variations.—It has been found by the same observers
that there is always a difference in the relative composition of the
morning and evening milk of cows as well as of buftaloes, 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 found? 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 resuits are probably due to different intervals
between the times of milking, “morning " and “evening.”” At
Poona 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 {0 12 hours, while at Pusa a regular
[2-hour interval was allowed between two successive milkings,
The difference may be also partly ascribed to the different

1 Thid, p. 201, Vol 11, No, 4. ) . . )
2 “Memoits of the Department of Agriculture in India, Chemical Sevies,” Vol. 111, No, 6,
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breeds of cows whose milk was used for these observations,
namely, “ Gir” and ' Sind ** breeds in Poona, and * Saniwahl "
or * Montgomery *’ breed in Pusa.

In Bombay it has been found that in the rainy season there
is usually a slight lowering in the percentage of total solids in millk,
This is probably due to the green and succulent fodder with which
the milch cattle are fed during this time. Otherwise, weather
conditions as such do not appear to have any influence on the
chemical composition of milk. I have failed to trace any definite
cannection between the variations in the composition of Bombay
milk and the daily meteorological data.

{¢} The influence of weather conditions evn the bacteriak
contentd of milk.— Temperature and hwiidily are very important
factors in the bacteriology of milk. The City of Bombay
is situated on an island in 18°55'N and 72°54'E. The
island is now permanently connected to a larger island
{Salsctte) and the mainland by means of causeways and bridges.
The climate of Bombay is warm and humid. The average mearn
annual temperature is 79.6°F., January being the coldest month
with an average mean temperature of 73.9°, and May the
warmest with an average mean temperature of 84.7°. The
average rainfall is 71.15 inches,

The atmosphere of Bombay is usually moist, the lowest humi-
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 Bombay,
the average mean temperature was 81.4°F, the average maximum
being 86.8° and the average minimum being 76.0°. The average
humidity was 0.764 (complete saturation=1.000). The total
rainfall during the period was 152.58 inches. It has been found
that the majority of bacteria met with in milk grow best at about
25°C. t0 35°C. (or 77°F. to 95°F.). At lower temperatures, (15°C.
and below), they multiply very little. At higher temperatures
different bacteria have their different thermal death points (vide
figure on page 63). It will be scen that the atmospheric
temperature in Bombay corresponds very closely to the most
favourable temperature for bacterial growth in milk. This
accounts at least partially for the high counts cbtained during
the hot season. May is the hottest month in Bombay: the
average mean temperature during May 1913 was 86.5°F., being
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 1V).  The weather particulars of 21 months during
which milk was examined in Bombay are given below! :—

Temperature in Fahr. Scaie. Humisli . E
. cr;:‘p'll:g Rmﬁf‘zu Remarks,
Maximum. | Minimum. J Average. = u!r:[llggn : faches,
! |
913, | |
April .. 88.9 76.8 | 82.7 | 0.761 | 0.00 |
May  ..! 92.0 | 81.4 | 86.5 | 4723 | 4.0 !
June .. g7.8 79.8 | 83.7 | 0.822 | 2581 ||
July .. 84.6 74.5 | 81.5 . 0.864 | 33.58 ||
August .. §4.9 77.8 81.4 | 0.815 3.47 J[
September, 85,4 77.0 81.2 0.827 5.75 | | Monthly aver-
‘October .. 138 .4 77.1 82.7 0.785 2.35 . ages of tempe-
November\! 86.9 73.1 79.8 | 0.697 q.00 1| rature, Barc-
December.’ 83,5 | 69.8 | 76.6 & 0.701 0-00 || meter Humi-
| | dity, Wet Bulb
1914, ‘ { Thermometer
January ..; 84.3 69,7 77.0 | 0,879 0.00 [ 4 are  derived
February. | 83.0 ! 69.5 | 76.0 | 0.684 | 0.08 ! from observa.
March ... 846 | 720 | 78.0 | 0.784 | 0.00 | tions taken
April .1 88.0 | 76.3 | 82.0 :0.747 007 {! at$ am., 10
May .. 92,0 | 81.8 |, 8.5 | 0.735 | 0.00 } a.m., 2 p.m.,
June .. 895 | 80’7 l 850 | 0802 | 16060 || 4" pm., ~and
July .. 8438 78.7 | 82.0 10.866 | 31.12 [| 10 p.m., daily.
August ..| 84.5 776 | B1.2 | 0.856 ;i 12.44 ||
September.| 856 [ 78.1  81.5 | 0.850 | 21.03 |1
October .., 90 9 786 | 844 © 0726 | 0.01 ||
November.| 99.9 76.3 | 82.7 | 0.661 | .18 |
December. | 85,1 70.2 | 77.4 | 0.661 0.00 ]}
Average : i
of 21 i 86.8 | 76.0 B L0761 | 7.06%
months, | ‘

* Theee figures were kindly supplied by Dr. N, A, F, R i N
tory Colaba, ¥ supplied by Dr F. Moos of the Government Observa

- 2 Total rainfall during 21 months was 152,58 inches,
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{2) Conditions relating to the Milch Catile.

(2) Breed and Heredity —The influence of breed has
been partly discussed in the previous Chapters, According to
the quantity of milk produced the leading breeds of buffaloes
are Delhi and Jaffrabadi, while the best cows are Saniwahl,
Hansi, Sindhi, and Gir. The Deccani brecds of both buffaloes
and cows are poor milkers. As regards quality, it has been
found that (both in Bombay and Poona)} the milk of Surti
buffaloes is richer in fat than that of any other local breed.
Meggit and Mann found that Surti buffaloes gave nearly one
per cent. more fat in their milk than did the whole herd at the
Poona Civil Dairy. As regards cows, it has been already
mentioned that the Sindhi and Gir cows yield a higher amount
of fat than the other breeds, The half-bred animals from Sindhi
cows and Ayrshire bulls yicld the largest amount of milk in this
ccuntry, although the percentage of fat is low.,

According to Cleuston? the best breed of buffalo in India
is the Delhi. Given the same ration as a buffalo of the local
breed (Central Provinces), a Delhi buffalo will give one-fourth
more milk,

The influcnce 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
recommend the breeding of good milch cows only to such bulls
of the same breed whose motlers and sisters were or are known
0 be good miikers. In the same breed, great variations are found
in the composition of milk of individual animals. This has been
shown particularly in the case of Gir and Sindhi cows.2  This is
probably due to the fact that most of the breeds of Indian cows
have not undergone any selection for generations.

(8} Food.—1t is a matter of common experience that cattle
fed on food rich in proteids and fats will yield milk of a superior
quality, particularly with regard to fat. This is why cotton-seed,
“chunt ” (husk of Cajanus Indicus), and oil cakes form a part
of the daily ration of the milch cattle in Bombay. Amimals fed
only on green and succulent fodder yield milk which is rather
poor in fat and total solids, but the total quantity is appreciably
increased.  The kind of food given seems te influence the chemical
composition of the milk to a greater extent than even the breed

1 jour. of Dairying, Vol I, Part 3, p, 219
a & gcmuils of the Duparlinent of Agriculture in India,” Vol 1T, No. 1, pp. 33 and 35,
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of the animal. Take for instance a fine Sindhi cow with full
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 1 s
given below —

Chl.l‘u"l (Husk . Husk of Wheat ' .
ﬂlf-ﬂd(i:gl]i :n‘!:\s Cotton seed.| Bajel | o950 Bran, | Oil Cake. Hay.
Ibs. 1bs, 1b. 1bs. Ibs, Ibs, 1bs.
Cows ..| 4.5 140 1| 4r8 | 31 31 10 to 15
Buffaloes.|  5-10 2.4 1 | 5511 | gt0 35| 1.3 | 1018
Rice chaff : !

The amount of fat in the milk of cattle fed with the above
ration varies from S to 11} 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
1s usually given in three classes by the best dairy farmers -—

1sé class.—2 lbs. bran, 2 lbs. oil meal, 2 Ibs. gram, 10 1lbs.
cotton-seed hulls, 20 Ibs. dry fodder or 50 lbs. of green maize and
sorghum stalks, good hay and * bhoosa ” being the chief.

2nd class.—2 lbs. bran, 2 1bs. oil meal, no gram, remainder-
the same as Class I,

3rd class—11b. bran, 2 Ibs. oil meal, no gram, 5 Ibs. 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 (Saniwahi breed):—

Composition,
Grain and Fodder. l Quantity Remarls.
in - lbs. Aibumenoids. | Carboky- | Fat.
rafes, i
Gram. 4 .72 2.31 k .21
Bran .. .. 4 LA2 2.33 .14 .
Mustard-Qi} cake ..| 2 .65 G0 16 Albumenoid
“ Bhoosa " (Wheat ] rat'lo for
and Barley.) L. 10 .10 3.79 09 cows' ration,
Dry ** Churri ** { Mil- 1: 54
et) .s L4 17 2.04 .04
** Khasil ** (Barley)..| 25 .54 1.91 .10
Salt .. . L1k oz, . . .
Totab ..| .. 2,70 | 12.98 | .74 |

1 This is the average taken from the figures supplied by the Chief Veterinary Inspector
Bombay.
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Daily ration for buffaloes :—

. Composition,
Grain aad Fodder, igg::tnﬁg.s Remarks,
;Albumerm'ds.‘ searee | g

Gram.. .. .. 4 72 2.31 .2
Bran .. .. o4 .52 2.33 L1
Mustard-Oif Cake .4 2 .63 60 .16 Albumenoid
‘* Bhoosa ”  ( Wheat ratio for buf-

and Bacley)  ..| 10 | 10 3.79 .09 | ffaloes’ ration,
“Churri ' { Millet)..| 5 “21 2,53 05 \ 1:5.5.
* Khasil ** { Barley).l 30 .64 2.36 .12
Salt .. .. . 14 ozs, . . .. j

Total ..| | 284 |13 94 7

On the above rations the cows yielded from 3.8 to 4.7
per cent. fat, and the buffaloes from 5.9 to 7.5 per cent. fat.
The non-fatty solids did not show much variation. The question
of Feeding Standards will be discussed in Chapter VII (q.v.).

(¢] Housing, tending, etc., of the milch cattle—The
milch cattle in India are kept in stables or sheds which
are usually put up in any way with entire disregard to sanitary
requirements. A typical cattle stable in Bombay has been de-
scribed on page 24. The close proximity of the cattle stables
to human dwellings, the inadequate provision for the speedy
disposal of stable refuse and 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 poilu-
tion of the milk supply. The insanitary condition of the milch
cattle stables has a direct bearing on the bacterial content of
milk, as has been shown in Chapter IV. Proper tending of the
animals has an important bearing on the amount of milk produced.
For instance, it has been found that in large commercial dairies
there is a tendency for the yicld of animals to fall off gradualiy
due to careless tending,

{4 Age—The best age for Indian milch cattle for the
maximum yield of milk is from five to eight years. There is
very little change in the quality of milk until the animals begin
to show sernile decay, when the milk gets poorer as the animal
gets aged.
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(¢} Period of lactation or time of calving.—The length
of the lactation period varies a great deal in different animals
and sometimes even with the same animal. [t is a common
observation that from the time of calving to the time of * drying
up,” that is during the period of lactation, there is a definite
relationship between the yield and the composition 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 quality just after calving. It gradually
gets richer as the lactation period advances and the quantitv
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 imcrease in the fat content of the milk as the lactation pro-
gresses.  On the other hand, in the case of Gir cows and the
Surti buffaloes there seems little relationship between the com-
position of milk of individual animals and the yicld, except that
the milk becomes slightly richer at the end of the period of lacta-
tion. *

{f) Diseases of the milch catfle—The commonest diseases
prevalent in Indian milch cattle are Foot-and-Moutk Disease
wnd Rinderpest. Then there are dissases of the udder, such as the
different varieties of Mastitis which affect the quality of milk.

Foot-and-Mouik Disease usually visits every herd in India
about once a year, but owing lo its frequency it is remarkably
mild. It is not so fatal in India as it is in Europe. Tmported
stock suffer very much and many succumb. It appears mostly
amongst young stock. Milch cattle suflering from this disease
usually dry off completely, the milk gradually coming back after
recovery. Foot-and-mouth disease is known to be conveyed 1o
man through the milk.

Rinderpest is the discase most {eared, and many farms are
visited with an epidemic once a year, more or less ; others escape
for three or four years. In Northern India it is reported to appear
every second year with great regularity, There is usually a cessa-
tion of milk in cattle suffering from Rinderpest, and in severe
cases the milk may not return to the normal for a year after
recovery.

1 Meggit aad Maon, “* Memoirs of the Department of Agriculture in Endia,” Vol, 11, Nuw 1,
Pb. 38; Vol.II, No. 4. p. 232,
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- Mastitts (Mammitis or Garget) is a common complaint in
Indian cattle. En the severe forms there is a good deal of harm
done to the udders; in some cases the affected cows have been
known to lose an entire quarter or even two quarters. The milk
from the affected gquarter appears watery and there may be a
change in the color (yellow to light brownish). A microscopic
examination of the sediment usually shows leucocytosis, pus cells
and streptococci. Such milk has a salty bitter taste. The chemi-
cal analysis usually indicates 2 marked decrease in the amount
of total solids, particularly in the amount of fat. The milk-sugar
is also considerably diminished. There is a slight increase in
the amount of proteids. The specific gravity in most cases is
low. On the whole the changes in the chemical composition
suggest adulteration with water.

Piroplasmosis is generally fatal to all English stock unless
protected by serum. The country stock are usually immune.

Anthrax.—During the course of this disease the secretion
of milk falls off suddenly. According to Monatykows,'! the
percentageof sugar and fat is increased and the albumen decreased.
According to the investigations of Jensen and others, the milk
of cows affected with Anthrax very frequently contains virulent
bacilli. Hence the mitk of such animals may be considered
dangerous to health.

Bovine Tuberculosis.—There are only a few statistics
available with regard to the prevalence of tuberculosis in Indian
milch cattle.

A brief investigation regarding bovine tuberculosis was
made in Bombay in 1911, The Tuberculin test was tried in the
case of several cows and buffaloes by the Veterinary staif of the
Public Health Department, Bombay, and reported on by the
Health Officer.? According to this report, five cows gave the
reaction, but when reinoculated with Tuberculin only one animal
responded. The following table gives the details of these tests :—

L Jensen's Milk Hygiene, by Pearsen. 1908, p.90.

t A veport on how Fuberculosis is spread in India, by Dr. 1. A, Turner, M.B.,, D.P.H,,
Ezecative Health Officer, Bombay, 1911, Tires Press Bombay, pp, 23-28.

{TABLE.
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“ Statement of Cows inoculated with Tuberculin for the second
time as compared with first ingculation results.”’

Tempe-

! ' Tempe- | Tempe- | Tempe-
Description of[Date of inoculation {;f“m rature | rature | rature | Re. Remark
the Apimal. |aed re-inoculation in m‘ﬁz- after after after |sult, | fmarks.
- tion, .‘3 hours.{15 hours.|17 lmurs.i |
s
White (A).|13th July 1010/102° | |12 1 o
-[13th July 104.3°/103. 6° + [
i ««130th Octr. ,, [103.8°|102° [102° [102.2° — I Out of five
cases, only
10 14 l one case had
Black J13th July ,, 101,20 " L - . reaction for
July 108.6°( 104° + the second
" -«[30th July , 1102.8°[102.2°1101.6°|102° | — i time which
{ | was ot so
| 10 14 }_:;rong as at
Red .. 1 e M__2Y 1% e first
€ 26th July . (101° yermimsed - |t | [ e, BTSE
.. o o . | ] the remain-
" 30th Octr. ,, 1102.8°(1901 2¢°192 .2"! 101.4 ! ing four
Whi BY.[2 . o = 40 o cases had no
ite (B).20th Octr. ,, |103 !,10:,.40105.7*’ 105.6 i. F o retion ioe
" s . o ° o __ |} the second
th Novr 103 103.2°103° |103.4 IJ fime.
Iron Grey..120th Qctr. s [103° 1104 .2°105 _4°/106° g+
»  e.[sthNovr. ., 1102.8°1102.8°104° [104.6° + |

“Statement of Buffaloes tested with Tuberculin at the milch
cattle stable, No. 1-2, Forjett Street Cross Lane, on 28th
September, 1910.”

Serial | Temberature T rature Temperatu Te:

No. in, o‘;enflgrt?on. af ::‘:_nl;ez hours. | af te:'n l;srhou‘;'es. afte:‘n ggrgg\:ll;es. Remarks.

{ } 102.4° 102, 4° 101,4° 102.2¢

2 .0 o102.90 102° 101 .4° 102.,6°

3 .0 102.4° 102,20 102° The animal
4 .1 109° 102° 102.2° wonld not
5 .. 103° 101,8° 102° 103.6° ' allow the
8 .. 103° 101.6° 101.8° 102° | test, as it
7. 102,20 101.2° 101.6° 102° " was milk-
8 1 10140 101.4° | 101.4° 16£.8° |  ing time,
9 ¢ 102.4° 101,8° 103° 102.8° |
———
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During the course of this investigation thirty cows ** looks
ing suspicious of Tuberculosis ' were selected for examination.
Tubercle bacilli were found in the organs of only one animal that
was brought for slaughter? to the Bandra Slaughter House. 1n
a few suspected cases a post-mortem examinatien was made
with negative results. In the case of buffaloes the Tuberculin
injections always gave negative results.

Several hundreds of samples of milk were examined by the
-writer during a period of four years in Bombay, but tubercle
hacilli were not detected in a single case.

From these investigations it is evident that Tuberculosis
15 extremely vare 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 Farm,
Peshawar, reports that during seven years twelve cases of bovine
tuberculosis occurred in a herd of 300 cows, The diagnosis was
made by clinical signs. Out of the twelve animals three reacted
to Tuberculin and were destroyed. Milk from these animals
was not, unfortunately, examined for tubeccle bacilli.

A systematic investigation has been made recently by Dr.
A, Lankester, who has been specially deputed by the Government
of India {for tuberculosis inquiry. The {ollowing is a brief
summary of Dr. A, Lankester’s investigation? :—

Bovine tuberculosis has been found in Cawnpore and more
recently in cattle at Ferozepore and at Simla.  The cases from
Ferozepore and Simla were examined by Captain Acton, LM.S.,
and Mr. G. Taylor of the Veterinary Department. They
were undoubtedly cases of tubercular disease—in every
instance affecting the lymphatic glands. One or two cases have
also recently been reported from Lahore,

As regards Madras, Dr. Nield Cook failed to find a single
case of tuberculosis out of many thousands of carcases examined.
Major T. %, Ross, 1.M.S., when Health Officer in the same city,
also failed to find any sign of tuberculosis in a single organ or any
trace of external tubercle of the udder in a large number of cows
examined in the cattle sheds, Dr. F. M. Gibson, Director, King
Institute of Preventive Medicine, Madras, has never seen a case

T Pide footnote 2 on page 85, ) .
T Dr, Arthur Laakester, {on Special Duty for Tuberculosis Inquiry, Gevernwent of India )
dn a personal commugication.
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of bovine tuberculosis in India ard 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 from the Muktesar Veterinary Laboratory
regarding the cattle of the Kumaon 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. Tt is,
of course, quite possible that these very exceptional cases occurting
entirely in Northern India, where cattle and human beings are
frequently crowded together in the same dwellings, may be the
result of infection from human sources. The type of the organisms
found in these cases has not yct been definitely esiablished. As
regards its prevalence in buffaloes and its transmission to man,
Dr. 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 to tuberculosis in cattle.

" T do 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
inte this matter.”

The rarity of bovine tuberculosis in this country may be
partly ascribed to the fact that,in India, cattle are usually allowed
to graze out in the open air and in the sunshine to 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 to
whether the animals are properly scrubbed and washed before
milking or not, or whether the vessels used for milking are clean
or otherwise, He is dirty about his own person and takes ne
trouble to see that his hands arc perfectly clean before milking.
The method of milking in India is peculiar in many respects
{see Plate XXI). The animals are milked in the same place where
they are tethered. Milking time is usually the feeding time
also, and, as a rule, the cattle will not give proper milk unless they
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are fed at the same time. This is probably the result more of .
habit than a characteristic of Indian cattle. In Bombay, the
amimals are milked twice a day—between 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 composition and vield of milk—'morning’ and
‘evening.” The period of time clapsing between two milkings
affects both 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 yicld of
milk and percentage of fat remam practically constanf. These
observations have been recently confirmed by me in a series of
milk samples examined from the same animals (buffaloes and
cows) in a cattle stable in Bombay. Another custom which is
almost universal in India is to allow firsé the calf to have milk
from its mother and then to begin milking. The amount con-
sumed by the calf being an unknown quantity, the figures usually
obtained for the total yicld of milk per day or per lactation are
somewhat erroneous. Leather in 1911-1912 made very careful
observations on this guestion in connection with the Saniwalit
breed of cattle at Pusal. He was able to measurc the yield
accurately by allowing the calf to suck one half of the udder only,
whilst the other half was entirely hand-milked. It was found that
the calf actually took one-half of the total milk.

There are many customs and beliefs prevalent ameng milk-
men in this country. For instance, it is the custom in mearly
every household to have the milk heated or boiled before use.
From a bacterial point of view this is a very good custom. In
connection with this, however, there is a ‘religious ’ belief that
addition of water {s necessary before heating the milk or else it
would have an untoward effect on the health of the animal
concerned !

Milk is collected usually in brass vessels of different sizes,
{Plates XXIT and XXIII). Tt is rare to find the udders and flanks
of the animals quite clean. The domestic habits of most of the
milkmen are proverbially dirty. Most of them live in closc
proximity to the filthy cattle stables and are supremely deaf
to all laws of personal or public hygiene. [t is well known that

+ ** Memoits of the Departatent of Agricuicute in India, Chemical Series,” Vol. 1lI, No. 6.
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cowdung is used for various purposes in India. TFer instance,
the mud-floors of the dwellings are very irequently covered aver
with a thin layer of cowdung which is supposed to give a clean
appearance to the floor! This is another possible source of
pollution.

{b) Communicable discases, e.g., Tuberculosis of the milk
dealers themselves. 1t is not uncommon to find a case of Pulmo-
nary Tuberculosis (Pthisis) wmong the milk dealers. A {few such
«cases have heen recently reported in Bombay by Dr. C. Coutinho.?
‘Considering their habits of life, the ill-ventilated dwellings, the
unhygienic surroundings, and the careless manner of handling
milk, this is not at all sucprising. In 1911 the auther examined
271 samples of sputum for tubercle bacilli. These samples
were collected from mileh cattle stables, milk-shops, washing
places for cows and buffaloes, and the roadside. Cut of the 271
samples examined, 33 contained tubercle bacilli, giving 12 per cent.
for the infected samples. There are many possibilities of con-
tamination of milk aficr it has been drawn.

Other diseases such as Cholera, Epidemic Diarrhcea, Typhoid
fever, Dysentery, Diphtheria, etc., are likely to be transmitted
by persons employed in the milk trade. Cholera and Typhoid
** carriers "' are by no means rare in India.

{(4) Misceilancous Factors contributing towards the conta-
mination ot the milk-supply during its collection, storage, transport
and distributi on.

Many of these—particularly with regard to collection and
transport—have been already mentioned. After the milk has
heen collected under the very worst conditions imaginable in a
filthy stable from a dirty and sometimes diseased animal into
an unclean vessel by a person with unwashed hands, and whose
sneezing, coughing, spitting, and nose-blowing operations
contribute a further generous quota of undesirable and often
pathogenic-microbes to the milk, it is now transported through
the sanitary and crowded city streets in a most primitive
manrer. The milk-vessels are {1) carried over the head or shoulders,
{Plate XXII}), or (2) suspended from a pole (usually made of
bamboo) by means of strings and then slung across the shoulders
(Plate XXIII), or (3} conveyed in the slow suburban trains in
the manner previously described, or (4) very rarely in milk cans

1 Half-yearly Report of the Medical Otficer, King George V. Anti-Tubetcalosis League,
Bombay, July 1915,
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with proper covers and conveyed by a modern milk-waggon
(Plate XXIV). After reaching the house of the consumer, the
milk is measured out with a small measure (usually quarter of a
seer=—=~6 0zs.) which is not provided with a handle. This is dipped
along with the dirty fingers into the large milk container every
time that a certain amount of milk is to be measured out to the
customer. Most of the dairies provide the milk vessel with a
tap at the lower end and a lock which secures the cover at the
top. This arrangement is believed to prevent any tampering
with the contents by the milk vendor. Milk bottles are verv
rarely used in India. The manner in which milk is conveyed to
the city from the suburbs has been aiready described in Chapter I1.

The various sources of pollulion may now be summarised —
(1) Yrom the udders and flanks of the animal. (2) From
Mastitis and other discases of cattle. (3) From dirty hands and
clothing of the milker. (4) From diseases of the milkmen, e.g.,
tuberculosis. (5) From milk vessels. (6) From insanitary
cattle stables. (7) During transportation. (8} From dirty
water used for adulteration. (9) At the time of distribution ;
and (10) Careless handling at the residence of the consumer.

(5) Effects of Heat, Bacteria, Enzymes, &c.

(2) Action of Heat. —Milk is a very unstable iquid. This
1s mainly due to the presence of proteids and milk-sugar. When
milk is heated a film or pellicle forms on the surface. This is
believed to be caused by the drying and coagulation of a part of
the proteids which the milk contains.! The scum consists largely
of caseinogen? and fatty matter. When milk is boiled there is
a decided change in its taste and odour. This is probably due to
the decomposition of some of the proteids with the liberation of
hydrogen sulphide (H,S) or some other volatile sulphide, 3 4
It appears that in boiled milk there is a partial precipitation
of calcium salts in the form of tri-calcium phosphate.

At high temperatures, milk is coagulated by the action of
heat. Bardach’® found that about twelve hours heating at
100°C. was required in order to bring about coagulation of fresh
milk, whereas at 130°C milk coagulated in one hour, and at 150°C
in three minutes,

! Jamison and Herly, Four. Physiol, 190k No, NXVII, pp. 26-30.
* Rettger, Amer. Jour. Physiol, 1902, No. VII, pp, 325-33p,

3 Rettger, Amer. Jour. Physiol, 1902. No, V1, pp. 450-457,

* Franz, Uls, Milck Zeit, 1903, pp. 32,954-355,

¢ Brumo Bardach. Monatshefte, 1897, pp. 16,199-216,
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Another important change in milk effected by heat is the
destruction of micro-organisms. Advantage is taken of this in
pasteurisation, boiling and sterilisation of milk. Heat above
70°C—75°C kills the ferments in milk.

The changes produced in milk by heating depend gencrally
upon (1) the degree of heat, and (2) the length of the exposure.
Pasteurisation consists in heating the milk usnally at 60°C (140°F)
for twenty minutes to be foliowed by rapid cooling (Rosenau),
Others recommend a temperature of 63°C (145°F) or 150°F for
30 minutes. Pastcurisation does not appreciably affect the cheini-
cal and physical properties of milk. Beiling, as already mentioned,
is believed to produce profound changes in milk, such as decom-
position of the proteids and other nitrogenous derivatives ;
increase of inorgauic phosphoras and decrease of organic phos-
phorus;  precipitation of calcium and magnesium salts;
coagulation of serum albumen; caramelisation or burning of
milk-sugar, etc, The casein is rendercd less easy of coagulation
by rennin and hence imperfectly acted upon by the digestive
ferments.!  Séerilisation 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 the
milk-sugar and the lecithin content of the milk diminishes., The
proteids change into peptones, and tricalcium phosphate is pre-
cipitated. This is considered to be the cause of the retardation
of the rennin coagulation of milk. Léorcher® observed that
cooked milk coagulates with rennin more slowly than raw milk.
According to Rubner’ and Middleton,* the lactzlbumen is coagula-
ted by heating at 100°C for a short time. De Jager® concludes
that caseinogen 1w more readily digestible than casein, and hence
the digestibility oi milk is diminished by cooking. It is a well-
known fact that the enzymes or ferments in milk are killed by
heat. Between 65°C and 70°C most of them are weakened in
their activity, and between 70° and 80°C all of them are
destroyed,®

1 Rosenau. The Milk Question.

z Latcher = Plug Archio, 1897, p. 89,

A Rubrer. Hyg. Rundschan 1883, No, XX[1, pp. 1021-1022.

* Middleton. fiwd 1901. No, XI, p. 601.

& De Jager, Ceni. f. Med, Wissenschafl, 1906, No. IX, p. 145,

¢ Pub. Flealth, and Mar, Hosp. Setrv, U, §. A, Hrg. Zad. Bull. No. 56, p- 838,
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These changes are believed to interfere seriously with diges-
tion and nutrition. Other observers like Variot' and Forbes-
Ross? prove to the contrary that heat exerts no deleterious
cffects on the digestibility of milk. This point will be discussed
fully in Chapter VI.

(¢} The action of Bacteria, Moulds, etc.—

It is a common experience that when raw milk is left alone,
after some time it turns sour and curdles. This is due to
Jfermentation {in which the starches and sugars are broken down}
brought about by lactic acid bacteria. Besides fermentation, milk
may undergo pufrefaction—Dby which is understood particularly
the breaking down of niirogenous substances in milk. The end
products of fermentation are acids and alcohul, while these of
putrefaction are usually called ptomaines. Fermented milk is
acid in reaction and shows the curd which consists of precipitated
casein, Putrid milk has an alkaline reaction and an unpieasant
taste and odour. Lactic acid fermentation is practically the
change of milk-sugar into lactic acid under the influence of a
series of micro-organisms most of which are of the bacillus acidi
lactict type.®

Lactic acid bacilli are important from an cconomic point
of view as they assist in the preparation of butter and cheese.
The beneficial cffects of soured milk are well known. As regards
the relation of lactic acid bacilli te pathogenic bacteria in milk,
our knowledge is very incomplete. From the experiments carried
out by the author, it appears that they and their products are
inimical to the growth of pathogenic bacteria in milk, so that in
themselves lactic acid bacilli may be considered harmless.

Under certain conditions milk may become infected with a
variety of bacteria which bring about great changes in its
appearance, composition, odour and taste. Some of these changes
will be nmow bricfly mentioned.

Blue milk—This 13 usually caused by bacillus cyanogenes or
Bacleriwm  cyaneofluorescens (Zangemeister). The organism
was isolated by Hueppe and Engling* While blue milk is
considered to he apparenily harmless, its occurrence indicates
external contamination. If it has been traced to any particular

1 Vanol. Comp. rend. des Seances de I' Acad. d-Sci. Vol 139, 1904, p. 1002,
Forbes-Ross.  Lancet, 1904, pp. 979-980.

Conn. Fifteenth Ann. Repori, Storr's Agr. Exp. Stat, 1903, p, 92,
Hueppe and Engling, Bied, Cendr, 18 and 3, pp. 414-4135,

t
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animal its production can be prevented by washing the teats with
a little dilute acetic acid.

Yellow milk—Yellowish colour is not uncommon in milk
from Indian cows. Such an appearance should be considered
physiological in the case of cows’ milk in India.

Red ilk.—This is ordinarily due to the presence of blood
in the milk. The blood may come from an injury or acute
mflammation of the udder. Sometimes a reddish colour may
develop in milk as a result of feeding the animals on plants con-
taining red pigment. Occasicnally a red colour may be produced
by bacteria, c¢.g., bacillus erythrogenus, bacillus prodigiosus, and
others.

Other colowr changes in milk.—Other changes are some-
what rare and are produced by pigment-forming bacteria.
According to Conn,! bactericlogists have described milk of the
following colows: yellow, orange-coloured, green, amber-
coloured, indigo, chacolate-coloured and black. Ernst? describes
brown milk and milk with gray, green fluorescent and violet
spots.

Slimy or ropy milk—Under certain conditions mucilaginous
substances develop in the milk as a result of the growth of certain
bacteria, eg., the bacillus lactic viscosis. The milk acquires a
characleristic ropiness and can be ofteu drawn out into long
threads of exceeding fineness. Slimy milk may be the result of
mucopurtlent discharges caused by various forms of Mastitis
(Garget), etc,

Bitter amilk,—TUreshly drawn milk has sometimes a bitter
taste ; sometimes such taste is developed after standing for a
few hours. The former may be due to passage of certain
substances into the milk from the food of the animal, such as
lupine, wormwood, turnip, cabbage, etc. In the latter case the
bitter taste is caused by certain micro-organisms.

The principal factors relating to the milch cattle, etc., are
summarised below :—

(@) Breed and Heredity —The Indian cows generally, all
things being equal, are fairly constant in
quality, but when bred with English bulls the
nilk of the progeny shows a diminution in fat
and non-fatty solids. The former may run down
to 3.8 %.

1 Conn. Agricuiiusal Bacteriology. Philadelphia, 1901, p, 205.
2 Wm. Ern:t. Text Book of Milk Hygicne. 1914, p. 175,
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The Seasons affect the guaniity more than the guality
(as already pointed out in Chapter III) except
immediately after the commencement of the
monsoon the quality drops owing to the young
grass and the cold nights.

Temperature.—Cattle exposed to excessively low tem-
perature suffer in quality of milk, but this exposure
is not reached in India except in the hills and in
the extreme north. Anything below 40°F woold
cause a loss in quality and in quantity.

Foods influence both the quality and the quantity.
By the substitution of green and succulent fodder
for the dry one the quantity goes up considerably
but the quality suffers.

Period of Lactation.—There is a great variatien in milk
towards the end of lactation when the quantity
is very low.

Age.—There is little change in quality of milk untit
the animals begin to show senile decay.

Disease.—Cattle suffering from disease usually stop
milking at once, the only exception perhaps being
tuberculosis. Tuberculosis among Indian catile
15 very rare, except on the hills and in some parts
of North India. Other diseases of milch cattle
arc Foot-and-Mouil Disease, Mammitis, Rinderpest,
Piroplasmosts and Anthrax.



CHAPTER VI.

‘THE RELATION OF MILK TO THE PUBLIC HEALTH,
INCLUDING INFANT MORTALITY IN INDIA, AND
THE * BIOLOGICAL PROPERTIES " OF MILK.

¥rom the researches mentioned in Chapters 111 and 1V,
among many others the following facts have been established :—

\. That the adulteration of wmilk in Indian Cities is very
-common, reaching about 80 per cont. in Rombay, Poonz and
Bangalore,

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

The addition of water to milk is not only a fraudulent
practice, but is also 2 menace to public health,  Adulteration
of milk with water may affect health direcily as well as indirectly.
The water used for adulteration by the milk-dealers in India is
usually impure bacteriologically and unfif for drinking purposes
from a chemical point of view. It is often drawn from the
insanitary wells near the cattle stables, (vide Plates XXVIII
and XXX). The water from such wells is usually loaded with B.
Coli and allied organisms, and chemical analysis almost invariably
indicates orgamic pollation with 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 may be the
means of disseminating widely various infections, e.g., Cholera,
Typhoid, etc. Several cases of Cholera in Calcutta were fraced
to such a source.!  The author isolated Cholera Vibrio from two
wells in Bombay in 1912, Health is affected indirectly by the
addition of water to milk. The cffect of watering is to alter the
physical and chemical properties of milk. This may lead to mal-
nutrition and improper feeding, particularly in the case of children,
frequently causing Rickets, Dehility, etc,

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

L The Practitioner, Yol. XXX1IV, p, 144,
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well-known fact that milk is frequently a vehicle for the trans-
mission of infectious diseases to man. The ingestion of impure
mills alse often leads to gastro-intestinal and other disorders of
various kinds. A few of the principal milk-borne diseases will
be: dealt with here, and the question of infant feeding and infant
mortality witl reference to the milk supply will also be briefly
discussed. Among the disorders and diseases that may be caused
by bad milk are Diphtheria, Rickets, Foot-and-Mouth Disease,
Scarlet Fever, Malta Fever (through goats’ milk,) Milk Sicknesr
(in the U. 5. A.), Sore-throat and Tonsilitis, Typhoid Fever, Gastro-
Intestiual disorders including ordinary Diarrheea and Dysentery.
Epidemic Diarrheea, Tuberculosis, Cholera and Milk Poisoning
(Galactotoxismus.)  The most important of these that afiect
us in India are Cholera, Typhoid, Gastro-Intestinal Disorders,
different varicties of Diarrheea and Tuberculosis.

