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L INTRODUCTORY NOTH. '

The present Report is divided into three parts. Paris I
and I1 consist of detailed statements of the present position
and needs of the dairy and cattle industries. Although my
terms of reference were largely concerned with questions
relating to the future development of research and educa-
tion, I found in practice that these could not be aunswered
until the whole field of dairying and of cattle breeding and
management had been surveyed. This has, however, given
me an opportunity of referring to a number of special
problems which require investigation, and of indicating the
lines along which future developments might be planned.
The more general recommendations of the Report have for
convenience been grouped together in Part III. Since the
dissemination of scientific and technical information was
included in my terms of reference, I have made a number of
recommendations in connexion with the provincial advisory
services, the subjects dealt with including such questions as
the control of cattle improvement and the eo-ordination of the
work of the central and the provincial governments.

Throughout my survey I have been given ample oppor-
tunity of investigating the various subjects which fall within
my terms of reference. I desire to express my indebtedness
to all those who facilitated my work by their willing co-opera-
tion and their generous hospitality during my tour. In parti-
cular I should mention the various Directors of Agricultnre
and of Veterinary Services and the Provincial Live Stock
Experts, who were responsible for local arrangements and
who were at all times most willing to give me ihe benefit of
their knowledge and experience. The general arrangements
for my visit were made by the Imperial Council of Agricul-
tural Research. I gratefully acknowledge the assistance
given to me by Sir Bryce Burt, the Vice-Chairman, by Sir
Arthur Olver, the Animal Husbandry Expert, and by other
officials of the Council. I am also indebted to Mr, Z. R.
Kothavalla, Imperial Dairy Txpert, who accompanied me on
a part of my tour and who was able to give me much useful
information regarding the present state of the Indian dairy
industry. My thanks are also due to Mr. A. M. Livingstone,






CHAPTER I —The need for an imcreased consumption of mik,

The total output of milk in India 13 exceptionally large One
authority has placed the annual production at over 1,000 million
. maunds(!) A more recent survey(?) indi-
du:txn:i; s mik pro cates that this 1s hikely to be an over estimate,
and that the figure lies nearer 700 mllion
maunds The latter figure would, however, represent the hand
milked yield, and would need to be increased by at least 15 per cent
(say, to 800 mullion maunds), to give the gross output of milk The
monetary value of this output 1s shown later to approximate 300
crores of rupees Compared with other countries, India stands
second m volume of milk production her output being exceeded only
by the Umted States of America She produces over four times the
output of Great Britain, over five times that of Denmarl, over six
times that of Australia, and over seven times that of New Zealand
The production of milk eannot however be considered without
reference to the needs of the population who have to subsist on 1t
It 18 here that India falls to the lowest place among those countries
for which statisties are available® This pont 1s shown clearly 1
Table 1 The total production of milk 15 given m the first column
the human population 1n the second column, and the caleulated pro
duction per head of population i the third column This column
provides, therefore, a measure of the adequacy of milk production in
terms of the requirements of the population
It will be seen that the countries may be classed 1mto three
groups Six countries show productions of between 30 and 40 oz
per head per day In these countries the production per head agrees
closely with the estimated consumption which 15 shown mn the fourtn
column and which may probably be taken as adequate for the
nutritional needs of the population Such countries are self
supporting m so far as their milk requirements are concerned Nine
countries show productions in excess of 40 oz per head per day
These are countries such as Austraha, Canada, New Zealand and
the Scandinavian nations, which have an exportable surplus of mlk
The remaimning five countries show productions below 30 oz per head
per day These countries do not produce enough mulk to supply
their own requirements, and must either mmport milk products or
subsist on a diet defictent 1n mulk A highly industrialised nation
like Great Britain 15 able to mmport sufficient mlk products to raise
the consumption to an adequate level(3) On the other hand
countries which are predominantly rural, such as Poland, Italy,
1) A Olver and M Vadyanathan, ‘¢ Assessment of the Annuwal Contribu

)
tion of Live Stock to Indan Economy *’

(2) Results of Provincial Marketing Surveys

*Unfortunately no smilar information 18 available for tropeal or far
eastern countries

(3) It may be noted however, that 60 per cent of Great Bntam's consump
tion 18 1n the form of butter, a very wncomplete food The milk equivalent of

the whole mlk products eonsumed would only be about 16 oz per head per uay
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Roumania and India, cannot afford to import milk 1prodltlcts, zmld
their populations are therefore unable to 013tmn an adequate supply
of milk to meet their nutritional needs. Thus it wxll. he scen that
India’s consumption of 7 fo 8 oz per head per day is less than a
guarter of that of the self-supporting couniries.

Tt may be asked whether the estimate of 7 fo 8 oz 1s a true
indication ‘of the daily per capifa consumption, sinee it is bac<ed on
very rouch estimates of the average milk

P"esem’i per capltd i fas and lactation periods of Indian catile.
consumption. An alternative method of determining the level
of milkk consumption is by dietary surveys, though these are also
subjeet {o considerable error—partly because information _collect.cd
from consumers is frequently unrveliable (espeeially in dealing with
a relatively uneducated population) and parily because dietary
surveys neeessavily apply to a very restrieted seetion of the popula-
tion. Unfortunately few such surveys have been carried out in
India, but it will be well to see how far the available figures agree
with the estimate already mentioned. Tn a survey of the food con-
sumption of {enani cultivators in Western Punjab(?) details of milk
consumption are available for 39 families. The average daily per
capita consumption was found to be 5 oz., but in addition 0.6 oz.
of ghee was taken. As the survey related to the families of
cultivators it may be assumed that the lasst (butter-milk), which is
left as a by-product of the manufacture of ghee and is a most popular
beverage, was also included in the diet. The total milk equivalent
would thus be raised to just over 14 oz. per head per day. The
Report mentions, however, that milk consumption depended on wealth
as well as age, and that ‘‘ the menials use little milk other than
Zassi.. ...... The poorer non-agriculturists cannot afford to take ghce
or milk even occasionally, except on festive days’’. Similar figures
have been obtained in a recent investigation in the Sialliot Distriet
of the Punjab (%), where the milk consumption of 60 families averaged
between 5 and 5% oz, and the total milk equivalent consumed (z.e.,
ineluding curds and ghee) was between 16 and 18 oz. per head per
day. On the other hand very different results have been recorded
in a dietary survey carried out in South Indian villages( 6). In this
survey milk and milk products were found to be entirely absent
from the dieis of 31 out of the 44 families investigated, while Lhe
average milk consumption of the remaining 18 families was less than
8 oz. per day. This was supplemented by eurds and ghee equivalent
to a little over 4 oz. of milk, giving a milk equivalent consumption
of barely 7 oz. per head daily. Spread over the 41 families. this
average figure would be reduced to only 2 oz. per head per da)’7. It
has long been recognised that differences in the consumption of
milk and milk products are probably associated with the marked
(#) 8. Lal and W. Roberts. ‘¢ Rates of Food Consumption by 71 families

-0f Tenant Cultivators in the Khanewal Tahsil, Multan Distriet >’ i
.of Bconomic Inquiry Publication No. 20, 1935. + Punjab Board

(5) N. C. Wilgon. TUnpublished data.

. (Y W. R. Aykroyd and B. G. Krishnan. ¢¢ Diet S :
Villages ’’.  Indiom Journ. Med. Res. 24, 667 (19;7) urveys in South Indian

.
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differences 1 physieal development of the northern and southern
races of India Sueh differences in mlh consumption have been
noted by Sir John Megaw(?) and are also apparent 1n the estimales
of mlk production made m the recent provimmcial marketing surveys
(see Table 2)

1t 18 also found that the consumption of milk and mill products
18 mirkedly lower in urban than in rural areas An inquiry con
ducted m nearly 2,500 worhing eclass households in  Bombay(8)
showed that the average quantity of mulk consumed per head per
day was less than half an ounece This was supplemented by 005 oz
of ghee A simlar mquiry among 97 families of jute mill workers
m Bengal(®) gave a per capile daily consumption of just under
one ounce of miih and of 010 oz of ghee These figures refer, how
ever, to selected groups of the population Table 3 shows the collected
figures for a number of typical mumeipalities(1®) Tt will be seen
that the consumption in these municipalities 1s generally lover than
the corresponding provineial estimate as given m Table 2 Tt 1,
moreover, probably true that little or no lasst (butter milk) 13 con
sumed 1n towns unless tlus 15 specially made from curds butter milk
1tself 15 essentially a 1ural product

In view of the wide vamations m milk consumption which are
found between rural and urban populations and between the
populations of Northern and Southern India, 1t 15 obviously imposst
ble to arrive at an average consumption figure from dietary surveys
The figures quoted are, however sufficient to indicate that a per
caprita daily consumption of 7 to 8 oz of mulk (either 1n liqud form
or as milk products) 15 not an unreasonable estimate for India as a
whole

The next step 1s to determine to what extent this daily per
caprla consumption ought to be inereased mn order to meet the
mimmum requirements of the population
Turopean standards are only of limited value
w thys eonnechwn, for they are based on ihe
assumption that the population lives on a mixed diet which imecludes
meat and other sources of amimal prote:n  Moreover such standards
are based on the needs of the body m temperate zones In India the
chimate 13 sub tropical or tropieal, and most of the population
subsists on a vegetarian diet derived from a very limited variety of
foodstuffs Milk 1s, 1n faet, frequently the only available source of
* first class ’ protemn, while 1t also has to supply a considerable pro
portion of the mineral constituents and vitamins of the diet

In view of the special importance of milk as the sole source of
* first class *  protemn, the quantity needed mn the average Indian

(7) Figures quoted from brief

(8) G Findlay Shirras ‘¢ Report on an Enquiry imto Working Class
Budgets 1 Bombay ’’ Government Central Press, 1923

(9) A C Roy Choudhury ¢ Report on an Enquiry into the Standard
ggagnvmg of Jute Mill Workers in Bengal.’ Bengal Secretariat Book Depot

Dietary Require
ments

(10) Figures obtained directly from mumeipalities
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dietary can best be calculated on a basis of proten requirement.
According to European standards, about 10 to 15 per cent. of the
daily intake of energy should be derived from protein. For an
average man this would entail an intake of about 100 grams of
protein per day. Of this, roughly one-third (say, 37 gl:ams) should
be ¢ first-class’ protein(11). A recent Indian publication(?) puts
the requirement somewhat lower, namely, 65 grams of total protein,
of which about one-quarter should be of animal origin. Using these
two standards as a basis for calculation of the milk requirement, the
following figures are obtained :—

European Standard. Indian Standard.

Daily requirement of * first-class * pro- 37 grams, 16 grams.
tein per head.
Amout of milk needed to supply this 1,000 grams. 430 grams.

quantity of protein, say.
or a daily intake of .. .- 35 oz. 15 oz.

Tt will be seen that the standard Buropean requirement coincides
closely with the actual consumption in the self-supporting countries
shown in Table 1. Although the standard Indian requirement is
very much smaller, 4t 4s st2ll double the quantity of maill at present
available in the country, namely 7 to 8 oz. per head. Moreover, the
Indian requirement is based on an admittedly low standard. *‘ This
seale 77 it is stated ‘‘ falls short of the ideal as defined by modern
physiologists and may often with advantage be exceeded. It 1is
nevertheless excessive, as far as India is concerned, in the sense that
economic circumstances and dietary habils often prevent its attain-
ment.”” It would appear from this statement that the scale has,
indeed, been somewhat arbitrarily fixed at a low figure in order to
make it a feasible standard under Indian conditions. If the standard
were to be set at a level more nearly akin to that aimed at in- pro-
gressive Turopean countries, the present output of milk in India
would not merely need to be doubled, but would have to be increased
three-fold or even four-fold.

It is significant that this general conclusion has been arrived at
independently by another method of computation. In the article
referred to(3) an attempt was made to estimate the adequacy of
India’s net food supply for the nutrition of her population. It was
found that whereas the total energy available was adequate and the
amount of carbohydrate was actually in excess, the quantities of
fat and of ‘ first-class ’ protein were markedly deficient. ‘‘ Clearly ”’
the author writes ‘‘ the most important task confronting the social
reformer who seeks to make India’s food supply satisfy decent
standards of nutrition is to increase milk produetion in India

......

(13) ““ The Criticism and Improvement of Diets.’’ N
; . N S, emors;
Advisory Committee of the Ministry of Health, 1034, morandum by the

(12) W. R. Aykroyd. ‘¢ The Nutritive Value of Indj
Pl vy & Aykroyd. ¢ The alu ndian Toods and the
Fan :ﬁ; 2 isiactory Diets’’ Health Bulletin No. 23. Govt. of fndia

(13) ¢¢ India’s Tood Problem.’’ The Leonomist, 26th Docember 1036
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A doubling of India’s milk supply will not only inerease the quantity
of first class protemn available per head, but will also increase the
element of ammal fat 1n the Indian diet, which at present 1s largely
supplied by vegetable o1l ”’

While the argument for mecreasmng milk consumption has so fal
been based on the requirement of ¢ first-class ' protein, the value of
milk as & ¢ protective ' food must not be lost sight of With a
vegetarian diet derived from a very liumited varety of foodstuils,
there 1s a serious risk of a deficiency of both minerals and vitamins
An merease m the consumption of mlk would go far towards correct
g the present defictency of protective elements mn Indian dietares,
particularly m so far as growing children are concerned

The value of mcreasing the consumption of milk 1s well
llustrated 1 the results obtammed m two series of exl{)elilments m
which the diet of children of school age was

,,,?’1‘;‘,%,‘;;’:;& feed supplemented with a ration of milk Two
reports have been 1ssued n connection with a

scheme sponsored by the mumicipality of Simla(34) This scheme
was designed to ascertain the effeet of adding a supplement of 1 1b
of whole milk per day to the ordinary diet of children for a period
of three months The total number of chldren covered i the first
report was 44 and in the second report 112 The weights and
heights of the children, as well as of sumilar (control) groups who
recerved no milk supplement, were taken at the beginning and at the
end of the feeding period The results are shown mn Table 4 It
will be seen that the children recerving milk showed markedly greater

mereases 1o both weight and height over those who recerved no milk
supplement

A somewhat similar experiment has been carried out among
residential institutions for children mm South India(3%) In tlus
experiment, however, 1t was not possible on account of expense to
give the children whole milk and they were therefore given a supple
ment of skim mik reconstituted from milk powder Moreover, the
quantity fed was limted to 1 to 1} oz of slum mlk powder,
equvalent to roughly 8 oz of ligmd skim milk The results are
shown m Table 5 At the end of three months feeding chldren
recetving the mulk supplement showed a marked increase 1n weight
and height over those receiving no milk supplement Moreover, the
same children were later used n an 1dentical experiment, but n
this case the groups were reversed, those who had previously acted
as controls recerving the mik supplement The results agan showed
the value of the supplement of skim milk to those ehildren who
received 1t Tt 13, moreover, significant that n this experiment the
addition of the supplement of mlk was found to reduce the jncidence
of two pathological conditions, 1e, stomatitis and phrynoderma,

(14) W H Crichton ‘“ Furst and Second Reports of the Milk Scheue
eanctioned by the Simla Mumepality *?
(1") W R Aykroyd snd B G Knshnan, ‘¢ The Effect of Skimmed

mlk, Soys Bean and other Foods m Supplementing T 1 Ind Diets*?
Ind Journ Med Res 24, & (1937) e & Tymesl Tnfian D
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both of which are now recognised to be nutritional d.eﬁcéency diseases
which can be prevented by the presenee of * protective foods in the
diet. :

These resulls, together with the known deficiency of milk in the
average Indian diet, are sufficient {o indicate the very great need
for inereasing the milk consumption of the

. R‘{"m"“ to income .,nntpy. The question arises, however, as to
evet whether, if the necessary inecrease in p;'qduc-
tion is effected, the population eould afford to purchase the additional
milk. There is no doubt that the Indian appreciates the value of
milk, and that if hie has sufficient means he will inerease his eonsump-
tion of this food. The per capita consumption depends, however,
very largely on income level. Table 6 shows the average family
expenditure on milk and ghee in comparison with the total food
expenditure in three urban centres(i¢). The proportion spent on
these two milk produets (5 to 15 per cent.) is very low in comparison
with thal suggested in other countries(!7), but it is significant to
find that this proportion rises markedly with inereasing income.
Table 7 shows, for example, the ¢uantities of milk and ghee con-
sumed by Bombay families at various income levels, and the relation
of expenditure on thesec producls to total food expenditure. The
consumption of milk shows a ten to fifteen-fold increase, and the
consumption of ghee a seven-fold inerease, between the lowest and
the highest income groups. At the same time the proportion of the
total food expenditure used for the purchase of milk products rises
from 3 per cent. to 11 per cent. Similar results have been obtained
in a survey undertaken at Lahore(?®). The differences in income
level were, however, very much greater in this survey. Table 8
gllo\vs that the milk consumed increased with income level until, with
incomes of Rs. 1,000 per month and over, a maximum figure of
30 oz. per head per day was reached(?®). On the other hand at
income levels below Rs. 100 per month the consumption of milk was
comparatively low, while in the lowest income group it was less than
3 oz daily. Thre average per capifae income in India is about
Rs. IQO per year'(do). It is therefore diffieult to see how milk con-
sumption ean be increased among the poorer elasses unless the price
of milk is lowex"ed or the income level is raised. This point is specially
referred to in a reecent publication +which deals with the

(16) See Reports on Inquiries into Working Class Family Dudgels in

. (17) See, for example, the Report of the Committee on Nutrition of the
British Medieal Association (1933) where the proportion of food expenditure
allocated to milk and milk produects lies between 20 and 35 per cent.

. (:8)’ ’R Lal Anand and A, C. Aggarwala. ‘ The Milk Supply of Lahore
in 1030, Punjab Board of Eeconomic Inquiry, Publication No, 28, 1935.
(19).It is significant that this corresponds closely with the average milk
consumption of the self-supporting dairying countries shown in Table L. It
would seem that 30 oz. milk per head constitutes the optimum daily requirement.

{20) D. G. Karve. ‘¢ Poverty and Population i dia.?? .
\'etsit\;y Press, 1936, 4 P ton in India Oxford Uni-
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state of nutrition of school children 1n South Indwa(*!) The
authors pomnt out that children frequently have to subsist on diels
costing only Rs 3 80 per month At present prices 1t 15 manifestly
mmpossible for an adeguate quantity of whole mik to be iecluded
m the diets of such ehildren® TIn a recent wmvestigation m
Caleutta(®2) 1t was, mn faet, found that i three out of four hostels
(two bemng children’s orphanages) no milk or milk products could
be mecluded 1 the diet on account of their relatively high price

The conclusions of this ciscussion are two fold In the first
place 1t 15 essential that the production of mulk mn India should be
Need for t vastly inereased 1f the population 15 to
and”che :;e n‘j“:;ea;‘;;ﬁ have sufficient guantity of this produet in the
prodnetion diet It 1s estimited that the output of mulh
would need to be at least doubled mn order to
provide even 3 mimmum requirement In the second place such an
increase 1 production would fail to achieve 1its object unless the
price of milk could be reduced or the tncome level of the population
could be raised The possibility of achieving an increased produc
tion of mulk will be dealt with 1n the second part of this report Tun
the present part which deals with the utihsation of mill for liqud
consumption and for manufacture, the second objective namely, to
ensure that the price of mlk 15 within the purchasing power of the
majority of the population, must be constantly 1 ept 1n mind
?1) W R Aykroyd znd B nan  ¢¢
?;2;(51) Chuldren my Sm’x’th India , %at]t{rxlsgl”ﬂ Ind T.]T]:jursnt Mlefcaf II:I(;tn&mu‘))‘{
(~”JH E C Wison, B Almad wnd D N Mullick ¢ A Diet Survey of
?;'x)n%)l‘mmhes and Institutrons wn Caleuttn ** Ind Journ Med Res 24 161
»

“Keference may be made to Appendiz IV 1 which the provision of milk
for children of school age 13 discussed 1n Some detail
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both of which are now recognised 1o be nutritional Qeﬁczeney diseases
which can be prevented by the presence of ¢ protective foods in the
diel.

These results, together with the known deficiency of milk in the
average Indian diet, arc sufficient 1o indicate the very great need
for inercasing the milk consumption of the

Relation 1o income . unipy, The question arises, however, as to
Jovel. whether, if the neeessary inercase in produe-
tion is effected, ihe population could afford to purchase the additional
milk. There is no doubt that the Indian appreciates the value of
milk, and that if he has sufficient means he will inercase his eonsump-
tion of this food. The per capifa consumplion depends, however,
very largely on income level. Table 6 shows the average family
expenditure on milk and ghee in comparison with the {otal food
expenditure in three wrban centres(?®). The proportion spent on
these two milk produets (5 1o 15 per cent.) is very low in eomparison
with thai suggested in other countries(1?), but it is significant to
find that this proportion rises markedly with increasing income.
Table 7 shows, for example, the guantities of milk and ghee con-
sumed by Bombay families at various income levels, and the relation
of expenditure on these products to total food expenditure. The
consumption of milk shows a fen to fifteen-fold increase, and the
consumption of ghee a seven-fold increase, between the lowest and
the highest income groups. At the same time the proportion of the
total food expenditure used for the purchase of milk products rises
from 3 per cent. to 11 per cent. Similar resulis have been obtained
in a survey undertaken at Liahore(38). The differences in income
level were, however, very much greater in this survey. Table 8
shows that the milk consumed inereased with income level until, with
incomes of Rs. 1,000 per month and over, a maximum figure of
30 oz. per head per day was reached(!?). On the other hand at
income levels below Rs. 100 per month the consumption of milk was
comparatively low, while in the lowest income group it was less than
3 oz, daily. The average per capita income in India is about
Rs. 10_0 per year'(m)‘ It is therefore difficult to see how milk eon-
sumption can be increased among the poorer classes unless the price
of milk is lowered or the income level is raised. This point is specially
referred to in a recent publication which deals with the

(16) See Reports on Xnquiries into Working Class Family Budgels in

Bombay (1922), Ahmedabad (1924) and Bombay Cit i i

1 ¥ (1932), and into Famil
Budgets of Cotton Mill Workers in Sholapur Cit;;’ (1925)). {Govt, Centra)i
Pregs, Bombay).

. (17) See, for example, the Report of the Committee on Nutrition of the
British I\Iequl Association (1933) where the proportion of food expenditure
allocated to milk and milk produects lies between 20 and 35 per cent.

18) R. Lal Anand and A, C. Aggarwala. ‘¢ The Milk Suppl 3
. . . C ala. y of Lahore
in 1830.”” Punjab Board of Economic Inquiry, Publication No.pZS, 1935.
(19)'It is significant that this corrcsponds closely with the average milk
consumption of the self-supporting dairying countries shown in Table 1. Ti
would seem that 30 oz. milk per head coustitutes the optimum daily requirement.

(20) D. G. Karve. ‘‘ Poverty and Population i dia.?? X
versity Press, 1936. 7 pulation in India.” Oxford Uui-
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state of nutrition of school children m South Indwa(?1) The
authors pomt out that children frequently have to subsist on diels
costing only Rs 3 8 0 per month At present priees 1t 13 mamfestly
mmpossible for an adequate quantity of whole milk to be ineluded
m the ciets of such children® In a recent investigation w
Caleutta(22) 1t was, m fact, found that in three out of four hostels
(two bemng cluldren’s orphanages) no mulk or milk products eould
be included m the diet on account of thewr relatively lugh price

The conclusions of this discussion ore two fold  Tn the fiest
place 1t 1s essential that the production of mulk i India should be
vastly mereased 1f the population 15 to

Need for increasing Jaye sufficient quantity of thus product m the
;’,‘Sdui’éfé‘,{"‘“’“g diet It 1s estimated that the output of mulk

would need to be at least doubled in order to
provide even 2 mmmum requrement In the second place, such an
inerease 1n production would fml to achieve its object unless the
price of mlh could be reduced or the tncome level of the population
could be rased The possibity of achieving an iereased produc
tien of milk will be dealt with in the second part of this report In
the present part, which deals with the utihsation of milk for hqmad
consumption and for manufacture, the second objective, namely, to
ensure that the price of milk 1s withm the purchasmg power of the
majority of the population, must be constantly hept in mind

(21) W R Aykroyd and B @ Kmnshnan *‘ The State of Nutrition of

?;2;;!) Chldren 1 South Indsx, Part I1"’ Ind Journ Med Res 24, 707

(~2) H E C Wuson, B Aimad and D N Mullick ¢ A Diet Survey of

?;(r]r}% )Fzmuhes and Institutions in Caleutta >’ Ind Journ Afed Res 24 161
5

"Reference may be made to Appendix IV in which the provision of milk
for children of school age 13 discussed 1n some detail
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CHAPTER IL—General discussion on the trend of development of
the dairy industry.

Organised dairying in India may be said to %mve 8 t;wo-folg
origin ; first the introduetion of eream separafors in 1889(1), an
ised second, the estalgl}sllment of large scale dau')ifE
da?rryiig;n of orgamised o ms by the military authorities, the first o

& which was started at Allahabad in 1891 Of
these two developments the latter was to prove the most imporiant,
since it led indirectly to the creation in 1920 of the post of Imperial
Dairy Expert. This in turn provided a focussing point for the
development of the industry and an impetus to the introduction of
modern methods of handling milk. It may indeed be said that the
main objective has been the introduction of Western methods into
Indian dairying practice with the object of placing on the market
a better quality product. Thus the policy of pasteurising and
bottling milkk has been encouraged and stress has been laid on the
introduction of factory methods of manufacture, particularly for the
production of butter.

The indirect influence of the Military Dairy Farms has there-
fore played a large part in initiating organised dairying in India.
There is, however, one disadvantage in basing the dairying develop-
ment of a country on the requirements of a particular section of
the population, sinece such a development may fail to meet the needs
of the majority of consumers. This danger is the more serious when
those catered for, namely Turopeans, do not have the same dietary -
habits nor the same standard of living as the great mass of tihe
Indian population. The unsuitability of European products for
Indian consumption is clearly shown in the following figures relating
to the utilisation of milk produced on the Military Dairy Farms.

Milk (Ib.).  Butter (Ib.). Cream (Ib.).
British Troops . .. 13,095,577 1,041,599 194,157
Indian Troops .o .. 3,965,817 688 36

It Will_ be seen that only one-guarter of the milk used for liquid con-

sumption was consumed by Indian Troops, and that their consump-

tion of butter and cream was negligible. This is in no way quoted

as a criticism of the policy of the Military Dairy Farms, which were

established specifically to supply milk and millk produects to British

Troops and Military Hospitals : the needs of Indian Troops are

catered for in other ways,—for example, by the Military Ghee Heat-

ing Depot at Agra. The difficulty only appears when the policy -
adopted at the Military Dairy Farms is used as a model for the

development of the dairy industry in the country as a whole,

‘When the post of Imperial Dairy Expert was created and the
problem of developing the dairy industry had to be faced no accurate

; (1) It is, however, significant to pote the ve

of cream separators in India. At present there are probably less

1zne 1-11;9 dcmintry. ltIhn c%m{)ﬁritson there are, for instanlée, ove¥ 50,?)00hai1111 43’?&3\3
aland alone althoug at country handg} i i

Tl prodnend e th 5 es only a fraction of the quantity

ry limited growth of the usc
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information was available regarding the relative mmportance of
varjous milk products m the Indian dietary DMoreover, no exper:
ments had been carried out to determimne for example the feasibility
of orgamising village milk supphes on a co operative basis or of
adapting Western manufacturing methods to Indian conditions It
was therefore ievitable that development should tend to be planned
on lmes which had proved successful in the more hmited sphere of
army requrements It was hnown too from import returns that
there was a market for such produets as butter and further that
this market would probably provide a more lucrative return to the
mlk producer than he eould secure from the sale of mdigenous mulk
products such s ghee and Ahoa Such facts account for the pro
minenee which has hitherto been given to the provision of high grade
milk and of butter i offical dairying circles

At the date of my mmquiry however a number of factors had
combined to clarify the whole subject In the first place an extensive
marheting survey had just been undertalen(?) and mmformation was
therefore available as to the relative importance of the various milg
products produced mn India In the second place much new and
valuible mformation had been collected as a result of the appont-
ment of the Ammal Husbandry Expert to the Impemal Counal of
Agricultural Research In the third place a number of projects
had been imitiated in such directions as eo operatnve darying the
establishment of willage separating stations and the runnmng of
modern processing plants the results of which I was able to mspeen
personally 'These three factors have provided a solid foundation
of knowledge and experience on which in my opmon the future
development of the dairy mdustry must be based I propose at this
pownt to diseuss in some detail the main considerations which I feel
to be of outstandmg importance in planning any future policy for
the industry

The first requurement of any national mndustry 1s that it should
meet the needs of the great mass of the population Thus 1t 15
essential 1n considering the development of

m:&“s‘k“ TSI {he dairy industry, to ensure that 1t caters
for the existing taste and dietary habits of the

Indian people The only available means of determiming this 1z to
ascertain the present demand for the various products available A
rough mdication of the demand 1s provided in the provistonal estimates
of mlk production obtaned i recent provincial marhetng surveys
The results of these surveys have for convemence been combined 1n
& single table (Table 9) It will be seen that roughly one third ol
the mik produced 1s sold as hqud mll Of the manufactured
products the output of ghee 15 far 1n excess of that of all the remam
mg produets accounting for 7o per cent of the mull utilised for
manufacture It 1s sigmficant that the quantity of milh used for
ghee production 1s substantilly greater than that sold for liquid
consumption  There 15 mdeed no doubt that the production of ghee

(2)
of the £
1II2nIA D

general direct 01
f Inln
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must be considered as the most important single faetor in any
scheme of development of the dairy industry. Of the remmnmg{
products, khoa and other indigenous milk produets account for
nearly 15 per cent. of the milk used for manufacture, while t_:he
inclusion of dahi (curds)—another indigenous dish—would bring
this figcure to 20 per cent. Dulter accounts for only 2 per cent. of
the manufactured produets. Morcover it will be shown later that
nine-tenths of this is so-called ‘ country ’ butter. which 1is used
almost entirely as a basis for the production of ghee in the house-
hold. Only one-tenth is ¢ ereamery ’ butter, which (he_ref.ore occupies
a position of almost negligible importance in Indian dairying, Cream
and ice-cream also accouni for very small quantities of milk, while
cheese production is practically non-existent.

The same general conelusions may be drawn from figures show-
ing the caleulated values of the total output of liquid milk and milk
produets. These are given in Table 10. Liquid milk and ghee head
the list with values exceeding 100 evores of rupees, though it may
be noted that no allowance has been made for the value of lassi
(butter-milk) formed as a by-produet of ghee and invariably con-
sumed by the cultivator and his family. The value of indigenous
milk produets (ineluding kloa and dahi) is estimated al roughly
80 erores of rupees, while butter (both ¢ country ’ and  ereamery’

make) total only 3 crores. Cream and iee-cream are valued at a
little under 2 erores of rupees.

These figures show eclearly that the items of major imporiance
in Indian dairying ave liquid milk, ghee. and other indigenous milk
products. Western products such as buiter and cheese are scarcely

used exeepl by Buropeans and a small number of edueated Indians
who have acquired a taste for them.

Ii may, however, be argued that the figures so far discussed do
not include imported milk produeis, and that ihese constitute a
substantial item which must be {aken into account. Reference io
import statisties indicates that this view is untenable. A rough
caleulation shows that the quantities of butter, cheese and condensed
and dried milk imported annually into India are equivalent to about
one million maunds of milk. India’s milk production is estimaled
at about 700 million maunds. Imports represent therefore less than
0.15 per cent. of the country’s tolal output of milk. Again, the
value of these imports is given as about Rs. 78 lakhs(2). If has
already been shown that milk and milk produets produced in India
are valued at some 300 erores of rupees. The milk produets imported
are therefore valued at less than half of 1 per ceni. of
the total value of products produced in India. To put the matter
more strikingly, an increase in the value of ghee by only 1 per cent.
would add more to the wealth of the dairy industry than the replace-

1 i , i .
g?ilcge(s).f the whole of the imported milk produets by home-produced

(3) Figure obtained from the An
British India. mual Statements of

Sea-borne Trade of
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This 15 a pont of fundamental jmportance. Proposals have for
example been made to spend a very considerable sum in setting up
a Government Experimental Creamery which could be used for
mvestigating the production of condensed and dried milk and of
butter on a factory scale under Indian conditions The object of
the scheme 18 largely to demonstrate that imports of these produets
could be replaced by products manufactured m Tndia  Without eon-
sidermg the feasibility of such a scheme (which 1s dealt with m a
later ehapter) it may, I think, be argued on grounds of principle
alone that available funds should be chiefly devoted to the encourage
ment of the major produets of the dairy industry, rather than to
branches of manufacture which are of such minor importance io
India as a whole Again, persistent efforts have been made to
formulate standards of quality for creamery butter produced m
India, 1 the expectation that thag will lead to mmproved methods of
production and marketing The provision of such standards for
butter 1s undoubtedly destrable, but the formulation of quality
standards for ghee (and even for khoa) 1s an infinitely more urgent
subject for consideration by Government These examples are taken
to 1llustrate 1 a concrete form the contention which I have already
urged, namely, that the first requirement in developing the dary
mdustry 1s to ensure that 1t will cater for the taste and dietary habits
of the Indian population

The second requirement of an industry 1s that 1t should be
designed to smt local conditions of produetion, collection and trans

Spooial  difficulties porth of raw matem;ls fIn this connexion 1t
1 1 might be well to make a few brief comparisons
nvolved I J2ETIE between rural conditions m India and those
tions m certain typieal dairying countries India s
essentially a country of small holdings In
the Punjab, for mnstance, over 40 per cent of holdings are of less
than 5 acres, while only 12 per cent are over 20 acres For Bombay
the equvalent fizures are 48 per cent and 12 per cent and for the
Umted Provinces 52 per cent and 7 per cent In the latter Province
the average area of land per worher 15 25 acres while for Assam,
Bengal, Bihar and Orssa, 1t 15 3 acres(®) These figures may be
compared with those of Denmark, where only 10 per cent of hold
mgs are below 5 acres and where the average holding is just under
40 acres In Great Britain the size of the average dawry farm
exceeds 100 acres, and mn New Zealand and the Umted States dary
farms average about 150 acres(®)

The marked difference between the average size of holdmngs mn
India and m these typical dairy countries 1s parallelled 1n the number
of cattle per holding Denmark has an average of about mne cows
per holding and the Umted States about twelve In Great Britain
dairy herds average about 25 head, a figure also shown by New
Zealand India presents an entirely different picture The typical
cultivator possesses a pawr of bullocks with one or at the most two

(4) Fagures obtained from Census of Indin, 1931, and from other sourees

(5) Figures obtamned from Denmark Agneulture, New Zealand Official
Yearbook, U 8 Agricultural Statistics, and other sources
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asually of a draught or nondeseript breed) and perhaps oue
gg“;swcg buﬁ”a%oes for milk production(®). There are practically no
specialised dairy farms, the production of milk or ghee bemgt
subsidiary to small scale crop farming. In consequence of this, as
well as of the poverty and lack of education of the cultivator, n;et}apds
of milk production are erude and facilities for collection are primilive.
This difficulty is intensified by lack of communications between
villages and main roads, and by absence of su1ta}ﬂe forms of trans-
port. DMoreover, there are also special difficulties connected witn
the climatic conditions in India. The average temperature is higk,
reaching figures well over 100°F. during the hot weather. Yet
there is often a complete lack of water suitable for cooling, while
flies and dust are abundant sources of contamination of the milk.
In the monsoon period the village roads are frequently so badly
flooded as to be impassable. It may be mentioned, too, that Lhe
total output of milk per village is usually low, an average figure being
less than 1,500 1b. per day.

Under these cirecumstances the collection and handling of milk
at central depots under factory conditions would be fraught with
difficulty. Personal inquiries among those responsible for running
butter-making creameries revealed the fact that on arrival at depots
the milk is frequently sour and unfit for the production of a high
quality produet. The separated milk from such a poor supply is
only fit to be converted into erude casein, and is wasted as a source
of human food. In a country like India where there is such an
urgent need for ° first-class ’ protein in the diet, such a wastage of
valuable food is to be deplored.

An impartial survey of the present position leads one to the
conclusion, in faet, that the evolution of the indigenous milk
products which are peculiar to India (ghee, khoa and dahi) has
largely been due to the fundamental difficulties involved in handling
milk under the conditions desceribed. Ghee and dahs are made
directly by the producer from naturally soured milk, so that high
atmospheric temperatures and casual contamination do little damage
to these products. Khoa on the other hand is a form of milk rendered
transportable by partial desiccation—a process which also partially
sterilises it and thus improves its keeping quality. It is very doubtful
whether one could apply to the manufacture of these products (7Y
the type of factory system of dairying which has been evolved to

suit the products and the climatic conditions of countries situated in
temperate zones.

~ This .raises a further point. The third requirement of any
industry is that it should fit into the general economy of the country.

India’s population is %ln tgls (ionnexmn 1t is significant to note that
Predominantly rural. the development of a factory system of dairy-
ing has only been successfully achieved in

(6) In a recent village inquiry carried out in im

mm Northern India the following figures were obtained
surveyed 7,627 ; numbers of cows—dairy breed
noudeseript 4,126 ; number of buffaloes 10,377

(7) With, perhaps, the exception of Fhoa.

portant breeding traels
i—Number of holdings
1,363 ; draught breed 6,327 ;
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countries which exther have a large urban population or a large export
market In Great Britam, for example, where 80 per cent of the
population 18 urban and only 20 per cent rural, nearly 90 per cent
of home produced millk and milk products are consumed by the
former In the Umted States where the urban population 1s roughly
60 per cent of the total, 75 per cent of home produced milk and
mulk produets are sold for urban consumption Denmark and New
Zealand do not possess sufficient urban populations to absorb their
available supplies of milk, but these countries are able to export
large quantities—the ratio of milk products exported to milk produets
retamned bemng about 4 lor5 1 Indiaisin a very dafferent post
tion While the ratio of rural to urban population 1n Great Britamn
1s, for example, 1 4, the ratio m India 33 9 1(®) The urban
population provides therefore only a very liumited market for mulh,
and 1t may be said that the industry has i large measure to find its
market 1 the producmg areas themselves To put the sitnation
somewhat crudely, for every seer of milk sold to towns, mne seers
must be retained for consumption in rural areas either by the
coltivator humself or by his village associates Moreover there 1s
httle chance of building up a large export trade of mill products
from India, partly because of fierce competition from eountries which
have a more favourable climate for the manufacture of milk produets
consumed by Western nations, and partly because India 1s not yet
producing sufficient milk to meet even her own needs

The fact that the rural commumty constitutes the largest
potential market for milk and milk products affects the whole
possibihity of introducing a factory system of durying into India
Such a system entals difficulties even 1 highly industrial countries
chiefly on account of the by products of manufacture In a recent
report (%) on the British dairy industry it 1s, for example, stated that
‘¢ where manufacture 1s undertaken on the farm the by products are
available for immediate use The extension of factory manu-
facture has however gnven new lmportance to the problem of the
disposal of by products > If the manufacture of ghee was to be
undertaken on a factory scale sn India there would inevitably be
large accumulations of separated milk at the manufacturing depots
Such accumulations of separated milk have i fact already proved
a gource of embarrassment to butter making creameries It has been
pomted out that the eonversion of such milh into casemn 1s undesir-
able on nutrtional grounds The only alternatives would be either
*o return 1t to the cultivator or to convert it into condensed or dried
mlk The former procedure does not appear feasible There would
be difficulties 1 returning the large volumes of separated milk to
the willages including the risk of sourmng during transportation,
varticularly at the high temperatures experienced 1 India There
would also be the rish of spreading disease through milk which had
acen mdiscrimmately bulked , there would'be the d‘lfﬁcu]ty of ensur

s \(sj See Table 11 i

(8) Report of the Milk Reorgamisation Commssion for Great Britaim
107 H M Stationery Office, 1936
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ing the sterilisation of the containers after return to the] glllftlva'fiovr ;
and finally, it is more than likely that the cultivator apd 11 : a{ml }—{

always conservative in matlers relating 1o'dlet~—uould refuse to
drink the returned milk. The sceond alternative. na}nely, to condense
or dry ihe separated milk, is equally open to objection. Apart from
the technical difficulties involved through the poor keeping qu&}ht_y'
of the milk, the market for condensed and drxed. milks in India 1s
strietly limited and is largely confined to proprietary brands. In
any ecvent onee this very lmited market was saturated the only
alternative would be lo return the dried produet to the cultivator—
obviously an uneconomic procedure even if he could he persuaded
to use it in his diet. 1t will be seen thercfore that any attempt to
adopt a factory system of dairying in India would involve funda-
mental diffieulties whieh it would be extremely difficult to overcome.

It is apparenti from this discussion that any attempt to develop

the Indian dairying indusiry by the piece-meal introduction of

Need for o 16w out- Western 11}01110(15: Is To bg deprecated. What

Jook. ‘ is needed in Indian dairying is a new outlook

and a new technique ; an outlook which recog-

nises the speeial nafure of India’s problems and a technique which is

designed {o solve these problems. The lines along which such a

technique might be developed are deall with in subsequent chapters.

It will be well, however, {0 indicate at this stage the main directions
in which I feel that progress should be looked for.

The first essential is. fo my mind, to ensure that an adequale
supply of milk andlor milk produets is available for consumption

Requirements  of by the rural population_. The tendency of.the
the rural population. Indian cultivator (as indeed of most agrieul-
tural producers) is to sell as much of his
products as possible for cash, even if this entails a shortage of essen-
tial nutrients in his own diet and that of his family. This fact was
repeatedly.broug’ht to my notice during visits to villaces and by
those working in close touch with village communities, Little can be
done fo check this tendency in regard to the sale of milk for liquid
consumption in towns. The market is relatively Iucrative and sales
of milk provide a valuable addition to the eultivator’s income. Mors-
over it is arguable that such sales do not necessarily resuli in any
de:erea}sed milk consumption in the cultivator’s own household, since
with increasing prosperity he 'will tend to expand his production,
leaving a margin for home consumption at least as large as formerly.
With the cultivator whose holding is remote from the market the same
argument does not hold. At present such a cultivator will probably
utilise most of his milk for the production of ghee. This is most
advantageous since. in addition to selling the ghee for cash, he retains
the lassi (butter-milk) for the use of himself and his family 1t 13
essential that any alternative -

system of manufacture whi i
replace present dairying which might

) practice should still leave
milk by-products with the eultivator, cave such valuable

It has alreadvy be
that large-scale factory dairying fails to meet thig (',r;:cicis;r.L noted
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Nevertheless, there 1s no doubt that the present methods of handi-
ing milk and of produeing mdigenous milh products are crude and
prumtive  Such methods only survive because
mgfggs for mproved he cost of labour is not tahen mto account
and the class of purchaser 1s foo poor or to»
uneducated to be able to diseriminate between a good and a bad
quality produect The second essential 1s, therefore, to introduce
improved methods of production This showld be effected by evolu
tionary rather than revolutionary changes of technmique One esser
tial step in any attempt to mprove methods of production 15 1
beheve, the combination of producers on a village industry basts(10),
where the handling of larger quantities permits of the employment
of more speciahsed lbour and where the output 1s sufficiently large
to justify the use of improved types of equipment At the same
time a village mdustry system avouds (so far as the manufacture of
mulk produets 1s coneerned) the inherent difficulties mvolved in the
transport of mik which would be entailed in a large scale factory
system  One of the great advantages of retamming mdustries within
the village 15 that the by products of manufacture are still available
for the use of the cultivator At the same time tlus degree of cen
tralisation or manufacture 1s sufficient to call for some form of co
operative marketing, from which the cultivator should benefit mate
rially
This brings me to the third essential, namely, the need for
mmproved methods of marketing At present the marketmg of milk
and mlk products 18 chaotic a situation which
mg;g‘:mgf“;acm‘;f::" 15 mevitable when small producmg units
market their own supphes Improvement
could be effected 10 various directions Facilities could be provided
for the grading and sale of more uniform products and of preduets
of higher quality A larger number of accessible markets could be
estabhished 1n producing areas where the present arrangements for
the marketing of milk produects are inadequate And, by these and
other similar means, the producer could be furmished with a more
powerful bargaming ‘weapon n disposing of s produce and could
avoid the heavy toll on his mcome which 1s associated with the exist
ence of numerous intermediaries between producer and consumer

The general conclusions of this chapter may be summarised as
follows —Furst, attention should be concentrated on the production
of mdigenous milk products such as ghee, khou
and dahr and not on products of Western
origin such as butter and cheese Second, the large scale factory
system of dairying, which has been developed mn temperate zones 1s
of very Imited application 1n a country having a tropieal climate,
prmmitive methods of production and madequate communications and
transport facihties Third, developments in the dary industry must

(10) It 13, T beheve most important to differentiate between the factory
system, where milk 13 collected to a central depot from a number of wmilages,
and the willage mdustry system where the mulk 19 retained withmn the willage
iself

Conclusions
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be primarily designed to meet the needs of the vast population of
small cultivators rather than those of the very limited urban popula-
tion. IFourth, for this purpose (as well as to ensure better methods
of production of indigenous millkt produels) a village industry sys-
tem (as distinet from a factory system) of dairying should prove
the most effective form of dairy organisation. I'ifth, as a general
means of improving conditions in the dairy industry it is essential
that more adequate [facilities should be provided for the proper
grading and marketing of milk and milk produets.

I have atlempted in this chaptler to give a brief outline of the
general lines along which I consider Indian dairying should advance.
In the next four chapters I shall deal in detail with the speeific
problems involved in handling liquid milk and in manufacturing milk
products. T hope, however, that in considering these detailed sug-
gestions, the five main confentions mentioned above will always be
kept clearly in mind.
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CHAPTER I —The Production, Collection, Processing and Distri
bution of Milk for Inqwd Consumption

The problems involved in the production and distribution of
milh for liquid consumption have frequently been stated as if they
were hmited to the supply of milk to large
centres of population It 1s {rue that the
cousumption of milk 1n eities 15 low 1n comparison with that in rural
areas, particularly as no supply of lass: (butter milk) 1s normally
avallable under urban conditions At the outset I should, however,
again emphasise the fact that the urban population constitutes a
very small proportion of the fotal population of India Tlus fact
1s clearly shown 1n Table 11(; Eleven per cent of the population
are classed as urban, and 89 per cent as rural It may probably be
assumed that the special difficulties associated with eity mille supplies
only arise i urban centres with populations exceeding 100 000  Less
than 3 per cent of India’s population reside 1n cities of this size It
1s true that the urban population 1s inereasing at the expense of the
rural In 1911 94 per cent of the population were classed as
urban, m 1921 103 per cent and in 1931 110 per cent This 1n
crease 18 however, extremely slow and does not show any sign of
acceleration The greatest increase has moreover taken place .n
towns having populations of 20000 to 50,000 and not in the cities
of 100 000 and over In view of these facts 1t would I believe be u
grave mistake to limit consideration of the problems of mill produe
tion and distribution to a section of the commumty which represents
such a small fraction of the total population In this connexion it
might also be timely to point out the rough distribution of the rural
population  Over 40 per cent of the rural population live in villages
of under 500 inhabifants while about 45 per cent hive in villages
with populations between 500 and 2000 For India as a whole the
average village population 1s roughly 45¢ These fignres re emphasise
the fact that in facing the problems of milk produetion and distribu
tion 1o India one 15 dealing with an essentially rural population

Many of these problems are more or less common to all areas,
wrespective of population densities T propose to deal with such
problems in this chapter Special considerations which apply only to
eity milk supplies will for convemence be dealt with separately
Appendix IT

Before turning to a detailed consideration of technical problems
I should however once again stress the fact that the essential pont
to be borne in mind throughout this diseussion 18 the need for pro
viding a supply of pure mull within the purchasing power of all
classes of the populatron In an earhier chapter T have drawn atten
tion to the urgency of increasing milk comsumption mn India and T
have indicated that the present low consumption of milk 15 largely
attributable to the low mcome level of the population It 15 essential
therefore that any improvement mn the methods of production nd
distribution of mull should be effected without adding materally to
1ty cost

(1) Census of Intha 1931
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be primarily designed to meet the needs of the vast population of
small cullivators rather than those of the very limited urban popula-
tion. Fourth, for this purpose (as well as to ensure betler methods
of production of indigenous milk produets) a village industry sys-
tem (as distinet from a factory system) of dairying should prove
the most eflective form of dairy organisation. Wifth, as a general
means of improving conditions in the dairy industry il is essential
that more adequaie facilities should be provided for the proper
grading and marketing of milk and milk produets.

I have aitempted in this chaptler to give a brief outline of the
general lines along which I consider Indian dairying should advance.
In the next four chapters I shall deal in detail with the specifie
problems involved in handling liquid milk and in manufacturing milk
produets. I hope, however, that in considering these detailed sug-
gestions, the five main conieniions mentioned above will always be
kept clearly in mind.
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CHAPTER III —The Production, Collection, Processing and Distri
bution of Milk for Laqud Consumption

The problems involsed n the production and distribution of
milk for liguid consumption have frequently been stated as 1f they
wete hmited to the supply of milk to large
centres of population Xt 18 true that the
consumption of milk 1n eities 1s low 1 comparison with that m rural
areas, particularly as no supply of lass; (butter milk) 1s normally
available under urban conditions At the outset I should, however,
again emphasise the fact that the urban population constitutes a
very small proportion of the total population of India This fact
15 clearly shown in Table 11(*; Eleven per cent of the population
are classed as urban, and 89 per cent as rural It may probably be
assumed that the special difficulties associated with eity mulk supplies
only arise 1n urban centres with populations exceeding 100,000 Less
than 3 per cent of India’s population reside 1n eities of this mze It
15 true that the urban population 1s creasing at the expense of the
rural In 1911 94 per cent of the population were classed as
urban, 1 1921 103 per cent and i 1931 110 per cent This m-
crease 1s however, extremely slow and does not show any sign of
acceleration The greatest increase has moreover, taken place .
towns having populations of 20,000 to 50,000 and not m the cities
of 100,000 and over In view of these facts 1t would I beleve, be n
grave mislake to limit consideration of the problems of milh produc
tion and distribution to a section of the community wiich represents
such a small fraction of the total population In this connexion 1t
mght also be timely to pomnt out the rough distrmbution of the rural
population  Over 40 per cent of the rural population live 1 villages
of under 500 inhabitants while about 45 per cent live m villages
with populations between 500 and 2000 For India as a whole the
average village population 1s roughly 45¢ These figures re emphasise
the fact that mn facing the problems of milk production and distribu
t1on 1n Ind1a one 15 dealing with an essentially rurnl population

Many of these problems are more or less common to all areas,
mrrespective of population densities T propose to deal with such
problems 1 this chapter Speecial considerations which apply only to
city milh supplies will for convenience be dealt with separately in
Appendix 1T

Before turming to a detailed consideration of techmical problems
I should however once agan stress the fact that the essential pomnt
to be borne in mind throughout this discussion 1s the need for pro
widing a supply of pure milk withwn the purchasing power of all
classes of the populatiwon 1In an earlier chapter I have drawn atten
tion to the urgency of increasing mill consumption in India, and T
have indicated that the present low consumption of milk 13 largely
attributable to the low mcome level of the population Tt 15 essential
therefore that any improvement in the methods of production and
ilstnbtutmn of milk should be effectrd without adding materially te
1ts cos

(1) Census of Tndia 1931

Introduction
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Owing to the very varied conditions existing throughout India

it would be useless to attempt a detailed description of the Ir}ethgds
employed in the produetion and dlst}'lbutlon

Present methods of g¢ niflc estined for liguid consumption. In
production. towns mueh of the milk is produced and sold

by loeal gowalas (professional milk producers) who keep four or
niyore eowéq or buffa(lges. Such animals are stall-fed and get little or
uo grazing. In large cities very much larger herds are kept in s.tableb
by large milk dealers ‘who purchase cows and buffaloes and dispose
of them when the milk yield becomes uneconomic. In ‘vﬂla}ges, on
the other hand, milk production may be more or less a side-line, a.nc}
the cattle are seldom sufficiently well-fed to give Satls_faetory m}l:lt
yields. Wherever cattle are kept, however, the technigue of milk
production is very similar. The udders of the cows may or may
not be washed or wiped with a cloth. Immediately before milking the
calf is allowed to suckle (an almost universal custom) and the cow
is then hand-milked, wet milking being usually employed. The
wmilking vessel is generally a circular pot with a wide mouth, whicl:
is held between the knees of the milker. The milk is subsequently
transported to the nearest market by head load, bicyele or cart. The
vessels used frequently have no lids, and the mouth of the vessel is
therefore generally stuffed with grass or straw. After use the vessels
are scoured with mud and ashes, rinsed with water, and occasionaliy
‘ smoked ’ over a fire.

It is obvious that much improvement in methods will be neces-
sary if the hygienic quality of the milk supply is to be improved.
In a country like India, with a tropical climate and inadequate com-
munications, it is speecially important that milk should be produced
with as little contamination as possible if it is to have a reasonably
good keeping quality. Otherwise there is a serious risk of
spoilage. It is therefore disappointing to find that the cultivators
and gowalas show such a complete lack of knowledge of the most
elementary practices associated with clean methods of milk produe-
tion. Their poverty and their consequent lack of equipment will
of conrse tend to discourage the adoption of progressive methods.

While this lack of knowledge on the part of eultivators and
gowalas is perhaps inevitable. it was still more disappointing to find
the complete absence of interest displayed in this matter by officials
associated with the agricultural and veterinary services and with the
Imperial Dairy Expert’s section. I found, for example, that it was
almost impossible to obtain reliable figures in regard to such an
elementary question as the keeping quality of milk, how it differed at
different seasons and with different methods of handling, and how it
could be improved under village conditions of production. The
Gerber ¢ dirt’ test appeared to be unknown, or if known. not
employed. In only one or two centres was I able to see the results
of more accurate tests, such as the methylene blue reduction test and
the plate count, which form essential weapons in the investigation
and control of produetion methods. It may be argued that there
would be serious difficulties in applying accurate tests under vﬂlag;e
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couditions, even for purposes of mvestigation This argument, even
if tenable, would not apply te conditions at agricultural colleges and
other similar centres where facilities for laboratory investigation are
available

Matters such as these may appear elementary and of little prac
trcal importance It 1y significant, however, that i every dairymng
Need for investiga. country investigations along such seemingly
mmee VeSRES  elementary lmes lave formed the foundation

of darying techmque Thus the first prob-
lems mveshgated at the National Institute for Research in Darying
at Reading (England) were concerned with the study of the various
factors concerned in the production of clean mlk, meluding such
apparently simple questions as the shape of the wlh pail and the
cleanliness of the milling stool(2) Smhlar mvestigations have becs
carried out by workers in the United States Department of Agrieul
iure(®) Moreover 1t cannot be mamtamed that, smee the subject
has been so carefully investigated by Western workers, there 1s no
need to duplicaie the worl i India Conditions I India differ
fundamentally from those in tempeirate elimates The cultivator 13
poorer and 15 therefore usually unable to purchase special darymng
eqmpment The average temperature is very much lugher though
the intense sunhight 15 credited with a strong steriismg power Fuel
15 scarce and water for cooling 13 seldom available or, if available,
effective It 1s, indeed, obvious that under such ewrcumstances
methods of produc'ng and handhng mill. may have to be greatly
modified from those employed in countries situated in temperate
zones(*) A techmque switable for tropical and sub tropical conds
tions must be devised to meet these special difficulties

(2)E G RKmght X Freear 1nd B 8§ Willams ‘¢ A Studv of Factors
concerned 1 the Production of Clean Milk > King and Son Lid, Londonm
(1920)  Bee also ¢ Studtes concerning the Handling of Milk 7 Mimstry of
Agneulture Bullettn No 31 H M Stationery Office Tondon (1931)

(3)8 H Ayers, L. B Cook and P W Clemmer ‘¢ The Four Essen 1
Pactors m the Production of Milk a Low Bacterial Content ° U § Depar
ment of Agneulture, Bull ¢42 (1918)

(4) It would, perhaps, be demrable to give 2 coperete example of th-
point which I desire to emphamise At several willages during my tour I
had opportumties of seeing the methods adopted in cleammg vessels usel
for mlk Ths usually consisted of scourng the vessel with 2 mxture of
earth and wood ashes, which was subsequently rpsed out with well water and
tten stood mn the sun  This method wes usually pomnted out to me as wm
example of the dirty methods employed by the culhivator Tt 1s hovever
quite hkely that the results are, in practice far more satisfactory than one
might suppose In the absence of soda and refined abrasves (which form
the bams of ordmarv kcounmnp powders) a muxture of earth and potash
{ashes) would form a cheap but efficient cleanng mixture, while the letaal
action of the sunhight mught possibly be found to destroy any contamnating
oragmems left in the vessel after rinsing But the pomnt 1s that even a mmple
mafter such as this has mot bheen investigated so that no rehable gmdance
wan be given to the eultivator as to the directions in which his methods are
sound and the hnes along whith they mught be further improved
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In working out such a technique, two general pI.'ob]em.s are in-
volved. In the first place it will be necessary to investigate th.e
utility of various tests under Indian condg-
tions. A number of tests are already 'avagl-
able ; for example, the Gerber ¢ dirt’ test, the acidity and alizarol
tests, the ordinary test for keeping quality, the methylene blue reduc-
tion test and the plate count and coliform test. Itach of these has
been found to have ils speeial uses in Western dairying countries,
but the utility of each test would need to be investigated afres}l
under Indian conditions. I'or example, the keeping quality test 13
carried out in Great Britain at 60°F., a temperature obviously too
low for use in India. Again, it 'would be necessary to determine
what relationship existed between keeping quality and tests such as
the plate count and methylene blue reduction test, since the normal
bacterial flora of milk in Tndia may differ markedly from that of
more temperate countries. Tt would also be desirable to pay special
allention to the feasibility of devising special tests of quality for
use under village conditions, the esseniial eriteria of such tests being
simplicity, rapidity and cheapness.

Suggested problems,

In the second place these tests would need to be applied to the
solution of the practical problems of elean milk produetion. Funda-
mental subjects for investigation would be the effect of different
methods of cleaning and milking the cow and of cleaning and steri-
lising milk utensils on the qualily of ithe milk produced. In this
connexion the difficulties involved in the use of steam under village
conditions would need to be investigated, and alternative methods
such as scalding and heating over a glowing fire (perhaps the origin
of the presenti ineffective method of smoking utensils) would have
to be studied. In all such work local habits and requirements would
require to be taken into account. Ior example, the various types of
millk container have obviously been evolved to suit the special eireum-
stances of collection and transport. Thus for head loads a relatively
light ecircular vessel is preferred, for bicycle transport square cans
(such as kerosene tins) are employed, while for hilly districts long
narrow containers suitable for earrying on the back (and often con-
structed of bamboo) are used. The materials of construction include
earthenware, brass, copper. aluminium and tinned iron. Some of
ihese vessels are clearly of an unsuitable design for use as milk con-
tainers. but in re-designing them or in suggesting alternatives it is
essential to ensure that the new vessels meet local habits of transport.
Apart from these special points, the influence of more general factors
would need careful study. For example, investigations would have
to be made into the extent of contamination of milk by dust and by
fiies, the influence of these contaminants on the keeping quality of
the milk, and the means by which such contamination ean be avoided.
Again, the possible influence of the quality of the water shpply' on
the contamination of milk would need to be studied. Such investi-

gations would have to cover all seasons of the year, since the ‘techniqus

might have to be modified to suit the monsoon, hot weather and cold
weather periods. ’

1
[
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These suggestions are not exhaustive, but they serve to show the
very wide field of study which 1s urgently needing attention Untit
these various questions have been properly m\estlgated 1t 1y, 1n my
opinton, useless to attempt to give expert advice to the eultivator or
gowala on methods of improving the quahty of s milk

DMoreover 1t will be equally necessary to show thit the improved
methods are capable of application under village conditions, and

that they result in the creation of a beiter
“ﬁx’g‘;uiﬁg?mn‘;nder mirhet for the hqmd mlh Attempts to

foster improved methods of producing anl
handling milk have been made at a number of centres, among which
I m:ght perhaps make special mention of the Telaukhen Co operative
Dairy at Nagpur, the Co operative Societies at Parbatpur, U P and
other neighbouring villages, and Smghal’s Dairy at Itaura, U P —
ali of W}neh T tvas able to visit personally  While these and simular
projects are doing useful work, I feel that thewr value would be
greatly enhanced "It the productlon transport and qualitv of the
milk could be moie carefully and systematically studied in relation
to the methods of production employed At present there 15 for
mstance, no reliable imnformation regarding the quahty of the milk a
1t reaches the consumer, except 1n so far as this can be measured by
the number of complaints received and the trend of sales With a
Dittle orgamisation 1t should be possible to ehech the quality by mor
accurate tests and so have an objective standard by which the suc
cess of any fresh mterprise or new techmique counld be judged

Lven if methods of production can be improved the question still
arises as to whether milk for iquid consumption requires any treat
ment between production and dehivery to the
consumer In this connexion 1t should be
clearly understood that mn Inda the problem<
associated with mill borne discase do not mormalls arise This 1.
due to the almost umiversal custom of boitling milk before 1t 1s con
sumed, a practice common to both the Indian and Luropean popula
tions  Consequently any processmg whieh 15 earried out between
the production of the milk and 1ts delivers to the consumer need hav
lelﬂ) one object, namely, the 1mprovement of the heeping quality of
the mulh

Ths fact 1s of considerable sigmificanee 1 deciding at  what
stage processing should tahe place If, as in Western countries pro-
cessing 15 largely employed as a safeguird agamnst milk borne dis
ease the 1deal method 14 to treat the milk (usualis by the process of
pasteurisation) immediatels before 1t i1s hottled This limats  the
opportumity of subcequent reinfectian during handhng  Such a
method 1s moreover, eminently smtable for Western countries where
the relatively low temperatures allow the mill to be Lept in a rav
slate for comparatnely long periods Tn 2 tropreal chimate how
ever, the temperature serioushy affe t< tie Ie pme quabityv It b
for nstance been found that milk stored at 100°T" wnll onlt feep
 sweet * for about a quarter of the time of milk hept at 60°F (%)

(3) Unpublished data

The processing of
milk
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That is to say, milk which would sour within 24 hours at 60°F. 'vzlll
sour within 6 hours if kept at 100°F. It follows that under Indian
conditions any processing of the milk which may be necessary should
take place as soon as possible after production. This does mnot
appear to be the present practice. Pasteurising plants are usually
located in the cities, the milk being transported in a raw state. It
is very questionable ‘whether such pasteurisation has anything but
a ¢ sales ’ value, especially as I observed that the process was psu_ally
associated with the sale of milk in bottles—a form of milk distribu-
tion which is far too costly for the bulk of the milk consumed by the
population.

Apart from deciding at what stage processing should be carried
out, the question arises as to whether such proeessing should be.based
on heat treatment or on refrigeration or on both. A combination qf
the {iwo is, of course, ideal, since the number of viable organisms 1S
not only reduced to a minimum by heat treatment but is retained at
a very low figure by effective chilling. On the other hand this invif-
ably adds very materially to the cost. The following brief notes may
be made regarding the two processes.

It has already been mentioned that the boiling of milk is an
almost universal practice among all sections of the population in
India. This does not mean that all milk is
sold as boiled milk : the custom is to boil milk
in the household. At the same time much of the milk ‘which is sold
in the bazaars is boiled : such milk is, in faet, frequently kept sim-
mering for long periods. In one survey 250 out of 340 seers of milk
which was sold daily through halwais was heated milk(6).

Processing be heat has, of course, one great advantage in a
tropical climate, since it is easier to keep milk hot than cold. It
was interesting to find that at certain Military Dairy Farms the
pasteurised milk is not cooled during the hot weather, but is sent out
hot in bottles. This practice, however, involves two difficulties. In
the first place it is now known that certain bacteria are not only able
to survive pasteurisation, but that they ean multiply at pasteurising
temperatures. If milk is kept at such temperatures for long periods
there is a risk of souring or spoilage as a result of the aclivities of
these bacteria. In the second place it is not yet known to what
extent continued heating affects the nutritive value of milk. This
question is of particular importance in regard to the bazaar prac-
lice of simmering milk for long periods. In view of the widespread
nature of this practice, it is very desirable that investigations should
be undertaken to determine whether such continued heating does
reduce the nutritive value of milk,

Turning to the general question of improving the keeping quality
of milk by heating it will be realised that, if such processing is to
~ be carried out soon after production (as has been recommended in
an earlier paragraph) it will necessitate the installation of suitable
processing plant either in the villages or at central collecting depots

(8) R. L. Anand and A. C. Aggarwala. ‘¢ The Milk Sunpl ”
Punjab Board of Economie Inquiry, Publication No.1 28 u%)%)9§3;.f Liahore.

Processing by heat.
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priuated i produang areas The requirements of the market will
decide ‘which of these two alternatives 1s feasible for a mulk supply
to & local town (say, 5 to 15 miles distant) the former 1s probably the
sdeal , on the other hand for ety mulk supphes drawn from distances
of 50 to 200 mules, central collecting depots would be necessary, partt
cularly 1f the milk has to withstand a long period of transport Ir
such eircumstances 1t would almost certainly be necessary to combine
heat treatment with refrigeration

If heat treatment 1s to be carrted out 1n villages, 1t 1s essential
10 devise a suitable smallscale plant for the purpose Emsting types
of equipment are too expensive and are not designed to meet the
special needs of a primitive village supply It 1s, for example, desir
able on hygleme grounds that the contaner 1n whieh the mill 1~
heated should also be capable of being used for the transport of the
proeessed milk  Otherwise with the relatively poor facilifies whieh
usually exist i villages for sterilising utensils, there 1s a sertous rish
of contaminating the milk when transferring it from one container
tc another Again, such & plant must be of smple design, easy to
operate and wrth as few mechanical parts as possible, smee 1t will
have to be handled and repaired by relatively unskilled labour The
nearest analogy mm Western dairymng 13 the scalding of milk in a
jacketed container,* a procedure which 1s perhaps crude but 1s cer-
iamly effective The requmte temperature and time of heating of
the milk would, of course, have to be determined by experiment to
ensure that 1t suited Indian conditions A cheap and simple plant of
1hig character has m my opinion far greater potentialities for Indian
darymng than any of the more elaborate types of equipment which
are found on the market

Ag regards heat treatment at colleeting centres, equipment of
greater capacity and more efficient design could be mstalled, sinee
the through put of milk would be sufficient to meet the larger over
head charges But here agam 1t should not necessarily be assumed
inat the most effective combination of temperature and time of heat-
mg 1s that usually employed i Western countries, +¢, holding at
145°—150°F for 30 minutes Extensive experiment would be neces
sarv, using plants run on diferent principles (for example, holding
pasteurssation, ‘ flash’ pasteurisatron, and high temperature short
time pasteurisation) and assessing the results by means of carefully
conducted laboratory tests It wonld in addition, be essentia]l to
mvestigate the cost of processing TIn one co operative venture which
T mspected the imstallation of expensne pasteurismg  machiery
resulted m an annual defieat of roughly Rs 6 000 on an average turn
over of only 300 1b of milk per day TIn this instance nerther the
turnover of milk nor the location of the plant(7) justified the
stallation of pastenrisimg equipment  Fatlures of this land have an
unfortunate effect m diserediting other more feasible attempts
10 1mprove methods of handhing mill.  This pomnts to the urgent need

{7) Thos plavt was minated at o large Wil station where the temperature

conditions for the greater part of the year made
o P hy pasteurisation quite un

*The mner container being removable




24

for including in all such investigations a eareful study of the eosts of.
processing.

Milkk can be cooled by means of water or by ar 1(391:@ refrigera-
tion. So far as village milk supplies are concerned it 1s doubtivl
how fur artifieial refrigeration could be suc-
Cooling and vefri-  cexcfully  applied. Small-seale rcfl'lgcratgn{._‘
geration. coolers are on the market(%), but for 1ndian
village conditions they would probably invelve too high a capital cost
and foo great a cost of maintenanee to be ceonomienlly feasible. An
alternative method of refrigeration is the use of dry 1ce.(sohd carbon
dioxide) which is now being manufactured in inereasing quantitics
in India. I is likely that the eost of this would also prove prohibitive
for village use. ‘I'he cost of * dry jee ” is still considerable("). More-
over the diffienliies of transporting this product to villages and of
storing it there without wastage appear fo he almost insuperable.
1t seems therefore that water cooling is likely to be the only praectie
able method available for village milk supplies. 1t i, however, yues-
tionable whether such cooling would in any event be of practical
value unless the milk could subsequently be transported in insulated
containers, sinee the very warm atmospherie conditions will quickly
raise the temperature of the milk to a level at which contaminating
bacteria rapidly multiply. Although the subjeet is worth attention,
it scoms likely that under village eonditions the heating of milk will
prove {o be a more effective means of ensuring a satisfactory keeping
quality than any attempt to cool milk. .

On the other hand artificial refrigeration should be of great
value in the transport of milk over long distances, as, for example, in
the despatch of milk from distant producing areas to large cities.
The technique of refrigeration under creamery conditions has been
extensively studied, and many suitable {ypes of plant are already on
the market. So far as Indian conditions are concerned the problems
of the large seale refrigeration of milk are likely to be conecerned with
refrigerated transport rather than with refrigeration at the ereamery,
which presents few diffieulties. The problems involved in iransport
are due to the fact that during the hot weather the internal tem-
peratures of unrefrigerated railway trucks reach extraordinarily
high levels. A series of tests carried out in runs between Bombay
and Jhansi in mid-May showed, for example, that the internal tem-
peratures of railway trucks reached 120° to 130°F., and seldom fell
below 90°F. (10),

Several types of refrigerated transport might be investigated.
The use of refrigerated vans would probably be ideal, but costly. An
alternative would be the use of dry ice in specially constructed and
insulated churns, a subject on which certain preliminary experiments

8) See, for insta ; i i i
Comlgligtee :)f the:l I\Ii,qﬁ(s}gl’ryﬂ:& lzgggltfm?ri. thfiAlgll.‘méltlfmg:éeg?ag&t?.‘y Testing

(9) Figures obtained from Indian manufacturers showed that ¢ dry ice’
could be purchased at 2 to 23 annas per 1b. A erudely made insulated con-
ltlamcr designed fo store 220 Ib, of ¢ dry ice ’ showed a 10 per cent. loss per

ay,

(10) Information obtained through the courtesy of the Railway Board,
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have already been carried out(?'). A further alternative would be
the use ot large imsulated tanks, though 1t 1s very doubtful whether
these would prove sufficiently effective under the severe tempera-
ture conditions of India
The whole question of refrigeration is one which merits esten-
sive 1nvestigation Great progress has been made in this direction
m the Umted States and other countries, and an effective method
of refrigeration might well revolutiomise the methods of handhng
milk 1n a tropical chimate In this connexion I suggest that an
attempt should be made to combine the study of the refrigerated
transport of milk with the recent developments i refrigerated trans-
port sponsored by the army authorities It is, however, again neces-
sary to stress the fact that in a country hke India the prime con
sideration 1s cost, and that no method could hope for extensive
employment unless 1t 1nvolved an absolute minmmum of expend.dure
‘While the problems involved in the production and processing
of milk are considerable, their solution wl be valueless unless a
e distribution of satisfactory meauns of distribution 1s  also
milke evolved, for the handling of milk durmng dis
tribution provides unlimited opportumities for
its re contammnation and adulteratton  So far as specific methods of
distribution are concerned the great varlety of conditions m urban
and rural centres of population mahes detalled recommendations 1m
possible  Thus i some areas 1t 1s usual for all milk to be sold 1n
bazaar shops , in others some of the milk 1s delivered to the pur-
chasei’s house and some 1s bought at retail shops , 1 others agum,
the cow 1s driven from door to door and milked m the presence of
the customer  All that T can do here 1s to 1ndieate possible methods
of ensuring that the cleanlmess (ve, lackh of dirt) and purity (ze,
absence of adulteration) of the mmil 15 retamned throughout distri
bution, keeping in mind the paramount necessitv of low cost The
application of such methods 1n practice must be worked out to smt
local conditions and practices
The need for scrupulous eleanhness in handling mlk has already
been stressed In the distrabution of milk however, gross careless
ness and 1ignorance 18 fiequently observed
Ml containers ate left open to flies and dust
The measuring vessels are 'without handles, and after use are allowed
to stand m a pool of mull drippings unthl agun  required  The
quality of the mlk 15 judged by dipping the fingers into the vessel
and allowing the milk to run back mto the bulk These and other
sumlar practices are common, and undoubtedly lead to serrous con
tammation with a resultant deciease 1n keeping quality This pro
bably accounts for the prevalent habit of allowing mull to simmer
until sold
The present tendencv 18 to adsvoeate the introduction of modern
Western methods, such as pasteurisation and bottlmg, as the 1deas
method of mill. distnbution I do not consider that such methods
{11) It was stated by one manufacturer that 2 1b of ¢ drv 1ce ’ was suff
cient to keep one maund (80 Ib) of milk cold for 24 hours
H36ICAR D

Hygienic aspects
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will be capable of attainment in India for very many years. 1 am
indeed doubtful whether, in viéw of the dietary habits of ‘Lhe.In_dlan
population, they are called for at all. But in any event 1t 18, 4{
believe, fundamentally unsound to endeavour to replace the present
erude and primitive methods of distribution by the most modern
processes which have only been introduced into wealthy countries
like Great Britain and the United States within the last thirty years.
Tt is no use trying to teach the Indian dairy industry to run before it
can walk.

For the mass of the population some form of ¢ loose ’ milk di::‘
tribution appears to be inevitable. The ‘loose’ delivery of milk
has been condemned in Western countries on account of the risks of
spreading millk-borne disease('*). It has already been pointed out
that this argument does not hold for India. The problem in India
is, therefore, to devise a cheap method of ‘loose.” milk _delivery
which, while not perbaps atlaining an ideal standard of hygiene, will
eliminate gross forms of econtamination. For this purpose one might,
1 think, take as a model the methods and ufensils almost universally
employed in Great Britain about thirty years ago and still found in
eommon use in the smaller country towns and villages(12).

The possibility of applying such methods of milk distribution
under Indian conditions would need to be investigated by carefully
controlled experiments, and modifications would probably require
to be introduced to meet local eircumstances. Here, as in the prob-
lems of milk production, much work of an apparently elementary
nature needs to be done. But until cheap and satisfactory methods
have been worked out and tested under practical conditions I do not

think that any improvement in existing methods of distribution ean
be looked for.