Diphtheria.—Epidemics have been traced to milk in Europe
and in the United States of America. It is not known to occur
in epidemic form in this country, although a small number of
scattered sporadic cases have bheen observed from time to time.
The author examined samples of milk in connection with a few
cases of Diplhtheria in Bombay, but was not able to find the
specific micro-organism, These results seem to suggest that, in
Bombay at least, milk does not plav a very important part in
the spread of Diphtheria.

' Rickets.~—As regards its prevalence, no records are availabie.
Itis believed, however. that many cases of Rickets in children are
indirectly caused through ingestion of bad milk.

Foot-and-Mouth Disease is transmissible to man through
ingestion of the raw milk of an animal suffering from the disease.
The virus of this disease is ultra-microscopic and is readily killed
by exposure for twenty minutes at a temperature of 60°C. In
this country, milch cattle suffering from Foot-and-Mouth
Disease  very =oon stop milking. No reliable statistics are
available in Indis regarding the prevalence of this disease in man.,

Scarlet Fever and Malta Fever (through goats’ milh.).-~These
are really clinical rarities in India.

Milk Sickness,—This discase is endemic only in the United
States of America. It is described as an acute, non-febrile
discase, probably of a specific nature due to ingestion of milk,
milk products, or the flesh of animals (usually cattle) suffering

from a disecase known as fremdles. The disease in man is.
7
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characterised by great depression, persistent vomiting, obstinate
constipation, and high mortality.!

Sore-throat and Tonsilitis.—Stokes and Wegefarth, 2 Beck,?
Lameris and von Harrevelt,* Kenwood,3 Savage® and many
others record epidemics of sorc-throat with cervical adenitis,
colic, diarthcea and fever, which were ascribed to the use of
milk from cows suffering from Garget or Mastitis. Such
milk when examined was found to contain pus and streptococci
in great abundance. Septic sore-throat is well known in Great
Britain and in the U.S.A. Many outbreaks in these two countries
are on record.” Most of these epidemics were traced to milk
infected with a streptococcus. In India no such epidemics are
on record. Streptococcic sore-throat is, however, not uncommon
in Bombay and other Indian Cities, and it may be partly traced
to the presence of streptococci in milk,

Typhoid er Enteric Fever.—Epidemics of typhoid fever
caused by infected milk have been reported from time to time in
Furope and America. Milk is a very inportant vehicle for the
spread of enteric fever. Harrington® records that out of eighteen
cpidemics of typhoid fever investigated by Massachusetts State
Board of Health, fourteen were milk-borne, only three being water
borne and one of unknown origin. The typhoid bacillus grows
‘well and multiplies rapidly in milk without preducing any appre-
ciable change in its colour, odour, taste or appearance.® Hence
the danger isinsidious. There are many ways in which milk may
become infected with typhoid bacilli. A very important method
of spread is by means of ‘‘carriers.” Such * carriers’ are
by no means uncommon in the large cities. A *‘ carrier ”
excreting the bacilli in his or her stools or urine could very easily
contaminate a milk-supply either at the source, during milking
and storage, or during its transit and distribution. Many out-
breaks of typhoid have been traced to * chromic carriers.”
In September and October, 1908, Lumsden and Woodward
reported ¥ an outbreak in Washington, D.C., in which fifty-four

1 Hyg. Labs, Bull. No. 86, U.S.A. Vide Roscnau, * The Milk Question," for outbreaks in
America,
2 Stokes and Wegefarth, Medical News, 1897. Vol. 71, No. 2, p. 45,
2 Beck. Dewtsches Vieteljakrschr, f. offent). Gesundheitspfl.  Heft, 11T, § 430.
4 Lameris and von Harvevelt, Zeitschr, f. Flrisch, 1, Milch Hyg, 1901, Bd. II, §. 114,
5 Kenwood. British Med. Journ. 1904, No. 1, p. 602,
¢ Savage. Journ. of Hyg, 1906, Vol. VI, p. 123. .
7 ¥ide Swithinbank and Newman. * Bacteriology of Milk,” for outbreaksin Great Britain,
& Harringion. New York Medical Journal, 1907, LXXXV, p. 696,
® Rosenau. **The Milk Question,' p, 113.
30 Journal of American Medical 4dssociation, Vol. LII; pp. 749-752
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cases occurred.  This was fraced to a farm supplying the milk.
No 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 typhoid baciili were
detected in the faces of a2 woman who had had typhoid fever
cightcen years previcusly ! Scheller ' traced a typhoid cpidemic
near Konigsberg, Germany, to a woman ** carrier ” who had
an attack of cnteric fever scventeen years before.

The isolation of the typloid bacilli frem wilk is extremely
difficult,  Some investigators are said to have been successful in
doing it. According to Ernst,® Konradi positively demons-
trated typhoid bacilli in milk. Shoemaker3 of Philadelphia 2lsa
claims to have isolated the typhoid bacillus in a milk-borne
epidemic in 1906, In Bombay 316 samples of milk obtained in
connection with cases of typhoid fever were examined by me with
negative results.

As regards milk-horne epidemics of typhoid in India, from
numerous enquiries nade, I find that there is practically no
scientific evidence on record for tracing any outbreaks to milk.
In Calcutta and in Bombay several attempts have been made,
m the case of small outbreaks of enteric fever, to find out any
relationship between the cases and the milk supply, but in nearly
cvery instance it was {ound impossible to trace the milk supply
to its actual source. Irom what has been said in Chapter II
regarding the sources of the milk supply of Indian cities,
1t 15 evident how extremely difficult is the task of following up
any particular milk supply to its actual source and examining it
for ” carriers.”  Adulteration with filthy water is very common in
this country as already pointed out. Water infected with typhoid
bacillus when added to milk would constitute another way of
conveying the infection through milk.

It has been suggested that milk-borne epidemics of enteric
fever may be caused by the milch cattle drinking water contamina-
ted with typhoid bacilli, the bacilli afterwards being excreted
in their milk. This seems to be rather far-fetched and there
s no evidence in favour of this suggestion, There is, however,
every possibility of the udders being contaminated by the animals
standing in the water infected by typhoid bacilli.

1 Cenbil, f. Bakt. Vol, 46, p. 385,

? Willam® Ernst, Text Book of Milk Hygiene, p. 192,
3 Journal American Med. Association, May 1907, p. 1748.
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Gastro-Intestinal Disorders, including ordinary Diarrhea
and Dysentery ure very common among children fed on
cows' ur buffaives’ milk,  Improper feeding is & frequent cause
of disrtheea in children. Diarrheeal discases arc mentioned as
very important factors coutributing to infant mortality in India.
(vide Tables on pp. 109-110}.

Infant deaths in Bombay due to Gastro-Intestinal disorders.
Diarrheaa and Dyvsentery vary from 7.15 to 9,33 per cent., giving
an average of 8.24 per cent. for the seven years (1907-1913).
This represents only the fatal cases of diarrheea 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 ' debility ' and gradually
succumb to other diseases, such as Tuberculosis, etc. A great deal
of this may be ascribed to the impure milk supply of Bombay,
Tt has been already shown that 93 per cent. of Bombay milk
contain B. Coli and other objectionable organisms. The total
number of microbes per c.c. is also very large in Bombay milk.
From Table IV it will be observed that in Madras the infant
mortality from diarrheeal discases is 27 per cent. of the total—
that is more than threc times that of Bombay.

In Calcutta, Gastro-Intestinal diseases account for 7.5 per
cent. of the total infant mortality. It is difficult to say how
much of this is directly attributable tu bad milk. Calcutta
milk, like Bombay milk, is known to be extremely dirty,
yielding total counts from ene to three hundred millions of
microbes per c,c. and containing bacilli of the colon group in a
dilution of 1: 100,000 of a cc. There can be no question that
this is at least partly respomsible for the high infant mortality
in Indian cities.

Diarrheea and other Gastro-Intestinal disorders due to bact
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.t The symptoms pro-
duced are those of severe gastro-intestinal irritation with collapse
not unlike those of Cholera.

One of the principal preparations from milk in India which
is likely to cawse severe gastro-intestinal symptoms? is Mawa.

b Sanitation in [ndia, by Do Jo A Turner, ML DPEL, po 4
2 Ibicl, p. 445,
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This is practically desiccated milk and is prepared on a large scale
in Gujarat by exposing milk in large pans to prolonged low heat.
1t is used in the preparation of sweets and ices. In April, 1911,
there was an outbreak simulating Cholera, in a Mahomedan
quarter of Bombay, among certain guests attending a wedding
party. It was ascertained that only those who partook of sweets
{most of which were prepared from Mawa) and of ice-cream
suffered. severely. Several samples of AMawi were examined
bacteriologically by the author in this connection. Tests for
@holera Vibrio were negative in all cases, but the majority of
samples contained B. Coli communis and allied organisms and
streptococel.  The presence of such organisms in large numbers
in sweetmeats is highly undesirable.

Epidemic Diarrhea is considered to be an acute infective
«disease occurring usuatly during summer months and affecting
mainly children under two years of age. Infected milk is the
«chief cause of this disease, As to any specific organism in the
milk, there is still a difference of opinion. B. coli and allied
-organisms have been usually found to be associated in cases of
diarrheea in infants,

Delepine? concludes that epidemic diarrheer of the common
type vccurring in England is apparently the result of infection
of food by bacilli belonging to the colon group. Savage? gives the
following figures for the feeding of children under one year of
age and its relation to Diarrheea :(—

Method of Feeding, Healthy Infants. Infj‘;:;i:g:ll_id by
. . . . |
Cows’ milk, entirely or with other
food .. . . . 12 per cent, 42 per cent.

Breast-fed, entirely or partially " 7 per cent, 10 per cent.

Tuberculosis.—Bovine tuberculosis and its relation to
tuberculosis in man, the spread of tubercle bacilli through milk,
«tc,, have been subjects of careful investigation and scientific
research in Europe and in America for nearly a decade and a half.
Since 1901, when at the British Congress of Tuberculosis, Koch

1 Journal of Hygiene, 1903, Vol, 1I1, p, 68.
* W. G, Savage Mk and the Public Health 1912, p. 157
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made his historic statement,? until the present duv there have
been numerous investigators engaged in the study of this subject :
particular mention must be made of the Members of the British
Royal Commission on Tuberculosis and the German Tuberculosis
Commission, Theobald Smith and others of Washington, D.C.,
Park, Kruniwiede and others of New York. A brief summary
of the conclusions of the British Royal Commission may not be
out of place here :—

** There can be no doubt but that in a certain number of cases
the tuberculosis occurring in the human subject, especially in

- children, is the direct result of the introduction into the human
body of the bacillus of bevine tuberculosis ; and there also can
be no doubt that in the majority at least of these cases the
bacillus is introduced through cows’ milk. Cows’ milk containing
bovine tubercle bacilli is clearly a cause of tuberculosis and of
fatal tuberculesis in man,*®

“—————There can be no doubt that a considerable portion
of the tuberculosis affecting children is of bovine origin, more
particularly that which affects primarily the abdominal organs
and the cervical glands. And further, there can be no doubt
that primary abdominal tuberculosis as well as tuberculosis of the
cervical glauds is commonly due to tuberculous infective
materjal,”” #

The British Commission? investigated 108 cases of human
tuberculosis and found 19 of them to be of purely bovine origin.

The German Tuberculosis Commission® examined fiftv-six
different cultures of tubercle bacilli isolated from patients suffering
from various forms of tuberculosis and found six of them to be of
the bovine type.

Lewis, in his study of tubercle bacilli isolated from fifteen
cases of tuberculous cervical adenitis, found nine cultures of bovine
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

A * Koch announced that human ulerculosis and bovine tuberculosis are two separate and
independent discases, and that tuberculosis of cattle was never conveyed to man as such.

? Royal Commission on Tubercolosis, Second Interim Report, 1907,

3 British Medical Journal, 1903, Vol, I, p. 596,

4 Tinal Report, 1911,

5 Tubercritose Arbeiten a, d. Kais Ges. Amt., 1904-1805, Heft J.
6 ;2 Traunsac, 6ih Internat. Cotigress on Tubereulosts, Waskington, D.C., (U.§.4.5, Vol. v, Pt 2,

p.
7 According to Dr. A, Lankester, tuberculosis in man has never been traced in India to tuber -
culosis in cattle,
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further shown that most of such cases in children can be traced
to milk infected with tubercle bacilli. Tubercle bacilli have
heen frequently found in milk in Europe and America.! In
India, however, they have not been found either in cows’ milk
or buffaloes’ milk. It has been already shown by the author?
that tubercle bacilli are not known to be conveyed by milk in
India and that bovine Tuberculosis is very rare in this country.
It is possible, however, to have the milk contaminated through the
carelessness of milk-dealers suffering from Pulmonary Tubercu-
losis, for example, by spitting, sneezing, etc. Samples of spufum
were collected from milch cattle stables, milk-shops, dairies and the
roadside. 271 such samples were examined for tubercle bacilli by
the author and 33 samples, or 12.18 per cent., contained tubercle
bacilli. Tubercle bacilli may get into milk in at least four differ-
ent ways :—(1) Drrectly © from an animal having Tuberculosis
of the udder. (2) Indirectly: from an animal soflering from
Tuberculasis of the lungs. In this case the baciili may be coughed
into the mouth, and being swallowed by the animal would pass on
into the faces and thence find their way into the milk, Cow-
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 may get mixerd
with milk from Tuberculous animals. (4} (Human) tubercle
bacilli may get into the milk in various ways from persons
suffering from Tuberculosis. The author has made exten-
sive cnquiries  of Health Officers  and  other sanitary
authorities in this country regarding any cases of Tuberculosis
that could be traced to milk; 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 may be sum-
marised : (1) The ravity of bovine tubcrculosis in India.  This
has been already deait with in Chapter V. (2} Tuberculosis
has never been found in buffalces rm this country, and it will be
remembered that in Indian cities,® buffaloes’ milk is more exten-
sively used than cows’. (3) Tubercle bacilli are not known
io be conveved by milk in India. Several hundred samples of
milk obtained from cows as well as buffaloes in Bombay were

1 Vids page 68

1 Obsm?:n'mss on_the Bactvriological and Chemical Examination of the Milk Supply of Bombay,
by Dr. Lemuel Lucas Joshi (All-[ndia Szuitary Couference, Lucknow, 1914, Thacker, Spink & Co.
Caleutta, 1915), .

3 \Fith the exception of Caleutta,
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examined by me with negative results regarding  tuberele
bacili. (4} The almost universal custom of hoiling milk before
use in Indian households. (5) The large proporiion of infants
in I'ndia who arc dreast-fed.

In the Table giving various causes of infant mortality in
Bombay, Tuberculesis is not mentioned separately, but it is pro-
bably included under the column for ** Diseases of the Respiratory
System,” or the one for '* Debility,” or hoth. The average
under these two headings for the last scven vears {1907-1913}
15 28.74 per cent. and 30.73 per cent., respectively. How much
of this is due to Tuberculosis it is impossible to sav. There is,
however, some reason to believe that while no authentic case of
Tuberculosis in children has been directly traced to milk in this
country, the defective feeding of children with contaminated
and adulterated milk would tend to lower their gencral vitality
and thus pave the way for the development of Tuherculosis.

Cholera.—The infection of milk may be dircct by “ carriers,”
uar through infected water added for adulteration. The life of the
Cholera Vibrio in milk is rather a limited one.  There are at least
two cholera outbreaks in India on record which have been as-
cribed to ingestion of milk infected with Cholera Vibrio. The
first outhbrealk is described by W. J. Simpson,' whe found several
cases of Cholera on board the ** Ardenclutha ” in the port of
Caleutta. Out of the ten men who drank the infected milk
four died, five were severely ill, and one slightly ill. The milk
was found to be adulterated with 25 per cent. water which
was traced to a tank into which cholera dejecta had passed, The
second outbreak occurred at the Gaya Jail® in July 1894, when
twenty-six persons were affected. The milk had become infected
by means of flies from cholera stools. It appears that
comma bacilli were actually isolated {rom the milk by Haffkin
and Simpson,

Another way in which milk may be infected with Cholera
15 by means of “carriers.” Major Greig's observations in India
g0 to prove that the “ Cholera carrier ” is the main source of
danger in the propagation of the disease. Recent bactericlogical
research has brought to light the fact that the human ** carrier *
is in a position to supply an adequate dose of the virus to various
foodstuffs, ¢.¢., milk, and so initiate epidemics of Cholera.

3 Practifioner, Vol, XXXNIV, p. 144,
2 Macrae. Indian Medical Gasate, 1804, pp. 407412



MILK POISONING, 105

In addition to paticnts who are actually suffering from a
recognisable attack of the disease, the following may also be
responsible for its transmission —

(1) Those who present a very mild type which is unrecogii
<able clinically.

{2} Those who are “* contacts,” f.e., who have becn attend-
Ing on persons suffering from the disease.

(3) Those convalescents who are knawn as “ chronic
carriers ' jnasmuch 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 handling of milk vessels and the milking of
-animals by such carriers, specially when their hands are tanted
with infected excreta due to carelessness, is a verv ubvious
means by which the milk may receive a very massive infection.

Milk Poisoning or Galactotoxismus,—Under certain circum-
stances milk may acquire poisonous properties. This subject
has been chiefly studied by Vaughan® and his associates.
L¢ Blanc,? Baird,® and others have also contributed to the
subject, There are at least five different ways by which poisons
may find their way into milk :— .

(1) Milk may absord metailic poisons from the milk vessels.
—Baird * attributed an outbreak of milk poisoning to the
preservation of milk in metal vessels. Copper has been found in
milk which had stood in contact with copper coil.* In India,
brass vessels are very commonly used for milk.

(2)  Poisonous substances contained in the food of wmilch
catile may be eliminated in the milk and cause poisoning,—In
many places certain deleterious weeds are given to the cattle.
According to Sonnenberger® certain species of clover near Worms
(Germany) are found to be poisonous, and when eaten by cows
the 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

1 Vaughan and Novy. Cellular Toxines, Philadelphia and New York, 1902, pp. 211220,

2 Le Blauc, Bujl. de Lyon Med., 1901, p. 5865.

3 Baird, Vieg. Med. Semimonth, 1802-7, Pp. 241-243,

4 Golding and Feilmann., Jeur, Soc. Chem, Fadus. 1905, Vol XXIV, pp. 1285-1285.

B Sonnenberger. Verk, d. Gesdll f. Kinderheith-1ieshaden, 1896-97. pp. 129145 s alzo Munich
Med, Wocksche., 1897, Vol. NIT1, pp. 335338 and Vol, X1V, pp. 363-363.

¢ Rosewau. ke Milk Question. 1913, p. 88,
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mouldy grain have been known to cause diarrheea and vomiting
in persens who partake of their milk,

(3) The climination in the wilk of toxic drugs iaken
by the mother.—The excretion of drugs in the milk of
nursing  women has  been exhaustively investigated by
Bucura.!  According to this author only the following drugs.
have been found with certainty in the milk after their adminis-
tration to the nursing mother :—iodine, (applied externally or
taken internally), salicylic acid and salicylates, ether, mercury,
antipyrine, aspirin, arsenic and bromides.

() The production of toxic substances in the milk bv
the action of bacteria :—Vaughan in 18842 isolated a substance
called tyrotoxicon from poisonous cheese in Michigan. Later on,
Newton and Wallace® Firth,* Vaughan® and others found this.
substance in cases of milk poisoning. Caminan® reported 23
cases of milk poisoning due to the presence of tyrotoxicon in.
milk,  Vaughan and Novy? and others found tyrotoxicon in
poisonous ice-cream. The production of different kinds of toxins
by various bacteria in milk has been also observed by several
workers. Novy® found this to be the case with bacteria of the
Enteritidis group. Fluegge® isolated and studied twelve species-
of toxicogenic bacteria in milk,

(5) Mk may  acquire poisonous propertics as a result
of disease in the mother —According to Michelazzi,' the milk of
tuberculous mother is toxic to the child, and stch milk contains
a tuberculous poison which is not entirely destroyed by heating
at 100°C.  Lawrence! observed the passage of typhoid bacilli into-
the milk of a nursing woman who was ill with typhoid fever.

Cases of poisoning due to the ingestion of milk and certain
milk products are not uncommon in India. An outbreak in
Bombay due to eating * Mawa " (which is prepared from milk)
has been already described. This may have been due to toxins
produced by the bacteria or to the presence of some poisonous
substance like tyrotoxicom.

Bucura. Zeitsch. f. exper. Path. . Ther, 1907, Vol VI, pp. 298 to 414,
Vaughan. Ivid.
Newton aml Wallace (ide Vaughan and Novy, loc, cit,, p. 215)
Firth, 7bid, p. 216.
Vaughan, fbid.
Camman. Ibid, p. 218,
Vaughan and Novy. fbid, p. 219.
Novy, See Osler's Modern Medicine, Phila, & N. Y., 1907, pp. 241-24%.
soFsl:gegge. See Vaughan, Twenticth Century Praclice nf Medicise, N1, 1898, Vol XIIT,
PP o0-52.
19 Quoted by Le Blanc. “ Bull. dz Lyon Med., 1901,
21 Lawrence. Boston Med. and Surg. Jour, Veol. 161 1909, p. 152,
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Intant Feeding and Infant Mortality,—Milk is an ideal
dict particularly for children, the sick, and the convalescent,
It is very important, therefore, that it should be supplied in a.
pure and fresh condition, free from dirt and disease. It is.
a well-known fact that in India the mortality among children.
under one year is extremely high as compared with that in
Europe and in America. In 1911 out of 4,752,152 male children.
and 4,457,550 female children born in India, 1,016,823 males and:
873,677 females died. In other words, about one-fifth of the
children born in this country die within the first year of their-
life. This enormous loss of life is of grave concern to the country:
and is worthy of our most careful investigation. The average:
of ten years (1904-1913) givesa rate of 217.35 for deaths of children.
under one year of age to 1,000 births. This is higher than that of
any other civilised country, excepting Austria and Russia, as wilk
be observed from the following figures :—

, Deaths under 1 year o 1,000

Country. births “avorage anpurl ate Remarks
unless otherwise stated,
New Zealand .. . 79
Norway .. ‘e . 20
Sweden .. e .e 95 Average for 10 years.
( 1894-1903 3.
South Australia . 192
Ireland .. .. .. 103
Scotland .. . o 126
Denmark .. .. 127
Switzerland . .e 142
Netherlands e .. 147
England and Wales .. 150
Japan .. eed aa 151 Average for 10 years.
{ 1892.1903 ).
Fraoce .. . . 153
Belgium .. . . 156
Cevlen .. . .. 169
Italy .. .. .e 170
Prussia .. ve .. 197
Hungary.. .. .. 216
India .o .. .. 217.5 Average for 10 years
(1904-1913 ).
Austria .. . .. 224 Average for 8 vyears.
(1895-1902},
Russia ( European) .. 268 Average for 10 years
( 1892-1901 ).
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Infant mortality in Indian cities is also very high as will
be seen from the Tables given below @ —

Table 1.—Statement showing the rate of Infant Mortality per
1,000 births in some of the principal Indian Cities.

Year, | Bombay. Delhi, i Calcutta, Madras.
N 1

1904..] 4392 3364 207.4 | 280.9
1905..  557.1 340.7 3171 316.3
1906..| 5347 1451 310.8 341.2
1907..] 123’8 361.8 293.0 2707
1908..] 1501 5001 269.6 296.3
1909..| 4047 360.5 268.0 205.0
0., 113.9 3550 273.5 294.1
1911..| 379.8 118.2 251.8 3054
1912..] 1482 372.7 259.6 260.4
1913, 38 319.9 274.8 293.4
A‘;;f;;jgﬂ 445.24 S81.34 | 28051 297.3

The cawses of the high infant mortality in Indian cifies are
numerous and complex. In general terms, it may be said that
poverty, ignorance and neglect are the fundamental causes. As a
direct result of poverty we have overcrowded districts, insanitary
‘ chawls,” vitiated air, the necessity for mothers to earn their
own living—even late in their pregnancy and too soon after
-confinement (e.g., the mill-hands in Bombay},—insufficient food
for nursing mothers and consequently poor milk for their babies,
lack of proper rest and recreation, etc. In Bembay, it is not an
uncommon practice for working nothers to drug their children
with opium as a palliative and economic measure. Ignorance
of the simplest facts of the hygiene and physiology of child-
bearing and of infant-feeding often lead to disastrous results.
‘The ignorance of the illiterate and meddlesome * midwife "
in India is hopelessly profound, and it is a very important cause
of the high mortality of children. Neglect of children on the
part of Indian mothers is seldom wilful, but is usually the result

-of poverty or ignorance, or both. It is not proposed to discuss
the various causes of infant mortality in India, for that would be
outside the scope of our present inqguiry; only those factors
will be dealt with which have a direct or indirect bearing on the
subject of milk and infant-feeding and consequently affecting
-the health of children through bad milk. It will be seen from 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 Diarrheea ; or in other words, exposure
and defective feeding,-—both being preventable causes.

A study of Tables Il 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
deaths. By *debility ” 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
1s believed to include all those fatal cases resulting from laclk 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 valuwe and therefore it is not only
physiologically unsuitable but tends to produce rickets and a
gencral lowering of the vitality. [t is very difficult to show
this by means of statistics.

As regards the effects of contaminated milk on the health
of infants, a few statistics are available.

0

Table t11.—Principal Causes of Infant Mortality during the
first year of life in Bombay.
(1907-1913 )

g8 g
H 25 | &5 3
Year. W ig o 2& 3k i b i
& | g | 5828, gz | 25 | & | 3
= Z EREE 4 g3 2 © G
g g | E5as 25 22 3 = =
& | 2 | & A8 i ax 5 z z
) o |
1907 v 19 35 745 1,237 2,316 2,830 874 (8,276
1958 ..l 236 238 763 1,404 2,557 2,872 11,008 9,077
1809 .. 134 27 611 1,4R6 2,231 2,626 935 8030
1910 .. 264 56 674 1.402 2,292 2,567 998 8,233
1911 « 98 |233 581 1,400 2,364 2,364 1,080 8,120
1912 274 ]2 900 1,370 2,877 2,581 1,362 9,646 .
1913 ..| B5 | 66 615 1,278 2,113 1‘_’,207 1,154 |7,438
Average for ] [
7 vears,.| 281.4/105.2) 698 .4 1,393.7] 2,421.4 2,581.0‘1,008.713,41'.’.8
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Table 111.-Percentage of Infant Deaths in Bombay from

Principal

Causes.

(1907-1913 )

bl .
£ . E A
= 2] =T H]
£F | g8 | 22 :
: ga "t 52 U
Year, 3 =g o g R 5
£ g 528 g3 £ = =
—_ = e =] - =
E 3 58 | B¢ 4 3 °
& g S84 | Az A% K Z
1907 .| 0.22 | 0.42 | 9.0 | 14.94 | 30.40 | 34.43 10.56
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1 Administration Report of the Corporation of Madras, Health Department, for 1913, p. 30
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It will be seen from Table IV that in Madras, Diarrheea and
Dysentery account for almost the largest number of deaths among
Anfants : 27 per cent. of the children die from this cause. A study
«of the Table will show that the incidence of diarrheeal diseases
rises continuously until the end of the ninth month, when a
slight decrease occurs up to the twelfth month.

According to Dr. Janet E. Lane-Claypon,! experimental
-evidence confirins the conclusion derived from clinical experience
-as to the superior results obtained by feeding infants or young
animals with the breast milk of an animal of the same species,
instead of with the milk of another species, and emphasises the
-opinion that infants should be fed on the breast unless there is an
urgent reason to the contrary. In this connection it must be
remembered that breast-feeding is much more commeon in India
than artificial feeding. From numerous inquiries made by the
Municipal nurses and midwives in Bombay the percentage of
breast-fed children has been found to be as follows :—

In 1909 1910 I 1911 1912 1913 1914

64.9 59.8 | 69.7 | 665 68.4

No reliable statistics are available in this country regarding
the propertion of deaths among breast-fed and bottle-fed infants.
From inquirics made in Bombay, it appears, however, that the
mortality among artificially-fed children is much higher than
that among the breast-fed. In New York, eightv-five per cent, of
all infant deaths occur in those that are artificially fed.2 W, J.
Tyson states that of all infants who die in England in the first
year of life, seventy-five per cent. have been fed artificially.® In
Munich the mortality of bottle-fed infants is eighty-five per cent.
and that of breast-fed, fifteen per cent. Budin’s Chart* giving
the relative mortality 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 New York, carried out an extensive

1 Keport to the Local Government Board on Pulblic Health and Medical Subfecis (New Series
No. 63) 1912, by Janer E. Lane-Claypon, M.D., D.5c., {Londen.)

2 Rosenwu. [he Milk (Juestion, pp. 234 and 235,

3 Myg. Laby. Bull, No. 56. Washingten, U.S.A,, p. 239, -

4 Budin, Pierre. 1905, Hvgirne du Nowrriison, Paris,

& Archives of Peditrics, 1903,
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investigation for over two years regarding the different
methods of infant feeding. The objects of the investigation
were ;—(1) To compare the results of the different methods of
feeding infants in *‘ tenement houses ™ in New York (somewhat
akin to Bombay ““chawls ). (2) To determine how far such
results were affected by the character, composition and bacterial
content of the milk used. (3) To find out to what extent the results.
were modified by other factors. These observers studied carefully
632 infants. The different kinds of milk used were briefly as
follows :—(1)  Store milk—This is sold in the ordinary shops and
represents the poorest grade of milk in New York, Bacterial
count about 400,000 per c.c. in winter and from 3 to 20 millions
per c.c. in summer. (2) Condensed milk.—The sweetened variety
was used. (3) Bottled milk. Two kinds were used, ** good ™
and ' best "—the bacterial count was about 500,000 per c.c.
(4) Milk from Central Distributing Stations.—This was mostly
from the Straus Milk Depots. The milk was pasteurised before
use. Before pasteurisation, the microbes per c.c, averaged about
two millions and after pasteurisation about 300. This was often
modified for feeding and supplied in small bottles. (5) Mothers’
ik (breast feeding). The results obtained by Park and Holt
are tabulated below :— '

WINTER RESULTS.

| Milk from
Good Beat
< Sto: Cond d Central Breast-
Remaris, Milll: o;li?l:.se %cﬁ&[{ed dist:'ﬂ:»zi:ing Bntiﬂ‘ed I feeding.
' Stations, " i
|
, T |
Did Well .. ’ 47 . 39 } 51 | 35 5 7
1 PR —
., Fairly.. .. 8! 5 ‘ 13 20 .. 1
|
., Badly.. .. 2 2 1 4 1
Died - ] o 2 3 1
Totat ’ 55 4% 68 59 6 9

[ TABLE.
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SUMMER RESULTS,

Remarks Store ' Condensed | poctl M&!;{;:;n Botijed | Brcast:

. Mk, | Mils, Milks. 5d:£sgﬁ::::1gf Milk, { feeding.

Did Well ., ) 21 22 37 J 84 9 ] 17
B Fairly.._H.",F(_z_éﬁ 20 23 33 3 | 7
. Badly .. .4 20 14 29 24 .. 7
Died.. .. .| 15 14 9 4 ..
Total .. 79 70 ‘ 98 145 12 31

There is a striking contrast between the summer and the
winter figures, the latter showing good results by all the methods
of feeding. Park and Holt believe that “there are many
factors to explain the differences between the summer and winter
results, but that heat is the primary factor and bacteria and their
products a secondary one, except when the contamination is
extreme or pathogenic organisms are present.” They lay a
special emphasis upon the influence of contaminated milk, and
state that with the cleanest milk from the best cared-for cattle
the smallest number of bad results occurred.

Park and Holt made further observations on the effects of
feeding children with different grades of milk, and the following
are some of their conclusions :—

(1} The number of bacteria which may accumulate before
milk becomes noticeably harmful to the average infant differs with
the nature of the bacteria present, the age of the milk and the
temperature at which it has been kept. (2) When milk is taken
raw the fewer bacteria present the better are the results. Of the
usual varieties, over 1,000,000 bacteria per c.c. are certainly deleteri-
ous to the average infant. (3) Infants fed on milk previously
heated did on the average much better than those who received it
raw. (4) A few cases of acute indigestion were seen immediately
following the use of pasteurised milk more than 36 hours’ old.
Samples of such milk were found to contain more than 100 millions
of microbes per c.c., mostly spore-bearing varieties, (5) Heat

! Park W, H., and Holl. L. Emmd, ** Report upon the results with different kinds of puts
and impure milk in infant feeding in tenement houses and institutions of New York City." Medical
News, Vol. 83, 1903, p. 1066, etc,,

8
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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 by
the bacteria in milk derived from healthy cattle.

A great deal of valuable work in improving the milk supply
has been done by Dr. Goler, Health Officer, Rochester. N.Y.,
U.S.A. The city of Rochester has a population of 200,000 and
the daily supply of milk is 70,000 quartsl. Every 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 onc of the causes which have brought about
a diminution of infantile mortality, The accompanying reproduc-
tion of a chart by Dr. Goler? is both interesting and instructive.
The second chart is from Chicago and shows a comparison betwecn
menthly average of bacterial counts and montily deaths among
children from diarrheeal discases.®* Both these charts  are
interesting and suggest a close relationship between the bacterial
count and the death rate in children.

1 Reports o the Local Govermment Board on Public Health and Medicat Maiters (New Series
No. 1), 1909, 5. 60, by Dr. Arthur Eastwaod.

4 Aschives of Pediatrics, September 1906,

2 Roscnau. ke Milk Quesiton, p. 257,

[DIAGRAM PLATE.
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AVERAGE NUMBER OF BACTERIA IN MILK : Deaths undey 5 yeavs.

Number of deaths in Children under 5 years of age,
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EFFECTS OF PASTEURISED MILK.

BACTERIA FOUND IN RAW AND PASTEURISED MILK.

Monthly average of Bactevial Counts, 1910, compared with wonthly
deaths among children from Diarvheeal Diseases, ( From Chicago

Commissioner of Health.)

Bacterial Count of Milk Samples—Bacteria per cubic centimeter..
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There is no doubt that child mortality has decreased con-
siderably in many cities abroad since the use of pasteurised milk
for children, Nathan Straus introduced pasteurised milk in New
York 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 Depots.” Prior to 1893 the death rate of
children under five years of age in New York was over 96.2 per
thousand and in summer (June, July, and August) this rate was
136.4 per thousand per year. With the inereased use of pasteu-
rised milk the death rate was reduced to 55 per thousand in
1906 and the summer death rate to 62.7 per thousand per year.

Besides pastcurisation, there are two other metheds of arti-
ficially purifying milk—namely, boiling and sterilisation ; as
the practice of boiling milk is followed in mnearly every Indian
hoasehold, it would be important to study the effects of beiled
milk on health—particularly with regard to children. A very
cxhaustive report! to the Local Government Board was made
in 1912 by Dr. Lane-Claypon “ upon the available data in regard
to the value of boiled milk as a food for infants and young
animals.” The report includes both experimental and clinical
ohservations of different workers. It does not deal with the
digestibility of raw and boiled milk, but is concerned with the
study of the comparative nulritive value of vaw and boiled milk:
(1) of the sante 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 environnment, who 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. 1he material selected for the investigation was from the
Infant Consultation in Berlin—under Prof. Finkelstein and Dr.
Ballin. The infants were weighed from time to time and the
weights noted. Numerous experiments on animals were also
performed. Dr. Lane-Claypon draws the following swmmary
and conclusions in the report ;:—

*“ The balance of evidence both experimental and clinical

points in the main to the same conclusions. Both lines of research
show :—

L Reporls to the Local Government Board on Public Health and Medical Subjects {New Serics
No. 83), by Jaoet L. Lanc-Claypou, M.D., D.Sc,, 1912,
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“ (1) That there is apparently no serious loss of nutritive
value produced by feeding an animal upon boiled milk derived
from an animal of the same species. At the same time it must be
pointed out that the published evidence on this point is scanty.

“(2) That when an animal is fed upon the milk of another
species, the milk from which has been found to be suitable for this
purpose, such small differences as have been found in the nutritive
values of raw and boiled milk have been in favour of boiled milk.

“ (3 That the milk of the same species has a considerably
higher nutritive value for that species than the milk of any other
species so far investigated.

“ The evidence dealt with throughout this report emphasises
very forcibly the importance of breast-feeding for the young of all
species and shows the special importance of breast-feeding during
the early weeks of life.”

Milk is deprived of its enzymes or ferments by boiling, and
this has been often brought up as an objection to the use of
boiled milk. As will be shown under the * Biological Properties
of Milk  this objection is more theoretical than practical—for
no one has yet definitely proved the biclogical value of these
enzymes in milk.  So far as our present knowledge goes, it may
be concluded that bosled milk is not inferior to raw milk as regards
s digestibility and wnutritive properties.