A short reference should, perhaps, be made to the ¢ itinerant’
tow, %.6,, the animal which is taken from door to door and milked in
he customer’s presence. In theory this method has two great "ad-
fantages. The milk is always delivered fresh, and the milking of
he animal in the presence of the customer checks adulteration. In
practice the method is. however, open to serious objection. It entails
the housing of eattle in urban areas, which is undesirable on public

(i2) B. ¥, Brown and Leland Spencer. ¢¢ Is Liooge Milk o Health I "
New York City Milk Commission, 1931, v e prard ¥

(13) This consists essentially of using a milk can with a wide mouth, for
cage of cleaning ; a hinged lid which protects the milk during transit and
which cannot be removed and placed on a dirty and contaminated surface while
milk is withdrawn from the' can ; and internal metal bands on which the

handles of the measuring vessels may be hung, again preventi CoN-
tamination from spilled milk or f[:ies.y Bl D e o

; Such a milk ean may he purchased -
paratively cheaply, i.e., from Rs. 5 to Rs. 10. I do not fagou: tII)le us':aseof eé?ll;s
under Indian conditions. They are difficult to eclean and sterilise, and do
not overcome the difficulties involved in the contamination of measuring vessels,
Morcover the fat of Indian cows’ and buffaloes’ milk tends to rise to the
;u;face very quieckly, so that milk drawn off from a tap is Liable to have a low
v?)ri :&ntent. .('.?!lin the simpler type of can the measuring vessel (which is in-
. unifgrr grog;s ed with a handle) may be used fo stir the milk and this ensures

tribution of fat throughout the bulk. i
vessel can be readily sterilised in se%lding wafter, The can and measuring
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health grounds It 15 questionable whether mik production ard
distribution under such conditions 1s economic The practice has
all the disadvantages of the *ecity stable’ system +without the
advantage of centralisation—t ¢, reduced labour costs, the purchase
of toodstuffs in bulk, etc And finally, since the greater part of the
milk {at s contamed m the strippings’ the eustomer 15 apt lo be
defrauded of a valuable part of the muk(14)

The second essential m milk distribution 1§ to ensure the purity

of the milk, by which I mean the absence of adulteration It 1s, I
- think, umversally recogmsed that the pre
w‘ﬂﬁ‘;:{;‘z"mn 9f salence of adulteration constrtutes one of thy
most urgent and diffieult problems of mll
distribution  Table 12 shows the collected figures relating to the
adulteration of milk samples exammed by provinelal auihorities(’%)
It will be seen that from 19 to 6b per cent or sample were adulterated
Lhere 1s, moreover, no indication that the number of adulteralea
samples 18 decreasing  The mean amount of water added 1s dificwt
to assess but Table 13 probably provides a fairly representative
example of the figures generally obtamed in analytieal labora
tores(1¢) Apart from the detrimental reaction of adulteration on
ihe sale of milk through distrust on the part of the consumer, this
practice has the virtual effect of reducing the market for milk, snce
tor every umt of water added an equivalent quantity of mIh fails
to be sold Assuming that mull 1s on the average, adulterated to the
extent of 10 per cent of added water, the finaneial loss to the dary
mdustry amounts to over 10 erores of rupees(}?) This 1s perhaps,
an over estimate, since adulteration 1s partly practised in order to
cnable the seller to rveduce the price of mill and thus ‘nerease hie
sales It 1s, however, sufficient to indicate the magnitude of the
1ssues mvolved What can be done to remedy the position ?

One of the predisposing causes of adulteration has already been
mentioned, namely the necesmity of heeping the price of milk within
the purchasimg power of the consumer It 1s obvious that unless milh
distmbution can be put on to a paymg bams adulteration i1s wmesit
able Tius subjeet will be dealt with m a later chapter and 1.
Appendix II  But apart from adulteration due to such econome
drfficulties, there 1s no doubt that wilful dishonesty plays a consider
able part in the matter and so long as the dishonest vendor can
merease his profit without any seriouns rish of prosecution or pumsh
ment, the practice of adulteration will inerease In this connexion
I should pomnt out that appropriate legislation exists 1 practically
all munierpahities by whieh convicted persons ean be pumished The
duffieulty 1s that this legislation 1s not apphed effectively  Offenders
are frequently not prosecuted, and if prosecuted the fine 1mposed 33
quite msufficient 10 act 8s a deterrent Sueh a position canpot be

(1) Z R Kothavalla and eo workers ¢ An Investigition nto the Vara
tion of Fat and Soldsnot fat m cows’ milk drawn at different times during
tle Frocess of Milking ’? Journ Cent Bur Ammal Husb and Dasrying, S,
122 (1030)

(15) Figures obtaned from the Public Health Commissioner, New Delhi,

(16) Figures obtained from the Provineial Marketing Officer, Bengal.

(17) Namely 10 per cent of 107 crores of rupees (see Table 10)

nZ
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deall with by recommendations of a technical character and lies out
side the scope of my report.

It is, however, legitimate for me to iz::dic::te the lines along whic
improvements might be effected In certam technical aspeets of adul
teration. In the first place it is neeessary o have rel}ab}e method
for ihe deleetion of adulteration. Ior this purpose it is esses i
that standardised apparatus and tests should be employed. At uc
centre did 1 find standardised apparatus in use. Yet considerable
errors may be made {hrough the employment of, for example, un-
standardised butyrometers and laclometers. Specifications are now
available for standardising these instrumenis(i"), and it should be
made obligatory to use apparatus of approved design in cariying
out all offictal tests. I'urther, existing conversion tables for the
determination of total solids in milkk are based on the milk of
European breeds. 1t is essential that similar tables should be worked
out for milk derived from Indian breeds of cattle and from buffaloes.

In the second place, attention should be given fo the actual
standards laid down in milk legislation. These have been formulated
Milk standards. without a snﬁicicn? basis of fac!;_. anq. more-
over. show a serious lack of uniformity
throughout India. The Imperial Council of Agricultural Resecarch
are endeavouring 1o remedy this position by formulating a set of
standard regulations which might be adopted by provineial goverp-
ments and munieipalities. T consider that this is a most useful
contribution to the problem. T feel, however. that further informa-
tion is required on certain aspects of the subject before any final
recomunendations can be drafted.

_Standards for milk may be based on one of iwo methods. An
arbitrary standard may be laid down to which all milk must conform.
Alternatively milk may be legally defined as the unaltered lacteal
secretion of the cow. In practice these two standards may be com-
bined, as, for example, in Great Brilain where there are ¢ presump-
five ’ gtandards below which milk is presumed to have been adul-
berated.

The difficulty of accepting an arbitrary standard is that it takes
no account of the normal day-lo-day variations in the composition of
milk nor of the faet that the quality of milk secreted by different
animals of the same breed may vary. It has, for example, been
shown in Great Britain that the frequency ‘with which a bulk sample
of milk falls below the presumptive standards of 3 per cent. fat and
8.5 per cent. solids-not-fat depends on the number of cows in the

(19) ¢¢ British Standard Apparatus and Methods for Determini
Percentage of Fat in Milk and Milk Produels by the Gerber Metgzlilmlgirtu}e
Apparatus ; Pari II, Methods *” ; ¢¢ British Standard Specification for Density
Hydrometers for use in Milk >’ ; and ‘¢ British Standard Speeification Fog'
Tloating Dairy Thermometers.’”” Published by the British Standards Tnstit
tion, London, as Bulletins 695, 696 (Parts I and T1) and 734 0 o
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herd(*°) Writh a large herd the mixing of milk from a number of
cows tends to even out any abnormally high or low values, so chat
the average values for the mmxed milk tend to fall shghtly above
the presumptive standards With a small berd, on the other haund,
one or two animals which give abnormally high or abnormally low
values will seriously affect the average values for the milk In spite
of the fact that such milk 1s genmne, 1t may frequently fall below
the presumptive standards This pont 13 of particular sigmificance
under Indian conditions, where milk 1s frequently derived from a
very small group of animals The only known method of overco wing
this difficulty 1s to use the so called ‘‘ freezing pomt’’ method of
testing the milk  This test 15 almost mnfaliible as an index of the
genuineness of milk The present *‘ freezing point ' values have

however, only been worked out for European breeds and the method
would therefore have to be tried out extensively on the milk of Indian
cattle and buffaloes before 1t could be applied to Indian cuadi

tious (1)

One further pomnt might be mentioned At present therc are
dual or even triple standards for mlk, corresponding to the average
composition of eows’ mulk, buffaloes’ mik, and mixed milk Thu
Y am mformed, leads to considerable difficulties in the detection and
prevention of adulteration An alternative would be to fix a single
standard for all types of mulk This would of course need to be a
relatively low standard, and would enable mlk of high fat content
to be ¢ toned ’ with separated milk  Separated milk 1s of preat value
as a supplement to the Indian dietary on account of its high content
of ‘first class’ protein and muneral constituents It may too be
noted that in their recommendations, the Technical Nutrition Com
mittee of the League of Nations(2") suggest that 30 to 35 per cent
1s the optimum fat content of mmlk so far as nutritional require-
ments are concerned Moreover the ¢ toning ’ of milk with separated
milk has none of the disndvantages of adulteration with water since
the nutritional value 18 not reduced while the cost of mlk would be
cheapened It has been objected that the Indian population favour
a hugh fat content 1 milk but I understand that this 1s largely due
1o the faet that many families make ghee 1 the home becaus~ they
<annot purchase unadulterated ghee in the market If ghee adul-
teration conld be prevented, and a product of guarvanteed purity
could be placed on the martet the need for hiquid milk of lgh fat
content would disappear The vrovision of 4 smole standard for
milk might be open to tbure but, m view of the hirh nutritional
value and the cheapness of ‘ standardised’ or ¢ toned’ mill, the
suggestion does T beheve warrant eareful consideration

(20 J F Tocher *‘ Varmtions 1y the Composition of Milk ’ H M

ftationery Office, Edmburgh (1925}

(21) Tt has heen cbjected that deterrmnations of the ¢ freezng pomt *?
present special difficulties owmng to high atmospheric temperatures and the
consequent difficulty of using ether Such difficulties shonld not be msuperable,
especially 1m wview of the ereasing avalalility of ¢ dry ice’

(22) f¢ The Prcblem of Nutrmtion Volume II  Report on the Physiolog-
aal Bases of Nutnition ** (League of Nations Publieation 1936)
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CHAPTER IV.—The Manwfacture of Butter and Ghee.

Tt has been pointed out that the manufacture of ghee is ol
special importance in Indian dairying economy, since this product
) leaves the greater and most valuable part of
ofﬁﬁg" aﬁ’&p"rhtg;‘ce the mitk—the non-fatty solids contained in
BR%% the lassi (or butter-milk)—for the use of the
cultivator and his family. This also applies to the production of
“ country ’ butter. ¢ Creamery ’ bulter leaves scparated milk as a
by-produet, but under present conditions most of this is utilised in
the manufacture of casein, and is thus lost as a nutrient.

Since ghee making leaves the greater part of the milk with the
cultivator it cannot be expeeted {o yield an cconomic return. Valued
at, say, 9 annas per 1b.(1), ghee gives a cash return of Rs. 3-6-0 per
100 1b. of milk, while the same quantity of milk sold liquid at
1 anna per 1b.(!) would give Rs. 6-4-0, or roughly twice the sum
realised for ghee. Yet far more milk is utilised for ghec manu-
facture than is sold for liquid consumption (Table 2). This is,
of course, partly due to the fact that cultivators situated in areas
remote from towns cannot market their milk in a raw state, though
this market is in any event very limited. It is also partly due to
the fact that ghee production meets the special needs of the culti-

vator. since it provides him with a cash sale, in addition to leaving
him the lasst.

Compared with ghee, the output of both fcountry’ and
‘ ereamery ’ butter is very small, as shown by the following figures.

Quantity of Percentage of
Product. milk used in  total produc-
production tion,
{maunds).
Ghee 363,700,000 97-2%,
¢ Country * butter 9,036,000 2-59%
¢ Creamery ’ butter 1,304,000 0-3%

Moreover ¢ couniry ' butter is chiefly used for the home production
of ghee (in order to avoid purchasing an adulterated product), so
that the use of butter per se is almost negligible.

In the present chapter I shall deal mainly with the production
and marketing of ¢ country ’ butter and ghee. A short account
of the production and marketing of ‘ creamery ’ butter will, how-
ever, also be included.

As ‘ country ’ butter is invariably an intermediate product in

the manufacture of ghee it will be bhest to deal first with its pro-
duction and properties ¢ Country ’ butter

Product : . Y

. co;;,gl}; st er. of 1s most commonly obtained by churning whole
. . -milk which has been allowed to sour, usually
after addition of starter’ from the previous day’s batch. The
i R,

(1) Retail prices.



soured mulk or daht 18 broken up and poured 1nto the vessel 1 which
1t 1s to be churned, additional water being added i1f necessary to
reduce the consistency of the mass  The mulk 13 churned with g
rotating wooden pole to which beaters are attached, this pole bemg
rotated by a small piece of rope which 15 twisted round 1t and pulled
alternatively backwards and forwards  After 15 to 20 muputes the
dahs starts ‘ breaking ’, and water 15 added to assist the separatiop
of fat, which rises to the top of the mass in the form of grams Tlus
1s usually over churned to collect it mnto lumps  Excess butter-
milk 1s pressed out by hand  The daily outputs of butter are allowed
to accumulate over several days before sale or conversion uto ghee

¢ Country ’ butter 15 mvanably colourless Owmg to the fact
that 1t cannot be collected into grans 1t 1s mever washed durmg
manufacture, and 1t consequently contans a relatively large pro-
portion of easen, and 13 greasy in appearance It has an acid taste
and aroma, the acidity mereasing with the perwod of storage

Since ¢ country * butter 1s an 1ntermediate product i the manu.
facture of ghee, the question whether 1t 15 worth while to try to
ymprove 1ts production must depend on whether such improvement
will favourably affect the gualhty of the ghee

Ghee 1tself 15 essentially clarified butter fat It may be produe-
ed from ° country’ or from ° creamery’ buiter The latter 13 a
relatively common procedure in certain dis
triets of North Bihar, where mechanical
eream separators have been extensively installed  The butter 13
boiled over a medum but steady fire, being stirred until the mass
1s me'ted  After boihing for some tine a muddy coloured scum
gathers on the snrface and 1s removed with a perforated ladle  The
effervescence gradually diminishes as the moisture content 1s re
duced while particles of curd (easern) are seen to rise and circulate
from the bottom of the pan At tlus stage a characteristic aroma
15 noticeable and this 1s M mdication that the ghee has been sufh-
centlv heated  After settimg and coohng for some hoars the ghee
15 removed to separate contaumers (either to small earthern pots
or Lerosene Lins) for sale  The casem residue 1s found as a semi-
solidl mass at the bottom of the pan, and represents about 05 per
cent of the ghee

T'or large supphes of ghee (for example, to meet army require-
ments) the product may need to be refined and blended This 13
carned out by testing mdividual eonsignments of ghee, deeidng the
proportions of each necessary for the required blend, and then mix-
mg the bulk in heating tanks  The reheating not only enables
blendmg to be effected but assists i the refimmg process the
mixed product bemg re filtered before pachmg for storage or dis-
tribution

Ghee 15 yudged partly by 1ts appearance and testure and part-
v by ate taste and aroma It should have a shght yellowish colour
It chould have a fine granular texture and should be neither greasy

Production of ghee
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CHAPTER IV.—The Manufacture of Butter and Ghee.

Tt has been pointed out that the manufacture of ghee is of
special importance in Indian dairying economy, sinee this product
] leaves the greater and most valuable part of
Ofﬁﬁ&?,ﬁ‘:fﬁgg‘c“ the milk—the non-fatty solids contained in
wnd B the lassi (or butter-milk)~—for the use of the
cultivator and his family.  This also applies to the production of
¢ country ’ butter. ¢ Creamery ' bulter leaves separated milk as a
by-product, but under present conditions most of this is utilised in
the manufacture of casein, and is thus lost as a nutrient.

Since ghee making leaves the greater part of the milk with the
cultivator it cannot be expected {o yield an economie return. Valued
at, say, 9 annas per 1b.(}), ghee gives a cash return of Rs. 3-6-0 per
100 1b. of milk, while the same quantity of milk sold liquid at
1 anna per Ib.(?) would give Rs. 6-4-0, or roughly twice the sum
realised for ghee. Yet far more milk is utilised for ghee manu-
facture than is sold for liquid consumption (Table 2). This is,
of course, partly due to the fact that cultivators situated in areas
remote from towns cannot market their milk in a raw state, though
this market is in any event very limited. Ii is also partly due to
the fact that ghee production meets the special needs of the culti-

vator, since it provides him with a cash sale, in addition to leaving
bim the lassi.

Compared with ghee, the output of Dboth *country’ and
‘ creamery ’ butter is very small, as shown by the following figures.

Quantity of Percentage of
Product, milk used in  total produe-
production tion.
(maunds).
Ghee . 363,700,000 97-29,
* Country ’ butter . . . 9,036,000 2-59,
‘ Creamery * butter . . .. 1,304,000 0-39,

Moreover ¢ country ’ butter is chiefly used for the home production
of ghee (in order to avoid purchasing an adulterated produect), so
that the use of butter per se is almost negligible.

In the present chapter I shall deal mainly with the production
and marketing of ‘¢ country ’ butter and ghee. A short account
of the production and marketing of ¢ creamery ’ butter will, how-
ever, also be included.

As ¢ country ’ butter is invariably an intermediate product in

the manufacture of ghee it will be best to deal first with its pro-
duction and properties. ¢ Country’ butt

Producti £ > y ~ buiter

'cofx;tr:; > butter, 1S most commonly obtained by churning whole

. milk whieh has been allowed to sour, usually
after addition of ‘starter ’ from the previous day’s batch. The

b - (1) Retail prices.
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soured milk or dake 18 broken up and poured into the vessel m which
1t 15 to be churned, additional water bemng added 1f necessary to
reduce the consistency of the mass  The milk 1s churned with a
rotating wooden pole to which beaters are attached, this pole bemng
rotated by a small pieee of rope which 15 {wisted round 1t and pulled
alternatively backwards and forwards  After 15 to 20 minutes the
dah stats ¢ breakmg °, and water 1 added to assist the separatiop
of fat, which rises o the top of the mass in the form of grams  Ths
15 usually over churned to collect 1t nto lumps Excess butter-
milk 1s pressed out by hand  The daily outputs of butter are allowed
to accumulate over several days before sale or conversion into ghes

¢ Country ’ butter 15 nvariably colourless Owing to the fact
that 1t cannot be collected imto grans it 1s never washed durmg
manufacture, and 1t consequentlv contains a relatively large pro-
portion of casemn, and 1s greasy 1n appearance It hag an acid taste
and aroma, the acility inereasing with the period ot storage

Since ¢ countrv ’ butter 15 an ntermediate product i the manu-
facture of ghee, the question whether 1t 1s worth while to try to
improve 1ts production must depend on whether such improvement
will favourably affect the quality of the ghee

Ghee 1tself 15 essentially clamfied butter fat It may be produe
ed from ‘ country ’ or from ¢ creamery’ butter The latter 15 a
relativelv common procedure in certan dis-
tricts of North Bihar, where mechanical
cream separators have been extensively installed The butter 13
boiled over a mediim but steady fire, being stirred until the masy
15 me'ted After boilmg for some tine a muddy coloured scum
gathers on the surface and 1s removed with a perforated ladle  The
effervescence gridually dummshes 2s the mowisture content 1s Te-
duced while particles of curd (casem) are seen to rise and eirculate
from the bottom of the pan At tlus stage a charactemstic aroma
15 noticeable and fins 15 M wmdication that the ghee bas been sufh-
centlv heated  After settling and cooling for some hours the ghee
18 removed to separate eontamers (erther to small earthern pots
or Lerosene Lins) for sale  The casemn residue 15 found as a seml-
solid mass at the hottom of the pan, and represents about 05 per
cent of the ghee

Tor large supplies of ghee (for example, to meef army requure-
ments) the produet may need to be refined and blended Thus 13
carried out by testmg individual consignments of ghee, decrding the
proportions of ench neecessary for the required blend, and then mix-
mg the bulh n heating tanks The reheating not only enables
blending to be effected but assists i the refimmng process the
mted product bemg re filtered before paclng for storage or dis-
tribution

Ghee 15 1dged partly by its appearmee 1nd texture and part-
1y hv 1ts taste and aroma It should have a shight yeilowsh colour
Tt should have a fine granular texture and should be nerther greasy

Production of ghee
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nor waxy. The aroma of well made ghee is typical and its taste
glightly acid.  There should be no taints or abnormal flavours.

I have felt that it was desirable to include this short account of
the production and properiies of ghee before dealing in detail with
possible methods for improving ils manufacture and quality.

In the country method of production up to 10 or 15 per cent.
of fat may be lost although such fat is, of course, actually retain-
ed in the lassi and consumed by the culti-
E‘.i °u;°'tu€ln and  yator’s family. But this involves an equi-
quality of gace. valent loss of cash returns from the ghce, an
important item for the cultivator. The first direction in which
improvement might be effected is. therefore, in the total out-turn.
It has been suggested that the use of the cream separator will result
in a greater out-turn per unit of milk. Two sets of workers claim
to have obtained increased yields by the use of separators and of
modern methods of churning(®). In neither instance, however,
are the results based on a sufficient number of tests to justify the
authors’ conclusions. A method based on an entirely new principle,
that of separating the milk, reseparating the diluted cream, and
making the ghee direct from the re-separated produect (i.e., omitting
the intermediate step of butter-making) has been published recent-
ly(3) and is under test at the Imperial Dairy Institute. Both
these methods have, however, the disadvantage that the by-product
from manufacture is separated milk and not lassi. I am informed
that the Indian villager prefers the latter as a beverage, although this
may only be the result of a very conservative taste. The difficulty
might be overcome by making a skim-milk dafs from the separated
milk.

A more fundamental difficulty is involved in the relation between
total out-turn and- quality. It is essential that quality should not
be sacrificed in efforts to obtain higher yields of ghee, for this would
merely result in a lowered market value for the product. Experi-
enced merchants state that ghee made by the ¢ separator > method is
inferior in quality to ghee made by the ¢ country ’ process, and that
the souring of milk in the latier process imparts a particularly
aceeptable flavour.  Only one series of well-controlled experiments
can be found in the literature om the subject(%), and the report of
this series bears out the above contention, the authors stating that
‘“ {the distinetive aroma was present only in the ghee prepared from
dahi (soured wmilk) "’. The same authors obtained a larger out-
turn of ghee from sour than from fresh milk. It might also be

(2) A. K. Y. Narayan Aiyer. ‘¢ Methods of Butter-making Local and
Imyroved.”’ Dept. of Acriculture. Mysore State, Bull. 9 (1916) ; Z. R, Kotha-
valln and 8. Cox. ‘¢ Results of the Experiment in Ghee making by the Country
and Separator Methods.”” Journ. Cent. Bur. Animal Husbandry and Dairying,
1; 05 (1927).

(3) M. T. Trench. ‘¢ Some observations ‘'on the Methods

. ) of making
Clarified Butter (Ghee) with some Notes on a new Method.”’ RByll. Imp. Insi.
34, 33 (1936).

_ (¢4) A. D. Stewart and N. L. Banerjee. ‘‘ Some observations on the
progress of making Ghee, and its effect on the Legal Standards.’’ (1929).
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mentioned that the use of the ¢ country ’ method has one other ad-
vantage, m that the daly does not deteriorate if churning has to be
unduly delayed Elasticaty 1n pomt of time 1s a valuable factor
m fithing the method 1nto the programme of agricultural operations,
which sometimes oceupies the enfire time of the cultivator and hs
farmly
It 15 apparent that the whole subject of the relation of the out
turn and gquality of ghee to the method of manutacture requires
thorough re investigation Such investigation should be earried out
on an adequate scale and as far as posuble, with methods of control
of quality based on objective tests
This raises a further pont of great mmportance in relation to
ghee makmg At pre;‘ent no mformation 18 avatlable regarding the
actors concerned in the quality of ghee
Factors  affecting ghether, for example, the ﬂag our fs de; egxdent
guality 3Y
on the tree acid content on an ineipient break
down of fat constituents through bacterial action or heating or on
other factors not directly concerned with the fat constituents It
18 mteresting to find that the army requirements (so far as quality
18 coneerned) are based on the amdity of ghee, the standard value
‘bemng under 9 pomnts(®), ghee with an acidity between 9 and 11
pomnts being accepted for blending, and ghee having an acidity
-excess of the latter value being rejected  Table 14 shows the results
obtaned with 1 series of samples tested durmg 193536 It will be
seen that the greatest numher of samples had acidities of between
7 and 9 points and 1t may be taken that this represents typical
results tor 1 ghee of 2 verv good quahty It 1s instructive to note
that the acidity of ¢ creamery ’ butter should not exceed 3 to 4 points,
2 value given by onlv 3 per cent of the samples of ghee  This may
perhaps account for the disfavour in which ghee produced from
creamery butter 1s held by experts
Tt 1s almost certain that the greater part of the acidity of ghes
18 developed durmg the mitial sourmg of the milk and the storage
of ¢ country ’ butter prior fo ghee making It s however interestung
to find that the acdity of ghee itself increases during storage 1n
spite of the low moisture content of the product  Figures obtamed
from the Mihtary Food Laboratory kasaull show that ghes may
merease 1n acidity by as mueh as 7 pomnts over a period of two years’
storage the merease bemng more rapid m the hot weather than at
other periods of the jear
Another pont of 1mportanee 1n relation to the production of
ghee 13 the seasonal variation in the gquality of the product Tt 1
stated that the best ghee 1s produced between November and March,
and that ghee produced durmg the monsoon period 1s of defimtely
mferior quabty  Agamn most ghee 15 of mixed orgm 1n that 1t 18
derived from the butter fat of both cows and buffaloes but distinet
Tocal preferences exist for ghee m which the fat of one or the other

(5) A ‘pomnt of aedity means the smount of aed reckoned as oleic
acid contaimed m 10 grams of a sample of ghee which 1s exactly neutralised
by tenth nermal sodim hydromde This 18 0282 per ceat
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predominates. Neither of these points has, so far as I can ascertain,
been investigated in any detail, although the implications are of
considerable economic importance. .

This general discussion serves to illustrate the very large field
open for useful investigation. The effect of process of manufacture,
of temperature, of heating, of season of the year and of conditions
of storage on the out-turn and quality of ghee, and the chemical and
physical factors affecting flavour, palatability, and texture (a yues-
{ion which I have pot deall with) are all practically unexplored sub-
jects. Moreover it is on such investigations that any future im-
provements in technique and methods must ultimately be based. I
consider that the jmportance of ghee in the dairy economy of the
country justifies extensive study of the many problems connected with
its production and properties, I suggest that in any such study,
the co-operation of the Military Food Liaboratory, Kasauli, should be
sought, since this institution has had a unique opportunity of investi-
gating methods of control of ghee quality.

Any attempts to improve the guality of ghee will be largely
abortive unless adulteration with cheaper and inferior fats can be
] checked. Constant statements were made to

ghge adulteration of w0 that it is practically impossible to pur-
chase unadulterated ghee on the open market.

Official figures lend support to this view. It will be seen from Table
15 that from 7 to 65 per cent. of officially examined samples are
classed as adnlterated. This table shows, moreover, that adultera-

tion is not being checked ; in several instances it appears in fact 10
be on the increase.

1
i

There are no figures available which provide any estimate of the
average amounts of adulterant added to ghee. The chief fats used
are banaspatine(®), charbini(7) and certain pure vegetable oils such
as groundnut oil, coconui oil, and cottonseed oil. A very rough
estimate of the quantities of adulterants used may be obtained from
figures relating to the quantities of these products available in India.
chaspatfine_ is produced at five factories. The potential capacity of
these factories is slated to be 83,000 tons per year but the present
output probably does not exceed 25,000 {ons. In addition to this
about 1,000 tons are imported from foreign sourees: It is the opinion
of some of the manufactures that about 90 per cent. of the total
supplies (or 23,500 tons) are used for the adulieration of ghee. As
regards charbini, no direct estimates are available, but an indirect
calculation from the figures for the annual productions of hides in
India(8) indicates that there would be available at least 11,000 tonsg

(6) Under the Punjab Purc Food Act, 1929, danaspatine means any article
of food, whether mixed with ghee or mnot, which resembles ghee, but is derived
f’;’m“"eﬂf-’;ﬂble fat and contains no animal fat other than milk fat. It is
usunily referred to as wvegetable ghee, and congistg la ;
sogetable oils, g ueey s largely of hydrogenated

(7 Under the Puniab Food Aect, 1929, charbini means an
“‘hC”{Gr mixed with ghee or nof, which r
contains animal fat other than milk faut.

8 T . .
(8) Figures taken from the Hide Cess Enquiry Committee’s Report, 1330.-

v article of food,
esembles ghee or banaspatine, buc
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of charbim per year  Figures for the production of other Indian
vegetable oils available for the adulteration of ghee cannot be gauged
with any aceuracy At a very rough estimate one might perhaps
place this quantity at 15,000 tons This would bring the total
amount of available adulterants to just wunder 50,000 tons, or
1,400,000 maunds  The annual production of ghee 1s estimated at
23,000,000 maunds The amount of adulterant available would thus
work out at just over 6 per cent of the total out put of ghee At
a retail price of R 92 per maund, the amount of genume ghee re-
placed bv adulterant would represent over 3 crores of rupees I
13 probable, 1n view of the results of analyses already referred to, that
this greatly underestimates the loss to the dairy industry as a result
of the adulteltion of ghee  If adulteration could be checl ed this
additional meome could be added to the wealth of the countryside,
with consequent advantage to the rural population It may be
mentioned thnt bunaspatine can be purchased at from Rs 10 to Rs 13
per maund and charbim at from Rs 6 to Rs 12 per maund, as com-
pared with Rs 25 to Rs 40 per maund for ghee  Adulteration 13
therefore a very paymg proposition for the dishonest merchant
As with the adulteration of hquid milk, part of the difficulty
1 checking adulteration 18 due to Inx admimstration of the law, a
subjeet which I have dealt with i the previous chapter But the
absence of quick and rehable methods of detecting adulteration 19
also partly responsible for this widespread practice A brief dis-
cussion of this latter aspect of the problem is therefore desirable
The present ofhcial standards for ghee are based on the refrac-
tive 1ndex and the Reichert Meissl value, the latter giving a measure
of the volatile fatty acids present in the fat.
terDa::ce':tmn of adul Pl aetpal standards vary somewhat trom pro
vince to province In the Punjab and m
Bengal the refrictive index(?) 1s fixed at 40 to 425 1n Bihar and
Orssa 1t 40 to 42 and i the Central Provimees at 40 to 46  The
standard Reichert Meiss] values are between 21 to 32 for the Punjab
and hetween 19 to 86 for the Central Provinces  In Madras Pres:-
dency the value may not fall below 20 and i Bengal below 24, while
m Bihar and Orissa there are separate minmum vilues for ghee
produced from cows’ milk (s¢, 24), buffaloes’ milk (¢, 30) and
mixed milk (re 28) The latter value corresponds with the army
specification Tt may be mentioned that the common adulterants
have low Reichert Meissl values but variable refractive indices,
ammal fats hav ng higher and coconut ol lower values than those
of genmine ghee It will be instruetive to examime typical figures
for ghee miven by different authorities  As regards refractive mndex,
workers at the Tmperial Darv Institute(1%) have mven values for
11 samples of wiilage produced ghee from 428 to 434  The extreme
values recorded for ghee produced from the milk of ndividual breeds

(°) Expressed throughout as butyro refractometer readings at ¢0°C

(10) 8 D Sunawala and Z R Kothivala. ‘¢ Study of the Varovs
Stindards adopted for the Examunation of Indian Butter and Ghee’’ Agric
and Iave stock 1 Indws, 5, 480 (1935)
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were 43.0 and 45.1. No consistent differences were observed between
ghee obtained from cows’ and from buffaloes’ milk.  These workers
suggest that the standard should be fixed at_42.0 to 45.5. The army
authorities specify exireme values for genuine ghee as being 40.0 to
42.5(11). A third group of workers(**) find values varying betxfeen
40 and 44, the majorily of samples falling between 42 and 43. The
frequeney distributions of these various values are shown in Table
16. Similar differences are found in the Reichert-Meissl values Te-
corded by these three authorities.  Such differences are, perhaps,
attributable to the fact that the Reichert-Meissl value of the fat of
cows’ milk differs from that of buffaloes’ milk, the former having
a value of about 26 10 28 and the latter of well over 30. This
difference is shown clearly in Table 16. The first group of workers
were dealing with specially prepared samples of cows’ and buffaloes’
ghee, with the consequence thai the results show two maxima. The
second group were handling ghee which was chiefly obtained from
Indian States on the western borders of the United Provinces, where
buffaloes predominate. The third group probably obtained their
samples from the eastern section of the United Provinces, and from
Bibar, where cows tend to predominate. This explanation does
not, however, account for the marked differences in the ranges of
refractive indices observed by the three sets of workers.

This diseussion is sufficient to show that even in the two tests
normally used as standards there are considerable differences of
opinion regarding the range of values of genuine samples of ghee.
Variations due to local differences of ¢limate and fodder, to season of
the year, and to method of manufacture and storage have nol been
studied in any detail. Nor have other supplementary tests been
fully investigated. In this connexion it may be mentioned that the
need for a quick and simple method of determining adulteration will
become urgent if proposals for the grading and improved marketing
of glee materialise at an early date. At present I understand that
private merchants are charged exorbitant fees if they obtain the
assistance of official analysts in the examination of their ghee, while
the length of time taken for such examination makes purchase on
a guality basis almost impossible(13). [ consider, therefore, that,
in view of the important issues involved, special attention should be
given to the re-investigation of metheds of analysis of ghee and to
the formulation of standards suitable for use in various parts of
India.

Any discussion of {he adulteration of ghee would be incomplete
without reference to the conditions of sale of banaspatine. Al-
though this product is largely used as an
adulterant of pure ghee, it is also on sale under
Ehe name of ‘ vegetable ghee ” or even as ‘ ghee’. As a cheap source

(11) Figures obtained from the Military Food Laboratory, Kasauli.

(12) N. N. Godbole and Sadgopal. ‘¢ Butter-fat iti iti
Value, etc.” Benares Hindy Univergity, 1930. 86 Composition, Nutritive

(18) It is stated to be not uncommon to hav
) ] ) e to 3 .
sample, while analysis may involve g delay of 7 to ﬁayd:ysf.% of His. 16 per

Sale of banaspatine.
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of fat tlus product cannot be objected to , the case 15 equuvalent to
that found mn Western coantries, where butter and margarine are
both marketed The objection arses when the vegetable product
15 used to adulterate the genuine one, or when 1t 1s sold under a name
(such as vegetable butter or vegetable ghee) which 1s apt to decerve
the customer as to ity real origin and composition In Western
countries the latter difficulty has been met by providing legslation
which prevents misrepresentation  Thus under the Food and Drugs
(Adulteration) Aect, 1928, 1t 13 speeifically laid down in regard to
margarie that * the Munster shall not approie any name

if 1t refers to or 1s anything connected with the dairy interest ”
while every pachage contaming margarme must be dxstmctlvely
labelled(14) This enactment has been most effective m prevent-
ing vendors from selling vegetable fat substitutes or butter mixtures
as dawy products I suggest that simiar legislation regarding
ghee and 1its vegetable substitutes would prove of great value 1
meeting the present difficulties of vendors of genuine ghee  Such
legislation might also include regulations for the registration ot
banaspaline factories and of all consignments of this produet(*s)

Even 1f ghee of better quality and of guaranteed purity can

be produced 1t will still be necessary to develop improved marhetmng

faelities At present the ghee producer 1s

ghg’e mazketing of handicapped 1 two diwections  Firstly, he

18 frequently out of reach of a convenient

marhet at whieh he can dispose of his produce(l®) The con

sequence 1s that he either has to store lus output for prolonged periods,

with consequent lowering of quality, or he has to deal through middle

men who ful to give lum a fair price and who frequently adulterate

the ghee 1 order to increase thewr profits or reduce their prices

It 15 clearly desirable that additional marhets should be established
so that every ghee producing area 1s adequately prowvided for

Secondly, the producer has no means of getting s ghee graded
and tested for purity, so that whether the quality 1s good or bad,
whether 1t 15 adulterated or pure, he still tends to recewve the same
price  Under such ecireumstances there 1s no encouragement to
produce a better article

It appears therefore that the establishment of ghee grading
centres 15 urgently called for  Legislation 1s now available(7)
under which Government ean ]’)I'Ebel‘lbe official standards for the
grading of certam classes of produce, among which are mcluded milk
products I do not conuder, however, that grading alone would

(14)18 and 19 Geo 5 Ch 31, Sectins 6 and 23
(18) Ibd, becnom 8 and 9 It has been suggested that the use of
as an of genuine ghee might be prevented by making

it obligatory to colour the former with an easily recogmsable dye I do not
consider this to be either feasible or demrable

(18) Instances were quoted to me of producers who were more than 100
miles from the nmearest matket.

(17) Agnieultural Produce (Grading and Marking) Act, 1937
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prove effective ; it would probably be necessary to enecourage the
establishment of blending and packing stations, perhaps on the lines
of the aumtary Ghee fteaumg Genire at Agra. Such stations might
be organised on a co-operative basis, by private individuals or by
Government itself.  Co-operative cfiorts have already been made in
this direetion, notably in the United Provinces where several Ghee
Merchants’ Associations have been tormed. Dut the present orga-
nisations hardly go Lar enough mn the direction of grading and of
blencing, nor are the results of the laburatory tests always trust-
worthy.  In such developments it is essential that Government should
take the lead and should itsell provide lacilities for the testing and
grading of the ghee.

it has already been stated that the establishment of grading
stations will necessitate the development of quicker and cheaper
fests for adulteration and quality.  Another direction in which
investigation is desirable is in the methods of packing ghece. For
relatively large quantities the existing tin containers are quite suit-
able, though methods would need 1o be devised for closing these
containers in such a way that they could not be tampered with after
being graded(*®). DButl for smaller quantities it would be advan-
tageous to have small non-metal containers which would prevent
contamination during handling and would efiectively check adultera-
tion hy the sbop-keeper.

One further point. It was remarkable 1o find that ghee is
geldom if ever advertised in India. 'Ihis is probably due o the poor
and variable quality of the produce and {o the absence of any pro-
prietary brands. 1f grading and marketing schemes are 1o be sue-
cesstully established it is, 1 believe, esseniial that they should be
supplemented by adequate advertisement. I{ was significant to find
that a single firm of importers of condensed and dried milk products
spent Rs. 2 lakhs a year on advertisement, although the sale of their
products would represent only a minute fraction of the value of the
ghee at present produced in India. A relatively uneducated popula-
tion is particularly susceptible to propaganda. The value of adver-
tisement as a means of popularising the improved grades of ghee

should not therefore be neglected in any future marketing develop-
ments.