Sterilisation of milk is a step further than boiling. This
brings about more profound changes in the character and composi-
tion of milk than boiling (vide Chapter V). As in the case of
boiled milk, there is considerable amount of evidence to show that
sterilisation of milk does not seem to interfere with its nutritive
qualities. The observations of Variot and other French observers
are worth recording. Variot! sums up his experiences as follows

“ At the dispensary of La Goutte de Lait de Belleville, which I
have directed since 1892, we have distributed for twelve years in the
pocrest quarters of Paris about four hundred thousand bottles of
sterilised milk to more than three thousand infants of the working
class deprived of their mothers’ milk. With my collaborateurs,
MM. Drs. Dufestel, Lazard, and Roger, we have made a study of
the artificial feeding with sterilized milk, and the results of our
cxperiments are so decisive, each case controlled by weight, and an
examination of the organs and functions, that we think our results
mertt publication.

! Variof, M. G. “ Valeur nufritive du lait de vaché stérilise i 1089 pour I’ allaitement
artificiel.”  Comp. rend. des seances de UAcad. d, Sei. Vol, 139, 1903, p. 1002, {from Rosepaun.)
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The milk received from farmers in the country is heated to
108°C, before transportation in the bottles of half a litre, stoppered
with cork and the medical seal. This milk keeps several days without
alteration, even during the greatest heat of summer. It is delivered
daily at the Belleville dispensary to one hundred and fifty infants.
Every week, or oftener if necessary, the infants are weighed and
inspected with care, records of which are kept. The following are
some of the conclusions of the results of twelve years’ experience :~—

1. The milk sterilised at 108° C. preserves all of its nutritive
value. 1t is not inferior to milk pasteurised at 8)° C. or with
heating at 100°C. in the apparatus of Soxhlet.

2. The destruction by heating of the enzymes, the siight
alteration of the lactose, the doubtful precipitation of the citrate of
calcium, or the alteration of the lecithins does not affect its assimila-
bility in an appreciable manner. Not one case of infantile scurvy has
been observed by the dispensary.

3. Thanks to this sterilised milk we have been able to raise not
ouly healthy infants, but also atrophic infants, retarded in their
development as the result of gastro-intestinal troubles.

4. Rachitis did not develop in any of the infants.

5. In threc thousand infants of the poorest class about three or
four per cent. showed themselves incapable of using sterilised milk,

6. Constipation and anzmia were not rare among the infants
raised by this method. On the other hand the summer diarrheea
were markedly attenuvated in severity.”’

Maygrier! states that of 590 infants fed on sterilised milk,
not one dicd of Diarrheea.

Berlioz? reports that it is possibie to reduce infant mortality
by the use of sterilised milk. He sterilised milk at 110°C for half
an hour before distributing it in bottles. The following death
rates were observed :(— -

Class A. Class B.
Year, Children fed on milk not Children fed an sterilised
sterilised {per 1000). milk { per 1000.)
1894 .. 1 66.8 25.6
1895 . ! 86.9 42,2
1896 .. .. .. 51.0 - 16.1
|
¥
Average .. .| 69.3 27.9

1 Maygrivr. “*La Consultation de nourrisson i la Charite, de 1898 a 1901, Obstefrique, Yol. 6, 1901,
2 Rosenau, The Milk Qucstion, p. 220.
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The difference in favour of sterilised 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 who
claim that the prolonged use of heated milk leads to scurvy and
rickets in children.

According to Ernst,! children who are exclusively nourished
on sterilised milk become affected with infantile scorbutus or
* Méller-Barlow disease,” which disappears when raw milk is
provided. He does not quote any statistics, however, in support
of this view.

Rummcl? doubts the relationship between the Maller-
Barlow discase and sterilised milk. The causc of the disease is
entirely unknown, and perhaps it has some relation to the food of
the cow rather than to the heating of the milk. Escherich says !
“ Infantile scurvy I have not once seen among all the many
thousands of children fed artificially and with sterilised milk which
passed through my hands in Miinchen and Gray."s

Koeppen* considers scurvy as an  auto-intoxication brought
about by intestinal putrefaction.

According to Rosenav® “ scurvy may be brought about
by the lack of inorganic salts of alkaline bases, especially
potassium, in the infant’s dietary. This, combined with the
injurious effects of a high percentage of fat in the food, may bring
about serious disturbances of digestion and metabolism favouring
the production of the scorbutic condition.”” The last is a very
recent view on the matter, and if it is correct, then the use of
heated milk could not be an etiological factor in seurvy im
children.

Here, in India, where beiled milk is most commonly used for
children, infantile scorbutus or Mbller-Barlow’s discase does
nat seem to be very prevalent.  The disease is rare in Germany and
France where feeding with heated milk is very popular.

1 Wm. Ernst. Text Book of Milk Hygiene, p. 184,

2 Rumtael, O,  Sterilisiecie Milch ? ™ Denr, Praxis. Vo, XIII, pp. 201-207,

§ Hscherich Wiener Aiin Wockens, Vol. XIIT 1900, p 1,

4 Keeppen, " Zur Moller-Barlow schen Krankheit,” Jaheb f. Kinderheilk,, Bd. 44, 1887,
8 Rosenau, The Milk Question,
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The comparative advantages and disadvantages of pasteuri-
sation, boiling and sterilisation will be considered in the next
chapter.

The Use of Preservatives tn Milk-—Chemical preservatives
are added to milk in order to prevent or retard the growth of
bacterig, and thus preserve or keep the milk for a considerable
length of time by delaying the lactic-acid fermentation. The
preservatives used most frequently arec formaldehyde and boric
acid or its compounds. Among other preservatives employed.
occasionally are salicylic acid, benzoic acid, hydrogen peroxide,
sodium carbonate, certain fluorides, potassium dichromate, ete.

The amount of different preservatives necessary for keeping
the milk for various lengths of time has been studied by
several workers. The following table is from Richmond! :(—

Table of the Length of Time in Hours that Milk will kecp
af vartous Temperatures when Preservatives aye added :—-

1 Borie Aetd. ‘ Formaldehyde,
Temperature. ‘ !
0.05 0.10 0.0025 0.005 0.010
l Per cent, ) Per ceat, Per cent, Per cent, Per cent.
60°F, .. ..| 26 hours, l 40 hours. | 8 hours. | 35 hours. | 63 houts..
1
70°F. .. .6 L 14 5 17 . 4]
N T R I
OF. .. 2.8 b2 L 2,

According to Richmend, for prolonging the “lifc " of the
milk by 12 hours at 80° to 90°F at least 0.09 per cent. of
boric acid or 0.004 per cent, of formaldchyde are necessary.
As regards the possibility of any injurious effects resulting from
the use of preservatives, different observers are divided in
their opinion. Rideal and Foulerton,? for instance, conclude
from their work that boric acid, 1:2,000, and formaldehyde,
1:50,000, act as cfficient preservatives for milk for 24 hours,,
and that in these guantities they have no appreciable effect on
digestion or on the digestibility of foods thus preserved, On

! H. Droop Richmond, Dairy Chemistry, Second edition, 1914, p. 178
7 Rideal and Foulerton, Exp. Stat. Rec 1900, 11, 582 from Public Healih, 1899, 11-554.588; see
alsy Lancet, 1900, pp. 278-230.



122 PRESERVATIVES IN MILL,

the other hand, Halliburton® observed that 0.5 per cent. of
formaldehyde renders gastric digestion almost impossible, and
.05 per cent.,, delays it considerably; while accerding to
F. J. Allan (quoted by Halliburton') borax delays or prevents
the rennin coagulation of milk. Hazalliburton in his testimony
before the Food-Preservatives Committee in London took his
stand against the use of preservatives in food, A great deal
-of work was done by 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 food preservatives.

Numerous other investigators have tested the cffects of
preservatives on digestion, metabolism, 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 np the essential objections to the addition of any
preservatives to milk as follows;—

(1) Thercis evidence that their consumption may be direct-
ly harmful.

(2) The action of preservatives upon bacteriz is not a
simple general one, but is selective.

{3) Their addition is totally unnecessary and is a direct
incentive to dirty metheds of milking and handling milk, Their
use converts a perishable article into a comparatively non-perish-
able one and allows surplus mitk to be kept over until next day.

The following recommendations were made by 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 im the United
Kingdom be constituted an offence under the Sale
of Food and Drogs Act.

(C) That the only preservative which it shall be lawful to
use in cream be boric acid er mixture of boric acied
and borax, and in amount not exceeding 0.25 per
cent. expressed as boric acid. The amount of sach
preservative to be notified by a label upon the vessel.

U Haltiburton, Brif, Med, Jour.. 1900, Vol. II, pp.

3 Lichreich. Second Trentiss on the eﬁccts of Harax umi Barlc acid on the Human System, by TT
Qscar Lirbreich, London, 19020

3 Mk and the ’Jer!h Health, by William G. Savage, 1912, p. 389,
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Several samples of milk Imported from distant places, e.g.,
(ujarat, were examined by me for the presence of preservatives.
Tt was found that almost all the samples contained formaldehyde,
excepting those samples which were subjected previously to
pasteurisation and cooling. Statistics from other Indian cities,
with regard to the addition of preservatives to milk, are not
available.

THE « BIOLOGICAL ** PROPERTIES OF MILK.

It has been shown above that infants fed on raw mothers’
milk thrive on the whole better than those receiving beiled cows’
milk. Fscherich! in 1900 suggested that the difference might
be due to ““ metabolism-ferments ™ (stoffwechsel fermente). Later
on it was found that raw milk possessed the property of
giving certain colour reactions, which property was lost by
heating the milk to a definite temperature. Numerous observers
have investigated this subject and have found various kinds
of enzymes or ferments in raw mitk,

Besides enzymes, other ' biological substances ” have been
found in milk, eg., precipitins, agglutinins, etc. The discov-
-ery of these was based on the observations of Ehrlich and others,
who shawed long ago® (1892) that passive immunity could be
produced by suckling when the mother was immune. These
bodies { agglutinins, anti-bodics} are called * protective sub-
stances ” and are responsible for the so-called ** germicidal
property ' of milk.

The “ biological ”* propertics of milk are due to the pre-
sence of two kinds of substances in milk which arc different from
«chemical substances (e.g., sugar, fat, etc.) and which arc termed
“ biological " substances, namely, (I) Enzymes or Ferments,
and {II} Profective Substances or Immune Bodies.

{I) Enzymes or Ferments in milk.—Under this term are
included those substances which hasten chemical changes with
extreme rapidity without using themselves to an appreciable
degree. Their activity is inhibited (1) by the products of the
reaction, (2) by high degree of heat, and (3) by certain ferment
toxins, e.g., hydrocyanic acid. Their mode of action is by (1)
oxidation, (2) reduction, or (3) hydrolytic splitting.

1 Escherich’s article in ** Wicner Kiin Wochens,” 18900, vel. XII, p. 1144,
3 Eblich, Tder Immunitat durch Vererbuny wnd Sawgung. Zeit f. Hyg. 1892, vol. XTI, P, 183.
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The ferments, or groups of ferments, described as occurrimg
in milk are (1) Amjylase, (2) Catalase, (3) Oxidising ferments,
(4) Reducing ferments, (5} Protcolytic ferments, (6} Lipolytic
ferments, and (7} Glycolytic ferments. These are minutely
described by Dr. Janet E. Lane-Claypon of London in an excellent
report to thc Local Government Board on the * Biological
Froperties ” of milk.* It is not proposed to discuss all these
enzymes liere ; we can only briefly refer to the important ones
and find out if they have any practical significance.

According to Ernst® the important ferments in milk are
amylase (diastase), the fndirect oxvdase {peroxydase), the super-
oxydase (catalase), and the indirect veductase (aldelydreductase).
Their diminished or increased presence or complete absence
offers certain conclusions as to various conditions in the udder or
in the millk.

Amyiase (diastase] splits up the starches, its action being
similar to the ptyalin of the saliva. This enzyme is present in
human milk and in cows’ milk. It has also been found in buffaloes’
itk in Bombay by the author. Amylase is destroyed by heating
at 68° C for 45 minutes (Koning).® According to Giffhorn® 100
gms. of millk 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 peroxydase acts only after the addition
of hydrogen peroxide. According to Lane-Claypon, it is con-
stantly present in cows’ milk, but is very inconstant in its
appearance in human milk.  Its presemce has been demonstrated by
the author 1n buffaloes” milk in  Bombay {(using Storch's reaction
and the guiac test.) The reaction is more marked in colostrum
and in milk in Mastitis, The ferment is probably derived from
broken-down cell-tissue and from the lencocytes. It is difficult to-
state the precise temperature at which the peroxidase reaction
ceases to be given, as different observers give different tempe-
ratures, varying from 70° C to 82° C. The ferment is destroyed
by heating at about 75° C for 5 minutes (Seligmann), for 10
minutes (Rullmann), or for 20 minutes (Kastle and Porch).

Catalase or Superoxydase.—This enzyme originates in the
cells of the milk gland, especially from the lencocytes (Ernst). Tt

1 New Series, No. 76-]913.
¢ Wiliam Ernst. Text Book of Milk Hygiene, 1914, p. 48,
3 Custed by Erust in his Text Book of Milk Hygiene,

* (Quoted by Lane-Claypon) Gifthorn, * Untersuchungen uber Enzyme in der Kuhmilch ™
Irawg, Dizecrt.  Hannnver 1909,
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has been found in the milk of all animals. It has the property
of splitting hydrogen peroxide according to the equation 2H,0,=
2H,0+420. The literature dealing with this enzyme in milk
is very voluminous. Heating to 62to 70° C destroys the original
catalase in a short time. Difierent kinds of apparatus have been
devised for measuring accurately the amount of oxygen evolved
during a definite period of time. A description of these will be
found in Lane-Claypon’'s report.!

The amount of catalase in several samples of buffaloes’
milk in Bombay was determined by me with the aid of a simple
apparatus consisting mainly of a graduated burette. Fifteen c.c.
of milk and § c.c. of Hz0, (one per cent.) were used and the
amount of oxygen evolved in one minute, § minutes, 15 minutes
and 30 minutes was recorded. In the beginning, observations
were taken for 3 hour, 1 hour, 2 hours, and 3 hours, but as it was
found that the amount of oxygen evolved practicaily reached
its maximum within half-an hour, there being hardly any
appreciable increase in 1 hour or more, the time limit was fixed at
30 minutes. Several samples of milk were thus examined for
catalase and the amount of oxygen evolved was noted. It was
found that in fresh samples of milk, the amount of oxygen
¢volved varied from 1.3 c.c., to 2.5 c.c,. while in market milk
(examined usvally from 8 to 9 hours after milking) the
average amount of oxygen in fifty samples was found
to be 4.5 c.c. This indicates that freshly obtained milk shows
less catalase than milk which has been standing for 8 to 10
hours, particularly when it is contaminated.

Many of the samples were analysed chemically and it was
found that the amount of catalase usually varies divectly with the
percentage of fat in the same sample of milk, the higher the fat
the greater the amount of catalase, provided that the interval of
time between milking and examining the sample is approximately
constant.

1 See footuote 1 on page 124,

[TABLE.
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The following samples illustrate this point :—-

Time in Minutes. ,
No. : Fat | Remarks.

Percent.
1 | 5 { 15 l 30
b
Amount of oxygen evolved inc.c. |
1.. 0.5 3.2 6.1 7.4 7.7 |The time elaps-
2., 1.0 3.0 6.0 7.6 7.5 ing between
3..| 0.2 0.3 1.7 2.7 4.2 milking and
4., 0.1 2.1 4.0 5.1 6.0 taking obser-
5.. 0.1 1.4 3.8 5.7 6.6 vations varied
6.. 0.1 1.8 4.0 5.1 4.9 from six to
7. 0.4 2.5 5.1 6.0 5.1 eight hours
8.. 0.1 0.9 3.6 4.7 5.8 approximately.
9., 0.2 2,1 4.8 6.4 7.0 This accounts
10.. 1.0 5.0 8.2 9.7 9.5 for the high
11.. 0.4 1.5 4.6 6,6 7.0 figures for
12.. 0.1 0.7 2.1 3.0 4.0 catalase.

These results have been further confirmed by examining the
milk for catalase before and after removing the cream.

According to Lane-Claypon: “ There appears to be a
special affinity between the catalase and the fat content of the
milk, since if the milk be centrifuged the major part of the
catalase goes up with the cream.” She quotes the following
figures from Seligmann :—
25 ¢.c. skim milk gave 1.2 c.c. 0y with 0.5 ¢.c. perhydrol in 1 hour at 37°C

v »» Whole ,, ,, 4.0 PR 0 . "
w »» Cream ,, , 7.3 v » " "
Watery exfract

from cream. ,, iz.0 ,, . » o "

According to Gerber and Ottiker' the catalasc content of the
milk varies with the breed of the cow, the feeding and other
factors. Spindlers® and others found an increase of catalase
(in freshly obtained milk) in all inflammatory conditions of the
udder. Milk rich in cellular elements also contains a large amount
of catalase. Jensen observed® that the bacterial flora present
in milk during the incubation period of souring usually possess
strong catalytic properties.

1 Gerber and Ottiker. * Zur Katalase Bestimmung der Milch,”” Milchw Zentralb, 1910,

Vol. VI, p. 816, . . . i .
% Spindlers, “* Beitrage zur kenntniss der Milchkatalase,” Bigeh. Zeif. Vol, XXX, 1911,

p. 384, . .
3 Wm. Ernst. Text Book of Mitk Hygiene, p. 187.
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Catalase is known to be destroyed at a temperature of about
70°C.  The catalase test, therefore, may be applied to pasteurised:
milk to find out the efficiency of pasteurisation, as well as any
subsequent contamination. 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 by bacterial contamination, there is
no definite relationship between the number of microbes and the
catalase content of the milk, Catalase has been {ound in human
milk and it appears that the healthier the woman, as a whole, the
less the catalase.

Indirect veductase (aldehvdreductase, etc), or " Schardinger's
ferment,”—Schardinger' found that [resh milk possessed the
property of reducing methvlene blue in the presence of formalin.
The reaction is known as ' Schardinger’s Reaction.” A great
deal of controversy has been raging between different observers.
with regard to the origin and nature of this ** ferment " (vide
Lane-Claypon). Indircct reductase has been found to be present
i cows' mulk as well as in buffaloes” milk by the author, but is
absent in himan milk,

The practical significance of enzymes in milk may be now
considered in the form of two questions :—(1) Would the presence
(increased or diminished) or the absence of any enzyme in wmilk
serve as an index or guide to the quality or characler of the milk or
to the various morbid conditions of the milch cattle > and (2) Have
the emzymes in milk any " biological valye ” in rvelation to the
feeding of infants 2 The first question has been already answered
above. It was shown that amylase, peroxidase, and catalzse are
all increased in Mastitis and other conditions of the udder,
that catalase usually bears a definite ratio to the iat content of
the milk and that the amount of catalase is increased by bacterial
contamination. As catalase is found 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, ete. of children. This assertion does not seem to be

. 1 St;lm:dinger. Zett. fo Unters, Nalir, # Gennsims, 1902, Vol V, p, 113 (quoted by Laoc-
Claypoun.
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based upon any reliable clinical evidence or scientific experiments.
The comparative merits of feeding infants on breast milk, raw
and heated cows’ milk have been already fully discussed. It
was stated that while breast milk is undonbledly the most satis-
Jactory and besi Jeeding for infants, both clinical and experimental
evidence show that the nufritional valus of boiled cows' milk is not,
on the whole, inferior to that of raw cows’ milk, 1f the enzvmes in
milk had any biological value, the results of feeding with boiled
milk should have been unfavourable (for boiling kills all the
enzymes ); but such is not the case.

If 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 by acid
and by the gastric juice, so that its life as an enzyme must end on
reaching the stomach; moreover, the irregularity of its
appearance in human milk would also constitute as an argument
against attaching any biological value to this enzyme, The
indivect reductase is entively absent in human milk and hence its
presence could not be essential to digestion, etc, Amylase is a
starch-splitting enzyme ; starch is considered to be an unsuitable
food for infants, and as starch is not a constituent of milk,
amylase would be unnecessary for the purpose. If they have no
biolugical function then how is the presence of enzymes in milk to
be explained ? Lane-Claypon suggests that “‘peroxidase, catalase,
and amylase are found in considerable amounts in the blood, and
it is only consonant with general physiological cxperience to
suppose that the small and varying amounts of these ferments
which are found in milk are derived from the blood stream by
filtration.”  As to their biological significance, she adds that:
" as a result of the survey of the available data upon the ferments
present both in human and in cows' milk, fhere appears to be no
ground for claiming any biological value for these substances.” The
answer to our second query would be therefore in the negative.

II 4 Protective Substances >’ or Immune Bodles in Milk.—
By * protective substances ' are understood certain bodies
found in the blood which afford protection or immunity to the
organism from certain discases. Five classes of such substances
have been described in milk :—

1. Precipitins, those bringing about the precipitation of
certain substances.
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2. Agglutinins, those bringing about agglutination of
bacteria.,
3. Anti-toxins.
4. Bodies concerned in the ** germicidal properties ** of milk.
5. Those concerned with hoemolytic action.

The consideration of milk as an Ansigen and carrier of anti-
bodies would be of great scientific interest, for that would possibly
provide a means of differentiating between cows' milk and buf-
faloes’ milk., No attempt will be made here, however, to deal even
briefly with the general question of ‘* protective substances **
mmilk.  Mention will only be made of any pessible bearing of this
subject on the feeding of infants.

No original work has been carried out by the author as
yet with regard to this subject and he can therefore only refer
toa summary (by Lane-Claypon) of our present state of knowledge
based mainly upon German and American investigations. Lane-
Claypon summarises the results regarding the presence of * pro-
tective substances ' in milk as follows :—

“1. Colostrum contains substances [4) acting heermoly
tically upon certain blood corpuscles, and (b} inhibiting the
growth of bacteria, whether through bacteriolysis or agglu-
tination,

“2. Later milk may confain traces of these substances,
but if present at all they are present in very small amounts.

“3. The apparent bacteriolytic effect posscssed by raw
mitk seems to be due to its agglutinating powers ; this power is
lost in the early hours after milking.

4. If specified immune substances ave present in the blood
of the mother, they pass out in the milk but are present in
smaller amounts than in the blood.”

With regard to their absorption, the following conclusions
are drawn :—

“1. Absorption of protein and hence of the attached
immune 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 may be absorbed
directly for a longer period.

9
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4, Protein can apparently be absorbed at a later age im
significant quantities in cases of disturbance of the alimentary
canal, or of presence of excess of protein.”’

As regards cows’ milk, it has been found that the “ biological’
substances "' are not absorbed tn the alimentary canal dut are des-
troyed theve. Judging from the investigations quoted by Lane-
Claypon, the ' biological substances’ tn milk do not appear io
have any dirvect valie,

It may be mentioned, in conclusion, that a2 substance called
“ Vitamine ' has been isolated from vegetable tissnes and alse-
from milk by Funk. It appears that Beri-beri (a discase which
appears to belong to the " Scurvy ™ group) can be cured by
the administration of “ Vitamine.” It has been suggested that
infantile scurvy may be caused by the deficiency of this substance
in milk. At present, however, the available data regarding this
is very scanty and indefinite,



CHAPTER VIL
REMEDIAL MEASURES.

In the foregoing pages an attempt has been made to present
the milkk problem in Bombay and other Indian cities in its many
phases and from various points of view. [ is apparent that the
milk problem in this country is much more complex than in
Europe or in America. The remedial measures suggested in thié
chapter are by no means complete or perfect. Only a brief
description of the important measures will be given here. For
the sake of convenience, the remedial measures will be dis-
cussed under the following headings :(—

Economic, educational and other generval measures, includ-
ing improvement of the Indian milch cattle, reforms inthe produc-
tion and distribution of milk, education of the milk dealers, co-
overative dairy societies, etc.

II. 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.

III.  Legisiative control including milk inspection and legal
milk standards.

1. ECONOMIC, EDUCATIONAL AND OTHER GENERAL
MEASURES.

A} Improvement of the Milch Cattle, with regard to (@) breed,
(b) feeding, {c} housing and lending, efc.

(z) Breed.—The question of breed and heredity has been
already discussed in Chapter IT (g..). The Indian breeds as a
wheole 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., Fromthe Tables
on pages 39-40 it will be seen that there are great variations
even among the existing breeds, The largest amount of milk
is given by the Delhi and Jaffrabadi buffaloes and the Santwaehl,
Hansi, and Sindli cows. Half-bred animals from Sindhi cows
and imported Ayrshire bulls also yield the largest amount of milk.

It has been pointed out that in the same breed there are great
differences in the composition of milk of each individual animal.
The improvement of the existing breeds is a question of many
years. A beginning could be made by training the cattle-owners
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in the art and science of breeding and of selection. Most of the
<ows in India are not primarily produced for milking purposes
but are more or less incidental in the course of breeding of draught
animals. Cows and bullocks are necded in this country only for
‘Wo purposes, namely, milking and draughting. Beel is hardly
used here as food and so there is no necessity of breeding cows
for that purpose as in Europe or in America. The bullock is
the animal used here for ploughing and draughting purposes.
The aim of brecding should be the production of a class of animal,
the female of which would be our best milker, whilst the male would
be our miost efficiont draught animal, According to William Smith, *
the main characteristics of 2 first-class milch cow are, that she
“ must be gentle, maternal, fairly fine bone, not too long in the
leg, and of massive frame with well-knit symmetrical figure. She
must possess great digestive and assimilative ability and have
special room for large healthy internal organs | in other words,
you want size without height, weight without excessive flesh,
frame rather than beef, breeding (which means spirit) rather than
bulk, placidity of temper rather than showiness, and the wedge-
shape in preference to the elephantine type.” He then adds :
" Surely all these are characteristics of a first-class plough or
draught bullock as well as of a first-class milch cow.” What is
really required for this country is “a thick set animal with
<lean legs,” mildness of temper, uick action, roomy barrel and
average height,

The bulls for breeding purpases must be selected vVery
carefully from a pure breed of known milking qualities.
Only such bulls should be chosen whose immediate ancestors,
and particularly the mothers and sisters, were or are known to be
good milkers. It is not advisable to import expensive Enropean
stock for the purpose of producide the *‘ dual purpose cow '’
for India, The half-bred progeny is usually delicate and very
susceptible to disease. The cows give more milk but the quality
of the milk is poor in fat as cothpared with the pure Indian breeds.

Satisfactory results are reported to have heen obtained in
the Punjab and Sindh in an attempt to breed a * dual purpose
animal.” 1Inthe opinion of the Committee at the Agricultural
Conference at Coimbatore (December, 1913) it is possible to breed
the above type of animal in India. According to the investiga-
tions of William Smith, the best milkers in almost every case

1 The Jotirnal of Dairying and Dairy-Fariiing in India, Vol. 1, Part 2, p. 86.
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produce the best bullocks, The same principle may be applied
to buffaloes also. Among the best breeds of cows may be
mentioned 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 bullocks. Select he-buftaloes for breeding purposes
should be also kept in the same manner as bulls.

The influcnce of climatic conditions is important for satis-
factory breeding in India. According to Mollison,? the finest
cattle in India are bred in districts where there is a decided degree
of cold during the winter. ~¥In the Bombay Presidency the best
cattle are bred in Northern Gujarat, which possesses extensive
tracts of good grassland with fairly abundant pasturags all the
year round. The Gir hills in Kathiawar and the Satpuras offer
the most favourable natural conditions for the breeding of
cattle in the Bombay Presidency. The 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 other
band, in the Deccan, natural conditions are, on the whole,
unfavourable for breeding purposes. Most of the districts are
subject to deficient rainfall, scarcity of fodder and occasional
famines, In the Konkan alse, that is below the Ghauts, the
climatic conditions are unfavourable ; the rainfall is too heavy
for successful breeding, and the soil is reported to be unsuitable for
raising proper fodder crops.

It is evident from the above that the breeding of the ** dual
purpose ”’ animal should be undertaken by the well-to-do culti-
vator in India. With reference to this subject, Professor Knight
and Mr. Home of Poona say,? “* The development of a profitable
dairy animal from any of the types mentioned above, without
cutside blood, is the work of generations, working on scientific
principles, consistently, intelligently, and persistently, The
agency for efiecting this is difficult to point out. The necessity
for continuity in this work is so great that it places it beyond
the scope of Government Institutions, because of the necessary
frequent changes of personality. The only agency which could
undertake this work with a reasonable expectation of accom-
plishing marked results does not evince any great interest in

i 4 Test-Book on Indian Agrizulture, by J. Mollison, M.R.A.C,, Vol. 1T, 1901, p. 2.
% J. B. Knight and E. W. Horne, Bept, of dgricuiture, Bullstir, No, 36 of 1913. “Present
state ot the Dairying Industry in Bombav,”
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work of this character. We 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,
along fixed lines and accomplish something. If the above-
noted gentlemen could be aroused to form Breeders’ Associations
and definite ideals Iaid down, and authentic records of breeding
and production kept, some noticeable improvement might begin
to appear i 1Q or 15 years.

“5till it would be uphill work and require time and patience
to develop any considerable number of milch cattle, from animals
averaging 2,000 1bs. of milk per annum to those giving 5,000 Ihs.
or more, which is about the lowest average outturn for a paying
dairy animal, while the higher outturns so common in the West
of 10,000, 12,000 or upwards will only come, if ever, in the far
distant futuore,

‘ 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 helding of cattle shows with prizes for dairy
animals, the introduction of registration of animals which
are of pure blood, the furnishing of assistance in procuring
authentic records of performance, are the most obvious means
{or encouraging such work.”

In the meantime the best buffaloes and cows should be
selected from the leading breeds at present. The following
extracts from the Report of the Committee of the Agricultural
Conference at Coimbatore (December, 1913), on the Dairyinyg
Industry of India, summarise the most important improve-
ments ;—

“{l) That dairying as a bganch of agricultural science,
should, in future, cccupy @ prominent place in the programmes
of the Agricultural Departments,

(2} That sustained and systematic effort should be directed
towards the improvement of milk-producing gualities of dairy
cattle, both cows and buffaloes. The Committee are of opinion
in this connection that there is no necessary conflict between
draught and dairy qualities in catile, 1t is, thercfore, reccommend-
ed that cfforts should be directed to breeding what is known as
the dual-purpose animal.”” With a view to this end the Committee
recommended :—

“{a) That cattle-breeding farms at suitable centres should
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be started with a view to increase the milking capacity of dairy
cattle by selection and judicious crossing. Special attention
should be paid to experimental feeding for the purpose of ascer-
taining what are the best fodders and feodstuffs for dairy cattle.
A dairy school should be opened in each province at some
important dairy centre for the training of persons who propose
to engage in dairying.

“(b) That the supply of bulls on the premium system, or
<ctherwise, to villagers should be encouraged.

“{c) That cultivators should be encouraged to grow crops
which are specially fodder crops, and the distribution of free seed
for this purpose should be considered,

“{d) That cffort should be directed to elucating 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 * control ” bodies in order that the selection
of bulls of known quality may be made with certainty and the
wselessness of inferior cows brought home to the breeder.”

To this may be added two recommendations made to the
Board of Agriculture in India by Milligan and Hutchinson,?
mamely : (1) The necessity of early steps being taken by
‘Government to secure the best milking animals in the country.
{2) That the investigation of the inheritance of the important
dairy characters of cows by crossing with imported bulls be
undertaken by the Agricultural Department.”

{) Feeding.—Practical cxperience shows that milk pro-
duction is dependent both in quality and quantity upon the
amount of digestible food and on the presence of certain substances
which stimulate the secretion of milk. Sufficient amounts of
digestible proteins are essential for milk production. According
to Ernst,® for 1,000 kgm. of body weight 1.212 kgm. of
«digestible protcins must be figured, together with a sufficient
addition of fat and carbohvdrates.

Morgen and Fingerling® found that the addition of certain
substances (malt, buckhorn seed, hay distillate and fennel) to
wrdinary feed, stimulates the secretion of milk, although by them-

1 Jewrnal of Dy Ferwing i India, Vol. 1, Part 3, p. 197,
2 Brost's Texd Fook of Mtk Hygtour, p. 133
3 Jotrnal of Dairying, Vel. |, Part 3, p. 234,
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selves they cannot be utilised for milk production. Through the
addition of salt to tasteless food an increased yield in the
total amount of milk as well as in the fat was obtained, amounting
to from'2(.6 to 21.9 per cent.

The amount of milk yielded is influenced a good deal by the
character and amount of the feed as well as by the * inherent dairy
gualities ” of the animal. We 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 body weight of theanimal,etc. Greatdifferences
are found in the amounts of food materials required by different
cows and buffaloes, As a rule it has been found that good milk
animals are large eaters and consume considerable quantities of
grain feed as well as ‘ roughage.” It is possible, however, to over-
Jeed s0 as to cause a marked increase in the weight of mature
animals, This should be guarded against as it will be obtained
at the expense of milk production. Experiments conducted
by F. W. Woll! 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 cows to
secure @ maximum production of milk and butter-fat when the
economy of the production is also considered, provided a supply
of good roughage, bay, corn-stalks, silage or roots, is available.”
This is recommended as a general average for a herd of cows, In
the case of large producers, however, as much as ten to twelve
pounds of grain per day may he given.

The tihevent dairy qualities of a cow.—According to Woll,*
by this term is understood the faculty of a cow to utilise the
food eaten for dairy purposes in such a manner as to respond
to liberal feeding by yielding the largest amount of milk of which
she is capable, without at the same time gaining materially in
body weight. Woll 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 production needed 105 and 24 pounds,
and the poorest cows required 125 and 28 pounds, respectively,
for the production of units of milk (100 Ibs.) and butter-fat
(1 Ib.).

The cows producing the largest amounts of dairy-products
were able to utilise their food to a better advantage than the cows

#ntal of Dairying, ¥ol. I, Part 3. p, 238,
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yielding medium or low amounts. Economic utilisation of food
is therefore an important factor in determining the dairy value
of an animal. .

FEEDING STANDARDS,

In 1864, Dr. Emil Von Wolff presented for the first timel
a table of feeding standards based on the digestible nutrients
contained in feeding-stuffs. The Wolff standards soon found
their way to America where further scientific investigations
resulted in Armsby's and Haeker’s Feeding Standards,

Haeker’s Feeding Standard for the Dairy Cow.?
Daily allowance of digestible nutrients,

|
ru C -
! Fg-otg?n. hygg(t)es. ' fbast ‘
1bs. Ibs. "

) |

For maintenunce of a cow .
weighing 1,000 Ibs, .. . 0.700 7.00 i 0.100

]

. f

To the maintenance allowance !

add for ecach 1 lb., of milk

containing 3.0 9 Fat .. 0.040 ¢.19 0,015
- 3.5% . .. 0.042 0,21 0.016
" .0 85, .. 0.047 0.23 0.018
' 4.5 9% ., .. 0,049 0.28 0.020
, 3.0% 0 .. 0,051 0.27 0.021
" 5.5 % . 0,054 0.29 0.02r
” 6.0 9 .. 0.057 0.31 0,024
" 6.5 °, ., .. 0.061 0.33 0.025
" 7.0 0, 0,063 0.35 0.027

The table shows that if a cow is vielding milk containing 5
per cent, of buttier-fat, she should be ted, n addition fo the
maintenance ration, on (0.051 1b. crude protein, 0.27 Ib. carbohy-
drates, and 0.021 Ib. fat, (all digestible) for each pound of milk
she gives. For each 100 lbs, in body weight the cow may
exceed or fall below the 1,000-1b. standard, there is added or
subtracted one-tenth of the standard ration. Haeker’s standard
;; used as a basis for feeding at the Poona Agricultural College

airy.

1 Mentyel and Von Lengerke's Agricultural Celendar for 1864, (Paul Parey, Berliu).
* Henry, W. A. Feeds and Feedsitgs, eleventh edition, 1911, p. 116, 4 !
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Wolfi-Lehmann Feeding Standard.’