During the years 1924 to 1929 ghee amounting to roughly 38,000
cewt. (53,000 maunds) was sold for export from India(19). Re-
The export market tween 1929 and 1935 there was, however, a [all
for ghee. of over 33 per cent. in the quantity exported.
At the same time the value per maund of

ghee fell from Rs. 70 to Rs. 41.  The total value of the exported
%Zee showed thercfore an even greater fall, from Rs. 38 lakhs to
- 14 lakhs, or 63 per cent. (Table 17).  The quantities exported
are, of course, very small in comparison with India’s total output of

(18) Several methods have bee i ;
s . n tried out in th i 1 3
nexion with the sale of ghee under private trade majk.:;[:T nted Provinces in con-

(19) Annual Statements of Sea-borne Trade of British India,
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ghee, which amounts to about 23 mullion maunds It has been sug-
gested, however, that this fall 1n exports 13 due to a deterioration m
the quality of the ghee produced m India  As this 18 a pomnt of
considerable mmportinee m relation to the foregomg discussion, 1t
seemed desirable to obtamn further evidenece on the pommt  Figures
were therefore obtamed regarding the imports of ghee nto Malaya,
which 1 India’s chief customer(-°) These figures are also shown
m Table 17 It wall be seen that, while India’s total exports decreas
ed by oughly 33 per cent between 1928 aund 1935, Malaya’s total
mporis fell by over 50 per ceut darmng the same period  The per-
centage of Melaya’s ghee imported from Indir remained substantial
ly constant at about 95 per ecent It 1s apparent, theretore, that
Indha not only held her own in the Malaya market, but was able to
find additional marhets 1 other countries during ths daffieult perod
These facls do not bear out the suggestion that deterioration in the
quality of Indwan ghee 1s affecting the export trade the.decrease
i the latter 1s a result of general woild depression i trade In
this connexion the following offimal comment regardmg Malaya’s
reduced imports of ghee are sgmficant(*!) — Probably this 1s
partly due to the extensive repatiiation of Indian iummigrant labour
ers which oceurred as a result of the slump, and to decreased purchas-
g power of those who were left T should magime that the 1936
figuies would show a rise with the partinl return of prosperity and
the resnmption of mmmgration  The position may, however, alse
be aftected to some extent by the drive which has been in progress
to popularise locally produced fats, notably coconut oil, in place
of mmported fats ”’  This comment affords both encouragement and
warning encouragement, 1n that 1t ymplies a possible re opening of
India’s export trade n ghee , and warmmng, mn that it mdicates the
1ncreasingly serious compefition of vegetable oil substitutes It Te
emphasises the need not only for mamtamning but for wproving the
quality of Tndhan ghee
It has already heen stated that ¢ ecreamery ’ butter represents only
& minute fraction of the output of Indian dairy produce being equi-
valent to about 03 per cent of the output of
m;izﬁ?gf‘f“;eﬁ ghee or to roughly 015 per cent of the output
ery ' butter of total mil products Its consumpfion 18
lLimted to the Buropean population and to a
small number of Indians who have acquired European tastes

There are, however, mdications that the demand for ‘ ereamery ’
buiter 15 1mploving  Imports of tlus product show progressive in-
creases as 1s seen from Table 18(1?) It mght be supposed that
these ncreases represent displacements of Indian produced butter
Returns from three promment Indian producers show, however, that
while imports of butter mcreased by 23 per cent between 1933 and
1934, their own combined output mereased during the same period
by over 30 per cent  Ymported butter constitutes, 1n fact, a relative-

(-0) Figures obtained through the couttesy of the Colomial Office

(21) Communieation from the late Ditector of Agneulture i Malaya
forwarded through the courtesy of the Colomal Office
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Iy small proportion of India’s total consumption, as shown in the:
following table :—

Quantity of  Percentage Percentage of

Type of butter. milkused in  of total ‘ creamery ’
production. butter butter
(Maunds). - production. -consumption..
Indian ¢ country ’ butter .. . 9,036,000 86-09%,
Indian ¢ creamery ’ butter .. . 1,304,000 12-6% 89-5%
Imported * creamery ’ butter .. - 154,000 1-6% 10+5%,

The development of refrigeration will probably tend to jgopulamse:
still further the consumption of ‘ creamery ’ butter. While, there-
fore, such hutter is still a dairy product of minor 1mportance 1n
India, the needs of this branch of the industry should not be neglected
in any future scheme of development.

Indian creameries have special difficulties to contend with in
producing a butter of high standard and satisfactory keeping qualily.
The first is to secure an adequate supply of good quality milk. The
second is that manufacture has to be carried out under exceptionally
warm atmospheric conditions. The third is the fact that the fat
from buffaloes’ milk is stated to be unsuitable for high class butter
production. It is even held that Indian cows’ milk is unsuitable {or
this purpose. In consequence of these difficulties Indian ¢ creamery ’
butter is frequently subject to a number of defects which seriously
affect its sale in competition with imported butter. It is significant
in this connexion that much of the Indian ¢ creamery ’ butter fails. .
to command as high a price as the imported product.

So far as texture is concerned, Indian butter has a tendency to.
greasiness and frequently lacks grain. This defeet is generally
recognised to be due to excessive working of the butter while in a
soft condition, and is consequently largely attributable to lack of
proper facilities for chilling. As regards palatability, Indian butter
generally lacks the flavour and aroma typical of the Western.
product. This may be due to a variety of causes, but it is significant
that I found the use of properly cultured ‘ starters ’ to be exceptional.
A third and not unusual defect is the early development of rancidity,
a fault associated with bacterial and mould growth. The oceurrence:
of this defeet is not surprising in view of the very poor quality of
the incoming milk and eream. It was, for example, reported from:
one creamery that as regards the methylene blue reduction test (a
measure of the bact_er@al contamination of the incoming milk) ‘¢ half-
an-hour was the limit for the best milk, while some samples
decolorlsed_ the solution within a few minutes’’. At another
creamery 1t was stated that the incoming milk wag of such poor

quality that after separation the separated milk was so acid as to be

only fit for casein making. Although my tour was undertaken in
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the eold weather I personally saw many churns of sour mulk arriving
at one ereamery, and of ‘ gassy ’ cream at another

None of these defects should be meapable of remedy 1f the subjeet
were to be systematically studied I found, however, an entire lach
of pubhished information on the ponts mentioned above There are
no published records regarding the comparative values of buffaloes
and cows’ milk for butter making , no controlled experiments have
apparently been made to determine the influence of the quality of
the meoming milk on the keeping quahty of the butter, nor has the
effect of high atmospheric temperature and other adverse factors beer
mvestigated I was informed that experiments had been made on
the use of properly cultured ‘ starters’ but no published records of
such experments were available to guide creamery managers

It was suggested to me that the investigation of these problems
required large scale factory equipment, and a proposal for acquiring
such equipment 1s 1neluded in the Anand Experimental Creamery
scheme The problems mentioned above can, however be more
satisfactorly studied on a small (hand churn) seale The caretul
control necessary in expermmental work makes small scale investiga
tion preferable to large scale processing both on the score of expense
and accuracy , the application of the findings to factory conditions
1s a matter mvolving modifications of detail and not fundamental
prmciples  In any such work 1t 15 essential to have adequate chemcal
and bacteriological control throughout the production and storage of
experimental batches of butter

In the meantime efforts to improve the gquality of the mneoming
mik supply by advisory work and propaganda will certainly reduce
the difficulties of the butter trade Such efforts should, 1f possible,
be accompanied by the establishment of a system of payment for
mlk on a quality (¢, cleanhness) basis If better milk could be
obtained 1t mught enable the separated milk which 1s formed as a
by produet to be converted into a more valuable product than casem
B0 that the additional cost of payments for quality would be recovered
This subject 1s dealt with in detail i the next chapter

One further point should be mentioned It has been suggested
that the time 1s ripe for establishing legal standards for * creamery ’
dards < butter similar to those enforced i Western
bu%tec?f T °F countries Such standards would include a
maximum molsture content and absence of
adulterants The latter subject has been dealt with in connexion
with ghee, and need not be furiher discussed As regards moisture
content, 1t 1s difficult to decide a suitable standard until a moie
thorough investigation has been made into the techmique of produc
tion and the keeping quality of butter under Indian conditions Al
present 1t 18 suggested that the Western standard of 16 per cent
moisture content should be adopted, a figure which 1s already mcluded
1n the food legislation of various provinces It 15 impossible to say
without further investigation whether this standard 1s a reasonable
one
H3BICAR
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It appears to me, moreover, that improvement in the quality
(i.e., texture and palatability) of the produet is of more immediate
importance than the setting up of any legal and arbitrary
standard of moisture content. If a customer can purchase bufter
of good flavour and texture, I believe that he will be indifferent as
to whether the legal standard is, for example, 16 or 18 per cent.
moisture. “This is particularly true of a produect such as ¢ creamery’
butter, which may be looked upon as a luxury trade. From this
point of view I consider that the whole question of butter standards
might better be dealt with through the institution of a grading scheme
than by general legislation.



43

CHAPTER V —The manufacture of khoa and dahi and of other
mdigenons milk products

Apart from hquid muilk and ghee the most important dairy
produets produced 1 India are khoo, dahs and certamn other
mdigenous milk products The importance of
gi’;‘gmepg&fg these products 13 partly due to the extent of
their production  The guantity of milk
utihsed for their manufacture approximates 95 million maunds(?)
which 15 more than twice that utilised for the whole of the production
of manufactured milh products in Great Britamn The monetary
value of this output 1s estimated at over 80 crores of rupees
(Table 3) These figures emphasise 1 a striking way the magmtude
of the output of indigenous milk products in India The 1mportance
of these products 1s, however, also partly due to the high return
whieh they give per umt of milk  This fact 15 shown 1 Table 19 Tt
llustrates a pomnt of umgque interest, since 1t will be seen that the
manufactured products (with the exception of ghee and ¢ country
butter) realise more per maund of mik than hqmd milk itself Ths
18 contrary to the experience of practically all Western countries(2)

In describing the methods of preparation of these produets, 1t
will be convement to divide them mnte two groups, namely, products
manufactured by the partial desiccation of milk (khoa, rebree and
mallar), and products resultng from the sourmg of milk (dahs,
channa, and cheese) General problems which are more or less
common to all the products will then be dealt with

In the production of khoa and related products the keeping
qualty of the milk 1s preserved by its conversion into semi solid
form, the heat and the concentration of mlk
Froducts = WA constituents both tending to elummnate bacteral
323:::&027 partlal  orowth In kheo making the mik (usually
m quantities of about 5 1b) 1s evaporated m
a round bottomed shallow iron pan over a fairly hot and steady
fire The milk 1s stirred continuously to prevent scorching, a speeial
scraper bemng used for this purpose As the volume becomes less
the stirring 1s increased, and the operator has to exercise skill in
mamtaining a umform consistency to the mass After 15 to 20
minutes heating the mass takes on a pasty consstency At this
stage the pan 1s removed from the fire, and the pasty mass 13 well
worked with the flattened end of the serapper, bemng spread several
times 1 a thin layer across the bottom of the par  This gives the
product a good gramm  When the mass can retain 1t8 own form 1t
15 considered to be ready Khoa 1s mainly used for making sweet-
meats It should be winte :n appearance, and should have s smooth
(1) This 18 equivalent to 760 nulhon gallons According to the Report
of the Milk Reorgamsation Commussion (1936) the amount of mulk utibisec
for the manufacture of butter, cheese, eream and condensed and dried milks
m Great Britamn durnng 1934 35 amounted to 338 muthon gallons
(2) For example, milk 13 sold wholesale for Liqmd consumption i Great
Brnitan at 143 to 154 per gallon, but when used for the manufacture of mulk
products 1ts average realisation value 13 only about 5% d
x2
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texture. The taste should be sweet and wholesome, with a slight
but pleasantly cooked flavour. On }'ieepmg 1he ‘surf.acc; becomes
yellowish and dull in appearance, while deterloration 1s‘3udged by
the presence of cobweb-like threads on breaking. I{hoa 1t§elf keeps
swect for 4 to 5 days in the cold weather and 2 1o 3 days n the hot
weather, but the addition of sugar in the making of sweetmeats
prolongs the keeping quality to 3 to 4 months.

Rabree might be deseribed as a sweetened form of lthoa, but iis
manufaciure requires greater skill and it is looked upon as a great
delicacy. Stirring is avoided during making, and the solids are
separated from the milk by removing successive thin films of coagu-
lated material from the surface by means of bamboo splints. These
films are placed on the sides of the heated pan. When the milk has
been reduced to about onefifth of its initial volume the pan i3
removed from the fire and the whole mass is gently mixed, care
being taken not to injure the flakes. Sugar is then added and after
cooling and settling, the rabrec is ready for sale. Rabree, on account
of its lower temperature of manufacture and its higher moisture
content, is more perishable than khoa. Uniform formation of flakes,
uniformity of colour and freshness of taste are the main points looked
for by discerning purchasers. Khurchan is a similar produet to whieh
arrowroot has been added during manufacture.

The third produect in this group is known as mallai. This is a
form of clotted cream which is sold and consumed unsweetened. It
is usually made by simmering large quantities of milk (say, 20 1b.)
until a thick layer of milk-fat and coagulated albumin forms on
the surface. This is skimmed off with a flat ladle and laid aside to
cool. The process is repeated twice, when most of the fat has been
removed. The residue is caramelised and is not saleable as milk.
Mallai should be smooth and white in appearance, and has a taste
typical of clotted eream. It has a very limited keeping quality.

 _The produects in this group are only produced on a large scale
in Northern India, and are particularly popular in the United
Provinces, the Punjab and Bombay Presidency. It has been eslimated
that out of every 100 maunds produced, khoa accounts for 85 maunds,
rabree and khurchan for 10 maunds, and males for 5 maunds.

Probably the simplest way of preserving milk for human con-
sumption in a tropical counétry is to %How it to sour, sinee this checks
) putrefactive changes while giving an acid

ﬁilrl"%g?s soﬁfg““g taste to the milk which is particulgrly refresh-
i, ing in hot climates(®). Dahi is milk which
o , ha§ bgen soured by inoculation with a lactic
acid ° starter . The milk is usually boiled for a short while and
then allowed to cool. While still luke warm a small quantity of the
previous day’s supply is put in, care being taken not to disturb the
surface layer of fat, which gives the produect a rich appearance and
1s used as an index of the quality of milk. After leaving for

(3)C. V. Wiser. ‘“ The Foods of a Hindu Vi ia,”’
B e ; g un Village of North India.
lglgzgau of Statistics and Eeconomie Research, U, P. Bull, 2, p. 62, Allahabad,
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6 to 8 hours the dahs 18 ready for sale It has already been noted
that ghee 13 prepared from soured mulk, so that 1t may be said that
the production of a form of dahr lies at the foundation of India’s
ghee industrs The residue from churning ghee (lassi) 15, mdeed
the most common form m which milk 1 consumed i India  Dain
iself 15 also a popular food, which 1s taken with rice or wheat
chappatites erther salted or with sugar 1t also forms the basis
of a special type of lasst which 1s commonly sold m cities and 18
prepared by beating up the dahs with water and iwce and adding
salt or sugar to taste Good dahs should have a creamy and smooth
surface free from bubbles, while the cut surface should be trim and
free from holes—an 1nteresting mstanee of a natural objection to the
presence of gas producing bacteria  The taste shonld be xmld rather
than sharp

Channe 1s a product of a very different type It 1s produced
from boiling mulk which 18 clotted either by the addition of sour
whey or by reagents such as alum After settlmg the channg 18
stramed off into a coarse mushn cloth, 1n whieh 1t 15 allowed to hang
for dramming This product 18, 1n fact, a crude form of moist casein
Tt 15 wsed 8s a basis for sweetmeats and is capable of bemng trans-
ported for distanees up to 300 miles without deterioration It 18
therefore particularly swited for the poor transport conditions of
Bengal, where 1t 1s chiefly produced The properties looked for are
whiteness, firmuness of body and a small grain, and a non amd
flavour

The production of cheese m India etther of Indian or European
varieties, 18 extremely small The chief Indian cheeses are Dacca
cheese, Surts cheese, and Bandel cheese Dacca cheese may be taken
ay typieal of the small type of medwm pressed cheese It 13 made
from buffaloes’ milk with the use of rennet The curd 1s pressed
i small cane bashets with a board and stones Pressure continues
for from 7 to 10 days, when the cheese 1s smoked with wood and
cow dung smoke The cheese heeps well after smoking Bandal
cheese 15 typical of the soft type of eream cheese It also 18 smoked,
a treatment which renders it offensive to many palates Surfs and
other local tvpes of cheese also have distinctive methods of pro-
duction

Of the products 1 this group dahs 1s of outstanding ymportance
for the reasons already mnoted It 1s moreover produced and used
umversally throughout India The production of channa 1s largely
Timited to Bengal and to parts of Bihar and of the United Provinces
Cheese 15 only found as a local produet and its production is noted
m all Provinces as ** neghgible *’(4) It 13 probable that the mawn
requirements of cheese m India, the consumption of which 15 Iimited
to Europeans, 1s met by imports from abroad These mmports, which

(4) Reporty of provinernl marketing surveys It has been suggested tnat
the low comsumption of cheese 1s due to the fact that an ammal product
(remnet) 18 used in ats production and that the uss of 7 vegetable substituie
for rennet would stimulate the demand It should however be pomted out that
the néutmg of cheese does not fit 1 with the normal dietary customs of the
country
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. . P . hough
wn in Table 20(5), give no indication of expansion, althou

‘?lll‘:ys}égow a rapid reco(very from the effects of the crisis,—a ﬁndmg
which might be espected in regard to a prqduet which is eonsumea]
solely by the wealthier section of the population. The present %nm}lk
value of imported cheese is Rs. 8 lakhs, and the amount o -nﬁl.
atilised in its manufacture would be about 150,000 maunds, which is
equivalent to only 0.002 per cent. of Tndia’s total milk produetion.

tails regarding the methods of I_nanufacture have.
beenTlgniavélEOY)chSSe 1 ffel that they are .essentlal for a pr()pe(lI
understanding of the problems involved in the productxonl_ a;lnd
marketing of khoa, dahi and related products. No publis ed
information is available on the subject, and present methods are base
.on the cumulative experience of past generations.

It will be realised from the foregoing deseription _that the
manufacture of indigenous milk produets in India is carried out on
most primitive lines. Moreover, the quantities

Improvements i of milk employed in the manufacture of the
f;;ducmn and pack-  gogiccated products (about 5 1b.) are clearly

uneconomic from the point of view of bgth
labour and fuel. There is obvious need for a careful investigation
of the methods of manufacture of these products. Khoa offers a
particularly hopeful field for study, not only because of its wide sale
but because its manufacture does mot involve the produetion of
by-products. It appears possible that its manufacture could be
placed on a village industry basis or even on a factory basis. The
problems involved are largely engineering problems ; the provision
of a plant capable of handling the larger outputs while retaining
those essential heating processes which give the produet its
characteristic flavour. It is possible that some type of band-drier
might be employed, though existing types of such plant would need
very considerable modification if they were to meet the special reguire-
ments of khoa production. The output of the product is, however,

sufficient to justify considerable outlay in determining the feasibility
of such a development.

Side by side with improvements in the production of Fkhoa,
improved methods of packing would be needed. At present khoo is
packed in baskets and leaves. This is unhygienie, and undoubtedly
reduces the keeping guality of the product. In view of the faot
that the slightly cooked flavour of khoa is one of its desirable
characteristics it would seem that this produet is one which might
be packed in air-tight containers and sterilised by heat, thus giving
it an indefinite keeping quality and rendering its transport simple;
and cheaper. The additional cost involved would probably be offset
by the decreased losses due to deterioration.

At Is questionable how far rabree and mallai could be dealt with
on these lines, since their manufacture is more 1}
on the personal skill of the maker. Any argely dependent

develppment
depend on the success achieved with khog. D a would have to

» But the manufacture of
(6) Annual Statements of Sea-borne Trade of British India
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dahs might certamly be improved At present no information 1s
available regarding the types of lachic acid bacteria used 1 the
production of dahs n different distriets, por 18 anything known
of the relation of the types of orgamsm to the flavour and texture of
the product A survey would quiekly show how far the bacteral
flora varies under present conditions of production, and to what
extent such varations can be correlated with palatability and market
demand By subsequent distribution of fhe most satisfactory
‘ starters 7 the quality and umiformity of dahs might be substantially
improved, with benefit to both producer and consumer The
mportance of such work 1n connexion with ghee production should
not be overlooked
It will be shown 1n the next chapter that himited guantities of
separated milk(S) are avamlable mn certamn districts Sueh separated
milk 15 not actually wasted, as 1t 15 largely
s el’a"::é:’ée i 0T ysed for the manufacture of caseir It 1s
P however lost as a source of nutriment It has
been suggested that efforts should be made to establish condensing
and drymg factories to absorh this mik, but 1 most localities such a
development 1s 1impracticable I consmder that the possibihty of
utshsing separated mlk i the manufacture of indigenous milk
products would repay further investigation Such milk 18 already
used for this purpose in some areas, but the complaint 18 made that
the quahty of the product 18 so mferior as to make 1t of little value
Khoa made from separated milk has for example, a tougher and
less acceptable texture and 1s apt to crumble, a emticzsm which
also applies to channa  On the other hand daht made from separated
milk lacks body It 1s obviously undesirable that such products
should have an equal value in the market to whole mulk produets
but there 1s undoubtedly room for attempting to improve the methods
of production 1n such a way as to make the separated milk produets
more readily saleable
The establishment of recogmised standards of quahty for khou
and related products would do much to encourage the imtroduction
The provisien of of mproved methods of production and pach
stwwd_f mg At present the standards (where they
exist) are of doubtful utiity For instance,
under the Punjab Pure Food Act (1929) khoe must have not more
than 10 per cent mosture and not less than 20 per cent fat Yet
according to manufacturing practice the khoa out turn from milk
should be 25 per cent (*) This would give khoa a moisture content
of nearly 40 per cent The mimmum fat content of such khon
would be 14 per cent, but the mmmmum fat content of a sample con
taing 10 per cent moiwsture, 1f made from whole milk, would be
27 per eent (3) That 1s to say, with a mosture content of 10 per
(6) I refer hero to machne separated milk, not to lasst
{7) te, 4 seers of milk yweld 1 seer of khos This ratio 1s so widely
recogmsed that 3t 18 commonly used as a method of determining the gquahty or
mik at wholesale milk markets
{8) Assuming the onginal milk to contamn 35 per cent fat and 8 per cent.
solids not-fat, which are the mmmum legnl standards under the Punjab Pure
Foot Act (1929)
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cent., the fat content of ihoa could only fall below 20 per cent. if "che
milk were 1o be ¢ toned ’ with separated milk. Clearly the existing
standards need re-examination,

This iniroduces a further point. No provision is m}1de in t}lg
food legislation of most provinces for standards of.quahty of milk
products made partly or wholly from separated milk. If thg pro-
posals put ferward earlier in {his chapter are adopted, 1t will be
neeessary to formulate standards notf only for wholg milk produects
but for products manufactured from separated and from half-crecam
milk,

The final, and perhaps the most important, consideration in
conneetion with khoa, dehi, and similar indigenous produets is their

_ nutritive value. There is at present a com-

OfTh? putritive velue - plete lack of information on this point. Tt is
pmd;’cltslgcm‘“g MEE- yvidely held that sour milk—cither in the
) form of dali or lassi—is more highly digestibie

and nutritious than fresh milk, and that it is partieularly wholesome
as a food in hot elimates(®). On the other hand I have been told
that the excessive heating {o which milk is subjeeted during the
manufacture of Ahoa will seriously affect its nutritive value.
Neither of these views has so far been substantiated by direet experi-
ment. The question is one of obvious importance in view of the
extent to which such produets constitute the staple forms in which
milk is econsumed by a large scetion of the Indian population. I am
strongly of opinion that experiments should be undertaken at an
early date to determine accurately the nutritive value of these various
Indigenous milk products in comparison with milk and separated
milk. The experiments should not, I believe, be confined to laboratory
animals. Comparative tests should be made into the value of the
products as supplements to typical Indian diets on the lines of those
already carried out with skim milk powder(?). Only by such tesis

will it be possible to determine the real value of the various produects
in the human dietary.

(9) W. R. Aykroyd and B. G. Krishnan. ¢ The Effect of Skimmed Milk,

Soya Bean and other Foods in Supplementing Typical Indi iets ?? i
Journ. Med. Res. 24, 4 (1937), : &P dian Diets 7%, Indian

——— s et e
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CHAPTER VI-—The utilisation of skam mlk in the manufacture of
cagsen, condensed milk and drred milk

It 1s sometimes stated that there 1s a serious wastage of separated
milk 1n India Another view held 1s that a comsiderable output of
separated milk, while not actually wasted, 18 utilised m a manner
which does not yield a profitable return In the present chapter
I imtend to discuss m detail these views and to mdicate the extent
to which separated mill might be more profitably handled

By separated milk I mean the by product of the mechamieal
separation of cream It hag already been stated (Chapter IV) that

over 99 per cent of the ghee produced in
o f?:;:?:te(f’g‘;:mn India 1s manufactured by the indigenous

method 1 which the by produet is lasss, and
that this 15 ivariably consumed by the eultivator and s familv
In view of the overwhelmingly rural nature of the population tius
practice cannot be objected to, for 1t ensures that the peasant class
retain for their home consumption the most valuable part of the mulk
This means, however, that the supplies of separated milk available
for manufacture are very limited On the assumption that the daily
output of ereamery butter i India 1s 20,000 1b, the quantity of
separated milk produced annually will be roughly 90 million pounds
or a hittle over one million maunds

At present a considerable proportion of this 1s used for the
manufacture of casem for export This export trade has remamned
fairly constant for the past few years at about 8 000 cwt per year
The amount of separated milk required to produce this quantity of
casem would be roughly 40 million pounds, or nearly half of India’s
total output of separated milk(?) The remammng half 1s stated to
be used 1n the production of mdigenous milk products such as dahs
and 1 the ¢ toning * of whole milk sold for hquid consumption It
may, I thinh, be definitely asserted that the gquantity of separated
milk actually wasted (s¢, thrown away) 1s neghgible Exhaustive
mquries 1n the more 1mportant producing areas show that separated
milh can be economgcally converted into casem so long as the price
of the latter exceeds Rs 70 per ton During the past three years the
price has averaged about Rs 260 per ton and has not fallen below
Rs 117 per ton

The suggestion has, however, been put forward that since there
15 a valuable 1mport trade m condensed and dried milks an effort
should be made to utihise the present outpud of separated milk for
the manufacture of these products It 1s therefore desirable to
examine 1n some detail the extent of the import trade in condensed
milh and milh powder These products are classed mto two eate

gortes , first, mlk foods for infants or wmvalds

dumports of milk P10 \holly or manly milh, and second condensed
e and preserved milks The first category
consists almost exclusively of proprietary brands of milk foods which
it would be extremely difficult to displace with home produced
products The average quantity imported during 1932 35 was 10 000

(1) It is not known how much casein 1y sold for use in India
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if the
cent., the fat content of khoa could only fall below 20 per cent, if t
milk were to be ¢ toned ’ with separated milk. Clearly the existing
standards need re-examination.

This introduces a further point. No provision is made in the
food legislation of most provinees for standards of.quahty of milk
products made partly or wholly from separated milk. If the pro-
posals put ferward earlier in this chapter are adopted, it will be
necessary to formulate standards not only for whole milk products
but for products manufactured from separated and from half-cream
milk

The final, and perhaps the most important, consideration 1n
connection with khoa, dehi, and similar indigenous produects is their
nutritive value. There is at present a com-

The nutritive value plate lack of information on this point. It 18
°f,o d;‘égslgenous Mk \idely held that sour milk—ecither in the
P ' form of dahi or lassi—is more highly digestible
and nutritious than fresh milk, and that it is particularly wholesome
as a food in hot climates(3). On the other hand I have been told
that the excessive heating to which milk is subjected during the
manufacture of Zhoa will seriously affect its nutritive value.
Neither of these views has so far been substantiated by direct experi-
ment. The question is one of obvious importance in view of the
extent to which such products constitute the staple forms in which
milk is consumed by a large section of the Indian population. I am
strongly of opinion that experiments should be undertaken at an
early date to determine accurately the nutritive value of these various
indigenous milk products’ in comparison with milk and separated
milk. The experiments should not, I believe, be confined to laboratory
animals. Comparative tests should be made into the value of the
products as supplements to typical Indian diets on the lines of those
already carried out with skim milk powder(®). Only by such tests

will it be possible to determine the real value of the various products
in the human dietary.

(9) W. R. Aykroyd and B. G. Krishnan. ¢ The Effect of Ski 1
Soya Bean and other Foods in Supplementing ¥ e

Typical Indian Diets ?°. :
Journ. Med. Res. 24, 4 (1937). TP ian Diets *°. Indian
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COHAPTER VI—The utihsation of skum milk in the manufacture of
casem, condensed mulk and dried milk

It 15 sometimes stated that there 1s a serious wastage of separated
milk 1 India Awnother view held 1s that a considerable output of
separated milk, while not actually wgsted, 18 utihsed 1 a manner
which does not yield a profitable return In the present chapter
T intend to discuss in detail these views and to indicate the extent
to which separated milk might be more profitably handled

By separated mulh I mean the by product of the mechameal
separation of ecream It has already been stated (Chapter IV) that
over 99 per cent of the ghee produced 1n
India 1s manufactured by the indigenous
method 1n which the by produet 1s lasss, and
that this 1s invariably consumed by the cultivator and Ins family
In view of the overwhelmingly rural nature of the population thus
practice cannot be objected to, for 1t ensures that the peasant class
retain for their home consumption the most valuable part of the milk
This means, however, that the supplies of separated milk available
for manufacture are very limited On the assumption that the daly
output of creamery bufter 1n India 15 20,000 1b the quantity of
separated milk produced annually will be roughly 90 million pounds
or a little over one million maunds

At present a considerable proportion of this 1s used for the
manufacture of casemn for export This export trade has remamed
fairly constant for the past few years at about 8 000 ewt per jear
The amount of separated mlk required to produce this quantity of
casein would be roughly 40 million pounds or nearly half of India’s
total output of separated milh(?) The remaming half 1s stated to
be used 1 the production of indigenous milk produets such as dahe
and m the ‘ toning ’ of whole milk sold for hiquid consumption It
may, I thinh, be definitely asserted that the quantity of separated
milk actually wasted (1e, thrown away) 1s neghgible Exhaustive
mquiries 1n the more important produeing areas show that separated
milk cn be economically converted into casein so long as the price
of the latter exceeds Rs 70 per ton During the past three years the
price has averaged about Rs 260 per ton and has not fallen below
Rs 117 per ton

The suggestion has, however, been put forward that since there
15 a valuable import trade m condensed and dried milks, an effort
shonld be made to utilise the present output of separated milk for
the manufacture of these produets It 1s therefore desirable to
examine 1 some detail the extent of the mmport trade in condensed
milk and milk powder These products are classed wmto two cate

gories , first milk foods for mfants or wnvahds

Imports of Mk P70 chally or mamly mth, and second, condensed
ducts and presersed mlhs The first category
consists almost exclusively of proprietary brands of milk foods which
1t would be extremely difieult to displace with home produced
products The average quantity imported during 1932-35 was 10 000

(1) It is not known how mach cascin is sold for use in India

Present production
of separated milk
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ewt. per year, which is equivalent to about 80,000 En?‘mdit °£a§§e‘§%
milk. In view of the speeial naturc of this class of 1mports f
its small volume it does not appear either feasible or mecessary 10
attempt to replace it with produets produced in India.

The second category includes unsxyeetened anc} sweetened C(')ﬁ;
densed milks, milk powder and certain other m§scellanequs mi
products. On the basis of replies received to a speeial quesnonnau"e,’
the annual imports may be roughly classified under seven heads, as
shown in Table 21. The total imports amount to roughly 200,000
ewt. and are valued at about Rs. 50 lakhs. They represent an pu‘cpur
of just under 700,000 maunds of fresh milk. These gquantities are
very small in comparison with India’s total output of milk products.
Moreover, it will be seen from Table 22 that the imports (and there-
for the consumption) show no tendency to expand(®). The ques-
tion arises therefore whether, if condensed milk and milk powder
were to be produced in India, an additional market could be found
for these products in the export market. The present imports of
condensed and dried milks into Ceylon amount to 36,000 cwt., and
the market is rapidly expanding(®). Malaya
imports 600,000 cwt. of condensed milk, while
other Far Eastern countries absorb about an equal amount, South
Africa and Bast Africa import some 300,000 ewt.(*). These com-
bined quantities (including India’s own imports) represent the
equivalent of roughly five million maunds of fresh milk. If Table 21
may be taken as typical of the imports of all these countries (no
separate figures being available other than those for India), the
amounts of whole milk and of separated milk used in the production
of the ;nilk imports would be one million and four million maunds
respectively. The_re 18 .therefore a fairly large potential market for
condensed and dried milk, although this still represents a very small
fraction of India’s total output of milk. Tt is, of eourse, question-
able whether, even if India was able to produce these prc;duets she
could capture the market against the keen competition of countries
which already have an established export trade. The figures are,
however, impressive enough to justify serious consideration of the
possibility of establishing condensing and drying plants in India.

_ In deciding whether such a development is feasible, three ques-
tions must be answered. TFirst, is the milk cheap emough ; second.
can it be supplied at convenient centres in sufficiently large quantities.
and third, is the milk of a sufficiently high quality to enable manufac.
turers to produce a good product ?

There is considerable doubt whether even the first question ean
be answered in the affirmative. Separated milk is valued in India
at about Re. 1 per maund(®). Assuming that
the working costs of production of sweetened
condensed skimmed milk are £20 per ton (a

(2) Annual Statements of Sea-borme Trade of British India,

(8) Imports into Ceylon have increased f 43
ewt. in 1936, g ® ed from 17,525 ewt. in 1932 to 35,548

©)) International Review of Agriculture, June 1936,
(5) Figures obtained from Provineial Marketing Officer, Bihar,

Export markets,

Value of separated
milk,

e
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typreal British figure), a ewt of this product could be produced
India for about Rs 18 The value of the imported produet is Toughly
Rs 28(®) per ewt, but this mecludes an mport duty of between 20
and 30 per cent (according to country of origmn) as well as heavy
costs of advertising and distmibution The market value of the
mmported product in competition with Indian export trade would be
unhikely to exceed Rs 20 Agam, skim milk powder can be
purchased mm India at Rs 36 per cwt () With similar working
costs per ton and valuing the separated milk at Re 1 per maund
shim milk powder could be produced in India at Rs 30 per cwt If
the 1mport duty 15 deducted from the value of the mmported product
however, the two prices exactly tally The above figures are
admittedly approximate, but they are, I think, sufficient to show
that the possibility of bwilding up an export market for condensed
milk and mlk powder produced in India 1s open to comsiderable
doubt  On the other hand the duty of 20 to 30 per cent op produets
wmported mto India would give an Indian manufacturer a great
advantage 1 his home market

1 will now turn to the second question Can adequate quantities
of separated milk be supplied at convenient centres ¥ The quantities
required by manufacturing firms are excep-
n:;f:xﬂ;%&im?efs €l tionally large Inquiries among firms alveady
mporting condensed milk and milk powder
mnto India mdicate that snch quantities should not be less than 30,000
tb per day Assuming an average yield of 6 Ib of milk per day
per milking ammal 1t would require 5000 ammals to produce this
amount It 15 estimated that the average Indian willage possesses
some 200 to 300 mulking ammals A daily output of 30,000 b
would therefore require the complete milk produetion of some 20
villages, which nhight be located within a 6 to 7 mule radiwus of a
dsntral factory This area would in practice probably need to be
larger, smce part of the output of milk would presumably be retamed
m the villages for home consumption No nformation 15 available
as to the possibility of finding areas of this character which might
form suitable centres for condensing or drying factories In one
or two localities, where large butter making creameries are already
established, the requisite supplies of separated milk might be avail
able But 1f more than one or two centres were reqmred a detailed
survey of the mamn milk producing areas would have to precede any
question of developng production on a large scale

This brings me to the third queston Can separated milh he
supphed which 15 of sufficiently good qualty for manufacture ¢ At
present the answer 1s a categorieal negative

ml%:auty of separated  DPopconal nquries 1 hikely areas and con
versations with men who have been responsible

for managing large butter maling creamerles both show that the
present supply of separated mulk would be entirely useless for either
condensing or drymg In the words of one experienced manager,

{6) te, 4 annas per 1 1b tin
(1) Information obtamned from Dr W B Aykroyd




b2

. L s " 1 a
“ the whole difficulty is that the milk s produced on too smail
scale by a very large number of producers : §ueh small quanémgi
could not be handled profitably if delivered direct by the pro uu(i T
to the creamery, while the collection of milk by middlemen r;s

in its deterioration before arrival at the creamery...... N an}
firmly convineed that if any concern requires large quantities ‘?k
first-class milk, it will only be possible to obtain it by organising m}; :
production on large farms under hygienie eonghtmns . Anot hejl
equally experienced manager stated that the milk supplied to his
creamery was always very acid on arrwal} and ‘ghat the -re:sul'c_mg
separated milk was only suitable for casein makmg.. In' his view
the condensing and drying of milk would only be possible if a really
good supply of milk were to be available, but ’nha’g }Jx}der these
circumstances the cost of the milk would be prohibitive. Such
authoritative opinions must earry great weight. They agree, mdeedz
with the experience of all those who have had to produce condensed
milk and high-grade milk powder, namely, that the quality of the

original milk is one of the main factors which affect the quality of
the manufactured product.

Briefly then, it may be said that the manufacture of condensed
milk and milk powder for export does not offer a hopeful ﬁe}d for
development ; that such products might, however, be able to displace
those at present imported into India ; but that this would depend
largely on whether the requisite amounts of good quality separated
milk could be collected at suitable manufacturing centres.