Per day per 1,000 Ihs. Live Weight,
i Digestible Nutrients.
Total
Dtl;yr Cart I
atier, 3 . arHo- - s
N I A R A iy
[
Milch Cows. |
When yielding daily :(—
11.0 pounds of Milk 25.0 1.6 0.0 | 0.3 6.7
16.6 oo -- 27.0 2.0 11,0 | 04 6.0
22.0 v e .. 29.0 2.5 1 13.0 | 0.3 5.7
27.5 . v 32.0 3.3 | 13.0 1 0.8 1.5
Growing Cattle. |
Apge } Live |
(Months) |  weight.
2.3 .. ..t 160 lbs.... 23.0 4.2 13.9 2.0 4.2
3.6.. .. 330 ,, ..! 24,0 3.5 "12.8 1.8 £.7
6-12 ... 850 ,, .. 25.0 2.3 3.2 0.7 6.0
12-18 1 | 24.0 2.0 ! 12.5 0.5 6.8
18-24 O T 1 1.8 , 120 0.4 7.2
Armsby’s Feeding Standard.>
I—Maintenance Standard, 11-—Standard for Growing Cattle,
WLiy;:t Digei,(ib]el %nirgy Age I wLive i Digestible %n]erg)'
in, . : ight. tein., alue.
(povnds ) | T b ' Therms. { Mouths.) e ‘ o ‘Therms.
| 1
150,.] 0.15 | 1.70 i
250..1 0.20 ' 2.40 3 .. 275 | 1.10 5.00
500..1 0,30 I 3.80 6 .. 425 1.30 6,00
750.. 0.40 | 4.95 12 .. 650 |  1.65 7.00
1.0060..| 0,50 ,; 6.00 i8 .. 850 | 1.70 7.50
1,250..; 0.60 7.00 24 .. 1,000 | 1.75 8.00
1,500..| 0.65 7.90 a0 .. 1,100 f 1.85 8,00

1 Ibid, Appendix, p, 581, ctc.
? 1bid, p.a2i. T
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III. The Armsby Standard for milk production.l

Add to the maintenance standard .05 Ib. of digestible protein
and 0.3 therm for each pound of 4 per cent. of milk to be pro-
duced. To illustrate Armsby's tables and standards in comput-
ing ration, suppose we have to find out feed requirements for a cow
weighing 850 1bs.

1. The maintenance requirements are approximately digesti
ble protein 0.45 Ib. and energy value 5.60 therms,

2. For 20 Ibs. milk production, in addition, the following
would be needed :—Digestible protein 0.05 by 20=1 1b.

Energy value 0.3 therms by 20=86 therms.

The total daily feed requivements of a cow weighing 850 lbs.
and producing 20 Ibs. milk daily wounld be :—

Digestible Proteian, Net Energy Value,
For Maintenance .. 0.45 lb. 5.60 therms.
For Milk production .. 1.00 1. 6,00 -
Total requircments .. 1.45 tb. 11.60 "

Taking, then, a trial ration of different feeding-stuffs, cal-
culations arc made for the total amount of digestible protein
and net energy value—the ration approaching nearest to the
standard requirement is then given.

v TheFuel Value of Nudrients in termns of Therms is as fullows (—

1 Ib, Protein = 1.86 Therms.
1 1b, Carbohydrates== 1.86
J 1b. Fat = 4,2

[ TABLE.



TABLE l.—Indian Foods and Fodders,!

; ; = g . g g o g g ) G

- - b1 - Q o A g o : @ g

t9 | 8 | %5 | ¥R | 82 | 8% | 4 [ ®@E | g | 2 . | 2| B

E; | 82 | 8% | 82 | 8% | 8% g § 3 g = o g by ; .y

£3 =¥ | E@ { ¥3 | B8R | 4 8 | @4 | 3 e 5 g 5 & 2%

oH &1 o o (L) S o o ¥ 2 i @ o el P

| [
Moisture %, ..| 7.28| 7.21 8.44I 8.32| 7.47) 11.47| 9.47| 9.36| 9.77 10.36] 9.07| 10.82 10.32f 5.99 9.64
Oit~ a 8.86] 19,59 18.37| 5.20| 11.78' 12.35| 4.05| 0.89) 0.96| 0.92] 4.11! 3.17] 2.26] 5.87 2.59
Albuminoid %..| 28.33| 17.06| 15.04] 6.52| 43,9k} 20.07| 20.56| 4.47| 18.25{ 20.12| 11.93| 11.39 7.73| 8.64| 9.26
Soluble Carbo-
hydrates %..| 38.60] 33.48 36.42 49.58| 27.65 42.99| 57.18] 40.33| 59.17| 60.31} 62.22| 61.69 73.2 | 62.34| 74.17
Woody fibre%,..| 9.98] 16.67 17.61{ 26,95 3.04] 7.02| 5.71| 40,40 3,95 4.42} 6,32 8.12 4,49/ 12.11| 1.51
Soluble mineral

matter 9%..| 6.17] 4.25] 3.96 3.29| 4.40{ 5.10{ 2,90 4.24] 5.21] 3.37| 4.80 4.G4| 1.71] 1.85| 1.74
Sand o | 0.78 1.04| 0.16] 0.14] 1.75 1.00] ©0.13] 0.31] 2.68] 0.50| 1.55 0.i17 0.47] 3.20! 1.09
Total .{100.00{100,00{100.00!100.00}100 ,00{100 . 00{100 , 00|100 .00 100.001100.00 100.00({100.00/100.00{100.00/100.00
Niteo Total 4.69] 2.90| 2.65 1.09] 3.32| 5.55 3.3 0.75 3.26] 3.68 2,08 2.0:2l 1.31| 1.51] 1.59
8% ) Abuminoia..| 4.53] 2.73| 2.40| 1.04| 3.03] 3.21 3.20] 0.71 2.92[ 3.22 1.91 1.82 1.24| 1.38 1.48
Food Units ..:131.4 125.3 [120.1 { 78,2 [186.7 {123,0 [180.7 | 53.8 |107.2 ;112.9 102.3 [ 98.2 | 97.9 | 98.6 [103.48

1 Kindly supplied by Dr. H. H. Mana from analyses inade at the Poona College of Agriculture.

orl
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TABLE Il.—Indian Foods and Fodders.

INDIAN

‘{ snatpur snuw(esy ) ‘ny

FOODS AND FODDERS.

.32

1

5.94

3.89

«{ snproprnuose
snjoasedd )} 'mieil

8.59 8.08

1.07

4.24

‘( qeiqer
-SOTONO(T ) ‘TBA

6,94

‘[ smyvipea
snjoaseyd ) ‘pipn

*B.93 4.73) 4.75

*{ oJupm
snjoaseqd ) ‘Sni

1.83] 0.99 0.93

4.42! 4 33

-( duenes
soqanod ) *eroqd

1.35

«f snanes
snIAMIe] ) ‘Fae

7.89 7.26) 9.48 8,14 7.11

4.37) 3.88 4,32

+ sniopran SOt )
wexd 95109 10 Yoy

7.45

4,57 4.28 4.07

+{ suarmnaly )
HIua ‘ansely

1.06] 0.89. 0,79

*{ snaypes mmsig } sead
uejpu]  ‘YIL]q ‘EUDEIBA

1.47

|

2,42

4.35 6.41

|

*( snarges umsig )—-sead
melpa] f allga ‘EUBlEA

1.27

2.65] 3.45

- sapsor|
e1osd sisdowes) )
‘pooy a{13e2 10 pasn
£1apreA OoUNMUOD ‘IRAND

(*munnaize
23010 ) wexd jeduveg

8.63 12,03 11,250 .03,

11,35]

4,83 2.29

18.57| 18.81] 24.12] 24.69 23,00 20,06 24.69| 20.13| 23.56| 18.50| 23.31! 22.50' 19.38

56.33| 55.50| 51.44| 52.47 61.14| 60.62; 57,98] 63,30 56.39 59,11 56.98| 58.85| 61.39

6.17, 10.96 5.47| 6.67

2.75 3.8]

Compusition,

Moisture ..

Oil

Soluble Carbohydrates .

Albumioids

Woody Fibre

Ash

141

1 Anaiyses by Dr. Leatlier, quoled in Mollison™s Text-Book of Indian Agriculture, Vol. 11, p, 114,

4 Sapd 4.2.



TABLE IIL—Average Analysis of the Principal Indian Fodders.!

bl

9!

NVIQ

Percentarc: Composition. “ Pﬁ';?é%%;ﬁze"ntfﬁt-
g B
g’- = ':‘E i— "
i E":: S =] _8 :g gz
r 8 “ = a = = H.o 24
4 5 $ R 8 | @ | C® g 23
; g L] e = £ o u 2 . gg 28
¢ £ = & be c o =4 | 28 | &2 | &%
2 £ 3 z =% | = E 2l %5 | my | <k
) , g S '§ . BE o Y 3% L R i
S = 2 5 X 4 £= g B 2 | a3 | 8 §
b= (=] < o = - = n &) &) =t B T
|
Cottonseed Hulls. ¢5l 10,00 1.307 5.25] 47.00| 30.50] 5.75|ibs.! 90 0.25 1.39. 4,20 30,55 44.5
Dry Jowar Karhi, 9% 8.00| 1.00f 2,80 44.00] 35.00; 9.20/ , | 88 4,25 0.25 (.84 22.00| 24 .9
Hay. onl 6.20  1.10] 3.20; 44.00 32.20i 13.301 ,, | 84 10.00 0.38) 0.9€f 22.60] 25.3
Green Jowar Karbi. %[ 65.00| 1.2¢) 3.60| 16.00; 11.70 2,50 , | 34 1.00; 0.42/ 1.08] 8,00| 11.7
|
Green Maize Karbi, % 66 501 1.40| 4.00] 14.60, 10.30 3.80) , | 34 0.50| 0.49] 1.200 7.00f 11.22
‘ |
Silage. o.| 64,00 1.17) 3.50} 11.33| 14.00 6.00, ,, | 34 2.00] 0.41 I1.05| 5.66| 9.3] 2

SYIATOT ANV STO0A

1 Jeurnal or Dafrying, Vol. 1, Fart 2, p. 114,



FEEDING. 143

The balanced ration is only a theoretical possibility and can
only be approximated in practice. It will be evident from the
above that Armsby’s Standard is very high, while Haeker's
Standard is the lowest. It would be well to begin with feeding
according to Hacker's Standard and then gradually increase it
as may be necessary. The accompanying Tables give the
analytical figures of some of the foodstufis used in Bombay,
Poona 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 Furope and in America has been found to range between 60
and 70 7}, or about two-thirds of the total, and this may be
assumed as a working basis for feeding in India. Mr. E. W.
Horne, Manager, Poona Agricultural College Dairy, gives the
following figures for the approximate net available encrgy on fuel
valwe in various foodstuffs :—

Roots, 34 9, ; Green Fodders, 30%,; Dry Fodders, 22 9,
Straws {of wheat, oats, etc.), 12 % ; Grains, 30 % Oil cakes and
meals, Corn meal, etc., 45 94 ; and Wheat Bran, 30 9.

Owing to the various types of milch cattle in India and their
individual differences, it is not possible to make up a fixed ration
which would be suitable under all conditions. The ration for
each animal varies according to its body weight and the quantity
and quality of its milk. Dry animals need only a mainicnance
ration while those in lactation need an additional allowance for
milk  production. The usual feed given to milch cattle in
Bombay has been mentioned in Chapter V.

Meagher and Vaughan' mention the following as the
ordinary quantitv censumed daily by a cow in full milk :—
Bhusi (@ mixture of gram, bhusi, and urid bhusi), 6 lbs.;
linseed cake, 4 lbs. ; green fodder, 40 to 50 lbs, ; or hay, 20 Ibs.
To this, cne pound of cottonseed 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
food (bhusi, 8 lbs. ; linseed cake, 6 1bs, ; and cottonseed, 2 1bs.}.
Mollison mentions the following ration per day for a buffalo that
is newly calved .—8 to 12 1bs. of good hay, 15 1bs. of green grass
or other green fodder, 5 lbs. bran, 5 1bs. bajri (Pennisctum
typhoidenwm), 2 ozs. salt, (as a hot mash). When the period
of lactation is somewhat advanced, a change should be made

: Majors D, ], Meagher and R. E. Vaaghan, “ Dairy Facming in Tadia,* 1504, p. 2.
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in the rationi according to the size and weight of the animal
and the average yield of milk. For a buffalo of the average
size and weight giving 18 ibs. of milk per day and suckling
her calf, the {ollowing ration 1s recommended by Meollison :—

Green fodder, 10 to 15 Ibs. per day | chaffed together if

Dry fodder . . i possible.
Cottonseed . . . .o 3 Ihs. per day.
Bran c. .. . .. .3, .
Sesamum oil cake . .. o3, ”
Chuni (husks of cajanus fndicus) 2, "
Salt .. .. .. 1 to 2 ozs.

A cow should receive about two-thirds of the above rations.
The food should be cleansed of all dust, etc., and be made mare
palatable by adding salt. Tt should be also made more digestible
by crushing coarse food into a finely granular condition. Cooking
may 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 proportion of the green jawari stalks or with green lucerne
is also recommended. Care should be taken to give palatable
food and to effect economy at the same time. Waste in the
stahles should be prevented.

At the Government Military Dairy, Kirkee, the feed is
based upon the yield of milk. The animals are divided into
three classes and are given the following scale of rations :—

L

Cotton-| Cotton- | Ground | Tur- |
sead seed nut  |Chuni or-  Salt. Hay. Remarks.
meal. | hulls. cake. | Gram, .
First class., ‘ ‘
( The yield is 20i
1bs. and over i 1
per day) 2 lbs'l 8 1bs.| 3 lhs.i 2 1bs.| 2 oz, |40 Lbs. |
T T
Second class, | This ration
{ Daily vield ! [ " is given
10-20 1bs.) a2 lbs.I 6 1lbs.| 2 lbs. 2 1bs | 20z 35 lbs. * durin E
-- . *|  the Mon-
Third class. II soot.
{Daily vield below, |
10 1bs,) vei 2 1bs 5 1bs| 2 1bs,[ 11b. | 20z |30 lbs.|)
. |
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The amount of concentrated food for the Indian milch cattle
may be calculated at two-thirds the yield of milk of an individual
animal, According to Shevade,! this may he considersd as a
safe guide for practical purposes.

According (o Mellison,® fodder obtained from stalks and
leaves yet green is much more nutritious than that frem a crop
which has been allowed 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 obtained
from a crop when in flower. At this stage the fodder has nearly
attained its maximum bulk, and the albuminoids, eils and carbo-
hydrates are distributed more or less through the substance of
the staiks and leaves, whereas when the crop is ripe they collect
for the most part in the fruit or secd, and the cellulose becomes
less digestible or is converted into indigestible crude 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 provide a far more concentrated food than
the grain of wheat, jawari, maize or other cereal. The oilseeds
are, as to richness in albuminoids, intermediate between pulses
and the grains of cereal. Otl-cakes are the residues left when oil
is expressed from oil-seed, and there is a relatively higher
percentage of albuminoidsin oil-cake than in oil-seed. Oil-cakes
are generally more concentrated than any other kind of food.

An adequate supply of cheap fodder of good guality and an
abundant supply of good water are essentials for the rearing of
milch cattle along economic lines. The water-supply must be
pure, sufficient and convenient to reach. The scarcity of water
and of green fodder in the Deccan account to a great extent for
the pocr breeds of milch cattle there. Moderately liberal feeding
with suitable food is important for improving the milking pro-
perties of the Indian stock. The question of improving fodder
crops for soiling, silage and hay wus discussed at the second Con-
ference of Government Dairy Farm Managers held in Poona
{1914). It was pointed out that for profitable dairying it is neces-
sary to secure good land near the dairy to be used jor modern
“intensive farming’’ or the cultivation of green crops, so that
the valuable solid and liquid manures could be intelligentiy
utilised for producing succulent food for the cattle during the

L Mr. S. V. Shevade, B.bc,, ¢t 1o 2 Personal cominaaication.,
3 Mollison. “ Text:Book on ladisn Agricalture ™ Vaol, AL p I7.
10
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whole year. * Undoubtedly with the many i{acilities for
manuring, irrigation, extensive improvements, etc., a perfect
system of fodder crop cultivation could be followed on ihe 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, ete., of milch cattle.—The
following are the essential points to Dbe obscrved regarding
milch cattle stables :(—

1. They should be so located as to ensure the dest possible
sanitary surroundings, and so constructed as to prevent wastage
of fodder and of manure.

2. Theysheuld afford protection from the sun, rain, and wind.

3. They should be convenient and effect an economy of
labour,

4, The cost of construction must be as low as is compati-
ble with the sanitary and economic requirements.

5. A pure water-supply must be available for the cattle,

6. In the case of city stables, they should fulfil all the
structural requirements from a sanitary peint of view (see
PAEES. v v vurai )

Tl location of milch cattle stables in cities is considered to
have some advantages and a great many disadvantages from an
economic as well as from a sanitary point of view. In the first
place 7t is expensive as the rents in the city are very high.,  Second-
ly, fodder and grain have to be stored and conveyed to the city
which means an additional expense. Thirdly, in the city, milch
cattle do not get proper exercise in the openair but are in unnatural
surroundings which are not very conducive to good yields of
milk. Besides, the manure is practically wasted, or if collected
and sent to the country, it would 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 city is that they are generally kept in the midst of
very insanitary surroundings. The filthy condition of the cattle
stables in Bombay has been already described. In the crowded
areas of the city they constitute a danger to human beings
residing in the immediate neighbourhood. In the case of an
epidemic, say, of enteric or cholera, there is a great danger
of contamination of the wmitk supply from the city stables, The

1 Jour. of Dairying, Vol, 1, Part 111, p. 239,
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main advantages of having cattle stables in the city are, that they
could be easily supervised, there is better provision for water
supply and drainage, and that milk would not have to be con-
veyed 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 city would be the lack of
proper supervision and the difficulty of cheap and rapid
transit to the city. Besides, the water-supply may not be pure
and adequate. These difficulties could be, however, overcome by
the extension of sanitary control to the suburbs and by the provi-
sion of rapid and cheap means of transit. On the other hand, the
advantages of keeping milch cattle in the country are many, both
from a sanitary as well as from uan cconomic standpoint. As
pointed out alrcady, 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 bz minimised by
keeping them in the country. It would be cheaper to cultivate
one's own fodder crop by utilising the solid and liquid manures.
There would be plenty of fresh air and some grazing. On the
whole the surroundings being natural and more healthy than in
the city, it would conduce to better health of the cattle, and there-
fore, better yield of milk in the country than in the city. 1t would
be cheaper to construct ordinary cattle sheds in the country than
to erect e¢laborate stables in the city, where the price of land
also is very high. As has been already stated, the trained
cultivator 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
city and in the country may be summed ap as follows :—

{(A) In the City,

Advantages. Disadvantages,
1. Proper sanitary supervision | 1. Higherrents for stables, etc,
and legislative control. | 2. Feeding more expensive.
2, Easier access. The milk|{ 3. Lack of excrcise and fresh
has not to be transported air which are important
a long distance, for a good yield of milk.

| 4, Waste of valuable manure,
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{A)
Advantages.

3. Greater likelihood of a
pure and abundant sup-
ply of water, and better
drainage.

5.

6.

HOUSING IN THE CITY AND COUNTRY.

In the City.—(contd.)

Disadvantages.
Insanitary and unhealthy
surroundingsfor the cattle.

Nuisance or danger to
human dwellings in the
neighbourhood.

Too 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.

Milk is more likely to be
contaminated with dirt,
dust, bacteria, etc.

{B} In the Country.

Advantages.
More economical.

2. Possible to raise one's own
fodder. .

3. Grazing and exercise in the
fresh air which slightly
improvethe yield of milk,

4. Manure can be utilised for
““intensive ’ farming.

5. More natural and healthy
surroundings.

6. In epidemics, isolation of
cattle is easier.

7. Milkislesslikely tobe 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,

Disadvantages.
Lack of proper sanitary
supervision and control,
The water-supply is likely
to be scanty and bad.
The chances of adultera-
tion with water during

transit are perhaps
greater.
The cost of preserving

milk (by pastcurisation,
etc.,) for long distances,
and the difficulty of
rapid and cheap transit
to the city.
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The concensus of opinion of dairy experts in India
ts decidedly in favour of keeping the milch cattle in
the country, particalarly in the suburban villages near
the railway line, within convenient distance from the city.
This would be the most economic method of milk production in
this country.

As regards the tending of animals, it appears that a milch
animal will give better results in the hands of a careful gowlee,
or village cultivator, who personally looks after the animal, than
in the case of a large commercial dairy farm where it is treated
as " one of the herd.” This is the experience, for instance, of
the Agricultural College Dairy at Poona, where there is a tendency
for the yield to fall off in subsequent periods of lactation. Both
the feeding and housing there are superior to what is usually
«btained in India, and so the falling off can be attributed only to
had tending. The men usually employed in the large commercial
-lairy farms have usually very little interest in the well-being of the
«cattle, and being only “ hired labourers " are inclined to be
careless in their tending. The animals need to be fed
and watered at regular intervals. The buffaloes need daily
washing, while the cows need greater protection from the
inclemencies of weather, etc. Every effert should be made
to make the animals as comfortable as possible. Re-
gular  exercise in  the open air is conducive to better
health of the cattle and better yield of milk. Grazing,
although desirable, is not  absolutely essential for milk-
production, provided that the cattle are well fed in the
stalls and are allowed a reasonable amount of cxercise in
the open air.

There is a conflict of opinions as regards the comparative
‘value of open grazing and stall-feeding in this country. One of
the reasons given against stall-feeding is that it hinders the
development of limbs and muscle and produces dwarf cattle.
This is, however, very doubtiul in face of the fact that
one of the best breeds of cattle, wiz., Krishna Valley cattle, is
almost entirely stallfed. In the Bombay Presidency, in
addition to overstocking, grazing is scarce from Debruary
to Junc, when therc is hardly any grass to be found. During
this period no advantage would be gained by the cattle
wandering about for lomg distances without shelter and
without water,
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(B) Other measures to counteract the deterioration of milch:
cattle.

Besides the improvement in breeding, feeding, housing and
tending, other measures are also necessary. These may be now
brif?f considered.

As stated in Chapter IT, during the famine of 1899-1900,
there was a considerable loss in the number of milch
cattle in the Bombay Presidency, While it is true that
famines eliminate many useless cattle, there is no doubt
that many good milch 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 dvyv and in
the form of emsilage. Even in ordinary times the cultiva-
tors find it very difficult to obtain the necessary supply of fodder
and water during the dry season, particularly towards the end
of the dry season. Even in the best milk-producing districts of
Gujarat there is a drop in milk production of 20 to 30 per cent.
during the months of March to June. In other parts it is a coin-
mon cxperience to find a considerable falling off in the milk supply
soon after the supply of green grass is exhausted. On the other
hand, during the rains, there being an abundant supply of fodder,
the cattle are likely to be overfed. This has some bearing on the
questions of grazing and breeding.

In the old days when the tendency for the grazing grounds to
be overstocked was less than at present, grazing of cattle on
common grazing grounds was not absolutely satisfactory, for the
animals were very well fed during the rains but had almost to.
starve during the dry season,

A very favourable condition for good cattle breeding is that
in which the grazing and the supply of stored fodder are abundant.
A very instructive example of a combination of common grazing
and stall-deeding is the case of the Khillari catile, 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 vicew but afford a vast
area of grazing grounds during the wet season and sufficient
fedder for the dry season. In the open plains where the main
crop is cotton and where the only fodder available is the jawari
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Eadbi or the bajri sarmad, profitable cattle breeding is found to be
a great failure?.

Common grazing is no doubt a great convenience to small
holders, but it cannot be considered a very economical practice,
for it is certain that good land can produce more fodder to the
acre under cultivation than under the neglected condition of the
common grazing ground.

The necessity for an abundant supply of good water has been
already emphasised. What is required is betfer irrigation, pai-
ticularly in some of the districts in the Deccan, without which it
would not be possible to produce an adequate amount of green
fodder.

As pointed out in Chapter II, the slaughter of dry animals
in large cities accounts to some extent for the diminution in the
number of good milch cattle. In support of this statement
figures have been cited from the slaughter houses in Bombay and
Calcutta, which show that thousands of good milch animals
are annually slaughtered in these two cities. A similar state of
affairs is known to exsit in a few other large cities also. It appears
that in Bombay there is a demand for buffalo meat among certain
classes of the population and for use on some ships. [t also
appears that in the rural districts adjoining Bombay, there is a
considerable number of unprofitable buffaloes which might be
very well used to mect this demand. It is, therefore, very un-
fortunate that a large number of valuable milk buffaloes from
the Bombay cattle stables should be allowed to go to the butcher
year after year. This is one of the principal evils of keeping
milch animals in the city, where it is not possible to maintain dry
animals profitably. 1tis very difficult to propose practical remedies
for the mitigation of this evil. It is suggested that in Bombay
at least this might be minimised by (1) arranging for the import
of buffalo meat into Bombay from the rural districts; (2}
organising or facilitating the export of valuable dry buffaloes
from Bombay to the grazing districts, and (3) locating the milch
animals outside the city and importing milk from a distance by
trains, etc. 1f these remedies are not found to work satisfactorily
then it may be necessary to resort finally to legislation, Measures
may be also taken to limit the export of the best breeds of
Indian milch cattle to foreign countries.

1 T am indebted to Mr. G. F. Keatinge, C.I.E., 1.C.S., Director of Agriculture, Bambay, for
this inlormation,
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A very important point in the improvement of the milk stock
is the care of the young calf. As mentioned in Chapter II the
city gowlee wants only the milk and not the calf, which he is
unable to 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 milk buffaloes, Exceptionally one comes
across a city cattle stable where calves are actually reared,! but
as a rule, they are allowed to die of neglect and in some places
they are even thrown alive into a dust-bin. The only practical
remedy seems to be the emigration of the cily gowlee to the suburbs
where he caould rear the calves with profit. The details of the
management of calves can be found in many text-books.?

v'(C) Reforms in the existing methods of collection, transport
and distribution of milk.—These will be considered mostly
from the economic peint of view,—the sanitary methods
will be discussed in the next section.  As peinted out in Chapter I,
the method of milking is peculiar to India in several respects and
needs improvement. The calf is allowed 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
maximum yield, Milking vessels, etc., of improved matcrial and
pattern would Le necessary.

 Transport of milk.

The question of transport of milk is intimately connect-
ed with its kecping qualitics under Indian conditions of climate
and the facilitics for transit. The amount of time clapsing
between milking and delivery to the consumer is of considerable
importance. The keeping qualities of milk would depend upon:
(1} the carc exercised during milking, (2) the manner in which
milk is handled from its production to delivery, (3) the tempera-
ture at which it is held, and (4) the distance to which it is to be
conveyed, or rather the amount of time required for transit, It
has been already pointed out in Chapter V that the keeping
qualities of milk practically depend on its bacterial content., The
keeping quality of milk and its transport in Central India have
been studied recently by Robert G. Allan and J. V. Takle.?
They conducted a series of experiments in Nagpur. Their obser-
vations regarding the keeping quality of milk included: (a)

? T have come acloss a dairy farm in Bombay where this is beiog doge.
? Also see the Jousna! of Bairying aud Dearry Farming in India, Vol T, Parg ITI, p. 243,
2 “Agricultural Jouraal of India," Qez, 1913, vol X, PartIv, p. 329.
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a comparison of the effect of the difierent milking methods, (8)
a comparison of the effects of different conditions under which
the milk was kept after milking, (¢) a comparison of different
methods of treating milk produced and kept under varying
conditions. They made further observations with regard to the
conditions and causcs of butter formation frequently found during
the transport of milk, and the means for its prevention.

The following are some of their conclusions:—

(13 Care and scrupulous cleanliness at the time of milking .
will add several hours to the life of the milk. Sterilisation of the
milk vessels, apart from mere washing, is important,

(2) During transport by rail, chilling to 40°F and keeping
it at that temperature will preserve the milk for 10 to 12 hours
after milking,

(3) Under conditions of road transport by cart or motor-
lorry over rough roads there is a tendency to butter-formation,
particularly in raw buffalo-milk during the cold weather.

{4) The tendency to form butter varies with: (a) the
temperature at which the milk is transported, butter being
formed in ali cases below 90°F, but never above 105° F; (b) the
degree of fullness of the milk churn, being less if the churn is
quite {ull ; (c} the time interval, the amount of butter being
greater the longer the time ; (4) the kind of milk transported,
more butter being formed in buffaloes’ than in cows’ milk.

(5) The best treatment for all milk carried Ly road over
any distance is pasteurisation at the milking centre to 140° —
160° before issue, dependent on time of transport and temperature,
and its subsequent chilling on its receipt at the city depot before
Tetail issue.

If milk can be delivered within a short time after milking
it would not require any special treatment to prolong its life.
When the time-interval, however, exceeds three to five hours
{varying according to temperature, conditions of collection, etc.),
the milk would have to bc preserved by one of the following
methods—cooling or refrigeration, pasteurisation, boiling or
sterilisation.

For commercial purposes the choice would be between refri-
geration, pasteurisation and sterilisation, while, for domestic pur-
poses, boiling is the cheapest and most efficient method, Most
people would prefer to have fresh (raw) milk, and refrigeration
would meet this demand if it were not for the high cost at which
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milk can be cooled in this climate. Another disadvantage of this
methed is that under the present conditions there is no guarantee
of obtaining milk frec from contamination. Pasteurisation and
sterilisation, on the other hand, are known to be effective precau-
tions.  Sterilisation has been tried to some extent in this country
but it is reported that the cost is too high for commercial
purposes. Pasteurisation seems to be the only practical method
from an economic point of view, the cost of pasteurisation in
India, apart from the initial expenses for the plant, etc., being
only about 1} pie per pound. The details of the cost of pasteuri-
sation are given in Appendix A, The advantages and dis-
advantages of pasteurisation and the comparative value of refri-
geration, sterilisation, boiling, etc., will be discussed under ** Sani-
tary Measures.”
_/Facilities for transit.

The present methods of conveying milk in some of the Indian
cities have been already described. The most common method
is carrying milk by hand. It is less frequently conveyed by slow
carts, and in Karachi by camels.* In large cities, ¢.g., Bombay,
maodern methods, ¢.g., horse and motor waggons, are being gradu-
ally introduced. The transport of milk in suburban trains invelves
the employment of a very large number of men. The present
methods of conveying milk to the city of BBombay have been
described in Chapter II.  The facilities for transit should be so
improved as to effect a saving in time 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 conveying milk, better kinds
of cans or milk vessels, provision for maintaining a low tempera-
ture during transit, etc., are some of the principal reforms needed.
It is very cssential that the milk must reach the consumer as
s00n as practicable after milking so as to be in as fresh a con-
dition as possible. TFor short distances (within 10 miles) the use
of motor or horse waggons, and for long distances (10 to 100 miles
or more,} railway trains are the most convenient. At present,
motor waggons are being used by two or three large dairying
concerns i Bombay. The two railway companies in Bombay do
not provide any specially equipped milk trains or milk-cars or
vaus at present. Milk is conveyed like any other article in the
ordinary " luggage vans "’ or  brake vans.”” The rates charged

v " Agricultural Journal of India,” Vol, X, No. IV, p. 401.
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at prezent are two annas per maund (two pence or four cents.
for 80 lbs.) for any distance not exceeding twenty-five miles,
and thereafter one anna for each additicnal twenty-five miles.
Special milk-cars with refrigerating arrangements are desirable,
but this would considerably increase the cost of transit and conse-
quently also cause a rise in the price of milk. Unless there is a
reasonable certainty of sufficient and regular milk traffic, it may
not be possible for the railway companies to make the necessary
improvements for the conveyance of milk without raising the
existing rates. If the milk trade was organised in a systematic
way on a sound business basis, and if the railway companies were
assured of a permanent and regular transit of a large quantity of
milk, T daresay they would be quite prepared to meet all the
demands.
vThe distribution of milk in the cities.

The purveving of milk after its arrival in the city offers
somewhat a difficult problem. Milk being a perishable article,
it must be sold to consumers with the least possible delay. Most
purveyors mix the various consignments of imported milk before
sale (Plate XXVID). Some of the importers in Bombay sell their
milk out of the original containers, which are usuaily brass lofas
(Plates XXII and XXIII). The kind of milk vessels recom-
mended, the use of the milk-bottle for India, etc., will be dis-
cussed under *‘ Sanitary Measures,” (g.2.)

The business of importing milk into Indian cities is mostly
in the hands of numerous small dealers, In Bombay there are
nearly 450 importers and 1,500 men are employed for bringing
in about 45,000 pounds of milk daily. It would be much easier
to control, educate and supervise a few large firms of importers
than hundreds of small dealers. What is required for the efficient
distribution of milk in our cities is concentration. A few organised
concerns on 2 large scale would be far more desirable than
numerous petty milk-dealers from the economic, 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 would be required. It would certainly
be an economic arrangement both for the purveyor as well as
for the consumer of milk. The large concerns could afford to-
purchase expensive sterilisers, pasteurisers, bottle-washing
machines, moter and horse-waggons, etc., etc. They could also
afferd to employ trained and competent assistants. Another
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point in favour of having a few large importers is that they could
readily meet the fluctuating demand for milk in the market and
profitably utilise the surplus of milk by converting it into butter,
curds, butter-milk, etc.

The two agencies suggested for the purpose of organising the
collection and distribution of milk are: (1) co-operative dairy
societies ; and (2) private dairying concerns on a large scale.

' {1y Co-operative dairy societies.

The idea of co-operative dairying originated first in Switzer-
land in the village of Kiesen, near Berne, in 1815, just a hundred
years ago. Denmark took up co-cperative dairying some sixty-
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 becn amply demonstrated in these
countries. In the United Kingdom in 1912 there were only
about a score of co-operative dairics as compared to about 3,300
in Germany, about 2,000 in Switzerland, 1,200 in Denmark, 700
in France and 400 in Ireland.!

It would be beyond the scope of this memoir to enter into the

minutie of the management of a co-operative dairy. A few
important points, with special reference to conditions in India,
will be, however, considered. Broadly speaking, there are two
-essential requirements for a co-operative dairy, namely: {1) a
regular and sufficicnt supply of pure milk; and (2) the securing
and retention of a favourable and reliable market. In order to
meet the first requirement there should be a binding obligation
upon all the members of the society to maintain an adequate
number of good milch cattle and to deliver regularly all the
mik which is produced by the animals. The obligation
should be for a number of years (3 to 15), or else the
‘society may find itself at a loss with an expensive plant and
buildings on their hands. The possession of a good market would
~depend a good deal on the proximity to a populous city and on
the means of rapid transit. The distribution of milk also might
be done by co-operation,

The co-operative movement was started in India about twelve
yearsago. To-day we have more than 15,000 co-operative credit
societies with a total membership of more than seven lakhs
(700,000) and a working capital of -over 77 million rupees. In the
Bombay Presidency the progress of co-operative credit has been

1 Henry W. Wolf. * Co-operation in Agriculture, " 1912, p. §2.
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satisfactory, there being more than 700 societies numbering over
68,000 persons and with a working capital of nearly 66 lakhs.!
The organisation of co-operative dairy societies in this country has
been attempted recently in Lucknow, Benares?, Central Pro-
vinces, Punjab, and in some parts of the Bombay Presidency
such as Belgaum, Hubli, Bhandup, Alibag and Thana.

Mr. V., H. Gonehalli, the Assistant Registrar of Co-operative-
Societies, Bombay Presidency, briefly summarises the co-operative
scheme/,as/ follows :—

21 would urge that the gowlees keeping milch cattle in a
town should be induced to keep their cattle outside the town ;
that the Municipality should provide them with stables outside
the town on a suitable site having water-supply and grazing
facilities ; that the gowlees should be organised into a co-upera-
tive dairy soclety; that the socicty should grant them loans
for purchasing animals and foodstuffs ; that it should organise
the joint purchase of foodstuffs for the members; that milking
should be done in the presence of the secretary of the society; 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 observed;
and that the marketing of milk should be taken away from indivi-
dual producers and entrusted to the managing ceommittee of the
society.”

The production of milk in the cities has been shown to be
very expensive and insanitary. The city gowlee works under the
greatest disadvantages, as he has to pay high rents for the cattle
stables and high prices for fcodstuffs, and in addition, he borrows
money from the Marwaris (usurers) at exorbitant rates of inter-
est. It is no wonder, therefore, that he tries to make up for this
loss by raising the price of milk and adulterating it with water.
The organisation of the gowlees tnto one oy more co-operative socivtics
and inducing them to stay outside the city limits would help
a great deal in solving the economic side of the problem. By
joining a co-operative dairy society 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 to
purchase foodstuffs of superior quality at a moderate price ;
(3) the animals being kept under sanitary conditions and properly

1 Repurt of alecture by Mr. V. H. Goaelialli, in the Times of Iudm, dated 29th July, 1915,
1 “The Jouroal of Duirying," Vol. I, Part T, Octoher 1913, p. 2
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cared for, will mmprove in health ; (4) the yield of milk will be
somewhat greater than under city conditions; (5) there would
be an improvement in the breeding, as the society could maintain
one or more superior breeding bulls; (6) the society will be able
to take up a plot of land in the vicinity of the stables and grow
jodder crops, utilising all the stable manure which would be
otherwise wasted in the city stables; (7) the dry cattle could
be kept at a small cost outside the towns—instead of finding
their way fo the city butcher, as at present; and (8) the
cost of marketing milk in the city weuld be proportionately
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 I1. It would be
desirable to start co-operative dairy sociefies among thevillage
cultivators along similar lines as indicated above. The ordinary
village cultivator in India is usually poor and ignerant and offen
held fast in the clutches of the savakar (money-lender). It
would be very difficull to convince him of the benefits of modern
methods of breeding and dairy-farming. The average Indian
agriculturist is usually carcless in his methods of breeding.
He generally owns very few animals and cannot maintain a proper
bull of his own, but has to he satisfied with any nondescript
animal that happens to be kept in the village. He lacks both
amboitioni as well as money. The agriculturist has, however, the
advantage of being able to grow cnough of fodder on his own land
for the use of his animals. He cannot be cxpected to
improve on the old methods of milk production unless it is
done for him by a co-operative society or some such body
under proper supervision. In the villages which provide
milk to the cities, central milking sheds might be con-
structed. The cultivators who are members of the local co-
‘operative society could bring their buffaloes and cows to this
shed daily at the appointed hours, draw milk in the presence of the
manager of the society and then hand over measured quantities
of milk to the committee, who should make the necessary arrange-
ments {or the transport and marketing of the milk, either directly
or through some private agency. In addition to the advantages
mentioned above, a village co-operative dairy socicty would
be the means of improving the general condition of the village

\
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cultivator, as dairying would form only a subsidiary industry and
an additional source of income. Such societies could be very well
utilised in course of time for scientific breeding of milch cattle.

The co-operative societies in this country are still in their
infancy. They would be very valuable at present in the collec-
tion of milk from the cultivators, the supervision of the milking,
and gradually improving the breed of the village animals. They
would be also the means of educating the agriculturist in modern
methods of dairy-farming. :

The scheme outlined above is not quite a new one and has been
found to work satisfactorily in actual practice. Mr. Gonehalli
informs me that in the Bombay Presidency co-operative dairying
has been tried with success in Thana and Alibag, and similar
schemes are under preparation or execation at Belgaum, Bhusawal,
Hubli, Bhandup and Ahmedabad. (Vide Appendix B.)

{2) Private dairying concerns.—DPrivate concerns with
large capital could profitably take up the city milk trade and
cmploy experts and competent dairymen and use modern
methods for the importation and distribution of pure milk. So
far as possible, however, all monopoly should be discouraged and
the existing milkmen (gowlees, etc.,) should not be absolutely
deprived of their hereditary occupation. They may be employed
in the large concerns or be formed into co-operative dairy
socleties.

The experience of Government Military Dairies and others
in India seems to show that under the existing conditions it is
not generally profitable for private concerns to undertake the
production of milk, but the business of purchasing milk from the
indigenous producer in the rural districts and sending it to the
city for sale is found to be a lucrative one. In other words, it
appears that in the case of Jarge commercial dairies, datrying
always pays but dairy farming seldom. It may be stated that
there are a few dairy-farming concerns in the Bombay Presidency,
bmt the production of milk by such concerns has been found to
he more expensive than that by the small village cultivator.
The most economic source of milk supply for cities is to be found
in the villages where the cultivator maintains his cattle under
cheap and natural conditions,  This is seen, for instance, in many
of the districts in Gujarat. The milk supply of the large cities
of Europe and America also is usually obtained from the country
by large contractors or ** middlemen ” who buy the milk from
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the farmer and bring it to the city forsale. The private dairying
concerns proposed for this country would practically occupy the
position of *‘ middlemen.” Such concerns are likely to be more
suitable than co-operative dairies, at present, for the purpose of
importing milk {rom long distances and marketing it on a large
scale.

The two agencies described above would greatly facilitate
sanitary and legal contral, as there would be only a few organised
concerns to deal with instead of numerous small dealers, More-
over, it would help to solye the problem of marketing the milk after
its arrival in the city. Some of the smaller concerns, including
co-operative dairy societies, supplying milk to the city may be
federated into a daivy union. This union could then be Tespor-
sible for the marketing of the milk. It could also arrange for the
establishment of several city mitk depots with proper storage
rooms, cooling appliances, delivery waggons, etc. The importance
of the marketing of milk by responsible agencies cannot be over-
estimated, {or unless the distribution of milk is taken away
from the hands of the petty vendors and entrusted to a properly
arganised body, it would be extremely difficult, if not impossible,
to 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, from its production to its final
distribution, than under the present conditions. Moreover, the
introduction of cconomic methods of dairying would tend to
reduce the price of milk.

What is now required to make such agencies a complete
success is proper supervision and some assistance from Govern-
ment and the local Municipalities. The Government of Bombay
have already announced their intention to help any Municipality
if the latter laid before them any praclical scheme to improve
the milk supply.t

The assistance from Municipalitics may consist in the provi-
sion of cattle stables and milking sheds near the city, the
sanitary and legal contrel of the marketing of milk in the city
by the provision of milk inspection, the establishment of milk
depots, etc.  Whether the milk is brought into the city by co-
operative societies or private dairying firms—in any case—
it shonld be made to conform to the required standards. I{

1 Journalof Dedrying, Vol 1F, Part 11, p, 103.  Videalso G. R, No. 7706 of 25-10-13 and G. R,
No. 4644 of 18-7-14. General Department: Governmeni o3 léomlay,
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necessary, all imported milk may have to be reandered harmless
by sterilisation, pasteurisation or any other means, at the dis-
tribuling depots under Municipal supervision.

(D) Educational and other general measuares.

“ Education is onc of the principal spokes in the wheel of the
witk waggon."' —{a) Education of the Public.—Educating public
opthion in the cities regarding the defects and dangers of the
present milk supply and the urgent necessity for sanitary and
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 by spreading information
broadcast by mecans of public lectures, sanitary tracts, practical
demonstrations, publishing articles in the Anglo-vernacular press
as tn 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 production of clean and wholesome milkis largely
a matter of cost and education. The public must learn to appre-
ciate the fact that clean and pure milk cannot be procured cheap-
ly, and they must be willing to pay a reasonable price for it.

() Instruction of the milk dealers regarding the cconomic and
sanitary methods of supplying milk.—This would be a very difficult
task but not a lopeless one. Ignorance, apathy, and prejudice
will have to 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 conditions.
The committee on dairying at the Agricultural Conference at
Coimbatore, in December 1913, recommended that provision
should be made by Government for " free information and assis-
tance toanyone 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, {ree specifications and advice as to the
purchase and erection of plant, advice as to correct systems of.
keeping dairying accounts and free information generally on ali
points connected with the cstablishment and working of daiky
vniterprise in any direction, so that anyone willing to invest money
it the industry might be so guided as to ensure his organization
being planned in the best possible manner for profit earning.”

The city gowlec should be persuaded, if pessible, to leave
the city and settle in the suburbs, where he could produce milk
under more ¢conomical and natural conditions,

1 Rostnau.

11
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The village cultivator should be induced to take up dairy
farming along modern lines and he should be given free practical
instructions in vernacular regarding the details of milk production,
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 demon-
strations at a model dairy farm may be arranged from time to
time for the benefit of village cultivators in the neighbourhood.
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 cend their children to such
schools.  Trained men would be also required by various dairving
concerns, co-operative societies, etc., and the formation of special
classes in the vernacular, where a short course of instructjon in
practical dairying and dairy farming could be given, would be
very useful.

The stafi of the Agricultural Department is not considered to
be large enough for the needs of Tndia, and it would not be fair to
expect Government to do everything in the matter of
imparting education to the agricultural population. There is a
great opportunity for public-minded men, philanthropic bodies,
wealthy Zamindars and Jahagirdars to organise missionary
socicties for the purpose of teaching and preaching to the
village cultivator and the gowlee the gospel of economics,
hygiene and sanitation. The Servants of India Society, the
Social Service League of Bombay, the Bombay Sanitary Asso-
ciation and other similar organisations, might very well
undertake this kind of work and thus supplement the efforts
of Government.

{c) The training of Milk Inspectors, etc.—TFor this purpose
a short course of instruction would be required in milk testing
and general dairy sanitation, etc. Arrangements for giving such
a course could be easily made in most of the cities in connection
with the Public Health Department.

(d)  Provision for the training of Expert Dairymen and Dairy
Farmers.—An improvement in the dairy industry of India is pos-
sible, provided 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 made
by our universities and colleges for Imparting such a special
course. The Indian colleges of agriculture are, as a rule, separate
from the Government dairies and from the veterinary depart-
ment, and unless there is some co-operation between these, a
complete educational course in dairying and dairy farming cannot
be carried out. *“ Every colony in the (British) Empire has its
Dairy Branch on the Agricultural Department except India, and
no other country has the same possibilities of building up an
industry of so great a magnitude and one that will so mightily
improve all other branches of industry or give so much back to
the State Treasury for any amount spent upon it.... India
offers a field, for enterprising men who bhave a bent for this line
of farming, second to none in the world, but these embarking in
the trade must be possessed of a sound intelligence, induastrious
habits and a reliable training in the best methods introduced.'"?

It may be well for us to emulate the example of America,
where dairying is taught as a part of the curriculum in many well-
known Universities and where there is a large and well-equipped
Department of Agriculture, which issues very uscful Bulletins
from time to time [or the benefit of the dairy farmer. A large
number of excellent dairy schools have been established in Great
Britain during rccent ycars, The Government dairies and a
very few private dairies are the only places where a student could
learn modern methods of dairying and dairy farming in India.
These dairies might be well utitised in connection with our colleges
of agriculture, and special graded courses could be offered for
two or three years leading up to some certificate or diploma alter
passing the necessary examinations, Agricultural graduates
with such special training would then be qualified for responsible
positions, such as managers of dairies, ete,

An Indian branch of the Dairy Education Association has
been established recently with headquarters at Kirkee (near
Poona.) A quarterly journal is issued by this Association in
which various questions regarding dairying and dairy farming
in India are discussed. The Association proposes to hold annual
examinations in the science and practice of dairying in India.
The successful candidates will be given the “ National Diploma
in the Science and Practice of Dairying in India.”” The subjects
for the examination include practical agriculture, general dairying,

1 *Journal of Dairyiog,”” Vol. I, Pact 2 p, 39.
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agricultural chemistry, bacteriology and general chemistry,
veterinary science, dairy technelogy, etc.  This is the first syste-
matic attempt to train dairymen in this country, and the Dairy
Education Association deserves credit for taking the initiative
in this important matter,

airy 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 summed
up in the Journal of Dairying, Vol. I, No. 1, {October 1913).

“ A dairy farmer must be :—

Isz.—A good business man, or he cannot make his farm o
financial success.

2nd.—A kecn observer, as his business is made up of in-
numerable details, which must be seen by him personally.

3rd.- A hard worker, as he must always De engaged in his
work, for he is never finished : it therefore follows that his
recreation must be found in his work.

4th —A good breeder, as his success depends on his being able
to get * two cows under one hide.” -

Sth.—A student and investigator, the first as he rmust keep up
his study to keep in touch with new methods ; the second, as
he must introduce new ideas to suit his particular environment.

6ih.—Well trained in practice and theory, theory to guide
him in a correct practical method, :

7th.—Trained to absorb new methods, as these become neces-
sary; and he must know the best grasses, crops, weeds, also all
poisonous plants.

8th.—An intensive farnier, as he must use his manure and
raise heavy crops continvously for green feeding on his own land.

9th.—The chemistry of feeding-stuffs, soils, manures, and
dairy products should be studied to show him the cycle of appli-
cation.

10th.—The clements of bacteriology taught, to show him
the need of cleanliness, so that harmful bacteria shall not influence
the quality of his produce and its keeping powers; and what
pasteurisation and sterilisation mean.

11th.—A mechanical training is necessary to enable him ti
keep his machinery in order and prevent its faifure : what

1 The details willbe foundia the “Journal of Dairying,™ Vol. 11, Part 1. p. 51, etc,
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machinery is necessary and which is the best for his
purpose.

12th.—A knowledge of heat is required to enable him to know
the principles on which his refrigerator works, and his cold store
is kept cold.

13th.—A  veterinarian, to enable him to keep his cattle in
health and to treat them when sick.”

The important points in connection with the economic, edu-
-cational and other general measures may now be summed up :—

1. The scientific breeding of the ** dual purpose ’ animal
{or India.

2, The establishment of cattle-breeding farms at suitable
«centres, and the supply of bulls on the premium system or other-
wise.

3. Proper feeding according to physiological standards and
based upon practical experience.

4. The removal of the city cattle-stables from the crowded
areas to the non-residential parts of the city and to the adjoining
suburbs,

5. Improvement 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 seme of the districts in
the Decean.

8. The provision of suitable land by Government, on easy
terms, for dairy-farming and grazing,

9. The organising or facilitating the cxport of valuable
" dry " buffaloes and cows from Bombay. Calcutta and other
lirge cities to suitable grazing districts, and taking other measures
for the prevention of the slaughter of such animals.

10.  The prevention of exporting the best t:eeds of Indian
mileh cattle to foreign countries.

11.  The organisation of the city gowlees into co-operative
«lmry societies, the location of their animals outside the city,
wherever practicable, and a gradual transformation of the gowlee
Juto the village cultivator.

12. The erection, by the municipalities, of milch cattle
stables and milking sheds (with the necessary provision for water
supply and drainage) in the suburbs, which may be rented out
o the gowlee and the cultivator at a concession rate.
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13. The organisation of co-operative dairy societies of the-
village cultivators in the districts, which are within easy access of
the city and where a large supply of cheap milk is available,

14. Improvement in the present methods of transport of
milk, and better facilities for rapid and cheap transit.

15.  The establishment of private dairving concernsona large
scale for the purpose of importing and distributing milk according
to modern methods and under sanitary conditions.

16. The organisation of a * Dairy Uninn * in the city for
marketing the milk brought in by the various co-operative
societies.

17. The construction of milk depots, cold-storage rooms,
ete., in the city.

18. The appointment by Government of dairy experts
whose free services would be available to the above organisations.

19.  Creating a demand for better milk by educating public
opinion by means of lectures, demonstrations and the press,

20. Educating the gowlee and the agriculturist in modern
methods of economic and sanitary milk-production.

21. The estakblishment of dairy schools and classes in the
vernacular, etc., for imrarting practical instruction in dairying
and dairy farming and the training of milk inspectors.

22, Provision for the training of dairy managers and
breeding experts in connection with the agricultural colleges and
Government dairies,

23.  The holding of milch cattle shows and the exhibition
of mitk products and dairy appliances in suitable centres from
time to time.

11 _SANITARY MEASURES, including sanitary mecihods and
reforms vegarding the cave and management of the wmilch catile,
their housing, the process of milking, the storage, transit and distri-
bution, and artificial methods of preservation and purification of
milk.—These may be considered as follows :—1. Measures
relating to the milch cattle, etc., to be applied by 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 by the consumer. 4. Artificial methods of pre-
servation and purification of milk :—(2) Refrigeration, etc.,
{8) Boiling, (c) Pasteurisation, and (d) Sterilisation by heat and
clectricity, 5. Infants' milk depéts. 6. ' Certified > milk.
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1. Measures relating to the milch cattle, efc., to be applied
by the producer at the source of the supply.

(A) Housing of the wmilch catile —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, The points in faveur of this view have been already
considered. The erection of small-sized stables should be given
preference over a single large stable. The Bombay Municipal
bye-laws allow a maximum of 100 animals per stable. The
author is in favour of smali stables with accommodation for not
more than 50 animals per stable, placed * tail to tail ” in two
rows. A smaller number (20-23) would be even hetter. Some
of the advantages of the smaller stables are: easier for control
and supervision, better possibilities of ventilation, easier removal
of manure, etc., less likelihood of excitement for the animals,
and greater chances of proper feeding and tending the individual
animal.

{(b) Provision for light, ventilation, air-space, elc.—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
to enable the whole interior of the stable to be easily visible in
ordinary daylight. Savage! recommends a definite amount
of light-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 way that
the light may strike them from the side or from the rear. Ven-
tilation should be adequate and efficient. It should be se
arranged as to prevent draught and to protect the animals from
rain and wind during the monsoon, and at the same time to allow
plenty of fresh air night and day. According to Schlessmann,?
the air of the stable should not contain more than one part of
carbonic acid to a thousand parts of air. A cow weighing 1,100 1bs.
produces 12,71 cubic feet of carbonic acid which would have
to be diluted one thousand times in order fo maintain the re-
quisite proportion (1:1,000). The introduction of the necessary

I Wm, G, Savage. * Milk aod the Public Health,"” 1912, p. 274,
s Schlossman, W, Ernst’s Milk Hygiene.
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air is made possible by three changes of air per hour, and accord-
ing to Schlossmann, the air-space in a stable for cows weighing
1,100 Ibs, each must be 176.5 cubic feet. Under Indian condi-
tions, the airspace nceded for buffaloes would be greater in
proportion to their weight. A full-grown Jaffrabadi bufiale,
for instance, is known {o weigh as much as 1,800 Ibs.

The model bye-laws of the Local Government Board recom-
mend 800 cubic fect per cow. This would give about 50 square
feet of floor space per cow. The Bombay Municipal bye-laws
relating te milch cattle stables! require a floor-space not less
than 12} fect in length by 5 feet in breadth for each cow or
buffalo. They further require an open space of not less than
fifteen feet in width all around the stable.

(c) Structural requivements.—The construction of the floor,
walls, drains, etc., should be such as to ensure thorough cleanli-
ness, The composition of the floor is very important. Tt is
essential that it should be of some impervious material, sich as
cement-concrete, so as to prevent the soakage of urine, wash-
water, etc, The materiul used should be of the best quality,
and in order to prevent slipping, the floor surface should be
ribbed or made rough in sume other way. It should slope gently
{a gradient of 1 : 32, or §” to the foot, is sufficient) back to a ** grip”
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 antmal is thereby prevented and the contami-
nation of the bedding is reduced to a minimum. In Helland,
it appears, that the tails of the animals are ticd with a cord in
such a manner that the fail hangs in a natural position while
the animal is standing, but when the animal lics down, the tail
is kept raised up so that it cannot be submerged into the con-
tents of the drain! The manure channel or gulter, according
to Speir,? should be 24 inches wide, 6 inches deep at the side
next the cows and 4 inches at the walk. The mamure git or
dung receptacle should be constructed of some impervious ma-
terial, the bottom being raised above the surrounding ground.
I't should be situated at a reasenable distance (about 100 yards}
from the stable and away from the water-supply. To prevent

1 Vide Appendix D. '
3 Syeir,  Public Heaith, 1900 X1, p, 775.
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‘the animals from backing into the manure channel or slipping
in, a moulding of one-half inch may be provided along the upper
border of the drain trough. The individual animals should be
separated by means of partitions which extend upwards
well over the shoulder and which are provided with fastenings
for tying the animals (vide Plate XXXI). This is essential
in order to prevent the soiling of the stalls with manure, etc.
The stall or manger should be sufficiently long for the animals
to lie down with case, while it should be short enongh to allow
the manure to drop directly into the gutter. The cxact length
and width would vary with the size of the animal, and this would
be different for different breeds of cows and buffaloes ; 5-6" by
1’8" for buffaloes, and 4°-6" by 3"-6" for cows are usually con-
sidered suffieient for each stall. The feeding troughs should
he placed at the heads of the animals and so constructed that
there would be no corners or crevices in which dirt may accu-
mulate. They should correspond, as far as possible, fo the con-
dittens of natural feeding in the pasture. The troughs may be
made of glazed stoneware! or cement concrete. A width of 1°-67
is convenient.  The walls of the stable should be covered on their
internal surface, at least to a height of three feet, with some wash-
able, impenetrable material, such as cernent or white enumelled
bricks.  Some of the above details may appear to be trifling, but
from a sanitary point of view they are of great importance.

(d) Waler-supply.—This should be pure, abundan! and
casily accessible. It is required for drinking as well as for
washing purposes. Where a public water-supply is available
# pipe could be laid in the stable and a hose attachment would
prove very useful for washing and flushing purposes. The pro-
vision of a separate paved washing-place for the animals is also
necessary. It is very essential to 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
wxamined chemically and bacteriologically from time to time.
As regards watering the animals, cither each stall should be
provided with an automatic water-supply or a long iron gutter
running the whole length of the stable in front of the animals
may be provided for, or separate water troughs may be con-
structed. The last secms to be the best way frem a sanifary
point of view, .

! Robertson and Porter, "' Sanitary Law and Practice,” 1912, p. 201.
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The existence of insanitary cattle stables in the cities, par-
ticularly in the densely populated areas, is objectionable more
from a public health point of view than on account of the ani-
mals themselves. They constitute a danger to the health of
people living 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 very well. Under village conditions, so long as the
animals are protected from extremes of weather and given
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 object is to have a central milking-shed, where
the animals could be brought in for milking twice a day. Such
a milking-shed should be coustructed aleng sanitary lines and the
utmost cleanliness observed during milking as described helow..
This arrangement would be more economical than the expensive
city stables which have to conform to certain structural re-
quirements. The animals are mare likely to be comfortable
in the ordinary country sheds than in the city stables with their
bard and cold stone floors.

(B) The process of milking.—The process of milking in India,
as stated already, is of 2 most primitive type and needs radical
reforms.  Milking may be compared to a surgical operation so
far as antiseptic methods are concerned. The principles and
methods involved 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
cleanliness should be observed with regard to (a) the place at
which milking is carried out, () the animals, (¢) the person and
clothing of the miiker, and (4} the milk utensils.

(@) The place at which wilking 1s carried oul.—The usual
custom is to milk the animals in the same place where they are
tethered. Tor several reasons this is objectionable. The milk
15 less likely to be contaminated if milking is carried out in a
separate shed or room specially constructed and used exclu-
sively for that purpose. This may not be necessary where
the stables are kept scrupulously clean. The structural require-
ments of a milking-shed would be similar to those mentioned
for a sanitary cattle stable. According to the number of animals,
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it may be necessary Lo have several milking-sheds, A circular or
oblong structure s recommended with a central raised platform
from which a responsible person could supervise the milking of the
animals. The animals should be brought in baiches of ten or
twelve at a time in rotation. The milking-shed should provide
accommodation for not more than twelve animals at a time, as
only a small number of animals can be satisfactorily supervised
at one time. The approaches to {he milking-shed should be
kept quite free from mud and manure. Plenty of hot and cold
water should be ready on hand ; a good boiler is indispensable.
There should be ample provision for good artificial light, eg.,
large lanterns, ** Kitson * lights, etc., as the * morning” milk
is taken during the dark hours (2 2m. to 4 a.m.} in Bombay.

(&) Care of the animals.—The animals must be free from
disease This should be previously certified by the Veterinary:
Inspector. Fach animal should bs washed and cleaned tho-
roughly. Tt is not necessary—and in the case of cows it is not
advisable—to wash the whole body 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 abdemen, the udder,
tail, groins, flanks and legs. The animals should be well brushed’
and combed at least half an hour belore milking commences. The-
udders, teats and surrounding parts should be always washed
immediately before milking. Any long hair on the udder, etc.,
should be clipped beforehand, Antiseptics may be used, but
they must be entirely removed with sterile warm water
s¢ as to.prevent their getting into the milk. After washing
with clean warm water, the udders, ete., should be thoroughly
wiped with a clean dry cloth which must be kept apart and
used only for the udders. It may be objected that the above
operation of washing and scrubbing would take up much
time.  Practical experience shows, however, that {wo men
can wash ten animals in half an hour. [t has been found
that ordinarily not more than 12 buffaloes or 18 cows
can be milked by oune man in a satisfactory manner in about
two hours. This gives an average of ten minutes per buffalo
and about seven minutes per cow. A trained milk-man can
manage to milk more animals than this.

(¢) The person and clothing, etc., of the milker ~—Only healthy
persons should be allowed to milk the animals, Besides health,
other essential qualifications for milkers are intelligence, clean-
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liness, training and skill in milking. The hands and {orearms
should be washed each time a fresh amimal has to be milked.
Seap, water and nail-brush should be freely used. Disinfectants
‘or antiseptic lotions are ordinarily unnecessary. Immmediately
before milking, the hands should be rinsed in sterile or hoiled
water and then wiped dry with a clean towel kept exclusively
for that purpose. 1f a milking stool is used, it should be kept
ciean. After the hands have been cleaned, the milkman should
touch only twe objects: (1) the milking pail, and {2} the teats
-of the animal. The fingers must be kept away from the mouth
.and nose, and if the milker has to sneeze, cough, spit or perform
-any other similar operation, he must take good care not to let
any of the spray get into the milk. All possible sources of con-
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 time of milking. This should
be made of good washing material such as white ** drill.” When
this is not practicable, a clean dhotce and peharan (a kind of
shirt) should be worn just before commencing the milking.
Adter the milking is over
the special clotliing should
be removed and kept in
a clean place.

(d) The milk ntensils.—
The " milk pail” or
collecting wvessel used in
India is generally made
vi brass and has a large
wide mouth without any
jid. This needs improve-
ment both in the material
used as well as in the
shape. The milk pail
should be so constructed
that it would reduce to
4 minimum the amount
of dust, dirt and hair
which might fall into it
during the process of
milking. Figs. 1 to 4 show

Fig. 3. Freeman pail. Fig. 4. Champion pail. various types of pails.
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The wide mouth pail or brass vessel is objectionable and should
be replaced by a narrow mouth one. The openung at the top.
should be large enough to allow a thorough scrubbing and clean-
sing of the inner surface.  The collecting vessels should have:
as few seams as possible ; a seamless vessel would be best. Al
milk utensils should be heavily tinned, and where seams occur-
they should be flushed full and smoothed with solder. Gal-
vanized iron, wood, or any material that is rough or porous.
should not be used for the construction of milk vesselsl. One
of the best milk pails used on the continent of Europe is the-
" Aigawer ” pail. This is a covered pail and is furnished with
2 receiving tube witha.
funnel at the upper end.
Between the receiving
tube and the funnel is an
arrangement for strain-
ing the milk through
clean  cotton. Figures
54 and 5B show a milk
pail specially construct-
ed under the writer's
directions.* The mate-

Fig 5a. (Closed.} Fig. 58, (Open) rial used is either tinned
steel or brass well tinned inside.

{e) The technigue of mulkimg.—After the above-mentioned
precautions and preliminary cleansing, the milk should be
drawn in a quiet manner, Milking should never be done with
wet bands or with a wet udder as this would make the filth from
the fingers and the udder cuze out and drip into the milk pail.
It is a common practice to wet the hands cither with water or
by milking a few streams over the fingers. This is very ob-
jectionable and should be absolutely forbidden. The hands.
of the milker as well as the tcats of the animals must be kept
dry while milking. The first three or four streams from each
teat—~-the * fore-milk “-——should be drawn into a separate vessel
and discarded as it is likely to contain the largest number of
bacteria. The milking must be done with thoroughness and at
regular intervals. The amount of milk produced is largely

The * Sanitary’” pail. &= 3

I Web:ter, E. H. “ Sanitary luspection aud its bearing ol Clean Milk," Hyg. Zab : Huwletin,.
No, 56, p. 862,
% A patent for this pail has been applied for.
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affected by the thoroughness of the milking. Henkel! found that
a cow yiclded 17.8 lbs, of milk with 4.2 per cent. of fat when
milked by a thorough milker, but only 12.3 Ibs. with 2.7 per cent.
rof fat when milked by an untrained hand. As far as possible
a regular twelve-hour interval between two successive milkings
should be observed. The custom of first allowing the calf to
sttek its mother should be discarded as far as possible. When
thisis not practicable, then the udders, etc., must be again cleaned
after the calf is withdrawn. It has been found unnecessary
to allow the calf to have its milk directly from the mother, In
the case of Doth cows and buffaloes it is advisable to remove
the calf away from the mother and feed it by 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 by the caif. All
the sanitary precautions against sueezing, coughing, spitting,
etc., should be scrupulously observed and every effort should
be made to reduce to a minimum 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 XXI. A milk stool would render the operation
of milking more convenient and sanitary. It is immaterial
what particular methed is used in drawing the milk, that is,
whether the tcats are milked crosswise or the pair on one side
or those of opposite quarters, simultaneously.
Milking-machines.- -In recent years various forms of milk-
ing-machines have been devised as a substitute for hand-milk-
ing. These machines act by suction in imitation of the sucking
of the calf. The suction is intermittent. The milk pail is con-
nected by means of a rubber tube to the udder of the animal.
The machines are used in many cities abroad, particularly in the
United States. The main advantages claimed for these ma-
-chines are, the rapidity of milking several animals at the same
time, thoroughness in milking, and the prevention of possible
infection from the milker. The working of milking-machines
was carefully investigated by Woll and Humphrey.? They
found no ill effects upon the cows, while their report is favourable
regarding the economic efficiency of the machines. In samples

1 Quoted by W. Erest in his Text Baok of Milk Hygiene.,, p. 146,
2 Wolland Humphrey, Wisconsin University Agricultural Experimenial Station, 1909, Roscarch
- Bulletin No. 3,
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of milk drawn by machines, they found the bacterial count
slightly lower than in hand-drawn milk. The machines worked
well only when kept absolutely clean and operated by intelligent
and trained men, The author saw the working of several types
of such machines in New York several years ago. The motive
power used was electricity. Their construction is rather com-
plicated and hence it is very difficult to keep them clean. They
are also liable to annoying accidents. From an economic point
of view the cost of these machines would be somewhat prohib-
itive as they would probably cost more than manual labour
in this country. The use of milking-machines does not seem
to be quite practicable for India, at least at the present stage
of our milk industry, but they may be given a fair trial in some
of the well-organised dairy farms. They have been tried at
Kirkee at the Government Military Dairy and seem to work
tairly with cows but not with buffaloes, owing to the peculiar
structure of the udder and leats of the Indian buffalo, A
few attempts made with buffaloes resuited in laceration of the
fold of skin between the different teats. Perhaps a modified
form of teat-cups to suit the anatomical requirements of the
buffalo may be constructed.

(2) Sanitary reforms in the present methods of storage,
transit and distribution of milk.—rom the milk pail, or col-
lecting wvessel, the milk is usually distributed into other brass
vessels of varying sizes. Straining or filtering of milk through
“ muslin " is practised by some milkmen,  The kind of strainers
generally used Dere arc more likely to add dirt to 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 obtained in an
insanitary way cannot be deprived of its objectionable quality
by mechanical straining, for the filth dissolves and the bacteria
pass through the straining cloth. Besides, straining the milk
as a routine method might encourage the producer in his filthy
habits and mav serve as an excuse for being indifferent to clean
methods of milking.

Cooling and Aeration.—As soon as possible after col-
lection it is advisable to cool down the milk in a cooler or a
refrigerator, which may be either in the milking-shed or in close
proximitytoit. The initial cooling and aeration are very valnable
before putting it into milk cans for transit. The aeration
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of milk cooler.

permits the escape of
any carbonic acid gas
(CO,), sulphide of
hydrogen (H,S), etc.,
and imparts to the
milk an agreeable taste
and edour. The coeling
prevents the multi-
plication of bacteria.
There are two types
of milk-coolers, the
flat and the cylindrical

1 (Figs. 6 and 7). The

milk is allowed to pass
in thin layers on the
outside of a coil of
parallel pipes through
which runs a stream
of cold water or brine,

>, The degree of coclness

will be affected by (a)
the rate at which the
milk is allowed to flow,
(5 the temperature of
the cold water or brine,
and {¢) the extent of
the surface exposed.
It is important to
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 wvessels used for
carrying milk from the
producer to the purvey-
or or consumer, and
the manner in which
mitk is at present
transported, have been
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already described. The brass milk vessels, or large Jotas commonly
used, need at least the following improvements :—(1) they should
be thickly tinned internally ; (2) they should be provided with
properly fitting covers and secure locks, etc. ; (3) they should have
a large handle to facilitate handling ; (4) they should be washed
and sterilised, or at least rinsed with hoiling water just before
use ; and (5) they should be air-tight. Some milkmen in Bom-
bay have been recently using covers for their milk vessels, which
are provided with holes for ventilation! According to W. G.
Savage,? ventilation is unnecessary. He made comparative obser-
vations regarding the bacterial content, the rapidity of souring,
etc., and found no constant difierences. In America, the milk
cans are usually covered with a closely-fitting metal lid. East-
woed 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
heles are necessary.” It would be better to use one-piece cans
or churns made entirely of tin or steel than to trust the milk-
men to satisfactorily tin their brass lotas. Milk cans (or churns)
to hold one maund and half a maund
respectively, (80 1bs. and 40 ibs.), would
be convenient sizes for transit. The milk
cans or churns should be securely locked
or sealed so as to prevent any tampering
on the way. They should have no joints
or seams, butshould be in one prece®
{Fig. 8) After arriving in the city, the
milk would have te be distributed to the
retailer and this might be a fresh source
of contamination. The most sanitary and
ideal way would be tu put up the cooled
mille into bottles of varying sizes at the
source of the supply and sell it in the
original bottles, provided that they are
thoroughly cleaned and sealed The
question of using milk bottles in India

‘ B has been discussed by H. J. Riddick in
Fig. 8. Unc-picce Churn.  the Journal of Dairying in India (Vol. I,

1 Savage, " Milk and the Public Health ' 1912, p, 290,
1 Lastwood, Repert in the Loral Governiment Hmrd 1908, New series. No. L, 76.
3 Sych (aps are supplied by the Dairy Supply Cotnpany of 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 to be
sealed by means of a specially prepared waterproof cap, or {2)
the * Bourne bottle ” with its patent closing cap. Both these
bottles have wide mouths. In (1) the waterproof cap Is secured
fast around the neck of the hottle by a metal band, which has
several kinks or dents in it. This band has to be forced down
in order to open the bottle. It cannot be again forced up with-
out being broken at one of the kinks and any attempt te open
the bottle in transit could be easily detected. The caps are
in the closing machine in sterile packets; hence there is no
objecticnable handling. {2) The * Bourne milk-bottle " is
sealed by means of a patent lever stopper. By pressing down
the lever the bottle is closed automatically and an adhesive
label is mow fixed over the cap. To open the bottle, it would
be necessary to break the label in order to raise the lever. The
main points against the use of the glass milk-bottle for India
are (1) its initial cost, (2} likelihood of breakage, (3) more ex-
pensive rates for conveyance, (4) its weight, (3) the difficalty
of cleaning it thoroughly, for thousands of bottles would
be needed for the city supply, and (6) itis not likely to be popular
with the Indian public. Glass milk-bottles have been used in
India by a few large dairies where it is possible to make the
necessary arrangements for cleansing and sealing the bottles.
For large concerns, it may be necessary to have bottle-washing
machines as used in America. On the whole, it appears, how-
ever, that milk-bottles to be filled at the source of the supply
and then conveyed iu railway trains, etc., to the city, are not
suitable for Indian conditions; but at the distributing depot
in the city, milk may be put up in bottles only for those customers
requiring it. The average native of India would rather have
milk in metallic vessels than in glass bottles. Even in advanced
cities like Bombay, the great majority of Hindus as well as
Mahomedans would prefer a brass or aluminium vessel to a glass
bottle. 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.—1f the business of importing and
purveying milk were in the hands of a few large concerns as
suggested above, it would be much easier to exercise sanitary
-<control over the distribution of milk than otherwise. The milk
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depots and milk-shops in the city 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
collection and transit. The methods of conveying mill in small
bulk for house to house delivery require considerable improve-
ment. The insanitary methods (vide Plates XXII and XXIII)
must be replaced by modern modes of delivery such as milk-
barrows, milk carts, the " carrier tricycles,” etc. The milk-
vendor should be instructed to keep his fingers away from the
milk, while measuring it out from the container, by the use of
measuring vessels provided with a handle.