There are, however, a number of purely technical considerations
which must be taken into account in connection with the production
. . of condensed milk and milk powder. As
sioechnical comSIACT®  pogards condensed milk, the chief demand in
' India is for sweetened condensed skimmed milk.

The production of this type of condensed milk is particularly affected
by the hygienic quality of the incoming milk, since the product is
not completely sterilised during manufacture. Moreover, both
sweetened and unsweetened condensed milks are specially
susceptible to defects associated with the protein content and the
mineral balance of the milk. The methods of processing in Western
countries have not only to be modified according to the locality of
the factory, but also according to the season of the year. No
information is available to show whether milk from Indian cows or
buffaloes can be successfully condensed, or what alterations in
technigue might be necessary to ensure the production of a good
product. It would obviously be a serious. mistake to establish a
condensery at a high cost until the feasibility of condensing and its
major difficulties nnder Indian conditions have heen ascertained on
a small scale. It may perhaps also be mentioned at this point that

the total output of condensed milk necessary to displace the imported
products would not ocecupy more than two or three large plants of.
say, 30,000 1b. capacity.

. As regards milk powder, the first point to be decided is whether,
in the event of its production in India. the plant used should be of a
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roller o1 a spray drymg type The former involves a very much
smagler capital outlay Separated mik powder produced by the
roller process 1s, however, very 1msoluble and 1s used 1 most Western
countries only for the feeding of stock If the object of manufactur
mg mulk powder 1n Indha 18 to produee a product for human consump
tion, particularly m connexion with the provision of reconstituted
separated milk for emldren of school age, 1t would need to he spray
dried milk This would mvolve a relatively gh capital expendi
ture Moreover, milk powder production would ental special
difficulties 1n a country having a monsoon season The combination
of high atmosphberic temperature and humidity during this period
would necessitate an abnormally high air capacity n the drier, and
might also lead to difficulties in the handling of the dried powder,
which 15 intensely hygrosecopie So far as total output 18 concerned,
attention would need to be given to the available market From
Table 21 1t will be seen that the present consumption of milk powder
(as measured by imports) 1s between 250 and 300 cwt per year
A full size commercial spray drying plant will produce at least
a ton of powder per day The present output in Incia would,
therefore, only be sufficient to ocecupy ome plant for, say, 12 to 1o
days Even if a strong drive were to be made to popularise the
use of separated milk powder as a supplement to the diets of school
children, 1t 1s doubtful whether the output of one plant would be
fully pccupied An additional market might be found i the
development of the 1ce cream trade, especially i view of the rapid
extensions at present taking place in refrgeration Army require
ments might also absorb part of the cutput of a spray-drymg plant,
since for transport purposes a milk powder which could be readily
reconstituted i the field would be 1deal The difficulty of meeting
army requirements s, however, that there are such large differences
between peace and war requrements Peace requirements are only
one to two tons per month 1n time of war, however, the requirement
might 115e to between 100 and 200 tons(8)

The above disecussion indicates some of the more obvious
difficulties which would be met with in any attempt to establish
Conclusions condensed milk or milk powder factories 1
India Tre 1dea 13 superfiaally an attractive
one, but 1 wview of the exceptional difficultres with which the
Indian dary mndustry 1s faced, I am qute certam that any con
siderable expenditure (such, for example, as that envisaged mn the
Anand Experimental Creamery scheme) 1s not meantime justified
If condensing and drying factories are ultimately to be bmlt in India,
they should, I believe, be erected by firms who already have a long
experience of the trade and an established Indian market for their
products I conmder, therefore, that any official assistance which
may be given should be 1n the direction of surveying the available
supplies of milk, exammng thewr qualty, and determunmg on a
small seale the smitabihity of the milk for processing These are the
three primary requisites on which any commereial firm would need

G(S) Tigures quoted by the courtesy of the Quartermaster General in
10

In
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to have accurate information before giving serious consideration fo
the establishment of a condensing or drying factory in India.

Finally, I should once again reiterate the contention which I put
forward in Chapter II, namely, that India has an essentially rural
population, and that in any development of the dairy industry the
needs of this section of the population must be paramount. If it
was necessary to choose between establishing a factory system for
converting separated milk into milk powder or leaving the separated
milk in the villages for local consumption, I should unhesitatingly
recommend the latter alternative.



PART IL

THE PRODUCTION OF MILK IN RELATION TO THE
BREEDING AND NUTRITION OF MILCH CATTLE.

55—56






57

CHAPTER VII—The importance of cattle in Indian agriculture

Tt will not be out of place to preface this part of the report
with a brief statement of the size of the cattle mfinudstry of Indu;tand
of its importance lan  agriculture

Tntroduction \Iumeneall)}) India possesses the largest caftle
population of any country i the world A recent estimate (3)
places the world’s cattle population at about 630 million ammals
Of these 152 mullion are located in British India and 36 mllion m
Indian States India possesses therefore nearly one third of the
world’s cattle population Next in order are the Soviet Union
(with 65 rullion) and the Umted States (with 58 million), but each
of these has barely onethird of India’s total Great Britain has
only seven mullion ammals or one thirtieth of the Indian cattle

population These figures mdicate the magmtude of the Indian
cattle mdustry .

Owmg to adverse chmatic and economic conditions the pro
duetive value of this mdustry 15 not commensurate with 1ts size It
15 of course difficult to assess the monetary value of live stock pro
ducts 1 a country where the greater part of the output 15 consumed
by producers instead of being marketed This dafficulty 1¢ intensified
i India where the male cattle are chiefly valuable on account of
their use for draught purposes and where meat 1s not a staple article
of the diet In the present discussion I shall deal with the subject
from two aspects first, the actual value of produce derived from

cattle, and second, the potentinl value of cattle to Indian agricul
ture

The 1ncome from the sale of cattle produets can be fairly elosely
estimated It has already been shown (Table 13) dthat milk and
milk products may be valued at about 300

mle“gg";:m;';l’_’;d“z:: crores of rupees This 18 roughly equivalent
to the value of India’s total output of rice

and 1s three to four times the value of the output of wheat(")
Micellaneous products such as hides, skins and offals are also an
imporiant though relatively small source of mecome from ecattle
especially as these are largely sold for export India 1s 1n faet,
the largest exporter of hides and skins m the Briish Empire her
produects representing one third of the total Empire exports(3)
India’s yearly output of this group of products is valued at roughly
40 crores of rupees It 1s sigmficant that the trade m hides and

(1)U 8 Dept Agne Yearbook 1935, pp 556 557 The figures quoted
refer to the years 1026 1930 According to the Fourth Census of Live Stoes

i:-llc]l m 1935 the total cattle population of India 13 now estimated at 215
1lliong

{2) The production of ree 1s cstimated at 33 mulhon tons At Rs 100
Per ton this mves a value of 330 crores of rupees The production of whett

18 eshmated at 93 milhon tons At Rs 80 per ton this gives a value of 76
erores of rupees

(3) A N Duckham ‘‘ Amimal Industry o the British Empire,” p 222 °
Oxford Umversity Press, 1932 In 1928 the total Empirc exports of hdes and
skins were valued at £42,200,000, of which India’s share was £14,000,000

H36ICAR T
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i - - i weproduct of the cattle industry,
o Whl(‘,}I 101}:11;)015:2?15\0 lxlv{?hilontl;lnu?f 11130 Itoml Indizn output of sugar,
e g'r'ca'c{ued at about 30 croves of rupees(*). It may also be
BT 15’1\1111 at. although the export of live cattle does not represent
mentxom‘c -i: ’ﬁt incnnhm the potentialifies of Indian draught breeds
e b(t)lm\uv:xt heen’ widely recognised, the annual export at one
1311:12 ]1:}1\&1):{" 11"0"101\(\(1 nmrlv".’,,(l()() animals af an average value of

¢ 24 2t : A

Rs. 250 per head.

It is, however, in the relation of cattle toI t.he n.gt::(’:ult;gg;

- of the comntry that their unigue value becomes apparent.
ceonomy Cattle labour represents probably the most
Valno  of t important contribution of live stock to Indian
tebour. agrieulture, In the words of the Royal Com-
mission on Agriculiure in India(®) “ In most paris of the world
eattle are valued for food and for milk ; in India their primary

purpose is draught for the plough or the eart...... Without the

ox, no cultivation would be possible ; without the ox, no produce

could he transported *’. Tt is obviously difficult to place a definite
monetary value on catile labour. An inguiry into the value of f:attlc
labour in holdingzs in the Punjab(®) has shown ihnt‘bct'»veen 1) and
20 per cent. of the costs of cultivation fall under this head, a fizure
which has I understand been confirmed in a more recent investiga-
tion(?). Assuming that the total value of India’s output of agri-
cultural produce approximates 2,000 crores of rupees(¥), the share
of cattle labour would be hetween 300 and 400 crorves of rupees. An
alternative method of ealculation may be taken from the Royal Com-
mission’s Report(®) where it is estimated that the cost of feeding
and depreciation of a pair of bullocks averages Rs. 175 per year.
On the Commission’s assumption that a pair of bullocks are needed
to cultivate 10 acres of ‘ net sown area’ (of which there are 239
million aeres in British India and 70 million acres in Indian States)
the cost of cattle labour works out at 525 crores of rupees for ail

India or 400 croves of rupees for British India. The latter value

may therefore be taken as a conservative estimate for ihe country as
a whole.

The second indirect source of income attributable 1o cattle
which is, however, even more diffieult to assess is their contribution
to the fertility of the land. An atiempt has been made to arrive
at a rough estimate of the cash value of cattle manure, and a provi-

(4) t.e,, an output of 1,200,000 tons of sugar at Rs. 150 per ton and an
output of gur of 4,000,000 tons at Rs. 50 per ton.

(5) Report of the Royal Commission on Agriculture in India
3132 (1928).

©

(7) Investigation carried out under the direction of the Imperial Council
of Agricultural Research,

(8) The figure given by Findlay Shirras (‘‘ The Science of Public Finance 7%
for 1922 was 1,983 crores of rupees.

. Wa 3 According to M. Vaidyanathan (private
communication) this had risen in 1929 to 3,400 crores, but had fallen again
by 1936 to 2,000 croves.

() Loc. ost., p. 194,

, p. 169. Cmd.
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i rupees has been suggested (3%}, This
wional figore of 210 cg(;;r\f:e Oli obsiously open to eriticism, a8 indeed

Cattle ms a factor would be any estimate based on the very
in maintalning  soll meagre information available. No figures
fertiuey. exist, for example, to show what proportion of
cattle dung is used as fuel, although this is pelieved to be very large.
Nor have controlled experiments been carried out to determine the
value of farm-yard manure under the widely varying climatic and
soil conditions of India. There is little doubt that the widespread
extension of ¢ composting ’ would greatly enhance the value of cattle
manure as & medium for inereasing soil fertility. ’

I believe that it is necessary, however, to look at this sul_)Jecg
from the wider-aspect of the possible effect of a ‘ mixed farming
system on the productive capacity of the’land. At present India is
virtually attempting to maintain a relatively demse human popula-
tion by methods only applicable to an ‘ extensive ’ system of farming,
a system in which large acreages have to be relied upon to off-set
low erop yields and poor grazing lands, and in which little attention
is paid to the maintenance of soil fertility. Such methods may be
suitable for mewly developing conntries, sueh as Australia and
Canada, where the human population is small and ample land 13
available. In these two countries there is, however, an average
of only two to three persons per square mile. In India there are
nearly 200 persons per square mile, a figure nearly equivalent to
that of Denmark. With such dense populations it 1s essential that
the output of produce per acre should be high, and for this
purpose the fertility of the soil must be maintained. It has aptly
been said that under these circymstances the development of
Indian agriculture urgently requires ¢ the dove-tailing of the arabie
and animal hosbandries into one ‘ mixed-farming ’ system . ** It
is evident ** states the same anthority (11) ** that the cattle problem
df)miuutes the whole situation...... I think that no rapid increase
(in crop yields) can come until the ‘ mixed-farming’ system is
adopted.”  Such a * mixed-farming ’ system would involve not only
the utilisation of all available manure, but the ecultivation of
leguminous fodder crops which contribute so markedly to soil
fertility. The fodder crops so grown would, in turn, provide an
ideal source of food for cattle, and particularly for milking stock.

This is. therefore, a question of the utmost importance not only
ta the cattle indusgry but to the whole fu’cm'ef devellgpment of

airying. At present one is faced by a some-
mr:&lgp?;x;"ﬁé“;’; what perplexing problem. Milk is chiefly pro-
dunction 7 b duced as a by-product of agriculture : the
. milking stock are largely fed on dry fodder
which would otherwise be valueless, and the Iabour costs are negligible,
Under such conditions the cultivator can afford to sell his milk at a
remarkably low priee, 6 pies per Ih. being not uncommonly accepted.
{(10) A, Obser and M. Vaidyanathan, *¢ Ascessment of the Annual Contri-
bution of Iave Stock in India to Indian Dcosomy.”’

(11) B, A, Keen. ¢ The Real Problem in India.’’ Paper read before the
Eoyal Instituto of International Affairs, March 1st, 1932,

»2
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On the other hand figures obtained {rom a study of the costs of pro-
duction of milk on Military Dairy Farms(l.’-‘), as well as from oth'er
large dairy conecerns, give costs of produc‘glon.of from 6% to 11 pies
per lb., while another independent investigation showed a figure oi
just over 1 anma per 1b.(33). The specialised prodl}ctlon of milk
does not appear, therefore, to be economically feasible unless an
exceptionally good market is available. It has been suggested that
the way to increase milk production in India is to create a more
Iucrative outlet for milk and milk produets. This might be truec
ju a country with a large and relatively rich urban population : 1t 18
not, I believe, applicable to Indian conditions where 90 per cent. of
the population are rural, and where a large proportion of the
cultivators are compelled to live on a subsistence agriculture. More-
over, the provision of a more lucrative outlet for the milk is not
eonsistent with the prime necessity (referred to in Chapter I) of

maintaining a low price for milk in order to stimulate increased con-
sumption. ’ '

' The solution of the problem appears to me to be along the lines
indicated above. namely, the development of a ¢ mixéd-farming’
system. In such a system the production of animal produets 'sqql}
as milk is carried cun side by side with a system of cropping in whieh
leguminous fodder crops take an important place, and in which
full use is also made of the increased quantities of cattle manure. In
this way soil fertility is maintained, and the resulting inecrease In
crop yields indirectly off-sets any increase in the cost of production
of milk. It is significant to note the success of such a ¢ mixed-
farming ’ system in another backward agricultural -country(14).
“* Larger yields of crops are being secured and the farmers, in addi-
tion to having more ample food supplies and larger quantities of
economic crops for sale, are also being provided with supplies of
animal prodvets, such as milk and butter, for their consumption and
sale. There is no doubt that they have been enabled to live better
than was possible under the old order, and in consequence it is expected
that their own.health and that of their families will benefit.”>

It is of course questionable how far ¢ mixed-farming ’ ean be
introduced under the wide variety of climatic and soil conditions of:
India. There is, bcw-ver, little doubt that there is great scope for
development along thcse lines in many irrigated tracts. At present
there is a veiry geveral impression that the introduction of irrigation
rapidly leads to the dcteiioration and even to the virtual extermina-
tion of good breeds of cattle. This is, for example, true of Sind
and of certain tracts in the United Provinces. If full advantage is

(12) K. P. R. Kartha. ‘‘ A Note on the Comparative Economic Efficiency
of the Indian Cow, the Half-bred Cow, and the Buffalo as producers of Milk and
Butter-fat.”” Animal Husbandry Wing Meeting, February 1933,

(13) W. J. Hansen and N. R. Joshi. ¢ Cost of Milk Produetion in
Allahabad.’’ Agrie. and Live Stock in India, 4, 248 (1934).

(14) F. A. Stockdale. ‘¢ Report on the Agriculture of Nigeria, the Gold

?:‘l)g;g )and Sierra Leone.’’ Colonial Advisory Council Publication No. 270
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1y be'derived from irrigation, I am convinced that farming in irrigated

areas will have to be modified to allow the inclusion of a ‘ mixed

farming ’ system in which both the crop and animal husbandries play

their part.

This brief diseussion is, I think, sufficient to give some indication

of the magnitude of the cattle industry and of its actual and

Concinsibas, potential value to Indian agriculture. In

: ectual value (including the value of dairy

produets) the industry contributes at a very rough estimate about

1,000 erores of rupees to the agricultural income of the country,

which has been assessed 2t a total of 2,000 crores of rupees. The

potential value of cattle as a means of raising the level of fertility of

the soil and of thus increasing the output of both cash and food
crops is, 1 believe, incalculable,
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CHAPTER VIII—General Discussion on Cattle Improvement,

Before dealing in detail with the prcblemg involved in the brged—
ing and feeding of dairy eows, il seems c}esxrable to discuss briefly
the steps which have so far been taken 1o improve the general stand-
ard of Indian cattle. I should make it clear that the measures
adopted have been largely limited to dranght breeds and general
utility animals, and have not ineluded milking breeds. A very full
discussion of the measures nccessary io improve Indian cattle is
given in the Report of the Royal Commission on_Agrlculture. It is
not necessary for me to recapitulate the conclusions of the Report.
It may, however, be said that the two chief methods of improvement
adopted have been the provision of pedigree and improved bulls, and
the castratiion of inferior males. It will be instructive to see how far
effect has been given to the Royal Commission’s recommendations in
these two matters.

As regards distribution of pedigree bulls issued from Govern-
ment Farms, the Royal Commission drew attention {o the very
i Hmited progress achieved up to 1926 in com-
3 Issue of pedigree 4.jc0n with the needs of the cattle popula-
ulls, . ol
tion of the country(*). The Commission
calculated that an annual supply of some 200,000 bulls was needed,
but showed that in the major provinees only a little over 500 per
year were actually issued. Table 23 indicates the comparatively slow
progress made sinee the date of the Commission’s Report. Although
the number of bulls issued annually from Government Farms has
been nearly doubled, the {otal is siill only a minute fraction of
India’s requirements. These figures do notl, however, show the
total number of bulls issued, sineec approved animals from sources
other than Government Farms are also distributed in certain pro-
vinees. Thus 300 to 400 approved bulls are distributed annually in
the United Provinces, 40 to 50 in Bombay Presidency, and 20 to 30
in Bengal. A fairer cstimate of progress is therefore given by the
number of pedigree and approved bulls actually at stud. These are
shown in Table 24. The Royal Commission estimated that India
needed roughly ome million breeding bulls ; the present number of
pedigree and approved animals represents only one per cent. of this
requirement. Moreover it is significant that the number of new hulls
issued each year is only slightly greater than that needed to replace
existing animals on a 10 to 15 per cent. basis of annual wastage.

It may be urged with some justification that these figures give
& misleading impression of the real success achieved by the policy of
bull d}stmbution, since they give no measure of the actual improve-
ment in local stock which has taken place as a result of the scheme.

herg is no doubt that such improvement has been most marked : it
was indeed apparent to me during my tour that in those areas in
which pedi

Nl gree or approved bulls had been placed the stock were
povariably of an improved physique and appeared to be hetter cared

15, however, unfortunate that some quantitative messure of
(1

3100 (%gggx;‘ort of the Royal Commission on Agriculture in India, p. 213, Cmd.
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mprovement 1s not avallable It 1s here, I b&;{“ﬁ!ﬁ!%te@dﬁ)g
control and the registration of progeny would be o’f‘%pecl?ﬂ value
Such a system of 1egistration would not only provide a measure o
the progress achieved, but would also provide a reservoir of improvea
stoch for distribution to other districts Probably the best example
of the application of this system 1s fo be found in the Bombay Pres
deney*  Ilere, although there are only 289 bulls voted as at stud ’,
there 15 a register of over 2000 nnproved cattle Swmuilar systems
have also been adopted in the North West Frontier Province and m
certam tracts in the Punjab
Thus raises the general question as to whether m attemptmg to
aceelerate progress 1 live stoch improvement reliance can be placed
on bulls seleeted from improved cattle tracts
apgfc;‘:ge;uus VersuS s well 25 on bulls bred at Government Farms
On the one hand 1t has been urged that the
breedmg records of stock reared under vilage conditions have a hith
degree of unreliabihity, and that such animals could not adequately
replace the farm bred bulls of guaranteed pedigree On the other
hand 1t has already been pointed out that the number of farm bred
bulls 1s seriously himited and quite madequate for the needs of the
counfry Farm bred bulls are, moreover stated to be unsettled and
difficnlt to handle, wlule they do not always represent the type of
ammal which the cultivator requires There 1s too, the question of
cost Farm bred bulls are relatively expensive to rear I was for
nstance, mmformed that bulls at two large provincial centres cost from
Rs 200 to Rs 400 to rear, while they were sold to Distriet Boaids
for distmbution in villages at Rs 100 Village bred bulls, on the
other hand ecan be reared at almost neghgible cost to Government
Moreover the purchase of village bred bulls for distribution gives a
most valuable stimulus to improved eattle breeding in the selected
areas by providing a marlet for such improved stoch Govermment
15 giving direct eneouragement to progressine breeders

T think that this question rmght be summed up by saying that if
any widespread effeet 13 to be obtamned by the distributton of bulls,
1t 15 essentral that ncreasmg use should be made of the improved
(and registered) amimals bred under village conditions n selected
breedmg tracts Only by this means will 1t be possible to supply the
vast number of breeding bulls required throughout India On the
other hand 1t 15 equally necessary that © type ” should be preserved
within each breed For this purpose 1t 15 T believe essential to
mamtain Government breeding farms where the methods of breedng
can be accurately controlled and breeding records can be thoroughly
relied upon

The second general method of effecting cattle Jmprovement on
an estensive geale 18 by the castration of all mferior males The
number of ammmals castrated at veterinary
hospitals and dispensares and on tour have
more than doubled during the last decade as
*1 J Bruen ‘¢ A Note on the Establishment and maintenance of Pedigree

Merd Books in Bombay Presidency ’’ Ammal Husbandry Research Workers”
Conference, New Delhi, February 1936

The problem of the
scrub bull
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shown in Table 25. Progress in this direction has, however, varied
from provinee to province, and it is signifiecant that two-thirds of the
total number of castrations have been done in three provinees, the
remaining provinces showing very small returns (Table 26). It is,
of course, extremely difficult to determine the extent of improvement
of stock which has taken place as a result of this widespread castrs-
tion policy. No records are available to show what proportion of
castrations are carried out on the undesirable types of ‘ serub ’ bull,
and what proportion merely replace castrations previously carried
out by the more crude village methods(*). It is stated that there
is difficulty in getting young stoek castrated at a sufficiently early
age, a point which formed the subject of one of the recommendations
of the Royal Commission. This recommendation, which was thai
experiments should be carried out to determine the effect of early

castration on subsequent development(®), does noi appear to have
been put into effect.

While it is difficult to assess the value of the present castration
policy so far as the country as a whole is concerned, there is, I feel,
one direetion in which future action should be concentrated, namely,
the intensification of castration measures in selected breeding areas.
A poliecy which included the distribution of pedigree bulls to selected
areas and the registration of progeny in those areas, combined with
the castration of all inferior male stock and if possible the inocula-
tion, of all local stock against rinderpest, would represent an ideal
method of effeeting live stock improvement. If, as I recommend in
a later chapter, breeding, castration and disease control are placed
under a single Department, it should not be difficult to ensure that o

real drive is made along these lines in the direction of improving
India’s cattle,

(2) It is interesting in this connection to note the comment of one Director
of Veterinary Services ‘¢ In areas where the local zamindars are deriving
benefit from cattle breeding they very definitely discriminate against the scrub
‘glu;}é ;x;ikxfs have comparatively little difficulty in castrating their imferior

(3) Loc. cit., p. 238.
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CHAPTER IX —The Breeding and Management of Milch Gattle

In the previous chapter I have dealt with certaln general
methods of effecting 1mprovement 1n the breeding of Indian eattle
under village conditions These methods have so far been chiefly
applied to cattle of draught type In the present chapter 1 propose
to diseuss m detul the breeding and management of eattle of pre
domnantly mmlling type

I have already stressed the need for increasing and cheancning
milk production m India 1t the population 1s to be able to secure

adeguate supplies of milk at a reasonably low
crg’;‘:::‘“;f:r ‘;ﬁpg‘a price Tac ¢ 15 probably no single mcasure
milk yields which eould do more towards achlevinz this

amm thin an mpiovement m the milk yelds
of Indian cattle At present the mulh jields of willage cattle arc
exceptionally low Table 33 shows, for example, typical jields as
estimated 1 recent surveys(*) for British India The average 1s
onlv a httle over 600 b per year, which would represent an average
duly vield of, say, 4 to 6 1b On theoretical grounds alone
this 3ield 1s bound to be uneconomie, since the amount of food
required for the mamtenance of the cow 1s very high m comparison
with its production requirements Any increase in the per camic
yield would spread this maintenance cost over a larger output of
milk, with 1 consequent lowermng of food cost(?) The cost of labour
and of depreciation of stoch would also be rcduced with the higher
vield Table 27 shows that this conclusion 1s borne out m prac
tice(3) The figures show clearly that the higher the yield the lower
are the relative costs of labour, depreciation and food Moreover 1t
1s significant that the reduetions in the relative costs of these items
are greatest at the low levels of milk production which are character
stic of Indian village cattle Figure 1 illustrates this fact i rela
tion to feed costs(3) It wll be seen for instance, that by rasing tae
level of milk production from 7 1b to 14 Ib per day the food require
ment per Ib 15 reduced by nearly 50 per cent Figure 2(4) shows
that ts finding 1s 1dentical with that arrived at independently

(1) Results of Provincial Marketing Surveys

(2) This stitement needs amplification It has been stated in Chapter VIL
that the cultivator can afford to dispose of Ius muilk al + price below the costs
of production as found on Military Dmry Farms and other speciihised miliong
herds The cultivators present method of mlk production 19 however only
cteap 1n the sense that 1t does not invelve him i any direct ndditional ex
penditure the anmimals bemng fed on the by prol ets of the cultivation of food
crops such as mce, wheat mwuze and vullet But 1t 13 1n fact an extremely
unceonomie method of milk production The low yields involve a relatively hign
cost of mantenance per nmit of milk produced poor feeding delays the attan
ment of maturity and therefore lengthens the unproductive perod of hife while
madequate nutrition znd poor management also tend to lengthen ealving pemolds
and therefore to reduce the total output of milk during the life span

(K P R Kartha ¢ A note on the comparative economie efficiency ot
the Indian eow the half bred cow anl the buffalo as producers of milk anl
butter fot 7’ Ammal Husbandry Wing Meeting february 1933  The figurcs
refer to ammals of different breeds, but serve to illustrate the general prmeiple
mvolved

(1)U 8 TYearbook of Agriculture (1935), p 599
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other countries. The trading results of a well-known herd of Indian
dairy cattle may be quoted ds an example of the benefit derived from
high millk yields(?). While the average milk yield pf the cows in
this herd was below 4,500 1b. there was a constant trading loss averag-
ing about Rs. 1,500 per year. An increase in the per capito milk
yield to between 5,500 and 6,300 converted this loss to an average
profit of Rs. 1,200 per year. While other factors may to some extent
have contributed to this achievement, the correlation with increased
milk yield is too clear to be a mere coincidence.

These facts will serve to emphasise the importance of improving
the milk yields of Indian ecattle. It is, however, equally necessary
to take into account the diverse meeds of the
different branches of the Indian dairy in-
dustry in deciding the breeding policy to be
adopted. It will be understood that these needs vary according tc
loeal circumstances. For city milk supplies, for example, an animal
is required which will give relatively high yields. Iodder is costly,
and the rent of premises is also a heavy item of expenditure. Only a
high producing cow can be maintained economically under such con-
ditions. At the other extreme there are draught breeds in which
the primary purpose of retaining the cow is to produce good ‘working
bullocks. Milk is here an entirely secondary consideration, though
it is obviously desirable to obtain as muech milk as possible from the
cow provided that this does not result in any deterioration in the
inheritance of draught quality. Between these two extremes there
are so-called ‘ general utility > stock which give bullocks of reason-
ably good physique, and cows with a fair though not high milk yield.
The breeding policy to be adopted will obviously depend on the

ngicure of the local requirements as well as on the type of cattle avail-
able.

It is, however, also essential that, having decided what policy to
adopt, this should be continued uninterrupted over a long period of
Tong range policies. J€ars- There is no branch of animal husbandry
m which changes of policy ean do so

much harm as in breeding : if the changes are frequent no construe-
tive breeding is possible ; on the other hand if a policy which has
been maintained over a long period is ultimately abandoned through
some adventitious factor such as temporary financial stringency, many
years of constructive work will be wasted. Unfortunately I found
that_the value of adopting long-range cattle breeding policies had
not in the past been sufficiently appreciated in India. There was a
general tendency to change the method of breeding prematurely if
satisfactory results were not quickly attained. As an extreme example
I may quote one College dainy herd, in which seven changes had been
%lﬁde (1in the breeding methods over a period of less than 25 years.
thee t?mversfe results of this vacillating policy were quite apparent at
the resslto IfIlSpectlnq the herd. There are also instances in ‘which
Ditate Gos 0 valuablq breeding work has been destroyed by preci-
Ditate Go ernment action. -The history of thé Seindi breed provides
Of the worst instances of such short-sighted poliey - Co

(5) Private communication from Lyallpur Agricultural - College.

-

Need for considering
local requirements,

.
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1 have felt 1t desirable to stress these two pomts—the necessily
of formulating breedmg programmes to meet locgl needs and the
urgency of ensuring that such programmes are not prematurely in
terrupted—because they form the foundations of any suecessful
breedmg policy 1 will now furn to cerfain questions whuch are of
spectal mportance 1 deciding on breeding policzes m India

Owmg to the relatiely low mlk yields of mdigenous Indian
breeds 1t 15, perhaps, natural that breeders have tended to rely on
cross breeding with swes  of high yieldng
European breeds to rawse the productivity of
local stoeh This poliey has been ‘widely
adopted by the Military Dawry Farms and also certan Agnm
cultural College dairy herds The mnmediate results are certainly
striking  The first cross (half bred) gives on an average double the
511d of 1ts midigenons dam, while 1t also breeds more regularly
With further crossing the vesults have not however, been so suc
cessful Matmg half bred to halfbred 1s of very questionable
value , even 1f a fixed type could ultimately be obtamed (which 1s
doubtful) the amount of ‘ cullng ’ of unsatisfactory ammals would
mahe the method estremely expensive Bach crossimng mmproves the
constitution but reduces the milk jield Forward crossing on the
other hand while mamtainmg itk vield js hable to result m a
detenoration of physique and m ugh mortahity, particularly among
calves This latter difficulty has to a grent extent been overcome by
mproved techmgue m cnlf rearmgy Determoration m the conshin
tion of adult stock appears to be due not so much to the eross breeding
19 to the effect of high malk vield under the mgorons chmatie condy
tions of Indin  Thus it has been shown that there are mdications of
mereased susceptibility to disetse and loss of eonsfitution even among
Indin dury eattle when therr mull ing performances 1mpr0ve(")n
%?510?1 1?““ §1§1ds of dﬂle various erosses are shown i Table 2§

e striking and mmmediate effect of the mtr
blood on mulh 31eld 1s clearly sho?\\t n £ the mmtroduction of Turopetn

It must, however be emphasiced tha
obtamed m herds i which thge have bee; ;L}szgt::ns}llllt?fagﬁt? h?fin
the control of breedmz At other centres where cross breedmeg h ;
been practised the results have not been so satisfactorv Ev§ »
some College herds the deletertous effect of badly controlled cnosm
breeding 1s apparent from a superfieial mspection of the stock 1\:][‘0 .
over at Mihtary Duiry Farms and m Agricnltural College herd: trhe
amimals recerve adequate and well balanced rations In tﬁr S on
nevion I would emphasise 4 pomnt which has been made S oo
publication namely, that while Europenn catfle have bem abreceut
;‘g&?blihgsui ncth%f‘acéefm avluch asuist the effective use of ige ll:gzetq(:

ity of food Indian cattle have been deyel
the most efficient use of the smallest qu Wyt ped to make
surprising therefore that ip the h'ltzgs 'l;lfh;);z:l)(flctfsoo'lan(d> s not
educated owners of milking stoc] the results of eross bre?(’ir::xlarh::‘

(MR P R Rartht (log ot ) g °
canc<¥$ ﬁmt"" * Cattle jn relation to Agricultnre i JIndia ??

mpal Husbandry and Doirying o Tndio, 2 83 (1928)

Indigenous  Versus
cross breeding

Journ
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frequently been disastrous. Type is entively absent, the animais
may or may not give good yields of milk, and there is a noticeable
deterjoration in physigque. Such results ave inseparable from un-
controlled methods of cross-breeding combined with indiseriminatc
feeding. It is for this reason that I am convinced that, however
valuable ecross-breeding may be in herds whieh are under' expert
control, the genecral adoption of a policy of cross-breeding to Improve
the yields of couniry stock would be fatal to the development 0l
sound dairying in India,

If, however, cross-breeding is to be discouraged, what alteraative
remains which will provide animals of equally satisfactory milking
. capacity ¢ The answer to this question may
Value of indigenous . foynd in the extensive breeding experiments
milking breeds. . . .
whieh have been carried out at various
centres and which show that by careful selection indigenous strains of
Indian cattle can be buill up which are capable of giving remarkably
high milk yields. Table 29 shows the improvement effected in four
prominent Sahiwal herds. This improvement has been extremely
rapid, the average milk yield in two of the herds having been more
thgm trebled within 20 years. Table 30 shows the distribution of
milk yields of three other pure-bred Sahiwal herds. In comparison
it may be noted that the average lactation yield of 1he Ferozepore
herd over the past four years has been roughly 7,000 1b. milk in an
average of 340 days. Out of 290 recorded lactations 30 exceeded
8,000 1b., 16 exceeded 9,000 1b., and 6 ecxceeded 10,000 Ib. These
figures not only show the marked and rapid improvement which can
be effected through careful breeding, but indicate that the levels of
milk yield finally obtained are comparable with those found for
average Buropean stock(8). Other breeds have not received so mueh
atlention as the Sahiwal, but there is evidence to show that these
also have great potentialities for milk. The average yields of animals
in the Hariana and Tharparker herds which were established by the
Imperial Dairy Expert at Karnal in 1923 have increased from under
9 1b. to between 13 and 14 lbs. The average lactation yields of
animals in these herds are now over 3,500 Ibs. in 300 days. Secindi
caltle have not been so carefully studied, but there are indications
that this breed also has hich milk potentialities. At the Hosur Cattle
Farm the average lactation yield of the Scindi cows is 3.250 Ibs.
milk in just over 300 days. At the Imperial Dairy Institute they
have shown a 20 per cent. increase in vield in three years.

I do not think that it is necessary to quote further esamples of
the potentialities of indigenous Tndian breeds to give high milk
yleld.s.' The policy of encouraging the breeding of such indigenous
stock in preference to eross-breeding has been strongly advocated ip
other tropical countries. In a Report on Cattle Breeding in Jamaica
and Trinidad(?), Dr. Hammond states ¢ Apart from the time if

——

(8) According to Apr vy ; e
yields of Britishgdaiy gricultural Statisties (1935) the average lactation

respectively, Y cattle were 4,820 1b. and 5,390 1b. in 1924-25 and 1930-31

. (®) John Hammond. ‘R . . i ; ai
Triridad . Emon o, eport on Cattle-Breeding in _Jamaiea .and

ting Board Publication No. 58 (1932).
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would take, T can find no evidence that mere selection (combined with
better' feeding) of the local stock would not produce equally good
results There can be httle doubt that Luropean stocks, even
wheh dred pure, gradually lose their type under these (tropieal)
conditions and require continual mmportations to mamtam their form
and constitution 7 Mr F A Stockdale, writing of conditions m
Niger1a(19) states ¢ The mtroduction of strams from outside will
only add to the complications which already exist and produce an
even more heterogeneous collection of amumals than af present
e st In my view a policy of rigid selection from the local
cattle would be more caleulated to produce results of lasting value
than could be achieved by the introduction of the blood of straims of
cattle from outside >’ 1 consider that these views are equally applic
able to Indian conditions

In practice, however, one of the difficulties 1s that the building

up of high milk yielding stramns 1s relatively slow imn comparison
with the immediate results obtained by eross

de?;i‘;f:;my highgf breeding with Buropean stock On account of
milking strans this faet 1t appears almost 1nevitable that

rehance will continue to be placed on eross
breeding for lugh milk yield untal there 18 a sufficient nueleus of hgh
yielding Indian eattle to supply the necessary number of improved
stoch for use mn localittes where high mill  yiwelds are specially
desired, as for example n the production of milk 1n the vienmty of
aties and large towns  This indicates the extreme urgency of taking
mmmechate steps to extend the facilities for selecting and improving
wdigenous milking stramns of Indian cattle Defimite proposals with
this object 1n view are put forward i Chapter XII

I should perhaps add that I do not consider that such efforis
should be limited to those breeds which are recognised as predomin
antly millang types Table 31 shows that ymprovement can be looked
for 1n the milking capacity of most breeds other than those of purely
draught {ype, such as the Amrit Mahal and the Hissar breeds Ever
the latter breed 1s found to possess stramns of special milking poten
tialities  In any such breeding tor milk yield among draught eattic
1t 15, however, essential to guard agamnst deterioration of draught
quabties This point was stressed by the Royal Commussion on Agri
culture who stated that *‘ m attempting to secure more milh from
the five types of draught cattle still to be found n many parts of
India there 1s a real danger that the qualities which have 1 the past
ommended them to eultivators wall be Jost *’(11)

(10) F A Stockdale ¢ Viat to Niperia Gold Coast and Sierra Leone *’
Colomal Advisory Counait Pubheation No 270 (1936)

(11) I have not felt 1t necesyary to discuss the controversial questrions
involved in dunl purpose breeding T behbeve that the controversy s largels
foundel on a misconception of the genetic impheations of such breeding s
well as of the needs of the cultivator The subject has been adequately lealt
with by Sir A Olver i an article entitled ¢ The Inadequacy of the Dial
Purpose Anamal a8 2 Goal of Cattle Breeding m Indwr >’ dgrie and Lme Stoct
m InTta 6 8§89 (1936) It 13 also referred to 1 an informative paper L)
Colonel A Mntson entitled ¢¢ Cattle in relation to Agnculture in India **
Journ Cent Bur Ammal Husb and Dawrying wn Indie 2, 185 (1928)
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An essential step in developing high milking strains of Indian
breeds of cattle is the establishment of herd-books and of a system
of milk records. In purchasing draught
caitle it is possible {o judge the merils of
an animal by its conformation and perform-
ance. Mileh cattle, however, present a different problem since con-
formation is only one indication of milking capacity, and performance
can only be judged from carefully kept rccords.