(3) Precautions to be taken by the consumer.—The average
-consumer in this country is almost as careless and indifferent
as the producer, regarding clean methods of keeping milk
in the household. Among the well-to-do classes the care of
milk is usnally left to the ignorant and often dishonest servants,
The consumer must see that a responsible member of the house-
hold personally attends to 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 tinned frequently, and thoroughly
cleansed. Just before taking the milk, the wvessel should be
rinsed with sterile or boiled water. It should then be covered
with a suitable cover and kept as cool as possible. If this is not
practicable, then the milk should be boiled. Boiling all mlk
has been the custem in nearly every Indian houschold for cen-
turies, and considering the numerous chances of contamination
-of milk in this country, this is a very efficient protective measure,
provided that the milk is really brought to the bojling point.
Every precaution should be taken, however, to guard against
re-contamination. Thenutritive value of boiled milk ascompared
with raw milk has been fully discussed in the latter part
of Chapter VI. Should the consumer suspect that the
milk supplied to him is adulterated with water or contaminated
with manure or other dirt, he sheuld immediately arrange to have
- sample taken by the Public Health Department of the city
for laboratory examination, Persons who desire to use raw
milk must arrange to have a proper ice-box and the milk vessel
must be kept in contact with the ice so as to be constantly at
a low temperature, always below 50°F. The upkeep of an ice-
box is rather expensive here, and only those who can afford te
pay the high price of ice in Indian cities could maintain an ice-
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box. The precautions to be taken by the consumer mainly-
comsist in cleanliness and boiling or cooling below 50°L,

(4) Artificial methods for the preservation and purification.
of milk.—Most people would prefer to have parc milk rather
than parified milk. The methods described below cannot atone
for filth, with which the public milk-supply in Indian cities is
generally contaminuted. It has been stated in Chapter 11
that the main factors responsible for the rapid multiplication
of bacteria in milk are the initial contamination, time and tem-
perature. The initial contamination can be avoided by 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 to the rapid
multiplication of bacteria under very favourable conditions.
of temperature, etc. Under modern conditions of city life, con-
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 low temperature ;
in other words, the milk must be cooled down and maintained
at a low temperature if we desire to keep it iresh as long as possible.
Another method of preserving milk is by the addition of certain
chemical substances, but as this is considered to be objectionable,
it is not recommended. Pure milk 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 remembercd that, even with the most exacting care,
milk is sometimes apt to become infected with dangerous bac-
teria, such as those conveying Cholera and Typhoid fever, by means
of “ carriers,” flies, cic. Besides, so long as the average market
milk in Indian cities shows such high contamination as demon-
strated in Chapter IV, the only protective measure to be
adopted is to kill the objectionable microbes by means of pas-
teurisation, sterilisation or hoiling, Any method for preserving
and purifying milk should be carefully selected after considering
its advantages and disadvantages from the econoric, sanitary,
and public health points of view. The following methods will.
be briefly considered :—(a) Refrigeration, (&) Boiking, {(c) Pas-
teurisation, and (d) Stertlisation by Heat or Electricity.

(8} 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 United
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States, England and other cold countries. The milk is cooled
immediately after drawing and kepi at a low temperature (35°
to 50°F,) continuously until it is delivered to the consumer, who
continues to maintain the low temperature by keeping it in an
ice-box. Cooling the milk even to the freezing point does not
kill or injure in any way the bacteria present nor does it diminish
ihe harmfulness of the pathogenic microbes that may be present ;
but it prevents their further multiplication. Savage! found
that in milk samples kept at 0°C to 10°C no marked increase of
bacteria took place within twenty-four hours. There is a differ-
enice in growth of the various kinds of bacteria at different tem-
peratures, e.g., the lactic acid bacteria muitiply rapidly at 20°C,
while at 37°C. B. Coli communis and B. lactis aerogenes grow
vigorously. A few species of microbes appear to be well adapted
to a low temperature {1°C to 10°C).

Milk is not necessarily wholesome or safe from a bacterial
point just because it has been kept at a low temperature. It
would depend on the initial number and kind of bacteria present.
The writer had occasion to examine 118 samples of milk from
a well-known dairy in Bombay, which were reported to be kept
at a temperature ranging from 41°F to 30°F.  This temperature
was maintained until examination of the milk at the laboratory.
The average total count was found to be thirteen millions of
microbes per c.c., and lactose fermenters were present in a dihz-
fion of 1:100,000. Refrigeration is an efficient method for
the preservation of ilk, as the low temperature prevents the
multiplication of most bacteria, but it camtot destroy the injur-
inus bacteria nor can it atone for the filth.

The main objection to 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 {acilitics for obtaining a suffi-
cient amount of ice. Ice being cheap in Europe and particu-
farly so in America, and the climate heing cold, it is not expensive
there to maintain a temperature below 50°F, Here, in India,
with costly ice and a high atmospheric temperature, refrigera-
tion of milk would be an expensive process. The ordinary milk
dealer could ncver afford to use it. The only way by which it
may be practicable to use refrigeration in this country is through
the formation of large dairying concerns, which would be

1 Williamn G. Savage, Mk and the Public Henlth.
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able to handle very large amounts of milk. In place of ice,
brine may be employed in connection with a refrigerator. I
it be desirable to keep the milk cool from the very beginning, as
in certain cases of infant feeding, recourse may be had to a
special milking-pail which is provided with a cooling arrange-
ment. A cheaper method for prolonging the life of the milk
to some extent would be water-cooling and mechanical cleaning,

(b) Boiling.—The effects of boiling on the chemical com-

position and bacterial content of milk have been already con-

sidered in the previous chapters. The question of boiled milk
for children and its nutritive value, etc., have been discussed at
length in Chapter VI. Tt was shown conclusively that
borled milk 1s not inferior do raw milk as regards is digesiibility
and nutrittve properties, Ample clinical evidence was quoted
to show that according to most observers, the use of boiled milk

has not been found to be detrimental to infants, either as regards.

nutrition or the development of diseases like rickets, infantile
scurvy, etc. TFrom a consideration of the thermal death-points
of bacteria, it is evident that boiling destroys almost all the
pathogenic microbes excepting the spore-bearing bacteria, Boil -

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 demestic use. The effect of

boiling milk on the bacteria present was studied by the author..

It was found that beiling 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, No unusual precautions were taken except that
scrupulous cleanliness was observed in handling the milk. Ten
samples of genuine buffalo milk were examined bacteriologically
before and after boiling with the following results :—

[TABLE.,
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(c) Pasieurisation.—Soon after the Franco-Prussian War
Pastenr Jound that beer could be preserved by heating it to a
temperature of 50° to 55°C for a few minutes, In 1886, Soxhler
suggested the heating of milk for infant feeding. By pasteurisa-
tion is meant the heating of milk for a short time to a tempera-
ture below that of boiling, to De followed by rapid cooling, Pas-
teurisation destroys only some of the bacteria in milk, and pas-
teurised milk is liable to be “ spoilt ” in the same way as raw
milk. It must be remembered that pasteurisation is not merely
heating below 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 60° to 70°C (140°
to 158°T), and the time from three minutes to thirty minutes.
According to Danish Law, a temperature of 80°C (176°T")
is required.

There are two principal methods of pastcurisation :— (1)
the * Alask " method, and (2) the “ kolding” method. In the
Aashk or continuous flow pasteuriser, the milk is heated to a some-
what high temperature (70°to 80°C) for 2 moment and then
suddenly cooled, The results obtained by this methed are
generally unreliable and it cannot be depended upen te Lill all
the pathogenic microbes, eg., the tubercle bacillus. In the holder
Or refaruer type of pasteuriser, the milk is heated at a lower tem-
perature (60° to 65°C) for a prolonged period (20—30 minutes)
and then cooled immediately,  This methoed is sometimes called
perfect pasteurisation ; it gives very satisfactory results and
is therefore preferable to the flash method. Various Dpatterns
of pasteurisers of the retainer type are now in the market. A
third way of pasteurising milk is pasteurisation in the Jinal con-
daener or in the milk boitle. This is, 10 doubt, the most efficient
way as it eliminates the possibility of re-infection, The milk
bottles are corked and sealed, and then immersed in a water-
bath. The water-bath is heated until the temperature of the
milk within the bottles is 148°F. This temperature is main-
tained for 30 minutes. The bottles are then ceoled by placing
them on ice. This method, with seme modification, may be adop-
ted for homc or domestic pasteurisation. A very practical home-
pastcuriser is that devised by Freeman, A modified form of this
is the Straus pasteuriser devised by Natkan Strauws, who has
been an early and prominent, advocate of the pasteurisation 0f
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milk and whose philanthropy has lielped the establishment
of infants’ milk depots in New York. ** Pasteurisers must be
efficient in operation, permitting a definite quantity of milk to
be heated to a definite temperature for a definite time {Russell).
They must be easy to control, and the milk must be heated uni-
formly throughout, the apparatus must be simple in construc-
tion, easily cleaned, economical in use, and arranged to safe-
guard against re-infection of the milk. Further, an efficient
pasteuriser must not heat any part of the milk appreciably
higher than the temperature desired. Finally, provision must
be made for rapid cooling.”” A large amount of scicntific work
in comnection with pasteurisation of milk has been carried out
in America, nolably by Ayers, Jolmson, Rosenau and others.
Avers and Johnson®?® made a special study of the bacteria
which survive pasteurisation. The average temperature used
throughout the United States with the ‘' holder ™ process is
62.8°C (145°F) and with the " flash ' process it is 71.1°C
(160° F)®.  According to these observers, a percentage of bacterial
reduction is of no value in determining the efficiency of the
process of pasteurisation. They mention four distinct groups
of bacteria that survive pasteurisation, namely, the acid-forming,
the alkali-forming, the inert and the peptonizing, The per-
centage of the acid group is increased by pasteurisation while
the other groups are decreased. Experiments carried on by the
author in Bombay (wide Chapter V) show that the number of
bacteria is decreased considerably by pasteurisation. Besides,
in pasfeurised milk, B.Coli communis, B Enteritides Sporogenes
were always absent, while in raw market milk in Bombay B.Coli
was detected in about 93 per cent. of all samples examined. The
gas-forming organisms, liowever, survive pastcurisation.

The main known facts about pasteurisation of milk may be
now stated as follows :—

l. Pasteurisation, when efficiently carried out, destroys
most of the harmnful organisms, It thus prevents disease and
saves lives,

2. While pasteurisation destroys most of the bacteria
present, there does not seem to be any positive evidence as to
whether it destroys their foxins or otherwise.

1 Resengt. " The Milk Question,'” p. Z13.

* & Henry Ayers and William T. Jobuson. U. S Dept. of Agric, Lur, Anim. Indus.
Eulietin No. 126.

3 B. Henry Ayers and Wiliam T. Johnson, \1.5. Dept. of Agric. Ber Anim, Indus,
Bulletin No, tol,
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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°
to 145°F (60 to 62-8°C), and the time of exposure should be
from twenty to thirty minutes. The cooling should fellow imme
diately and the milk kept at 40° to 50°F.

5. Pasteurisation renders milk comparatively harmless,
but it is not an ideal process as it cannot atone for filth. [t is
useful, however, as a temporary expedient.

6. One of the main objecticns to pasteurisation is that it
is likely to promote carelessness and encourage dirty customs
and habits.

7. Tasteurised milk is liable to re-infection, hence the false
sense of security should be guarded against.

8. Pasteurisation cannot male good milk out of bad milk.
If pasteurisation is to be adopted, then only such milk as would
comply to soeme reasonable chemical and bacteriological stand-
ards, should be allowed to be pasteurised.

9. Pasteurisation in order to be efficient must be carried
out under rigid supervision.

10. The cost of pasteurisation is comparatively moderate,
and from an economic standpoint pasteurisation has been found
to be practicable only for large concerns which handle very
large quantities of milk.!

(d) Sterilisation by Head, Electricily, elc.

(i) Sterilisation by Heal is a step further than boiling and
consists in heating the milk to a very high temperature, usually
at about 120°C (248°F) for fifteen to twenty minutes. This
results in the destruction eof all microscopic life. Milk thus
trcated and protected from re-contamination will keep indef-
initely. Samples of ordinary market milk obtained in Bombay
were sterilised by the author at a temperature of 120°C for 15
minutes and kept in glass-stoppered sterile bottles; after twelve
months they were still found to be sterile and in good condition.
Sterilisation by heat brings about profound physical and chemical
changes in the milk as shown in previcus 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
always sterile.  Savage? found only 51 per cent. samples of " steri-

b According to Mr_G. H. Frost, the smallest amount of milk that it would pay to coltech
and pasteurise at one depot in India would be 2.000 Jbs, por day,  Vide also Appendix A.
? Savage, ‘' Milk and the Public Healih," . 3474,
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Yised milk ¥ to 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
cxamined 150 samples of * sterilised milk"” and found 54
per cent. to be sterile. These observations show that the ** steri-
lised milk " of comimerce is generally unreliable.

One of the principal effects of sterilisation on milk is the-
precipitation of the calcinm and magnesium salts. The calcium
salts in milk are considered to be essential for the curdling of
rennet in the process of digestion. According to some authori-
ties,® children fed on sterilised milk are likely to suffer from
scurvy and rickets. Other observers,* on the other hand, main-
tain that sterilised milk does not seriously interfere with diges-
tion nor nutrition, and scurvy is extremely rare or absent among
children fed on such milk. Many of these ohservations have:
been discussed in Chapter VI. Some observers do not men-
tion the temperature at which the sterilisation was carried out.
This is, however, very important for comparing resulis. Besides,
very little is known regarding the essential nature of scurvy.
Keeppen and Rosenan’s views relating to this question have-
been already quoted in Chapter VI. There is a great diver-
gence of opinion regarding the use of * sterilised milk ™ for
children, and it will be seen from the above references that well-
known observers have come to diametrically opposite conclu-
sions. The majority of observers are able to cite clinical evidence
to the effect that a large number ol children in several places.
have been fed on sterilised milk without any apparent prejudi-
cial effect. Considered from chemical and physiological points
of view, it appears that milk heated at a low or moderately high
temperature for 2 moment is more desirable than milk subjected
to prolonged heating at a very high temperature. Sterilisation

1 Robertson, and Mair, ** British Medical Jourual "' 1904, Vol. I, p. 1122,

2 Weber. * Arbeit, a, d. Kaiserk.  Gesundheitsamte,” 1900 Vol. XVII, {quoted by Savage).
l | William Ernst. *“Text Book of Milk Hygiene,” p. 194, L
¥ 2 Robert Mond. * Dangers of sterilised milk,” “quoted ia the Journal of Dairyiog in

{ India, Vol. I, No. 3, p. 260, tc.

1 Finkelstein, * Therap. Mouatsh,”™ Vol. XXI, Oct. 1907, p. S08.

2 Variot, M. G, * valeur nutritive du lait de wache sterilise a 1089 pour lallait-
ment artificiel * Comp, rend dis Seanecs de VAcadem. d. Sei,, Vol, 139, 1904, p. 1002..
{quoted by Rosenau.) i
N 3 Savage. * Milk and the Public Health,” p. 377,

’l 4 Rummell, O. 'r Sterilisierte Mileh ?*  Dent. Prazis, Vol, 18. {quotcd by Rosenaa

1904, pp. 201-207,

5 Park and Halt: "' Report upon the Results with Differcnt Kinds of Pure and T
pure Milk in Infant Feediog in Tenement Houscs and Institutions of New York City: A
Clniral and Bacteriological Study.'"  Arckic. Pediat, Dec. 1913,
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-of milk has been recently advocated in India. It is stated that
the cost of sterilisation, including bottling, is much higher than
that of pasteurisation. Ifwrther practical observations and
experiments are, however, necessary. Apart {from the cost,
it is not likély to be very popular on account of its peculiar taste,
Besides, when it is homogenised it would not be =uitable for
preparing butter.

(il Sterilisation by Electricity.—The sterilisation ol milk
through alternating electric currents of high tension was first
recommended by Guarini and Samarini.! They did not, how-
-ever, work out any practical methods for carrying out their
suggestion. It was only recently that Novey and Caldwell?
of the Ohio State University (U.5.A.) succeeded in sterilising
milk by means of electricity. This has been followed in England
Ly Beattic and Lewis? at the University of Liverpool. In the
American method, the milk is allowed to flow through a series
of metal vessels which {form the electrodes, while an alternating
current of 24 ampéres with a voltage of 2,000 is applied for fifteen
seconds.  This has been found to result in the reduction of the
bacteria present to the extent of 99.97 per cent. Chemicaily,
there was no change in the composilion of such milk. In Liverpoo),
many experiments have been made by Prof. Beattie and Mr.
Lewis. A suitable apparatus has been constructed by the latter,
and milk has been sterilised on a large scale. A rapidly alter-
nating current is used. The results obtained may be summarised
as followst: —

(1) The total number of bacteria is greatly reduced by
about 99,93 per cent.

(2) Bacillus Coli and its allies are destroyed.

(3) Tubercle bacilli are destroyed. This has been verified
Dby inoculating guinea-pigs.

{(4) No 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.

T Cunacini and Samarini, quoted bv W, Frnst in his  * Text-book of Milk Hygiene ”
1914, p. 202

2 Novey and Caldwell—quoted in the ** Jour. of Dairying,” Vol. I, Part 2,

3 Beat-ie aml Lewis. * British Medical Journal,” Awvril 4th and June 20th, 1914,

4 Quoted by the * British Food Jonenal,” March 1915, p. 44.
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Further investigation is being carried ont at Liverpool
with a view of perfecling the method and applying it on a com-
mercial scale to the public milk supply. As no chemical changes
have been found to eccur in the milk, it is presumed that its
digestive and nutritive properties are equal te those of raw
milk. Should this method prove to be successful from the
scientific, clinical, as well as economic points of view, then it
would be the best and safest method for purifying and preserving
milk, Most of the large cities in India are provided with elec-
tric power which could be utilised for this purpose. As regards
Bombay, advantage could be taken of the new Hydro-Electric
Works of Messrs. Tata & Co., from which it might be possible
to obtain cheap and sufficient electric power for sterilising part
of the milk supply of Bombay.

(i)  Sterilisation by means of Ulira-violet Rays—The
bactericidal action of ultra-violet rays has been utilised for the
sterilisation of milk by Seiffert.! According to Lobeck,! the
exposure of water to such rays results in the production of hydro-
gen peroxide, and to this may be ascribed the bactericidal power
of ultra-viclet rays. There is no change in the milk fat, Scveral
observers have obtained favourable results with the ultra-violet
rays from mercury and quartz lamps. Mohler and Eichhorn?
commenting on the results obtained by Ayers and Johnson,
express a doubt regarding the use of ultra-violet rays on a com-
mercial scale so as to replace the process of pasteurisation.

On the other hand, the Dairy Supply Company of London
has been advocating the use of Walkey's Patent Ultra-violet
Ray Steriliser. The apparatus censists of a chamber having
four sides. The milk is admitied at the top from a suitable
distributing vessel, and flows in a thin stream over the corru-
gated surface on cach side in the interior of the chamber. In
the centre of the space are three mercury vapour laraps with
quartz tubes, arranged to give a maximum effect of intense
light. The lamps are worked by direct clectric current. The
eleciricity required is about two units per hour. The total
expense of running a 200 gallon apparatus is given at 3d. per
hour. 1t is claimed that milk treated by ultra-violet rays suffers
no loss in volume nor is there any alteration in its chemical

' William Ernst’s Tea? Book of Mk Hygiene,
3 Ibid, page 201,
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-contents, but is rendered quite sterile.
and results are given as follows :(—

[

would be available.
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Heal pasteurisalion

Cream does not rise after.

Loss of about one quart
of milk on each charn
pasteurised.

Costs 4d., cach churn pas-
teurised.

Taste noticeable.

Milk pasteurised at 168°F.
and cooled immediately ;
two-thirds original bac-
teria destroyed.

Raises the temperature to
at least 168°F, requir-
ing expensive cooling to
reduce it again.

Sterilisation by

The comparative cost

wltra-violet

raYS.

1. Cream rises as with fresh
milk.

2. No loss.

3. Costs one-filth of penny
each churn.

4. No taste of sterilisation.

5. Milk sterilised by Ultra-
Violet Rays ; all bacteria
destroyed and milk
sterile.

8. Raises the temperature by

only 30°I,

It appears that milk can be sterilised in six seconds by
Walkey's Patent Ultra-violet Ray 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

Our chief aim should be to so improve

the present methods of handling milk as to ¢nsure a {resh supply
-of clean and pure milk rather than obtain milk which has been
artificially purified. Considered from the ecconomic, sanitary
and physiological points of view, the choice of the quality of
mitk for consumption in the order of merit appears to be as
follows :—

A. For adults and childven '—

1. Clean and wholesome fresh milk, iree from adulteration
and any injurious bacteria, conforming to the chemical and
hacteriological standards, and obtained from healthy animals.
This is the ideal.
2. Boiled mulk, thoroughly boiled at home and guarded
-against re-contamination.
3. Milk that has been sterilised by electricity,
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4. Pastourised milk that has been kept cool {under 50°F)
and guarded against re-contamination.

5. Milk sterilised by heat.

B. For children under one year of age '—

(1) Mothers’ wmilk—Breast-feeding is the best for infants
{under 12 months), and nothing can ever take the place of human
mitk.

(2) Fresh cows’ milk (modified) which has been obtained
with the most careful sanitary precautions and kept at a low
temperatare  {(below 50°F). It must be ™ certified " as to its
«hemical and bacterial contents, ete.

(3) Milk sierilised by electricity and medified to suit the
individual requirements of the child.

(1) Pasteurised milk kept at a low temperature (below
30°F).

(5) Boiled milk (after modifying it), to be given only if
1 to 4 are not available.

All milk, other than human milk, must be suitably modified
wccording to the physiological requirements of the individual
<hild and made to approach human milk as far as possible,
tieneral formulz are often misleading. Each case must be
studied by itself and a suitable modification of miik should be
Jdetermined by the physician. The {following principles for
medifying milk fer children may 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), pastenrising, or boiling, if necessary.

(3) Dilution with sterile water. The amount to be added
will vary according to the casein content, etc, of the milk,
age of the child, etc.

{4) Sweetening with lactose or other sugars.

(5) Addition of lime-water barley-water, efe., according to
the physician’s prescription.

5. Intants’ Milk Depots,

Milk depots for the supply of pure or purified milk for chil-
dren are of comparatively recent origin. The first milk depots
were established in 1889, in Hamburg® and in New York?® In

1 According to Major L. T. Rose -Hutchinson, I1.M.8,, {Prolessor of Physiology, Grant Med-
jcal Cellege, Bombay) the percentage of fat shonld not exceed 3.5 for infaats in India,

3 Van Oblen, Milk Vepots in Germany, Public Health, 1903,

3 New York Mcdical Journal, Jan 31, 1891 and Febr, 4, 1893
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1892, the first French milk depot was opened in Parls by Variot
in connection with the Belleville Dispensary. The first British
milk depot for infants was established in 1899, Since then
several depots have been opened in Liverpocl, London, etc.

The depots in England are usually financed and controlled
by the Municipalities. At these depots milk is modified chemi-
cally by using various proportions of milk, cream, sugar and
water, according to physiological requirements, It is purified
by pastcurisation or sterilisation. It is then distributed in
sealed bottles and sold to the poor at a low price, the deficit being
made up by the Municipality. The milk is supplied only in
suitable cases; the homes of the children are visited by the
health visitor, and the children are weighed from time to time.

It appears that in Liverpool the rate of infant aortality has
fallen considerably since the establishment of infants' milk
depots. This may not be entirely ascribed to the better milk
supply, but alse to the additional care hestowed upon the infants
and to the advice given by the health visitors, etc.

In the United States, in the year 1907, infants’ milk depots
were in operation in twenty-two different cities! The ma-
jority of thesc owe their existence to private philanthropy and
are not maintained at public expense. In addition to the care
excrcised at the depots, the milk is put up in a manner to pre-
vent contamination in the home. Each bottle contains only
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
to requircments, These depots have been beneficial in reducing
infant mortality in  American cities,! although it is difficult
to demonstrate this by means of statistics.

Infants’ milk depots may be given a trial in our cities, al-
though they should never be a substitute for breast-feeding,
They would be useful in supplying pure and modified milk to-
children at a low cost when breast-feeding is impossible. Pri-
vate 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, both at the source
of the supply as well as at the distributing depots.

1 Hygienic Laboratory Bulletin No, 56, p, 632. Washiogton, D.C., U.5.A.
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(6) < Certified Milk.”’—This term was first used by Dr.
Henry L. Coit! of Newark, N.J., U.S.A., who in 1892 outlined
his scheme for producing genuine and clean milk under the
supervision of the Medical Miilk Commissions. The first Medical
Milk Commission in America was organised in 1893 in Essex
County in the State of New Jersey. According to Dr. Coit,!
“the plan provides that the Medical Commission establish
correct clinical standards of purity for the milk ; become res-
ponsible for periodical expert inspections of the dairy or dairies
under its patronage ; provide for frequent examinations of the
product by® chemist and a bacteriologist, the first to determine
its food values, and the latier o serve as a detective control
over the methods employed in collecting and handling the milk.
The Medical Commission also directs a frequent scrutiny of the
live stock by competent veterinarians, whose duties consist in
keeping the herd free from disease and also in the detection and
exclusion of bovine tuberculesis, Likewise the Commission
directs a systematic medical supervision of the health of the
dairy employces, and insists upon a continuous knowledge,
through reports by a physician, of their health and personal
hygiene. By the service of reliable experts in these four de- .
partments, safeguards are established against the common
dangers of impoverished and contaminated mill.”

Rosenau defines  eortified milk as "' the very best, the very
Sreshest, the very cleanest, the very purest and the very safest raw
milk that it is possible to produce.” Proicssor Rosenau of
Harvard University, in collaboration with Professor Pearson
of Cornell University, defined * certified milk ” and laid down
certain requirements for its preduction which are given below :—

Certified milk is fresh, cleam, 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 special conditions : —

GENERAL RE(Q)UIREMENTS.

Certified milk shall be produced by a trustworthy dairyman in accord-
ance with 2 code of requirements prescribed by a medical milk commission.
The dairyman shall enter into a legal comtract with the commission, in which
he shall agree to comply with 2ll its requirements.

Certified milk shall be obtained from healthy, tuberculin-tested cows
under veterinary inspection ; zll persons who directly or indirectly come in
contact with the milk shalt be under medical supervision ; and the milk itse]f
shall be subjected to perindical bacteriological, chemical, and other tests.

1 Heory L. Coit. blic Hea'th, 1909, Val. XXIII, p. 93,
13
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Certified milk should be free from harmini germs amd shall contain
relatively few of the common bacteria. It should not contain more than
10,000 bacteria per cubic centimetre, and shall not contain on an average
more than 10,000 bacteria per cubic centimetre, this average shall be based
upon bacteriological examinations covering a period of minety days, and
the counts shall be made at least once a week during this time.

Certified milk must be bottled at the point of production, rapidly chilled,
kept cold, and delivered promptly to the consumer. Alter it is once chilled,
the temperature of certified milk should at no time go above 43°F, but
never below 32°F,

Certified milk shall be normal milk ; that is, neither heated, frozem nor
altered in any way except strained and cooled.

Certitied milk shall be of uniform quality and contain not less than 3.8
ber centum nor more than 4.2 per centum of fat, unless it is labelled other-
wis¢, in which case it shall not vary more than 0.2 per chntum from the
amount stated on the label,

Certified milk shall not be subjected to the action of heat; shall not
be subjected to the action of any preservative whatever, except cold ; shall
Mot be subjected to the action of light, electricity, pressure, or any special
force or agency of any kind for any purpose ; no substance of any kind shall
be added to the milk for any purpose ; and no part of the milk shall be re-
moved,

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 model :—

1. The bayu-vard—-The barn-yard should be free from manure and well
drained, so that it may not harbour stagnant water. The mapure which
collects each day should not be piled close to the barn, but should be taken
several hundred feet away. 1f these rules are observed, not only will the
barn-yard be free from objectionable smcll, which is an injury to the milk,
but the number of flies in summer will be considerably diminished.

These flies are an element of danger, for they are fond of both filth and
milk, and are Jiable to get into the milk affer having soiled their bodies and
legs in recently visited filth, thus carrying it into the milk.

Flies also irritate cows, and by making them nervous reduce the amount
of their milk.

2. The stable—In the stables the principles of cleanliness must be
strictly observed. The room in which the cows are milked should have no
storage loft above it; where this is not feasible, the floor of the loit should
be tight to prevent the sifting of dust into the stable bencath, The stables
should be well ventilated, lighted, and drained, and should have tight floors
preferably of cement, never of dirt. They should be white-washed inside
at least twice a year, unless the walls are painted or of smooth cement finish,
which can be washed frequently.

The air should always be'fresh and without bad cdonr. A sufficient
number of lanterns should be provided to enable the necessary work to be
properly done during the dark hours. The manure should be removed
twice daily, except when the cows are outside in the fields the entire time,
between the morning and afternoon milkings. The manure gutter must be
kept in a sanitary condition. All sweeping must be finished before the
grooming of the cows begins, so that the air may be free from dust at the

me of milking,

There should be an adequate supply of water, warm and cold, and the
mecessary wash-basins, soap, and towels,

\
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3. Water supply.—The whole premises used for dairy purposes as well
ts the barn must have a supply of water absolut:ly free from any danger of
podlution with animal matter and sufficiently abundant for all purposes, and
casy of access.

4. The Cows.—No cows will be allowed in the herd furnishing certified
milk except those which have successfully passed a tuberculin test. All
must be tested at least once a year by a veterinarian approved by the milk
commission. Any animal suspected of being in bad health must be promptly
removed from the herd and her milk rejected, Do not allow .the cows to be
excited by hard driving, abuse, loud talking, or any unnecessary disturbance.

Feed.—Do not allow any strongly-Ravoured food, like garlic, to be eaten
by the cows.

Whea ensilage is fed, it must be given in only one feeding daily, and that
after the morning milking, and the full ration shall consist of not more than
20 pounds daily for the average-sized cow. When fed in the {all, small
amouats must be given and the increase to the full ration must be gradual.

Cornstalks must not be fed until after the corn has blossomed, and the
first feedings must be in small amounts and the increase must be gradual.
I fed otherwise, ensilage and cornstalks are liable to cause the milk to afect
children seriously.

Cleaning.—Groom the entire body of the cow daily, Before each milk-
ing wash the udder with a cloth used only for the udders, and wipe it with
a clean dry towel. Never leave the udder wet, and be sure that the water
und lowel used are clean. The tail should be kept clean by frequent washing.
1f the hair on the flanks, tail, and udder is clipped close, and the brush on the
tail is cut short, it wili be much easier to keep tne cow clean. Tae cows
must be kept standing after the cleanin y until the milking is finished., This
may be done by a chain or a rope under the neck.

5. The milkers.—The milker must be personally clean. He should
neither have, nor come in contact with, any contagious disease while employed
ia handling the milk. In case of any illiess, in the person or family of any
cmployee in the dairv, such employec must absent himself from the dairy
until a physician certifies that it is safe for him to return.

In order that the milk commission may be informed as to th: health
of the emplovees at the certified farms, the commission has had postal cirds
pritted, 1o be supplied to the farms, and to bz filled out anl returned each
week by the owner, manager, or physicitan of the farm, certifving that none
are handling the milk who are in contact with a 1y contagious disease.

Before milking, the hands should be washed in warm water with soap
and nail brosh and well dried with a clean towel. On no account should
the hands be wet during milking.

Toe milkers should have light-colored, washable suits, including caps,
and not less than two clean suits weekly. The garments should be kept
a clean place, protected from dust, when not in use.

Iron milking stools are reco nmended ani they should be kept clean.

Milkers should do their work quietly and at the same hour morning
and evening.  Jerking the teat increases materially the bacterial contami-
nation of the milk, and should be forbidden.

6. Helpers other than milkers.—All persons engaged in the stabl: and
dairy should be reliable and intelligeat. ¢ hildren under twelve shouii of
be allowed in the stable or dairy during milking, since in their ignorance
they may do harm, and from their liability to contagious diseases they are
anrore apt than older persons to transmit them through the milk,

Small animals.—Cats and dogs must be excluded from the stables
during the time of milking.

8. The milk.—All milk from cows sixty days before and ten days aft.x
calving must be rejected,
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The first few streams from each teat should be discarded in order to free
the milk ducts from the mitk that has remained in them for some time and
in which the bacteria are sure to have multiplied greatly. If any part of
the milk is bloody or stringy or unnatural in appearance, the whele quantity
viclded by that animal must be rejected. If any actident occurs in which
a pail becomes dirty, or the milk in a pail becomes dirty, do not try to remove
the dirt by straining, but put aside the pail, and do not use the milk for
bottling, and use a clean pail.

Remove the milk of each cow from the stable, immediately after it is.
obtained, to a clean room and strain through a sterilised strainer of cheese-
cloth and absorbent cotton.

‘The rapid coaling is a matter of great importance. The milk should be
cooled 1o 45°F within an hour and not allowed to rise above that as long
as it is in the hands of producer or dealer. In order to assist in the rapid
cooling, the bottles should be cold before the milk is put into them.

Aeration of milk beyond that obtained in milking is unnecessary,

9. Utensils.—All utensils should be as simple in construction as possible,
and so made that they may be thoroughly sterilised before each using.

Coolers, if used, should be sterilised in a closed steriliser, unless a very
high temperature can be obtained by the steam sent through them.

Bottling machines should he made entirely of metal with no rubber
about them, and should be sterilised in the closed steriliser before each milk-
ing or bottling,

If cans are used, all should have smoothly soldered joints with no places
to coilect the dirt.

Fails should have openings not exceeding 8 inches in diameter, and may
be either straight pails, or the usual shape with the top protected by a hood,

Bottles should be of the kind known as *‘ common sense,” and capped
with a sterilised paraffined paper disk and the caps authorised by the come
nission.

Ail dairy utensils, including the hottles, must he thoroughly cleansed
and sterilised. This can be done by first thoroughly rinsing in warm water,
then washing with a brush and soap or other alkaline cleansing material
and hot water, and thoroughly rinsing. After this cleansing they should be
sterilised by boiling, or in a closed steriliser with steam, and then kept in-
verted in a place free from dust.

10. The dairy.—The room or rooms where the utensils are washed
and sterilised and milk bottled should be at a distance from the house, so as
to lessen the danger of transmitting through the milk any disease which may
occur in the house.

The bottling room, where the milk is exposed, should be so sityated
that the doors may be entirely closed during the boiling, and not opened to
admit the millk neor to take out the filled bottles.

The empty cases should not be allowed to enter the bottling room nor
should the washing of any utensils be allowed in the room,

The workers in the dairy should wear white washable suits, including
cap, when handling the milk.

Bottles must be capped, as soon as possible aiter filling, with the steri-
lised disks.

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
16 cents (8 annas) a quart, or 3annas and 2 pies per pound. The
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amount of certified milk produced in the large American cities
forms about one per cent. of the total 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 Armerican
cities, The cost of producing certified milk in India would be
very high as it would necessitate the employment of a dairy
expert, a chemist, a bacteriologist, a veterinary surgeon and
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
model dairy under the supervision of a milk commission would
be also of preat educative value.  Such a dairy would be useful
in demonstrating the most modern methods of producing pure
milk. The standards proposed for ' certified "’ milk in Indix
are mentioned under '° Legislative Control.”

Ill. LEGISLATIVE CONTROL, including milk inspection anl
legal milk standards.

The question of controlling the milk trade by means of legis-
lation has been only recently considered in India, In most
Europcan countries and in America, milk .legislation has been
in force for a considerable time. The consideration of the legis-
lative side of the milk question has been reserved to the last as
the author believes that the economic, sanitary and other reme-
dial measures for the production and supply of clean and whole-
some milk should precede legislation ; for, unless there is an
adequate prevision for the economic production of clean milk,
legislation alome is not likely to effect much good. It would
be beyond the scope of this memoir to describe in detail the
various laws and regulations that it would be necessary to enact
for the efficient control of the milk trade. All that would be
attempted here is to state some of the fundamental principles
underlying milk control which may serve as a guide to the legisla-
tors. The laws and regulations affecting the milk problem in
Indian cities may be framed for the purpese of carrying out at
least the following objects . —

(1) To regulate and control the quality and the quantity
©f the entire city milk supply—Dboth local and imported—by
means of registration of all milk producers, dealers, etc.
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{2) To provide for the sanitary control of the production,.
transit and distribution of milk, by means of licenses,
permits, etc.