Preliminary steps have already been taken in this direction.
Through the initiative of the Imperial Council of Agricultural Re-
search, information has been collected which will enable the character-
istics of the seven chief milking breeds to be defined(3?). This is
obviously the first essential step in the establishment of herd-books.
Arrangements are being made to open the herd-books and to estab-
lish milk records systems at an early date. I shall refer io this pro-
posal in more detail in Chapter XII. At this stage I should, how-
ever, point oul certain incidental advantages of the scheme. In the
first place it will provide a most useful index of progress in the
breeding of milking types. At present there is no systematic informa-
tion available on this subject. It is known that the yields of indivi-
dual herds show improvement and that the number of animals of
proved milking strains is increasing. There is, however, no central
authority which is in a position to collect this scattered information
and collate it into a form which will show the extent of progress
achieved. In the second place the collection of milk records will form
a most valuable source of information for future investigations into
factors affecting the yield and quality of milk. This has been the
experience in Great Britain, the United States and other advanced
dairying countries, and it should prove of even greater value in India
where conditions are so diverse and where accurate records are dift-
cult to obtain. I should point out that investigations into such
subjects as the shape of the lactation curve and the effect of age on
iactation yield are of more than academic importance. The results
of such investigations enable milk yields obtained under different
conditions to be standardised to a single basis of comparison, a pro-
cedure which is essential for a true judgment of milking perform-
ance(%). In the third place the defining of types in connexion with
the establishment of herd-books will be of direct educational value
lo practising agriculturists as well as to students of agriculture and
veterinary seience. I was, indeed, somewhat surprised to find that
at many educational centres the only diagrams for use in explain-
ing the ‘points’ of mileh ecattle were those issued in con-
nexion with European stock-judging. It is obviously desirable that
Indian students should be taught stock-judging in relation to their

The need for regis-
tration of milch cattle,

[(12) The breeds so far included are the Sahiwal, Scindi, Tharparker
Hariana, Gir and Ongole, and the Murrah buffalo. ’ ’ P ’

(18) Work of this nature has already b ; s s

N k g ¥ een carried out by L. C. Sikka.

I(cht?;n Journ. Vet. Science and Animal Husbandry 1, 63 (1931) and 3, 241
8), and by K. P. R. Kartha. TIbid, 4, 36, 124 and 218  (1934). The

eslablishment of a proper s i i
ystem of milk records will enable the results of
thesc authors to be confirmed and extended, ° .
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own dairying types, and not to mmported breeds I might note also
that a scale of points for judging buffaloes did mot appear to be
used at the majority of colleges This also should be remedied when
the defimtions of herd book types are once avalable

These three advantages are, of course, entirely subsidlary to
the main purpose for which the herd books and milk record registers
are to be established They serve to show, however, that apart from
its purely commerecial aspect, the proposal 18 of direet value from
the pomnt of view of both education and research

The Royal Commission rightly stressed the immportance of she.
buffaloes as the chief milk-producing stock m India Thus they

wrote that * 1t 15 the number ot she buffaloes,
Doty O Versus e 10t the number of cows that has to be tahen

wto account when seehing an index of the
milk production of & province Wherever an important
wmarket for ghee exists, 1t 15 the she buffalo which mawmly supplies
1t "(14) 1t 35 mdeed not difficult to explain the populanty
of the she buffalo Her average milk yield 1s markedly higher than
that of the ordinary village cow, the butter fat content of her milk 15
also higher than that of cows’ mulk, while she appears to possess a
remarhable ability to convert coarse fodders mto milk In view ol
the poor nature of the fodder normally available under village con
ditions and the hard eonditrons under which the animals have to hive,

the hardiness of the she buffalo 15 a most valuable asset to the culls
vator

The growing popularity of the buffalo 1s reflected in the census
statistics Table 32 shows the number of cows and she buffaloes
recorded at five year mtervals during the past twenty years(35) It
will be <een that while the number of cows has searcely altered the
number of buffaloes has msen by 13 per eent The 1mportance of the
buffalo 1s also seen 1 Table 33 which shows the number of cows and
she buffaloes thewr relative mill yields, and the extent to which they
contribute to the total milk production(16) Numerically cows exceed
she buffaloes 1n every provinee but the Punjab 'The she buffaly
makes up for thig defictency, however, by her higher milk yield with
the consequence that m five out of the ten provinees she actually
produces more than half the tot1l milk produetion Tt 1s sigmifieant
that the main ghee producing areas of India are situated in these
provinees  In British Indhia she buffaloes prowide 475 per cent of
the total milk supply , in India as a whole (though the figures are
meomplete) they provide nearly 45 per cent (17)

The value placed on his she buffaloes by the cultivator 1s al<o
apparent from their better nourshed appearance m comparison with
country cows, and from the fact that even under village conditions
therr mill, yields are exceptionally hugh Tt 15 questionable whether
under present conditions of feeding and management the milch cow

(14) Loc at,p 184

(16) Agricnltural Stahisties of India, 193435

(16) Results of Provineial Marketing Surveys

(17) These figures exclude the ountput of goats’ milk
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could displace the buffalo : as has been apily stated ‘‘ when prices
of fodder are low the she-buffalo can compete with any breed in buiter
production and beat the ordinary Indian ¢ow in the production of
both milk and butter. -~ This is the main reason why the villager. pré-
fors the buffalo 10 the cow notwithstanding the fact that he las to
pay a higher priee for the buffalo ’(?).  Whether the same args-
mient svould hold if the eultivation of better types of fodder crops
were to be widely employed is doubiful. The Military Dairy Farms
have found that under good conditions of feeding and managemen:
the ordinary Sahiwal ecan produce as much milk as the buffalo, while
high milking strains of the breed will produce over half as -much
again. On the other hand it should be pointed out that no serious
attempts appear to have been made to improve the milk yields of
buffaloes by selection and breeding from high yielding strains—a
subject which is worthy of extensive siudy. In the meantime it is
certain that for many years the she-buffalo will more than hold her

own in competition with the cow as the premier mill producing animal
of India. .

In a country which has an exacting climate such as that experi-
enced in the plains conditions of India, management is an extremely
vy+f « . 1ce N 14 Y

e e et fsr T 3 e e oa
milch cattle. _ ge . where high milk yields ave
. not looked for. DBuil with intensive milk pro-
duction therg is bound to be a constant rivalry between constitution
and economic performance. This is a subject which has received
comparatively little attention in India. It is therefore extraordi-
narily interesting to find that where systematic investigations have
been carried out (as in the Military Dairy Farms) it has been showp
that the preservation of constitution is a very definite limiting factor
In attempts to improve milk yields beyond a certain level. It has
been found that this maximum limit of milk production is affected
by numerous esternal factors, suech as diurnal and seasonal varia-
tions in temperature, the humidity and the extent of artificial pro-
tectlon given to the animal against excessive heat. Cross-bred stock
are more spscephble to such influences than '‘pure-bred Indian stock,
apd these in turn are more susceptible than buffaloes. These conclu-
sions have not only been reached by general observation, but by

direet physiological tests such as a study of the respiration rate and
body temperature.

Any breeding policy must, in fact, take very carefully info
%celc;unt the environmental conditions under which the animals have
° dvg.' Attempts have, for example, been made to improve the size
:_n 1faught quality of dwarfed country-bred stock by supplying
1;33 0 la larger physique. Such attempts may do more harm than
%iron un e%ss they are accompanied by measures to improve the en-
note ri‘;lel;h,(’f the stock, including theiv feeding. It is interesting to
o & 18 connexion that the special distribution of a thousand
proved bulls which forms part of the recent cattle improvement

scheme in Bengal has been ace . attle In
e . ompanied by the .
2 million cuttings of Napier or ass.p by the distribution of over
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The constitution of milking stock is closely related to other
factors concerned in management. Early maturity and increased
frequency of calving are two such factors. In a series of interest-
ing experiments at the Tmperial Agricultural Research Institute(!®)
jt has been shown that heifers of Indian milking herds can be calved
successfully at far earlier ages than had hitherto been deemed pos-
sible, while at this and at other centres the length of the ¢ dry ’ period
has also been markedly reduced. These changes in technique aie
obviously valuable from an economic point of view, since they tend
to shorten the periods of unproductive life. The investigations have,
however, so far been carried out only under optimum conditions of
feeding and management. It remains to be seen whether they could
be applied under the adverse environmental conditions commonly
existing in less efficiently run herds. It is indeed quite possible that
the late maturity and long dry periods of country-bred stock consti-
tute natural safeguards against overstraining the constitution of in-
adequately nourished stock, giving opportunity for growth and fox
the replacement of body tissues utilised in the production of milk,

These and other points of management are of fundamental
jmportance for the maintenance of a sound constitution in high milk-
ing stock. In the past insufficient attention appears to have been
paid to this subject I am strongly of opinion that the matter should
be looked on as one of the major subjeets for investigation in con-
nexion with the breeding of improved stock,

This discussion twould not be complete without a brief reference
to the potential importance for the Indian cattle industry of recent

The phystology of investigations into two suhjeq'ts, namely, hor-
reproduction. _mono_the}‘apy and the technique of artificial

. insemination. Hormone therapy provides a

, possible method of treating the various breeding irregularities which
are found among Indian stock Some success has already been
achieved in this direction but the subject is one which merits much
close and continuous study in conjunction with a well equipped
laboratory. The technique of artificial insemination has now reached
a stage when it is capable of widespread application in the breeding
of live stock. It has been practised with great success in the Soviet
Union, where it was necessary to build up large herds of improved
stock within a relatively short period of time(1®) India is. of
course, faced with an exactly similar problem. It is very question-
able how far the method could be applied as a direct means of improv-
ing country stock : the difficulties of transport, the lack of ecow-
munication, and the ignorance and probable prejudice of the culti-
vator would present almost insuperable obstacles. There is, however,
no doubt that the utility of the method ouncht to be investigated in
some of the large Government cattle breeding eentres, where adequate
faeilitics are available and where breeding contral is possible,

(18) Wynne Sayer, ‘¢ Feeding and Handling Experiments on the Pust
Pedigree Sahiwal Herd.”* Agric and ILave-Stoclh in India, 4, 105 and 183
(1534). Also personal communications.

(19) A. Walton, ¢ The Technique of Artificial Insemination.”’ Imperal
Burequ of Animal Geneties, Edinburgh (1933).
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CHAPTER X.—The nutrition of milch cattle,

There is no doubt that the majority of Indian dairy .cattle are
seriously underfed. This is apparent from a superficial inspection
of village stock, which lack the sleekness and

India’s total fodder }loom of well fed cattle and not unfrequently
XeSOUrCes. have an emaciaied and malnourished appear-
ance. 1t is equally apparent from the slow rate of growih, the late
maturity and the long dry periods of Indian cattle which are kept
under village conditions. Thus it is guite usual for a cow to drop
her first calf at 4 to 5 years of age, and to have calving intervals of
up to 600 days. That these are not hereditary failings is proved by
early maturity and controlled breeding experiments in herds W'hCI:(Z
the feeding and management arve salisfactory. Moreover, it i3
significant that a eareful anmalysis of the yields of purchased cows
show that sueh animals give an average increase of 60 per cent. in
their milk yields solely as a result of better feeding and management.
It may indeed be stated that inadequale nuirition is at present the
most important single factor in accouniing for the low yields of
¢ country ' cows. ‘“ We are satisfied ”’ the Royal Commission have
stated () ‘‘ that no substantial improvement in the way of breeding
is possible until the cattle can be better fed.”

It is difficult to arrive at any accurate estimate of total quantities
of feeding stuffs available in India. This is partly due to the
inaceuracy and inadequacy of available statistical data. It is also
partly due to the fact that little atlention is paid to the feeding value
of the different types of fodder. It is very desirable that steps should
be taken to improve the sources of information at present available
on these two subjects.

I have, however, attempted to arrive at a figure, admittedly
approximate and open to eriticism, which would give some indication
of the quantities of feeding stuffs available for cattle. This informa-
tion is summarised in Table 34. Dry fodders refer to the estimated
quantities of straw derived from rice, wheat, barley, dajra, and
Juar(?). Green fodders have been caleulated on the basis of an
average yield of 200 maunds per acre and a total crop area (for all
India) of 14,000,009 acres. The figures for concentrates and cotton-
seed are rough estimates(®). The nutrients have been ealeulated
from standard American tables(%). It is probable that the quantity

(1) Royal Commission on Agrienlture in India. Omd. 3132 (1928), p. 201,

(2) Flgur.es obtained from Agricultural Statistics of India, 1934-35. The
f?l%ow'mg grain|straw ratios have been used :—for rice 1 : 13, for wheat aad
b};tuloy 1:2, for bajra 1 i 2%, and for juar 1 : 3. Tn addition allowanee has
Tc:en made for straw obtained from pulses and certain unspecified grain erops.

hese occupy an area of about 66 million acres, and, allowing the low figure of
1 ton per aere, will provide about 16 million tons of coarse fodder,

(3) The estimates of individual oil-cakes in thousand i
- s of tons are linseed
99, groundnut 622, mustard and rape 516, cocoanut 60, miscellaneous (say)

200. Cottonseed, caleul : i y
fotal 2,300,000 o xfs. culated on a production of 6% million bales of cotton, will

(4¢) W. A, Hen s ¢ .
Morrigon 0°mPany,ryw?i§So£'m]?" Morrison. ¢‘ Feeds and Feeding.’’ The Henry
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of dry fodder is seriously underestimated, sinee under Indian harvest-
ing conditions the grain-straw ratio is likely to be abnormally low.
There arc also certain other natural fodder resources, guch as natural
grosses and certain edible shrubs and bushes, which are not included
in the above estimate. It will, however, be of interest to determine
how far the total nutrients shown in Table 3¢ would be adequate
10 meet the requirements for milk production alone, assuming for the
moment that the requirements for growing stock and for working
cattle could be met from grazing and from these other miscellaneous
SOUTees. )
India’s total output of milk has been estimated at 800 million
maunds. Thg quantities of nutrients required to produce this
amount gf milk would be 29,550,000 tons of total digestible nutrients
and 2,9(0,000 tons.qf digestible erude protein(®). According to
Table 34 thp quantities available are 51,013,000 tons and 2,760,000
tons respeetively. It will be noted that while there is an apparent
surplus of fotal digestible nutrients, the quantities of digestible
crude protein barely balance. Moreover, it is quite obvious that
the assumption regarding the adequacy of grazing lands and other
miscellaneous sourees to supply sufficient nutrients for both growing
stock and working bullacks is untenable. Young stock in pnrticula;
require large quantities of protein as well as energy for growth. The
requirements of working bullocks are also considerable, Est.imntes
collected for the Royal Commission(¢) indicate that for about 200
days in each year working bullocks require {apart from grazing
an average of at least 20 Ib. roughage per day, and th t% : l) it
this period they require in addition a supplement of contratis
It s!_l:;uld be emphasised that the period drl’lrlzinge\lvbigh :ﬁzsgnlts" a::;:;
53:55 L;;aléle growth of herbage on grazing lands is strietly limited :
months such lands ean only be looked u is
grounds, providing indeed an excellent trainin the ‘;‘S S oung
draught eattle, but no source of nourishme tl G’lgl‘t)]qud or young
was struek by the afmost universal d mnn'l Ifltlus Villagos. for
inereasell grazing land. 1 Qo not belie Ql " (1 O e o Lo
would nlfeviate the eve that the grant of such fand
tendency would bo ‘pro?em shortage of fodder, for the immediate
lwr_hn;;e within o :m';)‘ ::;ﬁ!;n?lc th]e areas and leave them barren of
vision of additional grazing lncnil Somlr& o e e
of the eattle duting those omth (3 lu not improve the food supply
of herbage, In s o 1ths when drongh!: prevem.s'thc growth
be looked pon 28 i ?ﬂt grazing under Indian conditions cannot
s satisfactory source of food for mmiking eatdle.

If milk P :
mnehfleé} l}md]nchnn is to be increased the provision of n very
two-fold 'hﬂrstow supply is essential. The problems involved are
P l‘Oduc!k;n o ;o Amcrease the supplies of fodder suitable for milk
utilived ('col;c;mr;( 1:~,ec<md. to ensure that the available supplies are

o cally. T propose to deal first with these two nspeets of

by requirement
B 4 s are caleulated e follown :—for maintess T du
“::"\:!Sf?t)!'o rﬁ';;‘”{hi“'i;aﬂlltﬂlle tsru{Le protein and 5.(‘? nfl. o? e!:;::;l‘di(énubh
N uction e 04 Hi8 B 5
RS T total digestible nutﬂ:nu.( » 040 1. digeatible erale pretcia 224
(&) Lo, cit,, . 097,

2
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the subject, basing the discussion on the rgqp}remen’cs of total
putrients and of protein. In addition the possibility of a shortage
of mineral elements and of vitamins must be considered. This will
be dealt with in a separate seetion.

During the past thirty-five years a very marked inecrease has
taken place in the area devoled to green fodder crops, as shown in
Table 35. Although the acreage has ' been

The need for in- more than trebled during this period there is
oy tlon of &ill (as has already been noted) a serious
) shortage of fodder for eattle. It is significant

to note that the present acreage under green fodder crops represents

only about 4 ner cent. of the total area sown. In Beypt the equivalent
figure is over 16 per cent.

The first question whieh arises is the type of fodder which
should be grown. It may be stated categorically that for the neces
sary increase in the supply of food for milking cattle it is useless to
rely on coarse dry fodder. Such fodder contains too little protein
in comparison with the total nutrients to be suijtable for milk pro-
duction. For milk production the nutritive ratio(7) of the ration
must not be wider than 1 : 10, and the higher the yield of milk the
narrower should this ratio be. The nutritive ratio furnishes, in
fact, an excellent index by which the suitability of various fodders
can be judged. Dry fodders, such as rice straw, and wheat straw,
have nutrilive ratios of over 1 : 40 and are therefore obviously
unsuitable for milk production. Grasses, such as Sudan grass.
guinea grass, elephant grass and the spear grasses have nutritive
ratios of between 1 : 12 and 1 : 10. These grasses are therefore
reasonably good sources of nutrients for mileh cattle(8). But the
fodders of outstanding value are the leguminous crops such as berseem
(Egyptian clover), and lucerne (alfalfa). These fodders have
nutritive ratios of 1 : 4 to 1 : 6, and are ideal for milk production.
Moreover, they are of special importance io Indian agriculture by
virtue of their ability to enhance the fertility of the soil, a poins
which has already been stressed in Chapter VII. ’

It is not easy to determine how far such fodders can b ed
at a eost which would enable milk production to be proﬁta%grrﬁludeef
taken. Figures have been obtained from a large number of experi-
mental and demonsfiratlon farms in an attempt to assess the yields
z:}xlld eogts of production of typical green fodder crops. Unfortunately
mesi d%'ures not only vary from one locality to- another, but differ

arkedly even in farms sitnated in the same locality. Moreover
maziy of the crops have been grown on very small areas and under
ggr v;cu}arly good conditions, with ample manuring and irrigation.
ﬁgurgg dfgerﬁore bel useless to attempt to arrive at any average
e yields and costs of production. It is, however,

. (7) ne, the ratio bet Y :
dGigestible carbohydrates and fats, o o o0 Protein and the combised

(8) Other fodders ero
and shaftal (Persi S o)
precn, ava b( ersian clover)
to cattle.

on appreciable areas are senji (melilotus parvifiora)

1 Green fodder is also obtained b ti
v cutting small quantities of the major crops gr}éexiug‘:‘;?gfgaudlis:;
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1

’ t-
xamme the coltected results obtamed from all repor
i’;i”é’c"}fgﬁsm ft will be seen from Table 36 that the yw%ds ﬁio‘:s
erops of betseem and lucerne are at least as hxg}; as %Oi:he;‘”?ras "
putribous erops such a8 green juer and mawe(®) Further, Quffer
37 shows that the cost of produetion of lucerne does nbot €]
matenially from that of green mawe, while berseem can be 1grogfln
a8 cheaply as green jugr  If such results can be taken as applieable
1o most fcdder growing areas m India, they eonstitute & very strong
argument for encouragimg the growth of these two leguminous fodder
erops
T have already stafed that wide variations are found in the costs
of produchon of green fodder crops It mght be supposed that
such variations are due to differences m the methods of cultivation
at the various centtes It 1s therefore interesting fo note thal
smmilar differences are found mn the costs of production of green
fodders grown on Military Dairy Farms, where conditions of manage
ment and eultivation arve very uniform The average cost of pro
Juetion on such farms works ont at 5% annas per 100 1b (e, 43
annas per maund), but the values vary from Re 0211 to Re 119
per 100 1b, a range of 600 per cent
These facts clearly indicate the need for more careful and
extensnve mmvestigations into the factors responsible for variations
m the yields and costs of production of cultivated fodder erops It
would, morcover, be desirable that any such mvestigations mto erop
yields and costs should be supplemented bv parallel mvestigations
mto the value of the different fodders n the feeding of mllking
stoch, particularly i regard to therr mfluence on the cost of pro
duction of mulh  In thns connexion reference may be made to an
attempt fo determme the value of green fodder when uhlised for
mik production(?®) It was found that the addition of 40 Ib of
green fodder per day to the rations of milhing cows increased the
mulk yreld by 45 per cent (¢, by 750 b 1 a 300 day lactation)
If the cost of production of the fodder was assumed to bz 3 annas
per maund (the nearest average fignre which can be taken from
Table 37), the alded mlk yield wonld have beca obtamed for an
expenditure of Rs 28, or just under 7 pics per Ib of mik(11) Tt
15 questionable whether this could be eonsidered an economic figure
This example serves to emphasise the need for meludmg m any
future mvestigations not only the costs of cultrvation of the fodder
crops but the effect of feeding these crops on the costs of production
of mill a5 well as thewr mfluence on soil fertility
Duimg the two or three months mmmediately precedy
monsoon (and 1 some areas the period 15 very muych%onger;l%hte]:;
The conservation nf 'S DO Iresh fodder or herbage available ior
fodder crops cattle  Under present conditions the animals
—— have to subsist during thus period on madequate
1 “) 'f;:‘fo:‘d“l;f:‘;s Y:;[’;o; of green Juar and muze vary between 2 10 and
110} Fipirey 10 vnlrnlntﬁ}? ;m,,c, bn:‘.i
1) Arcording to h p

R. Rartht 8 figures, the £
on Military Dary Farms yanes Letneen 4 tl\:nd G‘ ;n:s ced cost per 1> of mik
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supplies of coarse fodder. If the cultivation of green fodder
crops is to be extended it will be neeessary to convert part of the
produce into a form in which 1t can be stored for use during the
lean months. This point was recognised by the Royal Commis-
sion(12), who stressed the value of silage making as a suitable means
of conservation. It is disappointing to find that little or no progress
has been made in this direction during the intervening ten years.
Silage is frequently seen at Government demonstration and experi-
mental farms, but its value appears to be practically: uqrgcogmsqd
in the villages. There is an urgent need for popularising this
method of fodder comservation among cultivators. If, as appears
possible, there are unforcseen ecomomic or practical gllfﬁc}lltleg in
silage making under village conditions, these should be inguired into
and where possible remedied. Silage is of such potential value 1n
improving the nutrition of caitle (particularly of growing stock and
milking cows) that every effort should be made to encourage ifs
production. As the Royal Commission have stated, ‘‘ small rations
of silage fed to the lhungry cows and young stock of the country
during the season of fodder shortage would, we think, do more than
anything clse to bring about a rapid change in the guality of Indian
cattle 7.

Silage making is not, however, the only feasible method of
conserving green fodder. In the hot climate of India it should be
possible to devise cheap methods of drying green crops. Such
methods would be of special value in irvigated areas, where any
surplus green fodder could thus be made available for transport to .
less fertile areas. .Artificial drying is out of the question, not
only on account of the high cost of machinery, but because of the
heavy costs of maintenance and fuel. Moreover, in a hot and dry
elimate the employment of artificial methods of drying should not
be necessary. There appears to be no reason why green crops should
not be sun-dried by methods similar to those employed in Scandinavian
countries, for example, by the wuse of tripods, wedge-shaped
bollow frames or spaced poles. Drying under these conditions is
extremely rapid, even with relatively ¢ stemmy ’ material such as
coarse white clovers. The methods are, moreover, simple and in-
expensive. There is no doubt that any substantial increase in the
cultivation of green fodder crops will necessitate the introduction of

improved methods of conservation, and I feel that this offers promis-
ing field for study (23).

A furthel-' indirect method of conserving the feeding value of
fodders (particularly of coarse fodders) is the cutting of the crop
at the right stage of growth. This also formed the subject of a
recommendation of the Royal Commission (4) who stated ‘“ We are

(12) Loc. cit., p. 206.

tho o(xltign{g iﬁg&l}d be noted, however, that difficulty is likely to be met through
is soferred to } eness of the leaves of crops such as berseem and lucerne. ‘This
Hay and Silaun’? paper by Wynne Sayer entitled ‘“ Berseem as Green Foddsr,
¥ ge'l. (dgric. and Animal Husbandry, 4, 21 (1934).
(14) Zoe. cit,, p. 200, C ’ :
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not satisfied that this subject bas received enough attention from
the agricultural departments, and we would suggest that, in districts
m which cattle waste a considerable part of the coarse fodders to
which they have access, the possibiity of securing a better and more
palatable straw by earher harvesting should be considered, and that
expermments should be made to determine the earliest stage at which
the crops can be safely cut’ These suggested experiments do
not appear to have been carried out Nor have any attempts
apparently been made to 1mprove natural herbage (either for grazing
or for cutting) by the selection of switable strams of ndigenous
grasses Both these subjects warrant mvestigation
It would be well at this pomnt to emphasise the need for inereas-
mg the avallable supply of proten rch econcentrates such as
Avallablo  supplies hnseed, cottonseed and earthnut cakes
of concentrates PP Such concentrates have nutnitne ratios of
from1l 1tol 8 and form by far the most
valuable sources of nutrients for mill production The total
quantity of concentrafes at present available for cattle feeding m
India 18 estimated, according to Table 34, at about 3 800,000 tons
In addition to this about 325,000 tons of oileakes are exported
annually from India while the quantity of oseeds exported amounts
to more than 1,000 000 tons If the extracted cake from these two
sourees could be retaned in Indig, 1t would result 1 a considerable
inerease m the available quantity of protemn rich concentrates Thit
subject was discmssed by the Royal Commission (1), who pomted
out, however, that the only possimlity of conserving tlns valuable
potential supply of cattle food was by developmmg the Indian oil
crushing industry fn this connexion it would be a sound policy
to give active encouragement to the evport of vegetable ols since
this would idirectly mereass the supply of oil cale m the country
Improvement n the efficiency of the mills would also tend to lower
the piice of 01l cal es, and so mahe these products more readily avail
able for the feeding of mileh cattle
There 1s lhttle object m attempting to merense the fodder
resources of the country unless the avalable supply cnnlbe l]lf“tlihed
T economically in the feeding of cattle Indian
mnchecaﬁﬁomg of mileh eattle are seldom judicrously fed On
the one hand cows hept under willage condi
tions are gven entirely nadequate quantities of food, wlule the
food used 1s of the wrong type for milk production On the other
hand m well orgamsed aity byres the quantity of food fed 1
frequently as much as 50 per cent 1n exeess of requrements A
broper rationing system would tend to correct both these tendencies
It appears to be a fairly unwversal experience that Western
ratiomng systems are not smtable for apphieation to Indian cattle
and buffaloes  This 15 partly due to the lach of mformation avmilable
Tegarding the composition and digestibiity of Indian foodstuffs(2®).
(18) Loc oit, pp S7—89
(1¢) T Maotson. ™ “* Some Lessons learnt 1 regard to Cattle and Dairying
Qung 25 years’ Farming in India !’ Journ Cent Bur Animal Husbondry and
Dairying, 2, 145 (1929)
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Tt is also partly due to the fact that Indian cattle and buffaloes appear
to have different requirements from Kuropean stoc}c ; in
particular they are credited with a greater capacity for digesting
coarse fodder(17). In this connexion il has rightly been pointed
out that whereas European caitle have been bred to digest and
assimilate the largest possible quantity of food, Indian cattle possess
characlers which enable them 1o make the most efficient use of the
smallest quantity of food. ‘‘ The Buropean animal extracting 60
per cent. from 30 1b. of dry matter is inferior n India to the Indian
animal which can only digest 20 1b. dry matter but extracts 75 per
cent.(18).”” There is, therefore, a clear need for the formulation of
independent rationing standards for Indian cattle.

What has been done to meet this need ¢ Work has been chiefly
confined to four centres. At Lyallpur(1®) an extensive series of
investigations have been carried out o determine the digestibility of
various Indian feeding stuffs. An atiempi has also been made to
find how far coarse fodders, hays and ensiled green crops (alone
or in combination) can meet the maintenance requirements of cattle.
At Bangalore(2°) the work has been largely concerned with the
mineral and sulphur metabolism of cattle on various rations includ-
ing silage. Special attention has been given at this centre to the
value of silage as a food for milking stock. At Coimbatore(*')
investigations have been made inio the protein reguirements of work-
ing bullocks, while preliminary experiments have been carried out
in an attempt to determine the mineral requirements of young dairy
stock. At Dacca(??) the work has so far been largely devoted to
the formulation of a new method of determining the digestibility of

foodstuffs by means of regression equations. The maintenance
requirements of bullocks have also been investigated. )

Most of these investigations have been carried out with obvious
care and by sound methods, and the scientific value of the results
cannot be questioned. The broad impression created is, however,
that much of the work lacks a practical objective, and that there

is a great need for better planned and co-ordinated methods of
attack.

(17) See for example an article by Wynne Sa; ! i

. X ¢ arti ayer [dgric. and Live Stock
in India, 4, 105 (1934)] in which it is stated that ‘* European equivalents have
proved unsuitable for the Sahiwal herd to date, and the alterations in raiions

and the results achieved point to thi i i ¢
is generally realised.’’ p o this fact being of far greafer importance than

(18) J. Matson. ‘¢ Cattle in relation to Agri i ia.’?
: . griculture in India.’’ Journ.
Cent. Bur. Amimal Husbandry and Dairying, 2, 83 (1928).

(19) A series of papers by P i i ;

vy P. E. Lander and associates published as Memoirs
of the Department ‘of Agriculture in India and in the Indian Jourmal of
; Science and Animal Husbandry and other journals, 1927-1936.
(20) Papers by ¥. J. Warth and co-workers in the Indian Journal of

Veterinary Science and Ani i i .
n Todia, 19301085, o 1 I Agrieulinre and LivoStock

Veterinary

5;;) Papers by R. B. Viswanath and P. V. Ramiah, ibid, 1933 to date.
Digeétib)i]?g' garljgzry ang co-workers. ‘¢ Studies on the Determinations of
Husvondr }’4 %e cients. Indian Jowrn. Veterinary Science and Animal

STy, 4, 205 (1934) and 687 (1936), and othér ‘unpublished papers.

{
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The ultimate objective should undoubtedly be the formulation
of a satisfactory rationing svstera for Tndian cattle and buffaloes
Before any such system can be worked out 1t 18 however, essential
to determime accurately the standard requirements for maintenance,
growth, work and milk production It 15 claimed that Indian cattle,
and particularly buffaloes can male better use of fodder than
European cattle, but no quantitative dats are available to show how
far this difference depends on wmore efficient digestion and how
far 1t 15 due to the better utilisation of the assimulated nutrients
Agam 1t 18 claimed (contrary to a widely accepted view) that work
undertaken by draught cattle entails the utihisation of a considerable
quantity of protem as well as of energy Until points such as these
have been more adequately mvestigated and elueidated 1t will be
mpossible to formulate a satisfactory rationing system  Once how
ever, such basic nformation 15 available ratiomng becomes relatively
easy, snce the feeding value of amyv given food can be deterrmined
by chemical analysis  supplemented (in certan instances) by
digestibihity determinations In formulating rationing standards
the requirements for mamtenanee growth, work and milk production
will need to be determuned m relafion to both the energy, protemn
and muneral constituents of the food MMoreover it 18 quite possible
that the requirements will be different for cows and buffaloes and
they may even vary for different breeds of cattle The supple
mentary study of the digestibility of various classes of feedmyg stuffs
will also need to be undertaken on a fairly extensive scale 1f reliable
average figures are to be obtamned which can ultimately be appled
throughout India Here also 1t 1s possible that the digestibility <o
effients will vary according to the type of anmal used 1¢ buffaloes
or oxen

This brief discussion will serve to show the necessity of formulat
ng a careful programme of worh and of ensuring close co ordination
between the various research centres if rapd progress 15 to be made
m devising a satisfaeiory ratioming system for universal application
under Indisn conditions I would agamn stress the faet that it 13
only through the umversal adoption of such a ratiomng system that
proper use ean ultimately be made of the food resources of the
country

I should add ome further pomt At present remarhably few
analyses are available of the cattle foods commonly used m India
This applies particularly to the varous types of dry and green
fodder It may be noted, too, that the feeding values of grasses
show remarhable vamations Thus one autherity writes ** every
thing pomnts to an extraordinary varation mn the food values of
Indian hay made from the same species of grass grown m different
localities and to the fact that grasses which have the best popular
reputation have by no means the best feeding value (%) Side
by mde with the co ordinated investigation of rationing standards
efforts should I consider, be made to obtam representative analvtical
figures of typical feeding stuffs from as many agricultural areas as

possible
H
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Apart from lack of total nutrients and protein in the rations
of cattle (which may be the cause of general undernourishment or
» even of semi-starvation), the lack of mineral
cigg;né’;g;‘:‘;es. defl- constituents and of vitamins may cause
pathological conditions in cattle. In some
instances these conditions are clinically recognisable, as for example
in the bone lesions associated with phosphorus or caleium deficiency.
In other instances the abnormal condition is less obvious, and takes
the form of a general stunting of growth or an appearance of un-
thriftiness. It may also result in sterility, or in the premature falling
off of milk produection.

Until recently very little attention had been paid to the possible
existence of mineral and vitamin deficiencies among Indian cattle.
During the past few years, however, instances of definite deficiency
diseases have been recorded. Tn certain areas in H. B. H. the
Nizam’s Dominions, for instance, osteomalacia has been found(?3).
Again, a condition of blindness in calves has been attributed to lack
of vitamin A (2*). Less obvious effects of mineral deficiency have
been observed in certain areas of the United Provinces, and have
been remedied by the addition of a mineral supplement to the
ration(®¥). It might be noted, too, that the analyses of fodders

-derived from different areas show marked variations in mineral
content (26),

There is little doubt that such deficiencies are far more comimon
tha}l has been generally supposed and that they are a source of
serious economic loss. Mineral and vitamin deficiencies are. how-
ever, relatively cheap to remedy, whether by the addition of n;ineral
mixtures to the food or the soil or by the inclusion of small quantities
of green fodder in the ration. It is, therefore, most desirable that
extgnswe surveys of the incidence of deficiency diseases should be
gnl irt'gken, so that mineral deficient areas can ‘be located and their
u:iz eélgl}s effects remedied. At the same time the information
gtudfes ; E)m gucl} surveys could be usefully supplemented by accurate
paragrapll)lrgélglg; z;gélggiienys (such as those noted in an earlier

. m 1
typical cattle breeding and milll?(;‘fcl)d?e?g; e:rzﬁsfodders Aran Lrom

(23) R, ¢, “c Nutrits
) Sen. The Nutrition of Indian Cattle. Part IT. Mal-

nutrition in relation to Healt i i i
oand Live-Stock in India, 5, 1h (ﬁ%%sj)[)mductmn Capacity of Animals.”’ Adgric.

(21) K- C Sen €« l he ]' 1 o
N 1 spe ’ . Nutr tl i * 36
g 1 b d', 39 5 4:9 ( 1933 .

(25) C. H. :
Parr. ‘¢ Some Factors which affect the Supply and Efficiency

of Catile in the Unit i
Dairging, & 8 (19300)(1. Provinces.”’  Jowrn. Cent. Bur. Animal Husbandry and

Compositi - B. Padmanabha and R. N. ¢ Mi
ul r%ti:n;o’l} oj gg'}z?g f’?gd‘gx:s of Cen:tral Provinces and ilgs ﬁiﬁ?sgh on l\gﬁ‘iﬁﬁ
K. C. Sen, ‘¢ The (e Stock in India, 1, 526 (1931), and A. C. Roy and

. he Se iat :
Hill Pastures,’’ Ibidz.l,soga_l (i'\;ggl)atmn .9f Lime and Phosphoric.Acid in’ some
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This might perhaps be & suitable point at which to make very
brief reference to another set of pathological conditions which are
undoubtedly responsible for the peor condition and high mortality
of cattle in certain areas. I refer to parasitic infestations. Although
such infestations are not directly related to the nutrition of cattle,
they frequently lead to a condition of unthriftiness comparable fo
that found in cases of serious malnutrition. In view of the heavy
cconomic losses aftributable to such parasitic infestations their
investigation is urgently called for,

Ha
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fahe the danying diploma, while smiable houses for the staff are
laching  The dairy 1s swall ang cramped The laboratory (which
1s used for both chemteal and bacteriological work) measures barely

20 feet square and possesses practically no equipment Thig 18
supposed 1o serve for both teaching and research A poriion of an
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{3} These nrs contamed 38 2 letter from the Joint Secretary of the De art
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“'gge' cvbom budget 2or the Imperial Dary Expert Section 38 at Pprexent-
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Facilities in the provinces are even less adequate. Instruetion
in dairying is included in the courses run by provineial agrlcpltqral
colleges, but this is of an elementary character. Only one institu.
tion(3) has adequate facilities and teaching staff to proyld,e instrue-
tion for the Indian Dairy Diploma. No provision 1s made for
research into dairying problems. Any local advikory work in con-
nexion with the production or utilisation of milk is undertaken by
the Livestock Experts where provinees include such officers on their
agricultural staffs. Otherwise advice has to be sought directly from
the Imperial Dairy Expert.

It is obvious from this brief statement that the facilities and
staff aveilable at the eentre and in the provinces is utterly inadequate
to meet the needs of a branch of agriculture of the magnitude of
the Indian dairy industry. This faci bas recently been recognised
by the Central Government, who have given their sanction to an
expenditure of some Rs. 6 lakhs {o provide additional buildings,
equipment, and staff. The provisional alloeation of this sum allowed
for the huilding and equipment of an Experimental Creamery at
Anand (Bombay Presidency) al a cost of Rs. 31 lakhs, and for
additional accommeodation at the Bangalore Institute at a cost of
roughly Rs. 75.000. The remaining Rs. 2 lakhs was {o be utilised
in meeting the reeurring expenditure at the Ixperimenial Creamery
during the first five years at a net eost of R<. 40,000 per vear. In
addition a sum of roughly Rs. 1 lakh has heen allocated by the
Imperial Council of Agricultural Research for special investigations
into problems comnected with the manufacture of milk produets. A
small grant has also been made by the Council to the Allahabad

Agricultural Institute for investigations into the chemical composition
and physical properties of millk.

The present stock-taking provides an opportunily to re-examine
these proposals in relation to the general developmeni of organised
dairying in India, and to bring them, if necessary. more into line
with the needs of the industry. It would, I believe, be a grave
mistake to attempt to meet these needs piece-meal : what is required
iIs the formulation of a co-ordinated and progressive scheme of
development which will embrace both research, education and advisory

services, and in which both the central and provincial Governments
can play their parts,

Sinc_e the results .of research form the basis of both education
and advisory work, this subject will be dealt with first,

T.—REsEArcH.

. The number and complexity of the problems which face the
dairy industry have been dealt with in the first six chapters of this

The need for ag >ePOTE- It is obvious that wunder present
Imperial Dairy Re- ClrcUmstances the staff of -the Imperial Dairy
search Institute, Institute is not in a position to undertake the

selentific investigation of these problems. The

(8) The Allahabad Agricultural Institute,
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1s at uresent primenly a teaching centre and does not
;!(l):?ets‘;t:he sclen{)xﬁe staff or the necessary laboratory acuomm%datmg
or equpment for accurate research work The provision o ssm:1
accommodation and equipment would 1mvolve considerable structura
alterations and extensions fo existing buldings, but even so the
result would not, I believe be reaily satisfactory There are, how
ever two muore fundamental objections to the exwsting loeation of
the Imperial Dairy Institute as a possible centre for dairy research
T understand that the site of the Institute was largely selected for
two reasons first because the chimate was more equable than in
the dawrymg tracts of Northern Indir, and seeond, because there
already ewsted a Iucrative marhet for the mitk m the form of the
requirements of the military cantonment Both these considerations
adversely affeet the value of Bangalore as a centre for restarch In
the first place the relatively temperate climate 15 not typieal of
India’s most intensive dairying tracts where the problems of the
dairy mdustry are therefore of a very different character Tn the
second place the needs of the mlitary are not representative of
typical Indian dairying At Dresent the greater part of the output
of milk at the Tmperal Dairy Institute 15 exther sold as pastenrsed
milk or 15 manufactured into butter or cheese I have already
pomted out that these products are not typical of Indian darying
It has been nrged m favour of Bangalore that the consumption of
mlk 1 South India 18 abnormally low, and that the presence of the
Imperial Dawry Institute s of value m stimulating nterest m milk
production The Central Goveinment has, however, to conmder the
needs of India as a whole, and not the special needs of one locality,
which 1s a matter for provineial action

There 18 no doubt that the present location of the Institute 1s
largely responsible for the fact that it 1s seriously out of touch with
the real needs of thé¢ dawry mdustryy If (as I have suggested m
Chapter II) orgamsed daiwrying 3s m futare to be largely concerned
with the production and marketing of indigenons miil produets,
it 15 essential that a more surtable site should be found and that the
Iustitute should be reconstituted as an Imperial Dawry Research

Institute  In selecting such a site tle following pownts should be
taken nto consideration —

1 The Institute should be mtuated i a distriet which is
representative of India’s chief darymg tracts and of
the centres of production of her mayor dairying product,
namely, ghee In practice this Limts the ste o an
area running across the northern part of Inda and
meluding the darying helts of Bihar, the Umted Pro
Minces, the Punjab and Bombay Prendency The
Royal Commussion on Agriculture rightly emphasised
the fact that the real ndex of mlk production of a
Province ss the number of she buffaloes and not the
number of cows Table 35 shows the caltle densilies
of the typieal dmrying distriets i the provinces men

tioned above Ths table shows clearly that the best site
HIICAR
"
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for the new TInstitute would be somewhere within a
triangle drawn through Delhi, Agra and Cawnpore*

9 T have considered the possibility of both New Delhi and
Bareilly as sites for the Imstitute. Neither of these
cities is, however, situnated sufficiently close to the ghee-
producing areas to warrant consideration. On the
other hand the selection of a site within the area already
mentioned would mean that the Institute could main-
tain close touch with the Imperial Agricultural Research
Tnstitute at New Delhi and with the sub-stations of
the Imperial Veterinary Research Institute at Izatnagar.
The Institute would also be conveniently near to
Aligarh, o%¢é of the most important butter wmaking
centres of ‘India. Further, the site suggested wounld be
at the centre of the important dairy breeding tracts
of India, which extend through the Punjab, Sind,
Kathiawar, and the north of Bombay Presidency.

4. Tt is desirable that the Institute should be situated close
to a town having a University or Agricultural College.
In this connexion I should point out that the Indian
Institute of Science has proved a valuable neighbour
to the present Imperial Dairy Institute ai Bangalore.
It is most desirable that workers at the new Institute
should have an opportunity of meeting colleagues of
university standing.

5. In selecting the new site it is essential that undue attention
should not be paid to the provision of a lucrative market
for the milk produced on the Institute’s farm. The
Royal Commission have pointed out that farms which
have been established solely for experimental work can-
not be expected to pay their way(¢). If the Institute
is to undertake the making of indigenous Indian milk
products, it is almost inevitable that there will be a
considerable financial loss in the running of the farm.
Moreover, it is also desirable that the site should be
selected solely on its merits and not because land is
available in the vieinity which is already owned by
Government.

6. Finqlly, if the Institute is to be located in a typical dairy-
ing tract, the climatic conditions will inevitably be
exacting. There is, however, no reason , why, with
modfern air conditioning systems, the staff of the
Institute should not work under tolerable conditions.

At such a ceentre the staff would be closely in touch with the
industry and with its major problems. There would probably be
opportunities of working in collaboration with co-operative societies
and other similar associations which might be attempting to improve
the conditions of production and handling of milk and milk products

{192%? Royal Commission on Agriculture in India, p. 150. Cmd. 3132

*See also table 38 (a).
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The lnstitute would also be m closer touch with
;ﬁel‘)égxlxt;gaggiernment and with the Tmpenal Counel of Agriculs
tural Research at New Del(®) o

The suceess of the work of the Impemal Dairy Researe:
Institate will depend sery largely on the scentific and {echnteal
quabfications of the staff and on their ability
te apply therr trammg to the practical
problems of the industry I should perhaps
clear up any wmisconception regarding the nature of the work to be
undertahen at the Institute It may be thought that this work 15 of
a relatively simple character and that 1t will not require workers
of marked abiity It has also been suggested that the dawy
mdustr; does not need fundamental ;Tesearch, as 1ts needs ars
essentially practical Both these views gre founded on a complete
misunderstanding of the complexity off the problems which awart
solution I believe that progress i dairy research will only be
made 1n Inda if 1t 15 clearly understood that men are reqmred who,
1 the words of the Royal Commission * combine scientific knowledge
and technique of the first o1 lex with the vision and creative power
essential to the opeming up of new and original lnes of work > In
staffing the Institute this consideration should be paramount An
honours degree n science at a umversity of repute should, I believe,
be regarded as an essenhal qualification for any of the semor posis
at the Institute(®)

The first essential 1s to secure an able Divector, smce 1t 1s
cbvious that he will be m a key position n regard to the future
development of Indian darrying The Director must therefore be
a man of onfstanding ability  He shonld have had a wide experience
m dealng with the general problems involved mn the handling of
mik and milh products , he should be eapable of imitiatmg and
directing research and of relating the Institute’s work to the
practical problems of the industry It 1s desirable that he should
have had practical experience m the dairy industry as well as a
sound knowledge of research methods Above all, he should have
the abihity to visualise the reguirements of the industry and to carry
through ns projects to a successful conclusion '

Under the Director the work of the Institute should, I consider,
be divided nto four sections, mamely, dary bacteriology, dawry
chemustry, dary technology and dawry husbandry Responsibility
for the development of each of these four brauches of the work
shomld be delegated to Heads of Sections who should be Class 1
Officers and who shenld be grien adequate Class IT assistants I
1s possible that i the first 1astance one or more of these Heads of
Sections might have to be recrmited from outside India If, how
ever, my later recommendations are agreed to, 1t should he possible

to find adequately qualifféd Indian k.
0 ind aden an worhers to fill the<e posts within

Qualifications of
staff

(8) It may be menhioned that the
K we< yourney from New Delly

\8) Loc cit, p 034
HBBICAR

existing imstitute at Bangalore 18 over 0
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As regards dairy baeteriology and dairy chemisir g juhe Heads
of Sections should have had a sound fundamental training in the
basic sciences underlying their work. It is essential that the Head
of the Dairy Bacteriology Section should also have had a wide
experience of the application of bacteriology to practical dairying
problems. The Head of the Dairy Technology Section should be
selected not so much on account of his knowledge of dairy technology
as on his fundamental training in chemical technology and engineer-
ing. The future application to dairying of large and small-scale
machinery, as well as of refrigeration, will largely depend on his
kmowledge and ability. He will also be responsible for the testing
of dairy machinery and equipment. He should be provided with a
capable assistant who has had specialised training in dairy technology.

It is desirable that the Head of the Dairy Husbandry Section
should have a special knowledge of Indian dairy breeds as well as
of Indian conditions of cultivation. Future policy regarding the
breeding of Indian dairy cattle will largely depend on him, and he
may also be needed on oceasion to advise regarding the official
registration of milking breeds. IIe should be provided with two
special assistants, one of whom should be responsible for the accurate

costing of both crop and milk production. The other should be a
qualified veterinary assistant.

It has already been stated that the existing Institute at
Bangalore possesses entively inadequate buildings and equipment for
. . research. The mnew Institute would need
mfnlﬁ‘dmgs and equip fully equipped chemical and bacteriological
laboratories, sinee these sciences form a basis
f?l‘ adequate control in all other branches of the Institute’s work.
These laboratories would need to be built on a sufficiently generous
scale to allow for the accommodation of posi-graduate research
students. As regards dairy technology, there should be accommoda-
tion for small-scale machinery and processing plant. I feel, how-
ever, that the arrangements should be as flexible as possible, since
the object of this section will be to try out varions types of plant
and equipment under semi-commereial conditions. The basic needs
of this section would be adequate boiler capacity and refrigeration.
Some of the dairy plant could be of standard design. Much of it
would, however, need to be constructed o meet special requirements.
For this purpose it would be essential to have a well equipped
engineering shop attached 1o the Imstitute. This would also be
hecessary m connexion with the testing of dairy machinery.

Apart from the abbve accommodation, th ildi
' e building would need
to house offices, a library, and one or two’ leeture rooms. Separate

housing aceommodation would b
e needed f :
hostel accommodation or the staff and sufficient

students. for a small number of post-graduate research

As regards dairy husbandry, it i
. v, 1t 18 assumed that part of the herds
%l’isgxt'eient stationed at Bangalore would be trarisfe%red to the new
o s]lll e.1 It would therefore be necessary to have sufficient acreage
bply fodder for these catile. Part of the land would
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ilities for
et b e ol bt
runmng the larm on 2
accemn%odatmn wou’{a alslo bf 3296181%t f°§0§§3§atie§§xxx§ ﬁﬁl t
simlar expermental work y s ot
uld be carmed out at the Institute
j? nazlt)ﬂ;t&gultl};mt ﬂb\t:ilre:at:impagt of the milk produced on the tﬁ}iﬂ(!ln
would be avaslable for expermmental worh 1N connexion thth mz 2 r:
of handlg hgma milk and of manufacturing mth produets " bgsb
from this supply 1t would be gesirable to mahe provision for es Wdl
yme one or more expermmental depots for the collection and handling
otamllk under village conditions It would thus be possible to com
pare the properties of mulk produced under ideal conditions with
those of muil produced under willige conditions This would be
of great value m determimng the feasibility of the adoption of new
methods of processing and manufaeture
In considering the bullding and equipment of the new Research
Tnstitute, the question at once arses; whether 1t wounld also be
necessary to proceed with the building and
peg":e:f;d é‘;ﬁ;’:’;" equipment of the proposed expemmental
creamery at Anand  This scheme ‘was
origmally put forward for three reasons first, to provide a centre
for research and trammg i factory dawymg , second, to enable
sueh worh ta be carried out under the ehimatic conditions experienced
w typical Indian dawying tracts , and third, to study the problems
mvolved m the supply of hqud milk to large eities  So far as the
first point 18 concerned, 1t 1s obvionsly unjustifiable, m view of the
arguments put forward iz Chapter II, to spend large sums on the
manufacture of products winech are of relatively Little importance
m India  Regarding the second pomt, if the new Institute 1s placed
i the area whieh I have suggestcd 1t will be subject o the same
shmatie conditions as at Anand ‘There remams the third pomt,
namely, the supply of milk to large esties 1 have already pomied
out that only 2 very small propertion of India’s population hive in
large cittes  The provision of adequate supplies of milk to mofussl
towns 15, 1n practice a more maportant subject for study 1f, Low
ever, the problems wmvolved m supplymg mill to large cities are
to be inveshgated, Anand would be an 1deal sub station for the
purpose But sts establishment as a substation would result n
connderable dupheation of equpment and staff Under the e
cumstances 1 suggest that the whole of the Anand proposals shonld
be held over until the new Research Institute has been satisfactorily
established and prelmmary experiments have been earried out on
the various problems mvolved m dealing with hoqwd milk It will
then be easier to determine whether or mot a sub station will be
necessary at Anand

It 15 not possible at thig stage to suggest any definite figure for
either the non reeurring or the recurting expenditure which I§
Expenditure involy Uhelv to be mvolved m the establishment of
ed tIhet proprsed  Impemal Dary  Research
nstitite It 18, however  deurable to give

some general indhiention of {he prohz\bl'e hnaneal needs ¢
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As regards non-recurring (capital) expenditure, it may be noted
that a sum of Rs. 6 lakhs has already been sanctioned in connexion
with the Anand scheme, although only Rs. 4 lakhs were provisionally
allocated for capital expenditure at Anand and Bangalore. 1
recommend that the whole of this sum of Rs, 6 lakhs should be
allocated for capital expenditure in connexion with the new Research
Institute. In addition any sum realised from the disposal of the
Bangalore and Wellington farms [which were taken over from the
Military Authorities at a total valuation of Rs. 2,84,000(7)] should

be made available towards the purchase of land for the new
Institute.

As regards recurring (annual) expenditure, it is extremely
diffieull to give even a rough estimate. It is probable that the pay
of the senior staff would amount to roughly Rs. 1% lakhs per year
and on this basis il may 'BE'assumed that the total budget for the
Institute would be betweefl'Rs. 24 and 3 lakhs. I{ would probably
be necessary to add a further sum in order to offset any losses
ineurred in the running of the farm. It may be noted that the
annual sum spent on the running of the two national centres for
dairy research in Great Britain is considerably greater than this
sum (8), although the British dairy industry handles only a quarter
of the quantity of milk produced in India.

A{ present very few investigations into dairying problems are
undertaken at provinecial agricultural and veterinary colleges. This
Dairy research in 5 p?rhaps. pgn_‘t}y due_to the lack of adeguafce
the provinces. staff and facilities available at these provincial

centres. But it is, I believe, largely the result

of concentrating dairy education and advisory work at the central

Institute at Bangalore : provincial ‘Governments are apt to overlook

their responsibilities in this direction, and this in turn means that
no active encouragement is given to workers at provinecial ecentres.

_In a later section I recommend that advanced instruction in
dairying should be given at the provineial colleges instead of at the
central Institute, a recommendation which was indeed put forward
by the Royal Commission on Agriculture, but which was not imple-
mented (°). It is, however, equally important that these colleges
should be encouraged to undertake researeh into local dairying
problems. A central research institute ecannot undertake the study
of problems of purely local interest, nor can such an institute investi-
gate all the factors which may have to be taken into account in apply-
Ing any new method under the wide variety of conditions existing
In India. It is therefore essential that adequate research facilities
should be provided at the various provineial colleges, and that one

(7) The amounts paid to the military authorities on the transfer of the

Rangalore Institute to the I : y e |
lands, Rs. 22,953 ; 1e Imperial Agrieultural Department were ag follows :—

. buildings, Rs. 1,36,773 ; plant>and furnishings, Rs. 27,102 ;
live-stock, Rs. 55,954 ; stocks, Rs, 41,344 ; total, Rs. 2,84,126, &% B =L
(8) State

) grants to the two institutes total over Rs. 33} lakhs, while a
further Rs. 1 lakh is received from other 80UTGEs, } ’
(9) Loc. cit., p. 247,
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or more speeally qualified workers should be avalable to undertake
the necessary mvestigations

1 consider that this 1s one of the direetions 1n which valuable
assistance might be gnen by the Imperial Council of Agricultural
Research 'The financial needs of the central institute should
normally be met by direct grants from the Departinent of Edued
tion Henlth and Lands, and the Institute should not need to seek
financial assistance from the Council The provision of grauts from
the Council would however, form a useful means of encouraging the
development of dairy research in the provinees and constituent states
As a first step the Couneil mught consider making special grants to
those provinces which are willing to providé facilities for advanced
darymg mstruction A special grant to meet the cost of purchas
mg additional equipment and reeurring grapts towards the costs of
special mvestigations mto certamm dairying problems have already
been made to the Allahabad Agrcultural Institute This might he
taken as a useful precedent The nature of the problems to be
iy estigated would, of course depend on local requirements, though
a number of suggestions have been put forward m Chapters III to
V1 As the worl of the ceniral nstitute developed 1t would
obviously be desrrable to arrange for close eollaboration between
workers at the centre and n the provinces In this field also the
Counail could play a very useful part

In the meantime the Couneil has (as I have already indicated)
sanctioned a grant of Rs 1 lakh for the studv of problems concerned
m the production of condensed and dried milks If, as I have
recommended the Anand experimental creamery scheme 1s abandoned,
this sum could be released for work along other hines I do not think
that 1t would be better utilised than in imtiating research work at
provincial centres along the lines just discussed

II —EpucaTioN

At present advanced courses in dairymg are given at two centres,
namely, at the Imperial Dawry Institute at Bangalore and at the
Introduction Allnhabad Agrienitural Institute The stand
ard course 1s that leading to the Indian Dairy
Diploma This 15 a two year course with a syllabus somewhat symilay
to that of the National Diploma 1m Dairymng of Great Britan Tt 1s
designed to gnve the student sufficient Lnowledge and experience of
practical dairving to enable him to undertake the 1esponsibility of
managing a dairy herd or of runmng a small dairy  Proposals are at
bresent under discussion for making this course a more advanced one
rfIZ::iiiy proposals mc}c\lde (tlhe provision of speeial mstruetion m dawry
ma , an tate the exie
traning by e ety and nsion of the perwod of

Apart from this course the Im
perial Dawry Institute accepts
xx))os:’graduate students for a 15 months’ special course This conslI;ts
: : v l?f tramng on the Iines of the dairy diploma and partly of
search thiough the facilities for the latter are at present quite



06

inadequate. Tn addition oceasional short conrses of practical instruc
Lion and voeational conrses for British troops are run af Bangalore,

At the provineial agrieultural colleges there are no advanced
courses in dairving. The colleme degree courses inelude instruction
in dairying.  Special short eotrses in elementary dairying are aly
run from time to time, At Lyallpur and Nagpur there is a six
months’ vernacular course. At Poona speeial  eourses  are  run
whenever there is a demand for them ; these are of variable length,
Al Coimbatare elementary dairying is ineluded in a speeial short
course in agrienlture, At provineinl velerinary eolleges the instrue
tion in dairying is (with one exception) meagre, and is usually limited
to a short course in milk inspection. Most veferinary colleges are,
however, handicapped by the Tack of a milking herd or dairy, so that
instruction is earried owt under vers unfavourable eonditions.

As a result of my inquiries I consider that three types of
dairy training are required, numely, instruetion in general dairying,
post-graduate lraining in research methods, and clementary courses
in practical dairying.

There is no doubt that the existing . . D.{3*} course fills a
definite need. This may be judged in two ways, In the first place
Instruction in gone- There is an eneouraging demand for admission
ral dairying. to t.lu- course,  The  number of  enguires
received at the Bangalore Institute during the
past three years hag been 128, 245 and 310 respectively. although
a total of enly 45 students could be admitted owing to the very limited
aceommodation,  Similar figures are not available for the Allahabad
Institute, but I am informed that the course is invariably full. In
the second place 1 am told that suecessful students seldom fail to find
employment.  Unfortunately complete figures are not available on
this §ubject. At least 63 students ave known 1o be in employment (11).
In view of these facts I consider that the course of trainine for the
I. D. D. should be retained as the main course of instruction in
general dairying. Two obvious questions arise : first, whether the
S}’“ﬂl_)qs of the course requires amendment, and second. what future
provision should be made for the teaching of 1. D. D. students.

(10) Indian Dairy Diploma,

(11) It is interesting to mote the division of employment between govern-
ment service and private dairies 1—

Number,

Central Government .. . 11
Provineinl and State Governments . 206
Military Dairy Farms . ‘e 4 41
Private dairies, etec. . ‘e .. 20

Higher stuaies ..

¢
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The proposal tu merease the existmg I D D course from two

to three years 1s based on two arguments , first, that at ther time
syllabus  for the of adnmuttance many students are ;mt s\;lﬂielently

I " well educated to be able to complete the course
ndian datry dp!?mg satisfactorily 1 two years , and second, that
the course ought to include advanced mstruction n dairy tactory

management

As regards the first pomt the offimal reports of eximmners
repeatedly stress the fact that many students show a very poor com
mand of English Under normal circumstances only matuiculates
are admitted to the I D D cowr.e exemption from matrienlation 15
stated to be given only under exceptional conditions Reference to
the admissions to the Allahabad Agrieultural Institute shows however,
that 10 per cent of those acecepted are non matriculates It appears,
therefore that the examiners’ eomplamts 1egarding the lack of general
education among students could be easily remedied by tightening up
the standard of admission

As regards the second pomnt namely, the mclusion of advanced
mstruction 1 factory management this 1s based on the assumption
that Indimn dawrying should be run on Western Lnes I have
already expressed the view that the adoption of the so called factory
system of dairying 1s not applicable to Indian eonditions of produe
tion T have also shown that even if 1t 15 feasible to establish large
tactorres for the minufacture of such produets as condensed aud dried
milks, three or four such factories would be sufficient to provide for
the full needs of the existing marhet Openings for employment
1 such factories would therefore be very hmted Moreover, inquiries
among firms who might ultimately establish factories mm India reveals
the fact that such firms mvamably traum thewr own employees mn
factory methods of production what they require before engagng
such employees 1s a general hnowledge of durymg and of the sciences
underlying dawry practice

Under these circumstances I do not consider that any useful
purpose would be served by lengthening the period of tramng for
the I D D or by mcluding mn the syllabus advanced trammmg m
factory processing or management General information on  tms
aspect of darrying can more readily be gven i lectures supple
mented, 1f desired by brief visits to modern butter making ereameries
and other speanlly equipped centres (*2)

As regards other subjects included in the I D D syllabus I
do not feel that any drastic alterations are called for If candidates
can answer satisfaetorily the type of examination paper which I have
been shown, they must have attained a satisfactory standard of both
theoretical and practical trammmng I am somewhat apprehensive
that too great stress 1s laid on butter and cheese making The value

(1.) For example, visits mught be arranged to such tenties 15 the Dayalbury,
Dairy, the Miltary Ghee Heating Centre at Agra, and the Impenal Dairy

Regearch Instatute
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of the separator method of butter-making as against the ‘ country’
method for the ultimate production of ghee has yet to be @emons?ra’_ced.
Cheese-making is of negligible importance In Indian dairying.
T feel that more stress should be laid on the methg@s of production
of indigenous milk products, on the need for devising cheap types
of equipment, and on the improvement of methods of producing milk
and milk produets by eo-operative enterprise and by the development
of village industries. Instruction along these lines is at present
handicapped by the lack of available knowledge on the subjeets in
question. This difficulty will disappear as further knowledge is
acquired.

There is, however, one other aspeet of the training which, I
believe, requires special emphasis. The training should inelude
adequate practice in the methpds of imparting instruction in dairy-
ing in both English and the vernacular. Holders of the I. D. D.
will probably be largely responsible for introducing improved dairy-
ing methods into village practice, either by the running of elementary
dairy courses or by organising village collecting centres and other
co-operative enterprises. In such work it is essential that the man
in charge should be eapable of presenting his subject in a clear and
convincing manner. The I. D. D. course provides an excellent
opportunity for instruction and practice in this subject.

I have been somewhat disturbed to find that a comparatively
small number of graduates take the 1. D. D. course. This is largely
due to the fact that the Bangalore Institute run a so-called post-
graduate course in addition to the I. D. D. course. Since 1924, 45
students have taken the post-graduate course, compared with 150
who have taken the I. D. D. course. It appears to me to be unneces-
sary to run a special course for post-graduates. The present post-
graduate course is a combination of advanced instruction in dairying
and training in research methods. I do not think that these two
aspects of dairying can be satisfactorily included in a single course.
As regards research, I am recommending the provision of suitable
facilities at the mew Research Institute. As regards advanced
mstruction in dairying, I consider that the present I. D. D. course
should meet the normal requirement. Tt is, however, desirable to
consider how far graduates in agriculture might be given special
encouragement to qualify for the I. D. D. by exemption from some
part of the two-year course. Under existing cireumstances I do
not think that this proposal would be feasible. But if (as I recom-
n;end) the I. D. D. course is to be included in the normal curricula
3 if{'.ovnlelal‘ agricultural colleges, there seems mno reason why the
’c:ﬂe}d nigit;r%?mg for the agricultural degree should not be dove-
of the I D, at ;fgg Jf)}%etl D. D. An examination of the syllabuses
fact, that there oo alreagpmal agricultural degree courses shows, in
studied. T g nap oA g coxiflderable duplication in the subjects
given o Veferinaw ider that any similar exceptions could be
subjects suol ary graduates, whose training does not include

» Slch as erop husbandry and farm management.
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At present mstruction for the I D D 1s only given at two
ntres, namely, at Bangalore and at Allahgbad If my recom
mendations regarding the transfer of the
(Gentres of T Baponlore Institute to a new site and s
o establishment as au Imperlal Darry Research
stitute are adopted, the question will arise whether T D D, courses
hould be run at the new centre In this matter I strongly support
he recommendation made by the Royal Commussion on  Agrieul-
are(?) that advanced dawrying wstruction should be undertahen at
provinaial  agricultural colleges and mot at the central nstitute
There are a numher of ressons for this proposal The present accom
modation at Bangalore 15 entirely madequate to meet the demand fo
admission to the course(1®). If the new Institnte were to undertahe
the nstruction of I D D students, 1t would entail a very heax)
camtal expenditure on additonal laboratories and equipment and
on hostel accommodation The staff would also need to be nereased
Qn the other hand provmneial agrieultural colleges already possess
teachng laboratorses and equipment, and have, I understand, adequate
hostel accommodation They have a full complement of lectures
on those general seientific and agricuitural subjects which are meluded
mthe T D D syllabus  The equpment of the darry departments
would undoubtedly need to be angmented, and 1ncreases would
probably also be necessary m the dary staffs  The provision of such
additional equipment and staff would, however, tend to mmproie the
dawrymg mstruction for agricultural degree courses, m addibion to
catering for the I D D course I have already stressed the need
for stimulating the wterest of provineial Governments m the develop
ment of dairsing  The transfer of the 1 D D irammg to provinesl
colleges would, I beleve, go far towards achieving this asm  There
18, too a further pomt I have found that there 15 a defimte tendency
to diserimmate between students tramed at the Imperial Dary
Institute and those tramed at the Allahabad Agmenliural Inshitute,
not on account of any difference 1 the efficiency of the tranmg, but
because traming at the Imperial centre gives a better ¢ hall mark
to the student This attitude 15 unfortunate but, I believe, 1nevitable
50 long as the Central Government provides facilities for the course
at 1its own institute

It 15 very doubtful whether the trammg of T D D students could
meantime he satisfactorly undertaken at all provineial agrienltural
eolleges Tt 13 mdeed questionable whether such a wholesale transfer
of work would be desirable until more experience has been oblamed
regarding the poswble difficulties involved I suggest that under
the cirenmstances the number of centres should meantime be hmu
ed T assume that the Allahabad Agricultural Tnstitute will remain
as one centre  Geographically 1t would seem that at least two other
centres would he required, one in Northern India (say Lyallpur)
and one m Southern Indha (say Combatore) — Such centres mght
be given financial aid by the Impenal Couneil of Agmenltural Re-
search on the Iines already adopted 1n regard to the Allahabad Insti-

(33) As stated m a previous section, only 4% students have been dmitied
during the past 3 years, durng which over 700 mqunes have been veceived
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tute.  The possibility of extending the arrangemeuts to inelude
other provineial agricultural colleges should be considered in the lighs
of the results achieved at these centives.

The transfer of instruction for the I. D. D. would, however, neces-
gitate the adoption of ceriain safeguards. These may be summaris-
ed as follows —

(@) There should be not only a uniform syllabus for all
centres, but a reasonable degree of uniformity in the
methods of teaching. It would also be essential
for the course 1o include adequate practical training
in farm operations as well as in dairying. These
points have been repeatedly stressed in examiners’ re-
poris.

(b) The criticism has been made in examiners’ reports that
the present I. D. D. instruction at the Allahabad Agri-
cultural Institute is handicapped by the lack of co-
ordination between the tcaching in the dairy depart-
ment and that given in the pure sicence departments,
the implication being that the teaching in pure
science is not adjusted to the special needs of the I
D. D. course. This matter is obviously one which
would need to be considerved in drawing up the detailed
scheme of training at each centre. It may be men-
tioned that in Great Britain it is the universal practice
for N. D. D. students to receive part of their instruction
in pure science departments, and the system works
satisfactorily.

(¢) 1t would be necessary for the 1. D. D. course to be run
according to college sessions and not (as is done at pre-
sent) by calendar years.

(d) It is essential that the examination for the I. D. D.
should be of the same standard at each centre. For
this purpose a central examining board would be
required.

(e) For the appointment of the examining board, as well as
to settle all points of common interest, such as the
syllabus and metheds of instruction, a special commit-
tee should be constituted under the Imperial Council
of Agricultural Research. This committee would also
he responsible for recommending new centres, and for
reviewing the standard of teaching and the facilities
available at existing centres. The committee should
include one nominee from each recognised centre as well
as members appointed directly by the Imperial Council.
Tt <honld meet at least onece each year, preferably
mmmediately after the annual examinations, so that the
examiners’ reports could he submitted and any neces-
sary action teken. The committee shonld be responsible
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for printing and publishing the syllabus, which shonld
also include brief notes on the facilities available at each
centre

At present there are two avenues open fo graduates who require
vaneed traming mm dairying, namely to take the so called post-
graduate course at the Bangalore Institute,

ost graduate tran  or to go fo Great Britan in order to take the
v in research course for the National Diploma mn Dairyng

As regards the N D D course imn Great Britain, I consider that
us 35 enhirely wnsurtable for Indian students The N D D course

bsed on a study of Brmiish farming conditions and of Bntish
arry produets such as butter and cheese Indian students who
vahfy for the N D D return to India with, I believe, entirely er
oneous views regarding the possible application of Western dairy
ng methods to Tastern condittons  Tlus 1s likely to do the Indian
fary mdustry more harm than good

As regards the eusting post graduate course, 1t has alieady been
stated thal thas 15 largely a dupheation of [ D D trammg, and
could quite well be amalgamated with the I D D course The
I D D forms an cxcellent basis for practical dairv traming, and
if an agricultural graduate possesses the I D D m addition to his
degree he should be well gualified to fill any post i the edu
cationl or advisory services or m the commercial field  There are,
howerver, very few Indian graduates who are qualfied to undertahe
research work m dairy science  In such work a detailed 1nowledge
of technieal dairymg 15 a secondary consideration The research
worl er needs to have a thorough training in scientifie methods of
veshigation and a4 fundamental 1 nowledge of one or more branches of
pure science  Such a man can readily acquire the necessary acquaint
ance with dwy practice without extenswve practical trammng =~ It
1s signifieant to note that an essential qualification for agricultural
research worl ers 1n Great Brmtam 1s an Honouis degree i science
and that the Roval Commssion on Agriculture recommended the
1doption of this standard in the reerwmitment for research posts m
the Indian agricuitural services(t*)

T am convinced that hittle real progress will be made n tl]xe
solution of Indian dawying problems until a nucleus of specially
tramed graduates 1s avalable to undertale the necessary seientifie
mvestigations It 15 here that benefit should be derived from the
establishment of a properly equpped Datry Tiesearch Institute smcg
Tt of the worl of such an mshitute should be the traming of seiene
graduates m research methods Moreoter, opportumty ‘h"“ldl g‘g
tahen to encourage sueh graduates (preferably after a D oenc
study at the ceniral re-earch mstitute) to gamn further exper

byec-
b b laboratories abroad The o
PR e iAmse i 1ch was noted earhier in this

tion to foreign trammng i dawying wh m-
section does mot extend to trammng 1 research ix?cc t:;;cll;ﬁgfand
volves n peneral study of the application of seentiic p

(14) Loc oot p 634
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technique to the solution of dairy problems, and not merely a special-
ised knowledge of dairying practice. .

If science graduates are to be encouraged to enter this field of
study, certain incentives will, I think, be necessary. In the first
place it is essential that such post-graduate research students should
be able to work for higher university degrees at the Imperial Dairy
Research Institute. This arrangement was suggested by the Royal
Commission (15) in regard to post-graduate sludents working at the
Tmperial Agricultural Research Institute. It should, I think, apply
equally to the dairy research institute. In the second place it is
desirable that funds should be made available to enabhle research
scholarships to be awarded to promising seience graduates to enable
them to work at the central institute or to reside at a foreign research
centre for an adequate period of iraining. The provision of such
scholarships might be undertaken by the Imperial Council of Agri-
cultural Research(6¢). In the third place it will be valueless to
give initial encouragement of this nature to promising students
unless a real attempt is to be made to establish a research service
for the dairy industry commensurate with its importance in Indian
agriculture. I have already referred to the need for developing
dairy research in the provinces. This will inevitably be a gradual
process, but I anticipate that it should proceed with sufficient rapidity
to absorb the specially trained scientific workers who will become
available during the next ten or fifteen years.

If improved methods for the production and handling of milk
and the manufacture of milk products are to be made use of in
Tlementary dairy (he villages, it will be essential to have avail-
training. able a large number of workers trained in
) certain elementary dairying practices. Such

workers might be responsible for runming village collecting or
zsepgratmg centres, for ghee or khoa making on a village industry
basis, for the supervision of mandies(17) or for running small retail
mlllg shops.  Such men would need elementary training in dairy
hygiene and specialised training in the particular branch of work
which they are to undertake. They would, in fact, correspond to
ﬂlf; ‘ stockmen ’ who are already employed in certain branches of
amimal husbandry and veterinary work. Short vernacular courses
would be neeessary for the training of such men, but the syllabus
of these courses should be elastic, being altered from time to time
to meet the immediate needs of the dairy industry. The training
would, of course, need to be undertaken at provineial centres, and
successful trainees might be awarded a special college certificate.
Tt would be desirable that the syllabus for such courses should be
discussed with the Tmperial Council of Agricultural Research, which

ggutld act as a valuable clearing house for information on the sub-
JECT. .

(18) Loe. cit., p. 60.