(3) Toinsist on certain sanitary requirements for the housing
of milch cattle, and te provide for their periedic examination by
duly qualified Veterinary Surgeons.

(4} To restrict the export of valuable Indian milch cattle-
to foreign countries, at least for the present, and to secure the
best milking animals in this country,

(5) To minimise the evil of the slanghter of dry cows and
buffaloes of dairying value.

(6) Teo prohibit the location of milch cattle stables in the
crowded areas of the cities,

(7) To provide, if possible, for the medical supervision
of all persons who cotme in contact with the milk.

{8) To prevent the abstraction of any constituent of millk,
or the addition of any extraneous substance thereto, and to fix
legal milk standards.

(9) To preserve the purity of milk, to prevent its contami-
nation with stable dung and any other filth, and to provide for
the microscopic and bacteriological examination of milk.

(10) To require sanitary handling of milk in order to:
prevent it from acting as a vehicle of any specific disease, e.g.,
Cholera, Typhoid fever, ete,

(11} To prohibit the addition of chemical preservatives to-
mitk.

(12) To provide for an efficient system of milk inspection,
and to require certain qualifications and training for milk
inspectors.

(13) To improve the existing administrative powers of the
local Municipalities so as to enable them to exercise an effective
sanitary and legal contrel of the public milk supply.

{(14) To appoint Milk Commissions in the different Pro--
vinces.

Objects (1) and (2) have been partially fulfilled recentlv
in Bombay,! by making it obligatory for milk sellers, etc., to-
obtain a license which is issued on certain conditions. The form
of license required in Bombay will be found in Appendix C. (g.2.).

It will be seen that this does not give sufficient control over
the milk that is imported into the city. Only such milk should

T Pide Bombay Act Na. VI of 1813. Bombay Goveroment Gazette, 2nd October, 1913
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be allowed to be sold in the city as has been produced jnaccord-
ance with the required sanitary regulations. For this purpose
it would be necessary to extend the legal control to the place of
production. In addition, provision may be made for the regis-
tration of all milk producers, dealers and vendors.

With regard to (3), the Bombay Municipal Corporation have
enacted certain bye-laws relating to milch cattle stables (vide
Appendix D). These bye-laws are applicable only to those
who hold a license for a cattle stable in Bombay city. The milk
dealers who import milk from the suburban districts are not
under any obligation to have their milch cattle housed arnd cared
for according to these byelaws. This is a great drawback,
particularly when it is hoped that, in course of time, most of the
milch cattle stables will be located outside the city. At
present there is neither any sanitary supervision nor any
legislative control over the milch catile and their stables
in the suburban disiricts which supply the city with
milk. It is suggested that some legal provision may
be made by which the city authorities could control the pro-
duction of milk in the suburbs, For example, no imported milk
should be allowed to be sold in Bombay which has not been pro-
duced according to sanitary requircments., The milk license
could be refused or revoked in such cases.

Some of these bye-laws may require some revision and modi-
fication after watching their practical cffects for some time.
For instance, under 6 (¢} we find: ‘it {stable} shall be so con-
structed as to afford floor space not less than twelve-and-a-half
feet in length by five feet in breadth for each cow or buffalo to
be stabled therein,” etc., These dimensions, perhaps, may be
modificd.  The space required for a cow may be reduced by at
least 1 foot all round with advantage. The exact division of
this space may be specified separately for the feeding trough,
stall, the manure gutter, and the passage, etc. If each animal
e partitioned off from its neighbour, it would mean more cleanli-
ness of the stable as well as that of the animals, and this may
be inserted as a requirement, (See Plate XXXI).

Provisions (4), (5} and (6) are necessary for the ecomomic
production of milk. They have been briefly considered in the
previous chapters, as well as in the beginning of this chapter,
The keeping of milch cattle within the city limits is forbidden by
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law in almost all the Municipalities in America,! where the milk
supply is known to be under the most rigid sanitary and legal
control. The disadvantages of keeping milch cattle in the citics
have been already pointed out, The cost of upkeep being too
high in the cities, it is financially impossible to maintain dry
animals or young stock there. This leads to the sale of such
animals to the butchers, which, as stated before, is a very disas-
trous practice devastating our best breeds of mileh cattle. With
teference to this, Professor Knight, of the Poona College of Agri-
culture, and Mr. Horne? say: ** Asa remedy to such a state of
affairs, we consider that the keeping of cattle for the public supply
of milk, within such cities as Bombay, should be prohibited by
law. 1If this were done, the milk producers would be forced to
locate at 2 distance, where succulent fodder could be obtained and
that too so cheaply as to permit the retention of dry animals,
and the rearing of young stock. Co-operative methods of deli-
vering would be forced upon them, simplifving the control. By
the removal of all dry animals from the city, the cost of production
would be lowered ; under co-operative action the cost of delivery
would also be less, the cost of cattle be reduced, and cleanliness
of the product and case of control and supervision would all
follow in natural sequence.”

(7)) Medical supervision of all persuns engaged in the produc-
tion and distribution of wmilk is particularly desirable in India,
where the milkmen are likely to act as “ carriers " of infectious
diseases, e.g., cholera, typhoid fever, tuberculosis, etc. The Medical
Milk Commissions of America have a medical officer in connection
with the dairies producing “ certified milk ' who is known as
the attending dairy physician. This officer has to report from
time to time regarding the health of the people working in the
dairy and to enforce the ordinary rules of personal hygiene.
According to one of the regulations,® ““No person shall be
employed who has not been vaccinated recently or who upon
examination is found to have a sore throat, or to be suffering from
any form of tuberculesis, venereal discase, conjunctivitis, diarrhoea,
dysentery, or who has recently had typhoid fever or is proved
to be a typhoid carrier, or who has any inflammatory diseasc
of the respiratory tract, or any suppurative process or infectious

1 Rosenau. The Mile Question. 1902, p. 26I.

2 J. B. ¥night, M.Sc., and E. W. llorne, Dept. of Agriculture: Bombay, Bulletin
No. 58 of 1913, " Present state of the Dairying Tndustry in Baombay,” p. 12,

¢ William Ernst, **Milk Hy iene,” p. 268.
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skin eruption, or any disease of an infectious or contagious nature,
or who has recently been associated with children sick with
contagious disease,’”

(8} Until recently, there was no legal provision in Bombay
Sor the prevention of adulteration of milk. ¥ 189%an Act was passed,
known as Bombay Act No. II of 1899, for the purpose of prevent-
ing the adulteration of ghee and other arficles of human food
{vide Appendix E.) This Act is based on the English Sale
of Food and Drugs Act of 1875 and 1899, The provisions
of this Act applied only to ghee until 1st April, 1812, when by
Government Notification No, 1321, dated 27th February, 1912,
the provisions of this Act were made to apply also to milk in the
<ity of Bombay. Dr. Turner, the Executive Health Officer
of the Bombay Municipality, commenting on the defects of
the Act says,! * In practice the working of this Act has been found
to be defective, and it has not served the object for which it was
passed.” He points out that eerfain amendments in Section
of the Act are necessary in order to provide {or the analysis of the
samples of milk being made by the Municipal Analyst instead of
by the Chemical Analyser to Government, and also to make some
provision for the Municipal Officers to be able to purchase samples
of milk by the hands of a deputy, so that the veadors may not
know for what purpese they are being bought. He suggests the
following amendments in Section 4 ;-—

" In Sub-section (1) substitute for the word ‘ officer’
where it first occurs, the word * person.’

“ In Sub-section {(2) substitute for the word ¢ officer * where it
first occurs, the word ‘ person,’ and after the word ° analysed ’
where it first occurs, introduce the words ‘in the City of Bombay
by the Municipal Analyst, and clsewhere,’ and after the same
word where it for the second time occurs, intreduce the words * in
the City of Bombay to the Municipal Analyst and clsewhere.’

“In Sub-section {3) for the words * the Chemical Analyser
to Government ' substitute the words ‘the Municipal Analyst
or Chemical Analyser to Government as the case may be.”

There are no chemical standards for milk in India which are
ofticially recognised by Government. It would be nccessary
to legalise such standards as pointed out by the author at the
Third All-India Sanitary Conference? in January 1914, The

1 1. A. Turner, M.D., D.P.H. ** Saniration in Tndia,” 1914, p- 452

3 ¥ Upservations on the Bacteriological and Cherical Examination of Bombay Milk Supply.**
by Dr Lemuel Lucas Jeshi, M.D., B. 5¢, &c, [Lucknow),
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milk standards in Great Britain have been fixed by the Board of
Agriculture in excrcise of the powers conferred upon them by
section 4 of the Sale of Food and Drugs Act, 1899. The milk
standards for India may be fixed by * Milk Commissions ~ as
suggested on page 211, The question of chemical standards
has been fully discussed in Chapter III. The average analyti-
cal figures obtained from a systematic analysis of several
hundreds of gemuine samples of milk in Bombay and Poona.
have been mentioned. The follewing standard is proposed for
legal purposes for Bombay, Poona and other cities in Western
India :—

Milk, as is ordinarily oblained (n the market, shall be consi-
dered genuine if 4t is found to contain at least five per cent. of fat
and mot 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 s proved lo the satisfaction of the court that the sample was
one of unmized cows' milk, the onus of the proof resting with the
vendor.

The standard may be also expressed as {ollows in connection
with the proposed amendments to Bombay Act No. IT of 1899 :—

" Sale of Milk " Regulations.
(Applicable to Bombay Presidency only.)

1. Where a sample of milk (rot being milk sold as skimmed,
or separated, or condensed milk) contains less than five per cent.
of milk fat, it shall be presumed for the purposes of this Act, until
the contrary is proved, that the milk is not genuine, by reason of
the abstraction therefrom of milk fat, or the addition thereto of
water, provided that the lowest legal limit 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 skimmed,
or separated, or condensed milk) centains less than eight and.
a half per cent. of milk solids other than milk fat, it shall be
presumed for the purposes of this Act, until the contrary is
proved, that the milk is not genuine, by reason of the abstraction
therefrom of milk solids other than milk fat, or the addition
thereto of water. )

(9 and (10) Legal provision to prevent the contamination of
milk will pathogenic microbes and with bacteria indicating stable
dung oy any other dirt~—No such provision exists at present. The
practical importance of the bacteriological examination of milk’
has been pointed out in Chapter IV, The dirt content of milk
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is sometimes determined by filtration (e.g., with * Gerber’s.
dirt tester ) or by scdimentation by the cenirifuge. The
latter method was used by Delépine! for estimating the amount
of dirt in Manchester milk. Such methods may be used for
getting a rough idea of the gress dirt present. A great deal of
the dirt, however, is dissolved in the milk? which cannot be deter-
mined by these methods. Besides, the sediment is not composed’
entirely of dirt but alse of other substances, such as the cellular
clements, which are natural to milk, Another objection 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.  Accerding to Savage, ' straining-
as a purification process is most irrational. The dung gives up-
a large part of its hacterial content to the milk, the only part
of it which is prejudicial, and the residue is then strained off.”
He is of opinion * that the measurement of the sediment or-
dirt {as it is often called) in milk is an estimation which it is of no-
material value to retain. It gives no information which cannot
be obtained much better in other ways, while it is open to many
and serious sources of error.”® Even if the amount of sediment be-
accepted as a reliable measure of the dirt in milk, it cannot give
any information regarding its character, This can be ascertained
only by microscopic and bacterinlogical examinations, The
results of the bacterial examination of Bombay milk and the
practical significance of the presence of different bacteria in
milk have been fully discussed in Chapter IV. A knowledge of
the bacteral content of milk is essential in order to determine the:
age of the milk, the quantity and character of the dirt present,.
and the presence or absence of objectionable bacteria. It would.
also serve as an index of the cleanliness of the methods employed
in the handling of the milk.

Pure Milk implies four separate requircinents:—

1. Genuwine Milk—That is the whole milk without additions.
or abstractions,

2. Milk derived from healthy animals.

3. Clean milk—That is milk so collected, transmitied and:
vended that it is free, or reasonably free, from manurial or other:
objectionable pollution.

t Delepine. Report to the Manchester Sanitary Committes, 1908.

% Wililam Ernst.  * Text Book ot Milk Hygiene,'" 1914, p. 215,

8 Savage, Mk and the Public Health, p. 201,

+ Modified slightly from 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, ¢.g,, Cholera, Typhoid fever, Tuberculosis, etc.

The first requirement ts determined by chemical analysis,
and the second by veterinary inspection, The third and fourth
‘requirements can be determined only by a bacteriological examina-
tion of milk. Savage is of opinion that to ensure a reasonably
-clean milk supply, bacteriological examinations are essential, and
mothing can take their place. Detection of dirty procedures is
vuly possible by bacteriological examination,

The question of fixing legal bacierial standards for milk
in India will have to be faced sooner or later. Unfortu-
nately very little work has been done in this country regarding
the bacteriolagy of milk. So far as the author is aware, the work
‘described in Chapter IV is the first systematic attempt ever
made in India for finding out the bacterial content of milk and
for proposing certain bacterial standards. There is now a large
number of well-equipped bacteriological laboratories in  this
country, and it is suggested that a systematic bacteriological
-examination of milk may be carried out there with a view of
determining the local bacterial standards. In the meantime, so
far as Bombay is concerned, it may be worth while to try the
‘tentative bacterial standards propesed on page 72, If they
arc found to be usefal and practical from the administrative
‘point of view, they may then be legalised at least for the ¢ity of
Bombay.

The proposed legal standards have been kept as low as possible.
A real good grade of milk ought to give higher figures for butter-
fat. As pointed out in Chapter III, a few samples of buffalo
milk is known to give as much as 11 per cent. of fat, the
average for buffaloes’ milk being 7to 8 per cent. It would be
possible therefore to remove some of the fat and bring
it down to the required legal standard (3 per cent.). Such a prac-
tice is quite common in England and in America, and is likely
to be followed in India after the declaration of standards. Milk
containing 5 per cent. fat, however, is quite nutritious so long as
tlere is no addition of water.© Besides, milk, from which a part
-of the eream (about one-third) has been removed, could be sold
fur a lower rate than milk containing all its cream. ** Skimmed '
or separated milk also can be used under certain conditions. Clean
skimmed milk would be preferable to milk to which dirty water
has been added, In order to prevent fraudulent extraction of
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butter-fat and at the same time lower the price of milk, the fol-
lowing three grades of milk are suggested *—

1. First Grade or ‘" Certificd " milk.—This should con-
tain at least 6.5 per cent. fat and 9 per cent. non-fattv selids.
The nutnber of microbes per c.c. should not exceed 100,000.

2. Second Grade or " Ordinary” market milk.~—This should
contain at least 5 per cent. fat and 8.5 per. cent non-fatty
solids. In the case of cows’ milk, the lowestlimit of fat should be
3.5 percent, 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 from
healthy animals and free from dirt and adulteration as well as
from pathogenic microbes.

(11} As regards the addition of preservatives fo mifk, the
same practice may be followed here as in England, as mentioned
in Public Health (Milk and Cream) Regulations, 1912, Article III
of Part 1II (1) * forbids anyone to add, or order, or permit the
addition of preservatives to milk intended {for sale for human
consumption ; ' and (2) '‘ forbids anyone to sell, or expose
or offer for sale, or have in his possession, any milk to which pre-
servatives have been added.””!

The Departmental Committee in England recommended the:
absolute prohibition of the use of any preservative in milk, The
only preservative allowed in cream was boric acid in amount not
exceeding 0.25 per cent.?

As mentioned in Chapter VI, many samples of milk
imported into Bombay from long distances, e.g., Gujarat, have
been {ound to contain formaldebyde. Some legal provision is
necessary to prohibit the addition of any chemjcal preservative
to milk.

(12) Mtk Inspection—This is an extremely important
measure for the legal and sanitary control of the public milk
supply. It is practically impossible to efficiently control the
milk trade withont the proper aid of milk inspectors. A milk
inspector should possess certain educational qualifications and
should have had a thorough training in the theory and practice
of dairying and dairy hygiene. He should spend at least two-

1 Rabertson and Porter. “Sanitary Law and Practice.” 1912, p. 895.
2 Savege, * 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
Jlaboratory methods of examining milk chemically and bacteriolo-
.gically. After obtaining the necessary qualifications he should
acquire some practical experience of the best methods, by working
iunder an experienced inspector. A milk inspector must be not
-only capable, but alsc thoreughly honest and censcientions. It is,
perhaps, needless to point out that it is not possible to get the right
manon the low salaries usually given to inspectorsin India. Ifan
efficient sanitary supervision and a taciful enforcement of legisla-
ition is desired, then it would be worth while paying a goodsalary
to the right man who would honestly carry out these objects.

The duties of smilk inspectors consist mainly in (g} inspection

-of the dairies, milk shops, dairy farms, stables milk-sheds, milk
depots, etc.; (b) inspection of the milch cattle with special
-reference to the carrying out of the bye-laws, ete.; {¢) taking of
samples at the source after making a prcliminary test ; (d) in-
-spection of mitk utensils and all other dairy appliances used in the
production of milk, with particular regard to the sanitary and
Jdegal requirements; (¢) frequent inspection of milk during
transit, and taking of samples occasionally ; (f) inspection of
market milk and taking of samples according to instructions and
sending them for chemical and bacteriological examination to the
Public Analyst; (g) kecping a careful record of all his observa-
stions and findings; (&) reporting on any breach of rules and
regulations, including conditions of license, and arranging for
taking legal steps when necessary ; {i) making suggestions for im-
provement in the present methods of supervision and control; and
() instructing the milk dealers and vendors in the sanitary and
economic methods of dairving. It would not be possible for the
-ordinary sanitary inspector to carry out all these measures in
addition to his own duties. The veterinary inspector is expected
to examine the milch cattle from time to time. A tramed milk
inspector is therefore a great necessity. TFor a city like Bombay,
at least ten such inspectors would be necessary—one for each
district. The amount of milk to be supervised by one inspector
“would be about 25,000 pounds in the case of Bombay.

As outlined above, the duties of a milk inspector are not only
to inspect and supervise, but also to inustruct. The attitudeof the
inspector should not be that of a stern officer of law, whose sole
-object is to find fault, condemn, and take legal steps, but he
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‘should show a sympathetic spirit, instructing the ignorant milk-
men in modern methods of dairying and pointing out the advan-
tages of clean methods, ctc. He should use persuasion and tact
rather than threats. At the same time he should be firm and
appeal to law as a last resort,

The inspector must exercise grear care and caution in faking
-the samples of milk for analysis. He should provide himself with
three clezan hottles, each having a capacity of not less than 8 ozs.,
.and to which a blank label is affixed, to be filled up afterwards.
Other necessaries are sealing-wax, string or tape, a spirit lamp or
candle and the official seal of the Public Health Department, As
far as possible, the samples should be purchased by the hands of
adeputy so that the vendors may not suspect the purpose for which
the purchase is made. The deputy may be some assistant who
15> capable of giving evidence intelligently in court. While
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) js
measured out and payment made, the inspector must announce
that * this milk has been bought for the purpose of analysis
by the Public Analyst.”” He should then divide the milk into
three equal parls and put it up in the three bottles. After care-
- fully 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 time
-of purchase, name and address of the vendor and signature of the
inspector. One of the bottles is left with the vendor, another
is sent to the Analyst and the remaining one is retained by 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-milk 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 conditions of the dairy farm.”* Theidea of the score-card
was first conceived by Dr. W, C. Woodward, Health Officer of the
District of Columbia, U.5.A. A little later, Professor R. A.
Pearson of Cornell University, N. Y., introduced a different form
of score-card which was adopted, with a few alterations, by the
Dairy Division of the Bureau of Animal Industry. The size of
this card is 8 by 5 inches and it is reproduced overleaf.

2 Rosenau, The Mk Queséion.



208 UNITED STATES DEPARTMENT OF AGRICULTURE,
BUREAU OF ANIMAL INDUSTRY,

DAIRY DIVISION.

SANITARY INSPECTION OF DAIRIES.

DAIRY SCORE CARD.

Adopted by the Official Dairy Instructors’ Association.
Owner or lessec of farm

.................................................................................................

P.O. address. ..o e s, SEALE o covesremrenmeresosser s easatevens
Total number cows ... ..o Number milKing ...
Gallons of milk produced Qaily ... e esere e,
Product is retailed by producer i ... ..o s
Sold at Wholesale 10 .t et
For milk supply 0f o ottt e
Permit No. e Date of inspection .o 191

B M A R S . o itesreisstrerareraest e ttastbesseeeshaiebesbeabeasees fra s mssAeararars seerebeeneresas e smee emteeae bemrasobeansinseas smeneubns

(SEZHEA). oo s s e

I nspecto
[(Front of Card.]
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| SCORE. SGORE.
a, EQUIPMENT. METHODS.
Perlect. | Allowod. Partect. | Allowsd,
Cows, ‘ cows. ‘
i{e;lth 5 & wennee pCleanliness of cOWs ...ovivevnivnenn: 8 e .
pparently in goo health, B 2 b
I1f tested with tuberculin STABLES. '
once a year and na tuber- Cleanliness of stables - S
¢olosis is found, or if tested
once in six months and
all rcacting animals re- i
........................... 5
(l'f tcstcd only oncz a year and!
reacting auimals found and re- Stable a1r (dust and odours) at
moved, | milking time .......ceerees reans
Comfort.....coeeevvevceiiiiviicire e b2 [ Barayard clean and well drained.
Bedding ......... L1 Removal of manure daily to field
Temperature of stabl 1 OF Proper Pt ...ooicviciieiinnn, g |
‘F;"P)Ud (clean and wholesome} ...... ‘ 2 . {To 50 feet from stable, 1.) e
AL . 2
Clean and fresh.., .1 MILK ROOM.
Convenient and ahundant 1 L Cleanliness of milk room.......e... K T T, “
STABLES i UTENSILS AND MILKING.
) Care and cleanliness of utensils... g |.
Location of stable. ... ............... ‘ b Thoroughly washed and
Well drained .._............ steriliced in live steam
Frec from contammatmg for 30 minutes ......
surroundings ........... {Thoroughly washed and plaCed
Cnn..sl:ructmn of stable... F I I over steam jet, 4; thoroughly
Tight, sound floor and pro- washed and scalded with boiling
per guiter.................., 2 water, 3; thoroughly washed, not
Smooth, ught walls and scalded, 2.)
cellmg Inverted in pure air..... e 3
Proper stal] t1e, ‘and manger 1 Cleanliness of milkiog .. B [eereenen
\Ieans of hghtmg Four sq. ft, Clean, dry hands ............ 3
of glass per cow.........cceiveeene. 4 Udders washed and dried... 6
{Threes q. ft., 3; 2sq.4t., 2 {Udders cleaned with moist
1sq. ft., 1 Deduct for uneven cloth 4; cleaned with dry cloth
distribution.) . at least 15 minutes before milk-
Yentilation : Automatic system. b N TN enee fling, 1.)
Adjustable windows ..,.., 1
Cubic fect of space for cow :; 500 HANDLING THE MILK,
to 1,000 fect.. L I T Cleanliness of attendants in milk
(Less than 500 feet 2 less; TOOIL 4.ctvauses cosnssnsosemmmssnrmensses R P
than 400 fect, 1 ; less than 300 Milk removed 1mmed1atcly from
feet, 0 ; over 1,000 feet, 0.) Stabk"mi ...... P PR 2 [-eernienrnes
Prompt cooling {cooled immedi-
UTENSILS, ately after milking each cow) ol
Construction and conditicn of Efficient cooling below S09F .| = .
utensils ........ 1 .- (519 to 559, 4; 589 to 609, 2.} 5
Water for cleamng 1 . Storage ; below S0°F | vreaaens
(Ctean, convement “and abun- {51¢ to 55°,2; 56° to 607, 1.) 3
dant.) o ) Transportation ; 1ced in summer. 3| .
Small-top milking pail L (For jacket or wet blanket.
Facilities for hot water or steam,, J S allow 2; dry blanket or cover-
{Should ba in milk house, not ed wagon, L.)
in kitchen.} .
Milk cooler .......c..oovmriciiiririirnns ) I
Clean milKing suits ... 1
MILK ROOM,
Location of milk room............. 9 cnae
Free from coniammatmg |
1
Construction of milk room......... 2 .
Floors, walls, and ceiling ... 1
Light, ventilation, screens... 1
Total ....cocen.e. 40 Total..veveeersenieeen 60 |
Equipment.....on..... + Metheds... e T e FiNAL SCOM8,

Note !.—If any ﬁ]thy oondltmn is found, particularly dirty utensils, the total score shall be limited to 49.
Not1e 2.—If the water is exposed to dangerous copntamination, or there is evidence of the presence of a
dangerous diseasc in animals or attendants, the scote shall be 0.

[ BACK OF CARD.]

14
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The detailed score is given on the back of the card and is
divided into two 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 fairly accurate idea of the manner in
which the dairyman handles his milk, and comprises the condition
of the stable, of the milk vessels, of the milkers, etc., and cleanli-
ness of the animals. [t will be noticed 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 by
clean methods,

The following are the principal advantages of the Score-Card
System as mentioned by the Bureau of Animal Industry, U. 5, A,
{Dairy Division):—

(1) Tt serves as a guide to the inspector n pointing out
various conditions, and making it impossible for him to overlook
any point of importance,

(2) It provides the Health Officer with a permanent,
accurate and convenient record of all the dairies in his
district.

(3) It may 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) 1t 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 inspecior against un-
reasenable attacks from the producer.”

(7} It is a valuable means of improving dairy conditions.
Information as to the conditions in the dairies could be tabulated
and the scores published from time to time so as to give the dairy-
men every credit for their efforts to produce clean milk. This
would also help the public to 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 may be produced with clean metheds and poor
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equipment, but good milk cannot be produced with a good equip-
ment and poor methods.”

The store-card system of dairy inspection is in use by about
one hundred and fifty cities and large towns in America and is
recognised by the United States Government. The score-card
reproduced above has reference only to the production 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 city dairies and milk shops, and throughout its distribution
to consumers. The score-card system of America, with some
modifications, may be tried for the control of the milk supply of
Indian cities. The system should be given a thorough trial
before adopting it legally. .

(13) Improvement in the existing administrative powers of
the local municipalities, efc—The necessity for this is quite
obvious. The duty of supervising the city milk supply, including
laboratory examinations, veterinary and sanitary inspections,
devolves upon the local health authorities ; and if an efficient
sanitary and legal control is desired, it would be necessary to
strengthen the hands of the Public Health Department. It
would seem desirable to give sufficient power to the local health
authorities to enforce the sanitary and legislative measures without
many technical difficulties and with the least possible delay.

(14) The appointment of Milk Commissions in the different
Provinces to study in detail the milk problem inits various phases
and to propose practical remedial measures for its solution. The
Commission should be empowered: (1) to fix the legal standards ;
(2) to determine all questions regarding feeding, breeding, and
housing, etc,, of cattle ; (3) to arrange the details of the sanitary
control of the milk supply by means of inspection, etc.; and (4)
to study the local conditions and make definite proposals for
improvement in the present methods of handling milk.!?

OB

The supply of pure milk at a reasonable rate to our cities
is thus a complicated problem, and its ultimate solution would
depend upon the practical application of the various remedial

1 Asaregards the Bombay Presidency, it is ruggested thot the Commissioo should include the
Director i Agriculture, the Sauitary Commissioner with the Government, the Municipal Com-’
missioner i Bombay, the Executive Health Officer of Bombay, the Agricuitural Chemist to
Guveroment, the Superintendent of the Civil Yeterinary Department, the Chemical Anpalyser to
Goveramacut, the Municipal Analyst for the City of Bombay, the Managers of the Government,
Military and Civil Dairies at Kirkee, the Registrar or Assistant Registrar of Co-operalive Societies,
and two representatives elected by private dairying concerns.
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measures.  If milk is produced under economic conditions with
proper supervision, it is not likely that the price would rise appre-
ctably. But even if it should rise, it must be remembered that the
guality would be superior, and one seer of genuine and clean milk
produced under sanitary conditions is certainly preferable to two
seers of watered and filthy milk. If sanitary reforms and improve-
ments cause an increase in  the cost of production of milk, it is
but fair that the consumer should be willing to pay a reasonable
price for it. The organisation of suitable agencies for the
production and distribution of milk and the provision of
improved facilities for its cheap and sanitary transport to the
cities, should result not only in the improvement 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 study of the possible sources of
cheap milk supply and of the best methods for organising it, etc.,
would be necessary in the case of each particular city.

Taking, for instance, the city of Bombay, there are at least
two sources from which an ample supply of milk at a low cost is
available. Inthevillages 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 to 25 1bs.
per rupee.  Being near the railway line, and even witll the present
facilities for transit, milk from these places can be imported into
Bombay with profit.  Another source of cheap milk supply is even
nearer Bombay, namely, the villages near Thana, Kalyan, etc.,
as well as a few places above the Ghauts, such as Talegaen.

The production of milk within the city limits could be also
improved by proper crganisation.  While it is desirable to locate
the milch catile stables outside the city as far as practicable, it is
not absolutely necessary to remove all of them, provided that they
occupy only the thinly populated or non-residential areas of the
city. It appears that there are a few large vacant spots in the
northern part of the city, which are not likely to be developed as
residential areas and which may be well utilised for the purpose
of dairying, Early in 1914 a scheme for creating a centre in an
isolated part of the city for the location of new milch cattle
stables under Municipal supervision was discussed. A large
plot of land on the north-east of Haines Road, in close Pproximity
1o the Mahaluxmi Station on the B. B. & C. L Railway, was
suggested. Ii appears that this plot would accommodate between
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7,000 to 8,000 animals. There is very litile likelihvod 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
may be constructed on part of this or any similar plot, and the
<ity gowlees may be induced to rent them at 2 nominal rent—
suy,—8 annas a month or Rs. 6 per year per animal.' Taking
the cost of construction at Rs, 100 to Rs. 150 per animal, the
proposed rent would 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
be, of course, necessary. The societies should provide for rapid
transit by means of railway trains, tram-cars, motor-waggons, etc.
They should also arrange for the marketing of the milk in
Bombay.

The proposed milk inspectors could supervise the entire milk
supply from its source to 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 time elapsing
between milking and delivery would be comparatively short,

A similar scheme may 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, Borivili, Palghar,
Bhandup, Kalyan, ctc., where milk could be produced under
cheap and natural conditions. The milk could be brought into
the city by means of one of the agencics already described.
Pasteurisation would not be usually necessary for the preservation
+f milk during transit as the distances are short and transit by
railway is available. Pasteurisation, however, may be necessary
for purifying the milk after its arrival in the city. If milk has
been produced and handled under clean conditions in the suburbs,
then there would be no need of pastenrisation. In any 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
i negessary, und sold to the public at market rates, Samples of
milk should be taken from the source as well as at its destination
and examined chemically and bacteriologically at the Municipal

* From enquitivs made at several cattle <tables in Bombay it appears that the average ren
«hazged is aboul R, § per taonth or Rs. 60 LT year per aaimal,
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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 conditions under which it has been handled. 1f the
experiment proves a success from the economic as well as from
sanitary points of view, then similar organisations could be
enlarged and multiplied. While it would be necessary for the
Municipality to exercise legislative control and sanitary supervi-
siom over the milk trade, the entire * municipalization '* of
the milk supply of our cities is considered undesirable for various
1easons.

In Calcutta, the question of establishing Municipal grazing
farms, Municipal milk depots, pasteurising plants, etc., was
considered carefully by a special committee appointed to enquire
into the question of the milk supply of that city. Among their
conclusions and recormendations are the following :—

(I) Depots for the sale of pure milk and milk products should
be established in Municipa! markets, private markets and on
Municipal lands at suitable centres, stalls being let out at reduced
rents.

(2} Municipal dairy farms cannot be established under the
law and should not be started till the Act is amended.

(3) Municipal purifying (pasteurising or sterilising) plant
should be installed. It affords protection against harmful
bacteria but discourages attempts for the production of clean
milk, The efforts of the Municipality should be directed to the
improvement of the conditions under which milk s produced.

{4) Municipal grazing farms cannot be provided as there are
no suitable pasture lands near Calcutta. Power should be taken
under the Act to subsidise grazing farms outside Calcutta and to
open grazing grounds inside or cutside Caloutta.

(5) Railway 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 to ascertain whetlier the
Tramways Company will assist the Corperation in improving
the transport arrangements for milk.

It appears that all suggestions made by 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
exception of the proposal for licensing and the establishment
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by the Corporation of cowsheds and dairies outside Calcutta for
the supply of milk to the city. This proposal is still under con-
sideration,

special committee has been recently appointed by the
Government of Bombay to consider the question of the
milk supply of large towns in the Bombay Presidency, and
more particularly :

“(i} To indicate the most svitable localities in which
scientific dairying can be undertaken with reference to: (a) the
demand for good milk, (b) the possibility of obtaining a supply
of good fodder, {c) transport facilities,

7 (i) To indicate the agency by which such operations
<an be most profitably undertaken and the exact nature of
Government assistance that would be required to give them a
fair start.

-~ (i) To indicate the best methods of organising and
controlling the existing agencies which supply milk to latge
cities.”

L The organisation of the sanitary production of milk by village
cultivators, gowlees and others keeping milch animals under natu-
tal conditions; adequate assistance from Government and Munici-
palities; considerable improvement in the transport of milk to the
cities ; the establishment of Jarge dairying concerns for the purpose
of importing and distributing milk ; and complete sanitary control
by the Municipality of the entire milk supply of the city seem to
afford the best prospects for a satisfactory solution of the milk
problem.  The agriculturist, the gowlee, the dairyman, the
scientist, the practical sanitarian, the economist and the
legislator, individually and jointly, must study the problem
thoroughly from various points of view, and work out the most
suitable remedial measures. Then alone, by systematic and per-
sistent effort, by broad cducation and scientific rescarch, by
intelligent organisation and co-operation, by 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 are not insuperable, nor do they in any way invalidate
the general principles laid down in the foregoing pages.



PLATE 1.
MURRAH OR DELHI BUFFALO.

Froii a Photograph iuici i Bombay.



PLATE 11
SURTI BUFFALO.

From a Photograph taken in Bombay.



PLATE III.
JAFFRABADI BUFFALO.
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From Hewleit's * Ireeds of Cattle in the Bombay Presidency.”



PLATE IV.
MEHSANA BUFFALO.

From a Photograph taken in Bombay.



PLATE 1.
SINDHI COW.

PLATE XTI
HALF BRED COW {Ayrshire and Sindhi)

Government Military Dalry Farm, Kirkee

" From Photographs iaken the



PLATE VIL.
SANIWAHL COW.
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Frow a Photograph taken al the Government Military Daivy Farm, Kirkee.

PLATE X.
DECCANI COW.

e A

From a Phowo taken in Rombay.



"GIR COW.

in the Bowbay Tvesidency.”

From Hewleir's ‘*Breeds of Cattle



HANSI COW.

“ Paivy Farming in India”

From Meagher & Vaughan's



PLATE IX.
GUJARATI COW.

From a Photogiaph taken in Bombay.



PLATE XI.
NELLORE or ONGOLE COW and CALF.

From a Photograph taken in Bangaloves



PLATE XII.
AMRBRIT—MAHAL COW.

at the Mysore Palace,

This was & favourite cow




PLATE XIV.
KANKREJ! COW.

From Hewlett’s * Breeds of Catllz in the Bombay Presidency.”



PLATE XV.
KRISHNA VALLEY COW.

e e P

From Hewlett's ** Breeds of Catile in the Bombay Presidency.”’



PLATE XVI.
SHAHABAD CATTLE

Eyom a Photograph kindly sent by M. G, Mulne, I.C,S., Directoy of Agriculture, Bihar and Ovissa.



PLATE XVIL
GIR BULL.

From g Photogmpk laken in Bombay,



PLATE XVIil.
DECCAN! BUFFALDO.
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From Hewlatt’s * Breeds

of Caitle in the Bombay Presideicy”



PLATE XIX.
VARADHI (NAGPUR) BUFFALO.

From Hewliei's ©* Dreeds of Cattle, 1 the Bombay Presidencys”



PLATE XX.
JAFFRABADI BUFFALO BULL.
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From Hewlei's ' Breeds of Caitle wn the Bombay Presidency.”



PLATE XXI.
METHOD OF MILKING.

From @ Photogyaph taken in Bombay.



PLATE XXII.
©ONE OF THE MODES OF CARRYING MILK IN BOMBAY,
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 PLATE XXIIIL.
TRANSIT OF MILK IN BOMBAY.
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THE OLD WAY.



PLATE XXIV.
TRANSIT OF MILK IN BOMBAY.

THE NEW WAY,



PLATE XXV,
A MILK SHOP IN BOMBAY.

A sample of milk taken from this place contained acid-fast bacilli.
From « block kindly lent by Dr, J. A. Turner.



PLATE XXVI.
A MILK SHOP IN KAMATIPURA, BOMBAY,

Milk collected from here also showed acid-fast bacilli.
From a block kindly lent by Dy, J. 4. Turner,



PLATE XXVIL
POURING MILK INTO VESSELS FOR RETAIL.

Frowm o block kindly lent by Dr. j. 4. Turner,



PLATE XXVIII.
WASHING PLACE FOR BUFFALOES, near a Bombay Cattle Stable.

The Gowlees are scen washing themselves, their buffaloes and milk vessels.  Ivow a block kindly lewt by Dy, J. A, Turner.



PLATE XXIX.
COW-SHED IN KAMATIPURA, BOMBAY.

Milk collected from this place contained acid-fast bacilli. The cows reacted to Tuberculin.
From a block kindly lent by Dr, J. A, Turner,



PLATE XXX.
AN INSANITARY MILCH CATTLE STABLE IN BOMBAY.

This represents a corner of a buffalo stable in a crowded locality in Bombay. This type oi stable is gradually disappearing.



PLATE XXXI. ,
A MODERN SANITARY MILCH CATTLE STABLE IN THE US.A,
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t Lansing, Mich., U.S.A., and is taken from a

This is a portion of a bamn of the Michigan Agricultural College, Las
Photograph published by the Kent Manufacturing Co., Ft. Atkinson, Wisconsin.
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APPENDIX A.

Note on the cost of establishing a collecting station for
about 2,000 1bs. of milk to be pasteurised and water-cooled,
for despatch by train or motor to a distance not exceeding 50
miles with suitably timed trains:—

Rs.

Dairy buildings with tiled roof, patent stone floor, gauzed windows

and doors, 12° X 167 “1th wash-up room 10 % 8" and office
10’ % 8 or plinth area 26° X 20’ = 520 @ Rs. 3. . .- 1,560
Water tank, drains, small pump, etc. - - .. .. 440
Total for Buildings .. . 2,000

Boiler, vertical cross tube, 57 % 6” X 3" = 80 ibs. pressure, complete
with fittings, mounting and No. 4 Injector and 20 ft. chimney.. 700
Lawrence Water-Cocler .. . 80
. * Direct Motor ”’ steam-driven pasteurmer, size ( " ele\ a_tmg

type .- . . . . .- 550
Milk Tank, 4 X 3 X l% . . - .- .- 80
Gerber Butyrometer Lux, 4 Test completc . . . - 60
Milk Recorder with Pail and Tripod . . . .. . 35
24 * Firsteel ” cans—17 galls, 15 galls., and 10 gallons .. 500
1 set measures—1 gallon, % gallon, 21 1bs. and 1 Ib. . 10
1 Hygiea Filter with 500 spare mediums . . 45
1 Steaming Block .- - . 10
1 Wash-up Tank . .o ‘e .. ‘e . . 50
1 Set Seals and Pincers . .. - - .- 80

Miscellaneous Contingencies, i.e., statloner‘.' small safe, soap,
soda, lactometers, thermometers, etc. .. .- - e 300
Total . 2,500

{(8d.} G. H. FROST,
Assistant Divectoy, Military Dairies,
Nowuthern Cirvcle.

APPENDIX B.

Note on Co-operative Dairy Socleties in the Bombay Piesidency @
I, Ablibag Co-operative Dairy Society, Lintited :—

Date of registration—23rd April 1915,

Number of members—35§ ; of whom 28 are cultivators prodm.mg milk and
marketing it through the Somety Capital Rs. 1,152.8-0.  Milk is obtained
from the villages of Veshwi and Mula, whick are at a distance of 2 miles from
the town of Alibag.

Method of collecting, irvansporting and distributing wmilk.—The Society
has put up two milking sheds at a cost of Rs. 340, one at Veshwi and the other
at Mula. The members keep their animals in their own houses, but bring
them to the Society's milking sheds twice a day at the appointed Lours at

15
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“which they milk them unier the supervision of the representatives of the
managing committee. The Society keeps its own milking pails, and each
member is provided with a pail for drawing the milk. The milk is measured
-and handed over to the Society. Each member carries a pass-book with him,
in which the quantities supplied by him to the Society are regularly entered.
All milk thus collected at each centre is put into a big brass can, which is
Jdocked and sent to the town (on head load) with a servant of the Society for
delivery to registered customers.

Cleanliness —All the pails, cans and other ufensils of the Society are
kept in a perfectly clean condition. Every utensil used in handling milk
As first washed in cold water, then in warm water with some washing soda
in it, and finally in boiling water, and dried, Before milk is drawn from the
animals, the hands of the milker and the udders of the animals are washed and
wiped with muslin. Bar-soap is freely used.

The total number of customers is 76, and the total quantity of milk
.supplied to them in September 1915 was 2,700 seers, All milk taken by the
Society from the members is distributed to customers, and no surplus is left
-on hand,

Advantages to mentbers.—The Society takes milk from the membera
-at a little over nine seers a rupee and supplies it at eight seers a rupee to the
-.customers, After deducting expenses, a small margin of profit is left to the
Society. Though the members are prevented from adulterating their milk
with water, they get good prices and save a good deal of time, which they
-used to spend {before jeining the So:iety} in hawking abouat their milk. They
are entirely satisfied with the prices which they now get. Boesides, they get
Jloans from the Society at 9§ per cent. for purchasing animals and foodstufis,

Advantages to customers—The public of Alibag are fully satisficd with
the gquality and the price of the milk,

Remarks.—The Society is now arranging to keep a good buffalo breed-
‘ing bull for serving the members’ she-buffaloes. It has also secured some
grazing land from the Collector for the use of the members' she-buffaloes,
which, with the bull proposed to bs obtained from Gujarat, are to be con-
stituted into a herd.

II. Belgaunt Co-opevative Dairy Society, Lid.—This Society consists
of 24 members, of whom 20 are milk-producing Gowlees who supply their
milk to the Society. The Gowlees at present keep their animals in the town
and bring them to two milking centres for milking them under the supervision
of the manager. The arrangements as regards cleanliness and the collection,
itransport and distribution of milk are similar to those of the Alibag Dairy
Society. The Society has applied to the Municipality for building a shed
.outside the town for housing the animals of the members of the Society. The
Belgaum Dairy Society markets about 3,500 seers of milk a month. The
public of Belgaum are entirely satisfied with the quality and price of the milk.

ITI, Thana Co-opevative Dairy Society, Lid —This Society has got a
shed in which some animals of the members are kept; other members keep
their animals in small huts near the Society’s shed. Alilk is drawn in the
presence of the manager. The arrangements as regards cleanliness and
transporting and distributing milk are exactly on the lines of the Alibag
Society. The total quantity of milk marketed by the Society every month
is about 6,000 seers. The Thana people are fully satisfied with the quality
of milk. In this Society, some of the producing membears are Gowlees
(bhayyas) and others non-gowlees, The Society has secured more than 200
‘families as its customers.

IV. The Gomatipur Co-operative Dairy Society, near Ahmedabad —This
Society has only very recently begun to supply pure and unadulterated
milk to the city of Ahmedabad.
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A proposal for starting a dairy society of cultivators at Asarwa for
supplying pure milk to Ahmedabad has been received.

V. The Bhandup Co-aperative Dairy Society for supplying pure milk
to Bombay has been recently formed, o

VI. Proposals for establishing co-operative dairy societies at Gadag.
and Hubli for improving the milk-supplies of those towns are under consid-
eration. ‘
VII. Similarly, there are proposals for establishing dairy societies at
Kotrud and Talegaon for supplying pure milk to the city of Poona.

(8d.} V. H. GONEHALLI,
Assistant Registrar, Co-operaiive Societies,
Bombay Presidency,

APPENDIX C.

Form of License used in Bombay.
No. or 1915—1918,

Licanse for carrying on within the City the frade er business of a dealer-
in or importer or seller or hawker of milk and for using premises
in the Qity for the sals of milk.

PURSUANT to the provisions of Sections 412A (a) and (b) and 479 of
“* The City of Bombay Municipal Act, 1888 as amended by Acts, Nos, II
of 1811 and VI of 1913, Mr... ... .u. creraane Cceaarrieanens
e St setattasiare i maaanras of Bombav, is hereby licensed
for the period of one year, namely, ¥roM 1T AprIL 19..To 31sT MARCH
19,.to carry on within the City the trade or business of a dealer in or importer
or seiler or hawker of milik and to use for the sale of milk the room or shop
Or place MeASUNINE. - civivannarrnnnnn. «eeasae3q. Ft., being part of the-
premises No..o.oooyieeivrinnnnn.. teiraeaniatnae. feieaaa. vetieaar .
cereeserarinaa, faer e vt e inane e e Mt s tea ey e Ward, Bombay,
subject, however, to the restrictions and conditions following, that js to say—

1. The Licensee shail not himself or through his servants import into-
Bombay or transport or hawk or expose or offer for sale in Bombay any
millke which has been adulterated by adding to or mixing with it any water-
or other substance for the purpose of increasing the bulk or measure thereof,

2. The Licensee and his servants when importing any milk into Bombay
or transporting or hawking or exposing or offering for sale any milk in Bombay
shall whenever required so to do by a Municipal Inspector of the Licensing or
Health Department sell to such Inspector at a reasonuble price a sample or
samples of such milk not mere in quantity than shall be reasonably requisite
for the purpose of examination by analysis or other test, and shall not remove -
or permit the removal of the milk from which such sample or samples has
or have been so taken until such examination has been made,

3. The Licensee shall not at anv one time keep or permit to be kept
in the said room or shop or place {hereinafter referred to as the said premises) -
any greater aggregate quantity of milk than., .ve.euseeronsnons ..., ‘-

4. The Licensee shall cause the floor and drains of every part of the-
said premises and every counter, shelf or bench on which vessels containing
milk are kept to be thoroughly cleansed with water at least once in every day.

5. The Licensee shall cause the floor of the said premises to be paved
throughout with suitable impervious material to be approved by the Muni-
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cipal Commissioner and the paving shall be sloped in such a manner as to
ensure the effectual drainage of the said premises, the gradient of such paving
being not less than 1 in 30,

6. The Licensee shall cause every part of the internal surface of the walls
.und ceiling of the said premises to be thoroughly lime washed at Ieast once
din every year, and oftener , if so required by the Municipa] Commissioner.

7. The Licensee shall not deposit or keep any milk for sale—

(z) in any stable ;

{6} in any room or place where it would be liable to become infecte:d
or contaminated by impure air or by any offensive, noxions
or deleterious gas or substance, or by any noxious or injurious
emanation, exhalation or effluvium :

{¢) in any room used as a kitchen or as a living room ;

(d) in any room where any other trade disapproved by the Municipal
Commissioner is carried on ;

(¢) in any room or building or part of a ouilding communicating
directly by door, window or otherwise with any room used
as 4 sleeping room or in which there may be any person suffer-
ing from any infectious or contagious disease or which
may have been used by any person suffering from any such
disease and may not have been properly disinfected :

{f} in any room or puilding or part of a building in which there
may be any direct inlet to0 any drain or which opens on to a
gully or with which a privy or water—closet communicates
directly.

8. The Licensee shall not keep any milk intended for sale in open
wessels, but every vessel containing such milk shall be provided with a
-suitable cover.

9. The Licensee shall not retail milk to his customers by dipping his
‘hands into the vessel containing the same and every such vesse] shall in cases
where the Municipal Commissioner shall so require be provided with a tap
-at the lower end through which the milk shall be drawn.

10. The Licensee shall kave his name and address clearly marked upon
-all vehicles and cans used by him for the sale of milk or for conveying milk
for sale.

11. No buffaio milk sold or exposed for sale by the Licensee shall
contain less than five per cent. of fat nor less than nine per cent. of solids
not fat and no cow milk sold or exposed as aforesaid shall contain less than
35 per cent. of fat nor less than 8- 5 per cent, of solids not fat.

1Z. The Licensee shall not cause or suffer any cow or buffalo belonging
to him or under his care ar control to be milked for the purpose of obtaining
milk for sale—

{a) unless, at the time of milking, the udder and teats of such cow or
buffalo are thoroughly clean; and

{b) unless the hands of the person milking such cow or buffalo also
are thoroughly clean and free from all infection and conta-
mination,

13. The Licensee shall take all reasonable and proper precautions in con-
-nection with the collection, storage and distribution of the milk, and otherwise
“to prevent the exposure of the milk to any infection or contamination,

14, The Licensee shall not allow any person suffering from any danger-
-ous or infectious disease or having been recently in contact with a person so
-suffering to milk any cow or butfalo or to handle any vessel used for containing
milk for sale or in any way to take part or assist in the conduct of the trade
-or business of this License so far as regards the production, distribution or
storage of milk and the Licensee shall not if himself so suffering or having
wrecently been in contact as aforeszid milk any cow or buffaly or handle any
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vessel used for containing milk for sale or in any way take part in the conduct
of the trade or business as far as regards the production, distribution or
storage of milk,

13, The Licensee shall not keep milk for sale, or cause or suffer any such
n;ilk to be placed in any vessel, receptacle or utensil which is not thoroughly
clean,

16. The License2 shall cause every vessel, receptacle or utensil wsed
by him for containing milk for sale to be thoroughly cleansed with steam or
«lean boiling water before and after it shall have beea used, and to be main-
tained in a constant state of cleanliness.

17. The Licensee shall not convey gny milk for sale or distribution in
‘Open vessels but all vessels containing such milk shall be provided with
yroper close fitting covers and in cases where the Municipal Commissioner
shall so require a tap at the lower end through which the milk shall be retailed
Lo the customers, If the milk is distributed in cans such cans shall also pe
provided with properly fixed covers.

18.  The Licensee shall not at any time mix with other milk or sell or use
for human food the milk of any cow or buffalo which may be suffering from
Tuberculosis, Rinderpest or Foot and Mouth Disease or from any disease of the
udder which may be certified by a Veterinary Surgeon to be Tubercular.

19. The Licensee shall not keep or permit to be kept outside the said
Jremises or on the public road or street any tins, drums or other vessels used
<1 intended to be used for containing milk,

20. This License is valid only for the said pretnises and for the quantity of
milk herein specified and if the Licensce at any time during the period of this
License desires to use any additional room or shop or any additional space for
keeping milk or to kecp an addiitional quantity of milk, he must apply for a
dresh license which (if granted) wilt be subject to the payment of such addi-
tional or extra fee as may for the time being be properly chargeable in respect
thereof.

21.  If the Licensee intends to vacate or give up possession of the said
premises during the period of this License he shall forthwith inform the
Deputy Health Officer—Ward of his intention so to de.

22. This License is not transferable either as regards the person to
wwhom or the premises for which it is granted, without the written permission
of the Municipal Commissioner.

23. 'The Licensee shall cause this License to be afixed in some conspi-
<uous part of the said premises,

24. If the Licensee entertains any servants for the purpose of carrying
-on this trade, he shall provide them with such badges or authorities as the
Commissioner may direct.

25, The Licensee will at all times during the continuance of this License,
be responsible for the due fulfilment and observance of all the foregoing
conditions, and in case of any infringement of, or negiect or failure on the
part of the Licensee or of any other person to fulfil or observe any of the said
conditions, the Licensee will be liable tu prosccution and to suspension or
revocation of this License.

26. The fee chargeable for this License as fixed by the Municipal Com-
missioner with the sanction of the Municipal Corporation under Section 479
(2} and Section 412A {a) and (b) of the City of Bombay Municipal Act
afaresaid is Rs. | | . eeaanaaans Creemesaicaa .. JONLY,

Puslic HEALTH DEPARTMENT,
BoxeaY MUNICEPALITY,
Municipal Conumissioner,
Sfor the City of Bambay.
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APPENDIX D.

Bye-Laws relating to Milch Cattle Stables made by the
Municipal Corporation of the City of Bombay in exercise of the
powers conferred by Section 461 (f), (g), and (h) of the City of
Bombay Municipal Act, 1888 and confirmed by the Municipal
Corporation at a mecting 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.

GENERAL.

L. A person or firm having a license from the Commissioner to nse
any premises for the purpose of keeping Milch Cattle is in these bye-laws
referred to as ‘a License-holder,” ‘and the premises to which any such
license relates are referred to as ' licensed premises,”’

2. " Dairy ™ means a place in which millk, buiter or ather products
of milk are stored, made or kept for sale, or are sold.
3. ' Stable” means any building used or intended to be used for

keeping Milch Cattle.

PREMISES LICENSED FOR KEEPING MILCH CATTLE,

4. A person shall not be entitled to a license to use for keeping Milch
Cattle anyv stable which does not fulfil the conditions prescribed by bye-law 6.
One such license only will be granted in respect of the whole of any premises,
notwithstanding that such premises are so used or intended to be used by
more persens than one ocenpying severally.

3. A license-holder shall not at any time of the day or night—

(¢) keep on the licensed premises a larger number of Milch Cattle
than the number allowed by his license

(b)) keep in any one stable on the licensed premises a larger number
of Milch Cattle than the stabling capacity of such stable or
shed will admit of according to the standard of floor space
prescribed by bye-law 6 (¢):

(¢} in any case, keep in any one stable or shed erected on the license
premises after these bye-laws came into force a larger number
of Milch Cattle than 100,

6. A license-holder shall not use for keeping Milch Cattle any stable
on the licensed premises which does not fulfil the following conditions,
namely ;:—

(4) its height shall be not less than twelve feet measured from the
floors of stalls to the wall-plate ;

() it shall have an open space of not less than fifteen feet in width
all round it, such width to be measured from the outer sides
of the external posts:

(¢} its floor surface shall be at least one foot higher than the mesne
level of such surrounding open space, and ifs situation shall
such as to admit of its being properly drained intoa drain
or place legally set apart for the discharge of drainage ;

{d) it shall be open on all sides to such surrounding open space,

' but may be fitted with such screens or weather boards. as the
Commissioner may in each case approve; -
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e} it shall be so constructed as to afford fioor space not less than
twelve-and-a-half feet in length by five feet in breadth for
each cow or bufialo to be stabled therein, such space to be
inclusive of space occupied by any nianger, central or side
drain, or central passage.

7. A license-holder and every person using for keeping Milch Cattle
any portion of the licensed premises shall, from time to time whenever required
by the Commissioner so to do, furnish to the Commissioner a state-
ment in writing containing the correct name of each person who owns any of
the Milch Cattle for the time being kept upen the licensed premises, and of
the number of Miich Cattle owned by each such person.

8. A license-holder shall not cause or suffer the dung of any Milch

.. Cattle kept on the licensed premises to be deposited

Dung not to be deposit- j1 " such 2 situation or in such a manner as to pollute

any water supplied for use or used or likely to be

used by man for drinking or domestic purposes, or any water used or likely

to be used by Milch Cattle or horses or other four-footed animals, or in any
dairy or for cleaning or washing vessels used or intended for milk,

9. A license-holder shall cause the Hoor of every stable to be paved
Floors to be paved 5o 48 with impervious material approved by the Commis-
t0 prevent soabage. stoner and sioped with a gradient of not less than 1
in 30 to the satisfaction of the Commissioner so as to

prevent any soakage into the gound of urine or other filth,

10. A license-holder shall provide upon or in some convenient place
l6 for dung ¢ in the immediate neighbourhood of the licensed pre-
mg%”f“:\f’ig‘e%_e orCum8 T mises a suitable receptacle or receptacles for dung,
manure, soil, filth or other offensive or noxious
matter which may from time to time be produced in the keeping of Milch
Cattle upon the premises. Such receptacle or receptacles may be constrocted
of masonry or, may be movable on wheels, but in fhe latter case shail be lined
with tin plates or dammered internally to the satisfaction of the Commissioner.
Such receptacle or receptacles shall have an aggregate internal space
portionate to the number of animals kept in the licensed premises, and such
space shall not be less than 1} cubic feet for each head of cattle so kept.

He shall cause such receptacle or receptacles to be constructed

With floor oot lower 80 that the bottom or floor thereof shall be in each

than surface of adjoining case at least 11 feet higher than the surface
ground. of the ground adjoining such receptacles.

He shall also cause such receptacle or receptacles to be constructed in
suich a manner and of such materials and to be

To be so constructed as  majntained at all times in such a condition as *o
s‘gakfgg‘;ef“:ont‘;‘;f’e °F prevent any escape of the contents thereof or any
soakage therefrom into the ground or into the wall of

ed 30 as to pollute water.

any building.
He shall if so required by the Commissioner cause each such receptacle
. th to be furnished with a suitable tin, tile or jowli roof.
co}; be furnished With  pre may provide a loft for storage of hay over any
' stable on the licensed premises, but not so that any
part of any such loft will be less than 12 feet above the floors of stalls.

He shall not permit any gowh or other person to sleep in any stable, nor

. shall he permit any loft or part of the premises over

sm%i;w}j:ndmfgféo 3’3"5’“;‘: a stable to be used for purposes of human habitation.
%o be inhabited. Provided that the Commissioner may Ppermit such
specified nuniber, as he may think fit, of attendants to
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slcep on the premises, to prevent accident among the animals: but ne
attendant shall occupy any space which will encroach upon the air space
prescribed for each animal.
11. A license-holder shall also provide upon or in connection with the
Paved spate for washin licensed premises a paved space to the satisfaction
aimals 1o be provideq. ©  ©f the Commissioner on which the cattle can be washed,
Such paved space shall have an area equal to not less
than 1-7th of the floor area of the stable,
12. A license-holder shall also cause every drain or means of
Drai o b . drainage upon ar in connection with the licensed
tained 1 good osder " premises to be maintatned at all times in good
order and efficient action to the satisfaction of
the Commissioner,
13. (a) A license-holder shall twice daily.

morning and evening—
ises & B . Cause the licensed premises to be thoroughly cleansed
yI;{::‘];f;; c?a?gf TOU8Y  and flushed and shall cause to be removed from the
receptacle or receptacles provided in accordance with
ihe requirements of bye-law 16, all dung, manure, soil, filth, urine or other
offensive or noxious matter produced in or upon the premises and placed or
accumulated in such receptacle and shall cause the same to be deposited in
such place or places as the Commissioner shall from time to time direct.

{t) He shall not cause or suffer a greater quantity of hay, grass or straw

Not mote than four '© be kept or stored on the licensed premises
days’ supply of hay, grass at any one time than will suffice to meet the
or straw to be stored at  requirement of four days of the animals stabled
any one time, therein,

He shall not by storing the hay, grass or straw, encroach on or diminish

?tf’trﬂggur?;ﬂ h;,—‘j',j,j S:f—, in any way the minimum space for animals pre-
cpace for animale, o7 scribed by bye-law 6 (e).

He shall not cause or allow any fire to be lighted in a stable or in any

No fire to be alicwed portion of the licensed premise; near to any hay,
near hay, Yo, grass or straw stored therein.

14, A license-holder shall, whenever required by the Commissioner,
bring out or cause to be brought out from each stable
on the licensed premises for the purpose of inspection
all or any of the Milch Cattle which may for the time
being be stabled therein and shall provide every such facility as may be
required for enabling the person making such inspection to thoroughly
examine the said animals or any of them.

To bring out animals
for inspection if required.

LICENSED PREMISES AND PREMISES OCCUPIED BY DAIRY-MEN
AND MILK-SELLERS.

15. A license-hoider, dairy-man or milk-scller shall provide a sufficient
supply of water from a Municipal main to the premises
licensed to or occupied by him for carrying on his
trade, and shall not without the previous approval in
writing of the Commissioner cause of suffer anv water drawn from a well to
be used for or supplied to any Milch Cattle.
18. A license-holder, dairy-man or miik-seller whose premises do not
To alter (f required) fulfil the requirements of the next succeeding bye-
Iicénse; p:emises I?Dt fal. 14w respecting new dairies or stables shall so far
plling requitements of alter the said premises or any part thereof as the
uext succreding byelaw  Commissioner shall from time to time by notice in
g ey dairies or Cattle  writing  require for the purpose of bringing the same
o into conformity so far as may be deemed necessary

with the said requirentents or any of them,

To provide water from
Municipal main,
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17. A person who shall erect a new dairy or cattle-shed for the stabling

Regulations for con. ©OF Milch Cattle belonging to dairy-men or milk-sellers

struction of new dairies or  shall construct the same in accordance with the follow
cattle theds. ing rules:—

{1y The roof shall be tiled or covered with corrugated sheet
Roof. iron.

(&) The floor shall be paved throughout with suitable impervious

Floor material approved by the Commissioner and the

' paving shall be so sloped as to ensure effectual drainage
having a gradient of naot less than | in 30, '

{¢) The stable shall be fitted with mangers 21 feet in width, and if the
mangers are 5o arranged that the animals in two rows face each other, a, passage
of at least 3 feet in width shall be left between the two rows of mangers. The
floor of this passage shall be paved in the same manner as the fisor of the
stables, and the passage shall at all times be kept iree of obstruction.

{d} The stable shall be drained by an open ovoid drain of such materials
and dimensions with such fall and laid in such position and manner in all
respects as the Commissioner shall require and such drain shall be connected
with such sewer or other means of drainage as the Commissioner shall direct.

18. A person shall not erect a new stable for Milch Cattle belonging tg
Not to be within 15 feet dalry-men or milk-sellers within a distance of 1%

from any street or 25 feet  feet from any street or 25 feet from any dwelling
from auy dwetling house. house,

19, A dairy-man or milk-seller shall not sell or keep milk in any dwelling
Milk not to he sold hOUSE or room or place wused for sleeping or caoking

or kept in dwelling or where other articles of food are kept or where any
houses, &c. other trade is carried on.

20. A dairy-man or milk-seller shall cause every part of the internal
Internal surfaces of Surface of the walls and ceiling of every room or place
walls and celings to be in which milk is kept or sold by him to be thoroughly
lime-washed periodically.  Jime-washed twice at least in every year or oftener
if so required by the Commissioner.

He shall also cause the floor of every such room or place to be paved
throughout with suitable impervious material approved by the Commissioner
and the paving shall be so sloped as to ensure effectual drainage having a
gradient of not less than 1 in 30,

He shall also cause the floor and drain of every such room cr

Floots. countess. shely- pl:’:tce and every counter, shelf or bench on which

es, &e., to be cloansed. millke vessels are kept to be washed and thoroughly
cleansed daily,

21. A dairy-man or milk-seller shall cause every vessel used in his

Milk vessels to be rins- Milk-shop or in the distribution of his milk to be

ed and +horoughly cleans-  rinsed with boiling water and thoroughly cleansed
ed before and after use. before and after use,

22, A dairy-man or milk-seller shall neot use or permif to be

] . used for the washing and cleansing of milk

na:}nast§:1 ({’;"“ﬂ}‘,f;‘(ﬂ“ﬁ.‘gﬂ vessels any water except such as is drawn

only to be used for wach. from a Municipal main or from a well to be

ing milk vessels. Previously approved in writing by the Commis-
sianer,

16
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APPENDIX E.

Extracts from the Bombay Prevention of Adulteration
Act., 1899.

(As modified up to the Ist July, 1909.)

Provisions which relate to the sale of {ood, and which may
by notification be made applicable to any food.

3. {1} Whoever sells to the prejudice of the purchaser any article of
food which is not of the natuore, substance or quality of the article demanded
by such purchaser, shall be punished for the first oftence with fine which may
extend to one hundred rupees, and for a second or any subsequent offence with
fine which may extend to five hundred rupees.

{2) Provided that no offence shall be deemed to have been committed
under this section in the following cases, that is to say,—

(@) where any matter or ingredient not injurious to health has been
added to the article of food, because the same is required for
the production or preparation thereof, as an article of com-
merce, in a state fit for carriage or consumption, and not
frandulently to increase the bulk, weight or measure of the
food or conceal the inferior quality thereof,

(b} where in the process of production, preparation or conveyance
of such article of food some extraneous substance has
unvoidably become intermixed therewtih,

{¢) where any matter or ingredient not injurions to health has been
added to or mixed with such article of food and, before the
sale thereof, the seller has brought to the notice of the
purchaser, either by means of a label distinctly and legibly
written or printed on or with the article or otherwise, the
fact that such matter or ingredient has been so added or
mixed,

Explanation —If in compliance with a demand for ghee any article is
supplied which contains any substance not exclusively derived from milk,
such article shall be deemed to have been sold to the prejudice of the purchaser
within the meaning of sub-section (1), unless before the sale thereof the seller

has brought to the notice of the purchaser the fact that it contains such
substance.

{3) 1In any prosecution under this section it shall be no defence to allege
‘that the vendor was ignorant of the nature, substance or quality of the article

sold by him, or that the purchaser having bought only for analysis was not
prejudiced by the sale.

Provided that the vendor shall not be deemed to have committed an
offence under this section, if he proves to the satisfaction of the Court—

(2} that the article sold was purchased by him as the same in nature,
substance and quality as that demanded bv the purchaser,
and with a written warrant to the effect that it was of such
nature, substance and quality,

() that he had no reason to believe at the time when he sold it that

the article was not of such nature, substance and quality as
aforesaid, and

(¢) that he sold it in the same state in which he purchased it.
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4. (I) Tin the City of Bombay the Commissioner or any officer
empowered by him in that behalf, or elsewhere the officer authorized by the
Municipality for the purposes of section 142 of the Bombay District Munici-
pal Act, 1801, shall apply to purchase any article of food exposed for sale
and shall tender the price for a quantity not more than shall be reasonabiv
requisite for the purpose of analysis, and the person exposing the same for
sale shall refuse to sell the same, such person shall be liable to a penalty no
exceeding fifty rupees.

(2) The Commissioner or officer empowered as aforesaid in the City
of Bombay, and elsewhere the officer authorised by the Municipality as:
aforesaid, on purchasing any articte under this section for the purposes of
analysis, shall, after the purchase shall have been completed, forthwith
notify to the scller or his agent selling the article his intention to have the
same analysed by the Chemical Analyser to Government, and shall offer
to divide the article into three parts to be then and there separated and each
part to be marked and sealed or fastened up in such manner as its nature
will permit, and shall, if required to do so, proceed accordingly, and shall
deliver ane of the parts to the seller or his agent.

He shall afterwards retain one of the said parts for future comparison
and submit the third part, il he deems it right to have the article analysed,
to the Chemical Analyser to Government.

{3} Tt the seller or his agent do not accept the offer of the purchaser as
aforesaid to divide the article purchased in his presence, the Chemical Analyser
to Government receiving the article for analysis shall divide the same into
two parts, and shall seal or fasten up one of those parts and shall cause it,
€ither upon receipt of the sample or when he supplies his certificate, to be
<elivered to the purchaser, who shall retain the same for preduction in case
proceedings shall afterwards be taken in the matter,




ADVERTISEMENT.

MARSHALLS'
COMBINED VERTICAL
ENGINE and BOILER.

AS SUPPLIED TO BRITISH, CONTINENTAL
AND INDIAN DAIRY FARMS,

This installation is self-contained, occupies
very small space, and requires little

in the way of foundations.

For prices and full particulars apply fo —

MARSHALL SONS & Go., LD.,

( INCQRPORATED IN ENGLAND. !

ENGINEERS,
MARSHALL'S BUILDINGS,

Ballard Road, BOMBAY,

Also at CALCUTTA, MADRAS, LAHORE
AND BEZVADA.

Works :--Gainshorough, England.
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Telegraphic Address :
CLACTIC.

INDIAN DAIRY SUPPLY Co.

Tl itod.

BOMBAY & NADIAD.
Wholesale Dealers, Manufacturers.

AND

Exporters of Choicest Dairy Produce
and fresh Milk Suppliers.

SHOP-KEEPERS, HOSPITALS, HOTELS
AND SHIPFING

SUPPLIED AT REASONABLE RATES, OBTAIN-
ABLE ON APPLICATION.

-

Head Office:

85, Bank Street, BOMBAY.
BOMBAY BRANCH : CALICUT STREET.
CREAMERY : NADIAD, GUJARAT.

W. REEVES, Manager.

e
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BEFORE THE WAR

The ¢ ALFA-LAVAL ' was used in 98 out of every 100 of the
Dairies throughout the world, because it skims clear, extracts more
fat from the milk thao any other, turns more easily and costs less in

ppkeep.
DURING
THE WAR

We are advised to economise,
theretore every Dairy must have
the Latest Model < ALFA-
LAVAL *’—it produces more
butter and of a better quality—
SOUND ECONOMY.

AFTER
THE WAR

The “ ALFA-LAVAL * will be
in stil greater demand. It is
always 10 years in advance of
others. Every improvement of
any practical value is embodied
in the Latest Mode! ¢« ALFA-

LAVAL ”’ Cream Separator.

Over 1,750,000 have been sold and over 1,000 First Prizes
have heen awarded to the ““ALFA-LAVAL."”

AGENT IN INDIA :—-

EDWARD KEVENTER,

Dairy Farm P.O., Bligarh, U.P.
DARJEELING, DELHL CALCUTTA & SIMLA.
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MILK POWDER

15 prepared from the Fresh Milk of healthy Cows nurtured
on the best Pasture lands in America, Australia and
France, is obtainable as Skim, Half-cream and Full-cream
powder. It has the taste of Fresh Milk. is decidedly
economical and free from dirt and germ and keeps well.
It is easy to prepare

For further particulars apply to the Sole Premier Importer
of Milk Powder in the East.

F.. M. CAMA,

Provisions Merchant & General Commission Agent,
Znd FLOOR, OOMRIGAR BUILDINGS,
NEAR THE CRAWFORD MARKETS,

BOMBAY, No. 3,

COCOSE COOKING BUTTER

as absolutely pure and unadulterated, is a vegetable product that keeps
well in all climates, is eminently suitable for all culinary purposes,
15 agreeable in taste, and free from any smell, more economical than
-ghee because Eree from moisture and a&uheration and therefore
-absolute[y safe to use.

It is more digestible than 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 Agent: F. M. CAMA,

Provisions Merchant & General Commission Agent.
2nd  FLOOR, OOMRIGAR BUILDINGS,
NEAR THE CRAWFORD MARKETS,

BOMBAY, No. 3.




BY ROYAL WARRANT

.....

TO H.M. KING GEORGE V.

DAIRY SUPPLY
Co., L.,

LONDON.

ADVERTISEMENT,

“ALFA-LAVAL”

vi

= CREAM

L) SEPARATOR

ik ““ used in 98 cut of
cvery 100 of tle

Creameries through-
out the World,
1,700,000
SOLD.
AWARDED
1,000
FIRST PRIZES.

SOLE AGENTS.

wl A PP
5?“: w“"’“‘w

)

oo et N

H. E THE GOYERNOR OF SOMBRY

BOMBAY DAIRY
SUPPLY Co.,

62, LAMINGTON RD.,
Near Grant Rd. Station,

BOMBAY.
IMustrated List and

any desired information
free on application,

Dr. GERBER'S
BUTYROMETERS.
PASTEURIZERS.

The * Simplex ”’ STERILIZERS.
MILK BALANCES AND PAILS.

»  FILTERS.
» REFRIGERATORS AND COQL-
ERS. [ BOTTLES.

»  STERILIZER AND HYGEIA
Railway and Delivery CHURNS.
One Piece CANS.
BUTTER CHURNS AND WORKERS.
DELAITEUSE BUTTER DRYER.

CHEESE PRESS AND RENNET
TABLETS.

BOOKS ON DAIRYING, etc,, efc,, etc,




ADVIRTISEMENT,

"POLSON’S

THE QUALITY BUTTER

Is made solely from Rich Cream—that is why it
is far superior to the Butter sold in the Bazaar.

MANUFACTURED
UNDER THE

| MOST SCIENTIFIC

AND HYGIENIC
METHODS.

IT IS FULL
WEIGHT—160zs.
TO0 THE POUND

INSIDE . THE TIN.
Facsimile of Tin,

Try a tin when next you want Butter.

3 one-ih. Tins Polsen’s Butter Pest Free for Rs. 3-3.

PRESENT TICKET INSIDE POUND TINS. |

List of Presents sent for Half-anna Stamp.

b}

WHOLESALE PRICES TO THE TRADE
ON  APPLICATION,

POLSON’S Lid.,

COFFEE & BUTTER MANUFACTURERS,
115, Frere Road, Fort, BOMBAY.