16 . __ - .
Grea€ 'fgnl’;sfn slfholarshlps offered by the Agricuitural Rescarch Council of

abroad, sually allow for two years work at home -and a (hird year

(A7) ie., ghee collecting depots.”
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In any such work I strongly recommend that serious considera
tion should be given to the provision of dairy trammg for women
Women have a natural aptitude for dairy work moreover, they are
already largely responsible for the handimg of mulk and the manu
facture of milh products such as ghee  If mmprovements are to be
effected m the handling of milk and milk products wunder willage
conditions the cooperation of the women of the village 1s essential In
any attempt to provide special dairy trainmg for women I suggest
that eollaboration should be sought with other agencies such as the
health serviees, co-operative societies, and philanthiopie and welfare
associations

The danymg mstruetion given at veterinary colleges 1s at
present usnally lumted to a short course m milk inspection It

Couvses of inst 15 very desirable that this instruction should
o gt oveteﬁn‘;u.rcy be extended to include a knowledge of ele
colleges - mentary dairying and ot the prinaiples mvolved

m the production and handhmg of mlk,
meludimg the management of a dairy herd  The vetermary assist
ant 15 brought mto close contaet with the cultivator and a bettet
knowledge of dairymng would frequently enmable him to mfluence
the latter 1n adopting 1mproved dairying methods The responst
bility for this side of the work will tend to inerease 1f as I Tecom
mend later, the amimal husbandry and veterinary services are uni-
fied Tt 15 therefore all the more 1mportant that adeguate mstrue-
tion m darymg should be meluded m the syllabus of vetermary
diplomas and degrees  The nelusion of such tramng will neces
sitate the prowision of adequate accommodation for a small dairy
herd and darv at each veterinary college and 1t 35 possible that the
stafl will also need to be augmented at some centres by the mclusion ot
a quahfied instructor i darying

TII —ADVISORY SERVICES

In Part I of this Report I have pomted out that very lttle
1s known regarding the best methods for the produetion and handl
me of milk and the manufacture of mlh
product< under the tropical conditions of
Indin Tt nught therefore appear doubtful whether the time I»
yet ripe for constituting dairy advisory services in the provinees
This wonld, however, overlooh two facts

In the first place the Imperial Dawry Expert 1s at present the
only offices available m India to answer the large number of m
quiries which come from all patts of the countrs _ Owng to the
tme and evpenditure myolved mn travellmg the Imperal Dairy
Dxpert 15 only able to answer these mquilles by correspondence
He 15, moreoser, seldom 1n a position to know the Ioeal condrtions of
production :md’ the local market requirements Consequently he

a8 1o relv on the mformation—often ncomplete or even mlslcad‘
ing—whuich he 15 given by s correspondents I found on nilont,
thun one occasion that this had resulted in the installation of plau
and equipment which was entirely unswited to the local eondifions,

Present position.
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and that in consequence there had been serious finaneial losses as
well as loss of confidence. The Imperial Dairy Expert himself
quoted an instance where a timely visit had put an entirely differ-
ent complexion on a new dairying enierprise and had enabled him
to reduce the proposed capital expenditure from a very large sum

to a few hundred rupees. If a local advisory staff was available
in each provinee, such difficulties would not arise.

In the second place it is clear that an officer such as the
Tmperial Dairy BExpért cannot take any active part in stimulating
the development of dairying in the provinces.  Most provinees
are at leasi as large as Great Britain and it will be readily under-
stood that the services of a special provincial staff are essential if
the needs of such large areas are o be explored and their potentiali-
ties developed. Sueh a provineial staff would, moreover, not only
be in a position to give expert advice both to the provinecial govern-
ment and municipalities, but would be available as the medium

for initiating any mnew schemes of development which might be
planned.

Under these cireumstances I strongly recommend that provin-
cial governments should take the necessary steps to establish an
- ) advisory service for the dairy industry. As
Need for a provit- 5 fiugt step I consider that a specialist officer
cial service. . . . :
should be appointed in each province. This

officer could undertake a preliminary survey of the needs of the
provinee,  Further development would depend on ihe results of

his survey : whether, for example, progress could best be achieved

by orezanising village milking centres, or by encouraging the co-
operative produetion of milk produets, or by the establishment of
gradine centres and other improved methods of marketing. It is
essential that the specialist officer should not merely look on his
post as that of an expert adviser.  His major duty should be to
initiate developments, and to take the lead in encouraging the adop-
tion of improved dairying methods. For this reason I suggest

that his official designation might be that of ‘‘ Dairy Development
Officer 7.

The question at onee arises as to the department to which this
officer should be attached and as to the means which should be

i adopted for keeping him in touch with the
m;‘li‘?}gg%nﬁiorfecm" centre.  In this %onnexion I have been

' greatly impressed with the organisation of
the agrieultural marketing staff.  Provineial Marketing Officers,
while nominally attached to agricultural departments, actually work
under a small committes representative of the various departments
and interests concerned.  As regards contact with the centre,
arrangements are made by which close touch is maintained with
the Agricultural Marketing Adviser to the Government of India,
and all marketing surveys are co-ordinated through this chanmel.
I consider that a somewhat similar arrangement might be adopted

in regard to the administrative position of the Provineial Dairy
Development Officers.
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The development of daiwrying 1s closely related to many other
hes of government activity I suggest that the commites
- which the Dairy Development Officer should work should
e the Diveetor of Agriculture, the Director of Vetermary
1es, the Durector of the Public Health Department, the Re-
ar of Cooperative Societies, the Provineial Marketing Officer,
not more than three other members who should be nominated
weount of therr special mterest in some aspect of dawrying(38).
of these should be a member of the dawry staff. of the provineial
cultural college This artangement would ensure the co-
mation of dawy developments with Government activities mn
ely alled fields, and woild provide the Dairy Development
cer with a valuable source of advice and asmistance 1 the plan-
¢ of s work®
Coordination with the central Government involves a more
uplex problem  The development of dairying m India 1s pri-
marly the concern of provinelal Govern-
c%ﬁ:;;mm FE ments Owimng to the very undeveloped
condition of the industry 1t 15, however,
ential that the central Government should take ‘a promment part
initiating end co ordmating any developments I have already
wmmended the estabhishment of an Impenial Dairy Research
stitute as the man contribubion which the central Government
1n make to the deyvelopment of the dairy mdustry It 1s, I believe,
mally important that the central Government should encourage
he exchange of 1deas and esperiemces among Provinaal Dawry
Jovelopment Officers and also between such officers and the staft
{ the central Resewich Tnstitute  The obvious channel for such
0 ordmation 15 the Imperial Couneil of Agricultural Research  One
nethod of achieving this aim would be to attach a speealst officer
0 the Comeil whose duties would melude the co ordmation of dary
Ievelopments and of dairy research in the provinees I believe,
however, that the purpose 1n mind could be achieved more efficiently
and ceonomcally by combiming_these duties with these of the
Director of the Imperinl Dairy Research Institute  The Director
should be the best qualified worker in this field . India  He will
be m intimate touch with the Iatest research worh at hus own institute as
well as at other resenreh centres in India and overseas  For the
successful planming of the Institute’s programme of work he
should, moieover, be hept closely m touch with the needs of the
Indian dary mdustry, and this could be assured of he has faabties
for maintaining personal contact with the Provineial Dairy Develop-
ment Offi
!‘orwf\fﬁmmstmmc reasons 1t 15, howeier, essential that the
2etual chanmel of communication should be through the Imperial
Couned of Agrienltural Research I suggest, therefore, that the
ward in Appeadix VI
B e e e T T ot Gt i b
<nttusted to the Iend of the Department resyonsible for animal hushandry
development.
HICAR

4
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: Director of the Institute should not. only be appointed a member
of the Council, but that lie should act as part-time Dairy Expert to
the Council in so far as his duties include those of advising and
co-ordinating work in the provinces and constituent states. The
transfer of the Institute from Bangalore to a site nearer to New
Delhi will facilitate this arrangement., I should make it clear that
this proposal is not intended to prejudice the ultimate appointment
of a full-time Dairy Expert to the Council if the growth of organised
dairying should- justify this step. The suggested arrangement
would, however, supersede the present post of Imperial Dairy
Expert.

I should perhaps state at this point that I fcel that the relation-
ship between the Imperial Council of Agricultural Research and the
three Imperial Research Institutes(1?) requires eclarification. The
functions of the Council ave not limited to the promotion, guidance
and co-ordination of agrieultural and veterinary research. The
Couneil is also designed 1o act as a clearing house of information in
regard to agrieultural and veterinary maiters generally(20). In
this respeet it stauds in a wnique relationship to provineial Govern-
ments. and it is therefore the obvious body through which co-ordina-
tion and the exchange of ideas and experiences should be secured.
But I believe that it is equally important that the Council should
be able to make full use of the special facilities available -at the
Imperial Research Institutes, and that the programme of work of
these Institutes should be subject to periodic review by the Council.
Ultimately it may be desirable to establish 4 more direct relation-
ship between the Council and the Imperial Research Institutes on
the same broad lines as that which exists between the Council and
the recently established Imperial Institute of Sugar Technology.
In the meantime the appointment of the Director of the Imperial
Dairy Research TInstitute as part-time Dairy Expert to the Council
}oﬁg' ensure a very close measure of collaboration between these two

odies.

If this additional duty is to be undertaken by the Director of
the Institute it is essential that he should be provided with a special
officer who can relieve him of much of the detailed -work involved,
and who can act as a personal liaison officer between the centre
and the provineces. Such work will probably involve considerable
travelling, since one of its objects will be to assist Provineial Dairy
Development Officers in the initiation and development of mnew
methods of handling milk and milk produects. It is obvious that
the Director cannot undertake {his work personally. It is desir-
able that, in addition to an extensive knowledge of the dairy industry,
the officer appointed should have had experience in similar organis-
ing work, preferably in connexion with the supervision of provineial
marketing inquiries.

_ (19) ie, the Imperial Agricultural Research Institute, the Imperiai
Veterinary ‘Researeh Institute, and the Imperial- Dairy Research Iastitute.

(29) Memorand 3t . o . 2
Research. um of Association of the Imperial Council of  Agrieultura
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I should, perhaps, refer briefly to the probable costs wvolved In
the establishment of dawry adwvisory services in the provinces  The
mitial expenditure should not exceed, say,
Rs 25,000 per year in each province, which
would meet the salary and expenses of the
Provincial Dairy Development Officer, with perhaps one or two
assistants  The ultimate expenditure would considerably exceed
tlns sum, but would probably not be 1n excess of Rs 1lakh per year
It 1s instructive to compare this with the expenditure involved in
the dawry advisory services of Great Britan The total number
of county mstructors and other advisory officers employed 1s 125,
and the expenditure on salartes alone 15 roughly £30,000 (Rs 4
lakbs) Vet the value of Grert Bnitam's output of mlk 19 only
about a quarter of that of Indin  Moreover, 1n Indig the provi-
sion of Government assitance 1s far more urgently required than
m great Butun, owing to the bacl ward state of the Indian dairy
mdustry  If the establishment of provinaal adwvisory services
resulted 1n an mcrease m the value of milk products by only one
tenth of one per cent of its present value, the sum reahised (Rs 30
lakhs) would be far more than suffieient to justifs the whole of the
admimstrative expenses nvolved

Probable expendl
ture involved
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CHAPTER XII—Recommendations for the future development of
: Research, Education and Advisory services in connexion with
cattle improvement.

In Part 1T a deseription has been given of the efforts which are
being made 1o improve the general standard of Indian caftle, and
attention has been direcfed towards some of ihe major problems to
be solved and some of {he more urgent difficulties to he overcome
in achieving tlus end.  The present chapter will he devoted {o
speeific recommendations in connexion with the future development
of the cattle industry. As in the previous chapter, the subject
will be dealt with under three heads, namely research, education
and advisory services.

T.—RESEARCH.

The existence of a number of large Government breeding farms
in India offers unique facilities for the study of problems of inheri-
Problems of broed. tance in cattle. Tt is therefore somewhat sur-
ing and management, PriSing to find ihat no notable contributions
o existing knowledge have been made in this
field by workers in India. T believe that this is largely due to the
fact thai there has in the past been no foeussing point for such work.
The breeding farms have been run on strietly utilitarian lines ; un-
satisfactory animals have been ‘¢ culled 7 and no serious attemvs
has been made either 1o record the full breeding data of the herds
or (where such data have been recorded) to analyse the results
systematically.  Thus the opportunity of collecting and analys-
ing information of great potential value has been neglected. As
a first step in renedying this position it is, T helieve, essential that
a first-rate geneticist should be recruited for service in India. I
have been particularly struck by the valuable results achieved by
geneticists in plant breeding, and T do not doubt that equally valu-
able (though less rapid) results might be achieved in the field of
apimal breeding. I understand that proposals are already undez
diseussion for the establishment of an animal genetics section of
the Tmperial Veterinary Research Institute at Izatnagar. I believe
that such a section would prove to be a great asset in the future
development of catile breeding in India(1).

Work in this field may be classed under three heads : problems
assoc.lated with inheritance, problems involving a study of the
physiology of reproduction (including endocrinology), and problems
connected with management and constitution.

As regards problems of inheritance, there is no doubt that
these can best be investigated in collaboration with existing cattle
b}'eedlng farms. In the study of the inheritance of milking capa-
city, the lack of any uniform system of milk records—indeed the

(1) The Royal Commission on Agriculture in India (Cmd. 3132, p. 242)
expressed the view that the time was not ripe for the establishment of an
amimal genetics institute in India, and stated that much valuable work in cafile
breeding might be done without such a centre. Their arguments apply, however,
ouly to research into specific problems of inheritance ; they do not apply to
the relatively modern developments which are now included under the general
heading of geneties, namely endocrinology and the physiology of reproduction.
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The prowsion of malch cattle smiable for hull districts does not -
solve any senous diffienlty It 33 found that European breeds thnve well
snder the temperate conditions of chmate Indigenous Indian breeds arc
Lo found m some distmets,~for example the Surt breed in Darjechng
and the Loham breed in the North West Frontier Province European
cross breds are commonly found, but 1t 1s stated(5) that this 15 having a
detnmental effect on the dranght gqualities of loeal stock Sewndr cattle
axd buffaloes also appear to thrive well I should, however, mention that
1 eertamn areas there 15 & lugh meidence of hematuna among cattle, which
15 & source of considerable loss fo owners of stoek

4 more difficult problem 15 the provision of an adeguate supply of
fodder for mileh eatfle It 1s umpossible to gemeralise on this subect,
owig to the wide varations mn elimate, elevation and contour at different
hul stabions At Coonoor and Qotacamund, 1 the Nilgir Halls the cattle
are uble to grage on the rolling down land whick forms the mam plateau
Green erops such as oats ean be grown suceessfully 1n such localities On
the other hand tn the more typieal hull stations such as Simla and Dar
seeling, fodder has to be obtamned from forest arens In these districts
there 15 a sertons shortage of fodder smtable for mikmng stoch and parfi-
eularly of grazimg Iand  Cattle owners are therefore encouraged to stall
feed therr stoek, the Government having, for example, bult cattle sheds
at Darjeelmg for the purpose{5) While certain crops such as maize can
be grown, reliance has fo be largely placed on the use of local shrubs and
Scramblers for fodder Efforts are bemng made to develop the plantmg
of fodder trees which stand annual or perodic loppmg It 15 elarmed
that such trees produce more leaf fodder gmn could be produced from the
came aren of fodder grasses{®) ITxperience shows, however, that the
eontrol of such lopping 1s essentinl in order to prevent permanent damage
through 1njudierons lopping by ignorant gugars 1t 1s mtereshing to note
that, where uneontrolled {opping has been permiited, the deterioration
has been so serious that the local mhabitants have petttioned for control
by the Forest Department or have introduced fheir own methods of contrel
1t order to conserve the avamlable supphes of fodder It 1s clear from
these brief notes that forest departments are already taking active steps

1 consider that such

to nugment the supphies of fodder m il areas
work 15 of great vt{)lr:le yot only mn mproving the condition of the enttle

but 1 cheapeming and mereasing mith production
7T Nofca on (he Detter Utilisation of Iorest Arens for

(5) T Canning
Grazing ** New Delhy, 1936
6) } A SHmvthies, Lonseryator of Forests Western Circle U P (quoted

o)
by P Canning)
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APPENDIX IV.—The Provision of Milk for Children of School Age,

I have already referred in Chapter I to the very low level of milk
consumption in India, and to the urgent need for increasing the consumyp-
tion of this valuable food. In this connexion I outlined the results o
experiments which had been made to determine the effect of adding a
supplement of milk to the diets of children of sehool age. Briefly these
results showed that ehildren who received the milk supplement increased
in weight and height far more rapidly than those who received no supple-
ment, while they also showed a marked improvement in general health.

Jt is obviously desirable that steps should now_be taken to put into
effect a more general scheme for the provision of milk to children of school
age. The original experiment was ecarried out by the Municipality of
Simla, but already a number of other municipalities have given con-
sideration to the adoption of similar schemes. The difficulty is, however,
to raise sufficient funds to meet the very considerable expenditure involved.
As is stated in the veport of the Simla experiment, ‘‘ the urgent need for

the expansion of the scheme is clear ; the means to do so are not s0
obvious (1),

_In the original Simla experiment, one pound of whole milk was given
daily to each of 120 children. The milk for the experiment was purchased
at 2 annas per lb. For a full school year of 200 days this would involve
an expenditure of Rs. 25 per child. Tt is very doubtful whether any muni-
c;pahty eogld afford to allocate such g large per capite sum for the provi-
sion of milk to school children. Two alternatives appear to be open,
namely, to reduce the cost of the schemes or to secure additional financial

assistance from outside the municipalities. In practice I think thas both
these measures would need to be adopled,

As regards reduction of cost, the first step would he to limit the scops
of the scheme to certain selectol] groups of children. It would probably
be des;ra}ﬂe to confine the scheme to children attending primary schools.
and within these schools fo,seleet only such children as are underweight,
neglected or indigent. _This would probably include 30 per cent. of the
primary schoo] population(2). The second step would be to effect a reduc-
tion in the cost of the milk. The milk used in the Simla experiment was
gastpumsed and bott'led. This is an ideal method of supply for sechools,

ut 18 far too expensive to be practicable on g large seale. The alternative,

namely, to purchase ¢ loose ’ milk, is open to some objection on hygienie
ggoundS,.but appears inevitable. Ip any event it seems prefcrélﬂe {o
?Lz};t t’hls.ﬁ}ternatwe than to abandon all attempts to initiate a scheme.
e csoest milk g‘zln be purchased at Rs, 4 per maund(8). This would reduce
o coulllje}l ¢ éf d per year from Rs, 25 to Rs. 10. A still further reduc-
M e e ected by using separated milk in place of whole milk. Tt
A ‘se al‘ogndexI?ernpents carried out at the Nutrition Institute, Coonoor,
childreg qla e1 milk is as valuable a supplement for the feeding of school
ot T llfs whole milk(4). Uiguid skimmed milk can be obtainad in cities

o+ Per maund(3), whiech would involve a cost of Rs. 3% per child

1 ; o
Siml:g Z)\Imic%agg‘:hton‘ Second Report of the Milk Scheme sanctioned by the

(2) Personal ‘communieatio m .
. : n cf
(?) This figure e fors to rom the Medi

milk : dcal Oi:igcer of Health, Sinﬂa.m
robably s purchased in Delhi. Whole milk col
ps' gi’l%(};eéﬁlﬁxt lxlrllages At very much lower prices, say 6l pfesn;)er Ib. or
oonsu(m;za by the e.hi]drenguch loose milk would need to be boiled hefore being
4 W' R‘ . . . ) |
Soya Bean an({\.‘gt;o)d and B. G. Krishnan. ¢ Tpe Effect of Skimmed Milk,

Journ, ied. Res. 24e.r41"<()<1)g§7§1.1 Sipplementing typieal Tndian Diets.”” Ind.



140

An alternative source would be to use reconstituted skimmed

per year
mih powder This ean be purchased at Rs 36 per ewt, the annual per
capta cost on this basis bemg Rs 5 These figures are, however, cal

culated on a supplement of 1 1b of mulk per school day The Enghsh
milk 1n schools scheme only allows for one-third of a pint per day, e,
ust under half a pound  Winle a full pound would be desirable under
Indian conditions half this guantiy of mulk would be preferable to more

at all

Turmng to the provision of finaneial assistance from outside sources
there are, 1 think, three possibilities In the first place the system might
be adapted of providing the milk cheap but not free except 1n cases of
abvious under nutrition  This 15 the basis of the Enghsh mik 1n schools
scheme, and aithough 1t might no* L~ worl able under Indin conditions,
iis possible appheation should at least be explored In the second place
provincial governments might be mvited to assist 1n imtiating the seneme
by mabmg smtable grantsin md to mumepalities and distriet board-
The direet expenchture nenrred by the latter would thus be substantiall
reduced In the third place, efforts mght be made to obtmn volintaty
subseriptions from the wealthner seetions of the population, a method wiieh
has 1 understand, met with considernble suecess in Delln  In this con
nexion oo, I suggest that the interest of the supporters of goushalas and
mnjrapoles might be enhisted, with the object of obfmining cheap or even
free milh for school children from such nshimtons I am eonvineed
that the snelusion of such philanthropic work among the bencficent abjects
of goushalas and pusprapoles would add to the interest and support ginen
to them by all classes of the commumty

The ahove suggestions are intended to he illustrative 1ather than
exhuushve, but thev serve to show that with smtable orgimsation son;xo
form of school mill. scheme should be feasible The subject 15 obyious'y
one of great diffienlty In British Incha alone there are over ten mullion
scholars m pramary schools, and the provision ot a dmiv supphy of mn'L
far even a fiaetioh of these would imewitably mvelie very considerab'a
expenditure  The whole question 15 howeser o uch potentinl mportanee
to the fatnre health of the popnlation that T chieve it menits mo t erre

ful and serious econsideration
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APPENDIX IV.—The Provision of Milk for Children. of School Age,

I have already referred in Chapter I to the very low level of milk
consumption in India, and to the urgent need for increasing the consump-
tion of this valuable food. In this connexion I outlined the results of
experiments which had been made to determine the effect of adding a
supplement of milk to the diets of children of school age. Briefly these
results showed that children who received the milk supplement increased
in weight and height far more rapidly than those who received no supple-
ment, while they also showed a marked improvement in general health.

Jt is obviously desirable that steps should now_be taken to put into
effect a more general scheme for the provision of milk to children of school
age. The original experiment was carried out by the Municipality of
Simla, but already a number of other municipalities have given con-
sideration to the adoption of similar schemes. The difficulty is, however,
to raise sufficient funds to meet the very considerable expenditure involved.
As is stated in the report of the Simla experiment, ‘‘ the nrgent need for

the expansion of the scheme is elear ; the means to do so are not so
obvious 7(1),

_In the original Simla experiment, one pound of whole milk was given
daily to each of 120 children. The milk for the experiment was purchased
at 2 annas per 1b. Tor a full sehool year of 200 days this would involve
an expenditure of Rs. 25 per child. It is very doubtful whether any muni-
cipality could afford to allocate such a large per capite sum for the provi-
sion of milk to school children. Two alternatives appear to be open,
namely, to reduce the cost of the sechemes or to secure additional financial

assistance from outside the municipalities. In practice I think that both
these measures would need to be adopted,

As regards reduction of cost, the fivst step would be to limit the scope
of the scheme to certain selected groups of children. It would probably
be desirable to confine the scheme to children attending primary schools
and within these schools tg select only such children as are underweight,
neglected or indigent. _This would probably include 30 per cent, of the
primary school population(2). The second step would be to effect a redue-
’mont m._the cost of the milk. The milk used in the Simla experiment was
%})as eurised and bottled. This is an ideal method of supply for schools,

ut 1s far too expensive to be practicable on a large scale. The alternative,

namely, to purchase ¢ loose’ milk, is D :

¢ open to some objection on hygienic

grounds, hut appears inevitable. In anv ) S
: : - eve rable to

adopt this alternative than to ab 3 nt it seems preferab

. andon al initi : e.
‘Toose ’ milk can be purchased af n all attempts to initiate a schem

! Rs. 4 per maund(8). This wounld reduce
the cost per child per year from Rs. 25 to Rs. 10.( 1& gtill *further reduc-

tion could be effected by using separated milk in place of whole milic. It

appears from experiments : ;
carried out at the it i OnO0Y
that separated milk is as v 2 Nutrition Institute, Coonoor,

ildr . aiuable a supplement for the feeding of school

f;ltlﬂgimifs whole milk(4). Liguid skimmed milk can be obtained in cities

% 2z per maund(3), which would involve a cost of Rs. 3% per child
(1) W, H. Crichton.

Simla Municipality. Second Report of the Milk Scheme sanctioned by the

n ..
() Pex:sonal communiecation *from
(3) This fipure refers to

milk ;Egchl\f:gécql O%cﬁf‘ OfWHe?lth’ 'g-ingg{xld
pz;r.)bg;)l‘;‘wl;en}:ought in villages at very much 10We]rnmicgs, Lsa}' Ghopieesnge; Ib. or
consumed by ;1}1]1;1 a(:.hﬂ%?ens.uch foose milkc would need to be boiled hefore hoing
soya("ﬁx; 1‘}‘;"{\.\:&?;6 ind B. 6. Krishnan, ¢ The Bffect of Skimmed Milk,
dJourn. Med. Res, 24, 4 (1927;1_1 supplementing typical Indian Diets.”” Ind.
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per year An alternative source would be to use reconstifuted skimmed
milk powder This can be purchased at Rs 36 per ewt, the annual per
eopup cost on this basis bemng Rs 5 These figures are, however, eal
culated on a supplement of 1 1b of mulh per school day The Englih
1k 1 schools scheme only allows for one-thurd of a pint per day, t¢,
et under balf o ponnd  While a full pound would be desirable under
Indian conditions, half this quantity of yulh wounld be preferable to none

at all

Turning to the provision of financial assistance from outside sourees
there are, 1 thimk, three possibihties In the first place the system might
be adopted of providing the milk cheap but not free, except m cases of
obvions under nntrition  This 15 the basis of the Enghsh milk m schools
scheme, and althongh 1t mught no* b~ workable under Indiin conditions,
its possible appheation should at least be exploted In the second place
provincial governments might be wwited to assist 1 1utiating the seheme
by making smtable grants n axd to mumaypahties and distriet board-
The direct expenditure meuried by the latter would thus be substantind
reduced Tn the third place, efforts might be made to obtan vohntary
subseriphions from the wealthier sections of the population, o method which
hay 1 understand, met with considertble snecess m Delln  In this con
nexion, too, 1 snggest that the interest of the supporters of gowshalas and
Mnyrapoles might be enhsted, with the objeet of obtmmng cheap or even
Iree mil for school children from sueh ivstitations I am convinced
that the nclusion of such philanthropie work among the beneficent objects
of gowshalas and pmpapoles would add to the interest and support given
to them by a1l classes of the commumty

The above snggestions are intended to be ilustrative rather than
exlmustme, but thev serve io show that with swmitable orgamisstion some
form of school vtk scheme should be feasthle The subjeet 1s obvions'y
one of great diffienlty In British India alone thete are over ten milhion
scholars 1 primary schools, and the provision of « dailv supply of mui
for even a finetioh of these would nevitabis myolve verv considerab’e
expenditure  The whole question 15 howeser o uch potential importance
fo the future health of the population that T hehieve it merits mast eare
ul and £CTIONS Cf)l)‘lﬂcl"‘lhﬁﬂ
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APPENDIX V.—The Il_nportance of Goats as Milch Animals,

So far as India’s total output of milk is concerned, the goat contri-
butes only a very small proporilion, a recent survey showing the follow-
ing figures(!) :—

Quantity of . Percentage
Milk of tobal.
(thousands of
maunds).

Cows . .. . . 378,730 b4-7
Buffaloes . .. . . 300,090 436
Goats . .. ‘e . 10,785 16
Others ‘e . . . 324 0-1

689,929 100-0

Moreover from marketing reports it appears that goats are generally kept
not so much for the production of milk as for meat and incidentally for
hides and skins. The number of goats in India is, however, very large.
The_re are more than 38 million in British India, and nearly 16 million_ in
Indian States. An increase in the per capita milk yield of goats would
therefore markedly increase the quantity of milk available in the country.

According to recent surveys, the average lactation yields of goats
vary from 45 lbs. to 276 lbs., the mean value being 160 lbs. The daily
milk yield varies from 2 ozs. in Bihar and Orissa to 12 ozs. in south-
western Punjab and Sind, the average for India being ahbout 7 ozs. The
lactation penqu vary from 120 to 150 days. These figures refer to goats
kept under village conditions. Under such conditions they are seldom
stall-fed, and they may have to roam for many miles in search of food.
The low milk yields of village goats are therefore not.surprising.” Under
more favourable conditions goats may give very much higher yields, and
may kid more frequently. Thus the milk vields of goats at the Mission
Farm‘ at Etah, U. P., have been inecreased by better management and
;electlon from 1.1 Ib. per day to 2.3 Ibs. per day for the Jumna Pari breed;
rom 1.5 lbs. to 2.0 1bs. per day for the Bar-bari breed, and from 1.1 Ibs.
to 2.6 lbs. for the local village type(2). At the same time the kidding
11}1)terval has heen reduced from an average of 360 da¥s to an average of
a out %HGO days. Both at Etah and at the Government Cattle Breeding
803;11123, 'lsseir’ Punjab(3), remarkably high yields have been obtained with
some animals, yields of 600 to 1,200 Ibs. being not unfrequently recorded,

one exceptional figure of 1,713 Ibs. The maximum daily yields of

igefﬁﬁfs varied from 33 to 7 Ibs., and the average daily yields from 1%

These figures show the potentialit; i i
. _ 10w the potentialities of Indian hreeds of goats as milk-
ng animals, As with village cattle, there is no doubt that lg)etter feeding

and management alone would markedly inerease the milk vields of country

(1) Provisional § ure s
gures from Provinet i
(2) I c¢ial Marketlng Snrveys,

] . . of MI'. A, E. 1 ’ . s 1
Council of Agricultural Research, Sim?a?‘tirg ’52-(:}[%:;% Breeding Sche:'me. Tmperial

(3) Punjay figures obtained from hriet,
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APPENDIX VI—A Noto on the Need for the Co ordination of Rural
Services

Donpg my four I was concerned to find a very general lack of co
ordmstion between the work of the different government departments n
the field of rural development Thus apples not only to the isolation of
departmental aetrvities It was equally apparent m the lack of co-qrd
asted snd long range schemes of development and m the piece-meal methods
adopted 1 establishing new enterprises  This eannot be betfer sllnstrated
thaw 1 the words of a prominent member of the Indian Forestry ver
sie ~“The revenue department 15 anxious to collect its revenue, the
forest department to grow trees, the sgrenltural department to enltavate
better paying erops, the vetennary department to rear more stock, the
local land owner to keep s stud bull, the ingation department to find more
camal  water, the public health authorities to mprove the drinkiug
water These are all competing for the areas which should be 1o
ustural fodder reserves of the province (1) Tias statement, which
refers to the foothills of the northern provinees, applies with equal force
In other areas  there appears to he no means of bringing together thosc
responsible ‘for the varions branches of rura) development and ensiring
that therr interests ate complementary rather thaw competitive

The need for such co ordmation 1o rural development 1s partienlaily
apparent m relation to cattle breeding and dmrying Cattle breeding
hetessitates the clusest eo operation between the veternary, sgricuitural
and forestry departments(2) Damying mvolves m addition o pumber of
problems conneeted with marheting and co operation, as well as certun
public health considerations No authority at present exists through which
these 1amous nterests can be co ordinated It may be argued that aoll
such activities are under the control of a single mimster This s not
true for all provinces Moreover the responsible minister can eeldom
give 1o tl ¢ questions at issue that detmled consideration which 1s essentie!
m harmomsing confhicting interests

After considering various alternatives 1 feel that the diffienlty could
best be met 1n most provinces by constituting n Board of Rural Deselop
ment(3), which would include the dircctors of the departments of agn
culture forestry, veterinary services and public health o representstie
of the 1rmgation and of the revenue departments and the Remistra» of
Co operatne Socicties  Specialist officers, namelv, the provimaal liva
stoel, expert the provinenl marheting officer, the provnent! dury deselop

hst S ted) should attend mect
ment officer nnd the fodder speanhst (of pp;;‘x; c((Jl)mxrmrm Jadtond mat,

mgs of the Donrd mn an advisory eapaatsy
“‘ng:m hold n hey position snd the success of the Bosrde worl o uld
depend Jargely on ns tact and porsonality T eonsider 3t essential thnt
he should bo a non fechment officer of the rank of Commissioner ani with
¥
N Gorrie Notes on the Constryation of il ( riringe Tapr
prrw(n‘t)n{l at t} ;mgoconl Animal Hustanlre Wing Meeting Maleae 13€
1
2 t department  augll als 1o be nclulel  On acvery
hecu(i:u)\-:“;p \g&‘gi':xlg!r‘mn] S"! at frrigation developments tal alremely affeete}
e eattle In wiat 121 preyionsty been execllent treeling tracte
Toarl was eonsilensd Uy the Cavern
fawever te 1nifeating

3} A yroposal 1o comstitute such o
ncnl( 3f l!‘nn rr::v in 1934 Tlis propoal Sneluled . :
of tlp departments of apriculture veterinayy srrvices and eoaperation w}n 3
eomlined department will the Qiroctor of sprienfinre ne bes Tre w e
therefare ) fered finlamentally from that mow pat forwand staee it fnelated
the appolntment of a tretnieal ofeer na beal and qle lose of al~izin rative
fr? perlenre 1w the fepartmesta of  veterirary  eerrieey anl endprraton,

” € pnt
T nler these elrearsy anees Bt §s net parpritlag that the propemal was atam® »
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special knowledge of and interest in rural conditions. Whether the post
of Chairman should be a whole-time or a part-time one would depend on
individual civeumstances. Such a Board should, I believe, act solely as a
co-ordinating and advisory hody, and should not curb the initiative nor
limit the responsibilities of the dirvectors of individual deparfments, nor
interfere with the internal administration of such departments. On the
other hand the Board might, on occasion, have to recommend the abandon-
ment of projecis which, though good in themselves, failed to fit in with
the general scheme of rural development. It should, therefore, be in a
position to make direet representations to the responsible ministers in
regard lo any controversial guestions relating to rural development and
the co-ordination of rural services. The Board could appoini eommitters
to deal with specific problems or with the development of such activities
as marketing or dairying. One of the first dulies of such a Board wonld,
I suggest, be to carry oub a survey of the agricultural resources of fne
provinee in order that any subsequent schemes could be properly related to
a long-range poliey of rural development.

I am strongly of opinion that the constitution of such a Board would
do much towards ensuring inter-deparimental co-operation and the direc-
tion of deparimental work along the most produclive lines.(%).

(4) Sinee this Appendix was drafted the {ollowing resolution, which was
adopted at the Cattle Conference held at Simla on 25th and 26th May 1937,
has been brought to my Notice :—¢¢ The Conference is convinced of the need
in every provinee for a Live-Stock Division with a separate allotment of fuuds
for live-stock improvement work and controlled by 2 live-stock expert whose
whole time is devoted to that subject. It is probable that the ultimate solution
in each province will be found in the eventual establishment of a wnified depart-
ment under one Minister embracing plant industry, animal industry, the control
and provention of amimal discases, the marketing of crop and animal products
and rural co-operation, with technical heads for the appropriate divisions.’’ 1If
the term ‘' department '’ ig wused in the restricted sense which at
present applies to the provineial departments of agrieculture, and if the pro-
posal entails the control of the various branches of rural work (e.g., plant
h\_xsbandry,' animal husbandry, veterinary services, and co-operation) by a single
director of agriculture, whether technical or mon-technical, I consider thab it
would fail to achieve its object. The tendemey in recent years has been
towards the separation of these branches of work under individual directors
W‘ho possess speecialised knowledge and experience of the various technieal
plotplfa]]x? involved, z}nd_I fail to see what new factors have arisen which
3;11:1111;1:}:’ a reversal of thig policy. If, on the other hand, the term ‘¢ depart-
o Wlsullglt%nd(iclll to imply the creation of a single administrative unit
involve th 1 e : ¢ solec concern of one Minister, but which would not
prosons] coul(c’lss of individuality of the various branches of rural work, the
o 1ointm & freadﬂy be })roughi'; into line with my own scheme by the
0§9Ruralen]) of the responsible Minister as ez-oficio Chairman of the Board
that. in ordeveltopment' Under these conditions, however, I feel strongly

> €r to ensure confinuity in schemes of rural development, the

appointment of g ) : . L
would b essontial permanent Viee-Chairman of the rank of Commissioner
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APPENDIY VIIL~ITINERARY ¥

Lafided at Bombay.
Arrived at Dolhi.

Delhi~Intorviews with H, E. the Vicoroy, the Hon’blo Member
for Education, Hoalth and Lands, the Socretary of the
Department of Kducation, Health and Lands, the Public
Health Commissionor to the Governmeont of India, the
Director of Supplics and Transport, Army Headquartors,
tho Officiating Vico-Chairman and the Animal Husbandry
Export of the Imperjal Council of Agricultural Research,
the Agricultural Marketing Adviser to tho Government of
India, and other officials. Visits to the Imperial Agricul-
tural Roesearch Institute, Edward Koventer's Dairy Farm,
the Delhi Cattlo Breoding Farm, and the Delhi Pinjrapole.

Karnal —Visits to the Nagloi, Bahadurgarh, Rohtak, Sonepat,
Sisana and Panipat Votorinary Hospitals and the Imperial
Cattlo Breeding Farm, Karnal.

Hissar~—Visits to tho Government Cattle Breeding Farm.

Lahore.—Intorviows with H. E. the Governor of the Punjab,
the Officiating Diroctor of Agriculture and the Director of
Veterinary Services. Visits to Keventor’s Sales Depot,
tho Military Dairy Farm, tho Public Analyst’s Laboratory,
the University Chemistry Laboratories, the Punjab Vete-
rinary Collogo, the Lahore Gowshala, and to gujar’s pre-
mises and milk shops.

Ferozepore—Visits to tho Military Dairy Farm and to the
Kahna-Kachhe and Lulani Veterinary Hospitals.

Lyallpur—Visits to the Vogotable Ghee Factory and the
Agricultural Collego and Dairy,

Khanewal —Visits to Grantee Farms in the Montgomery
area.

Karachi—Interviews with H. B. the Govornor of Sind, the
Officiating Director of Agriculture, tho Director of Vete-
rinary Services, and the Director of the Public Health
Department. Visits to the Military Dairy Farm, the

English Dairy, the Karchi Pinjrapole and cattle stables
and dairies,

Ahmedabad.~—Visits to Lord’s Dairy, the Dudhia Dairy, the
Changodar herd, and local cattle stables and milk shops.

Chharodi,—Visit to Government Cattlo Breeding Farm.

Anand.—Visits to Polson’s Dairy and separating stations,
and to the Government Creamery.

Baroda.—Interviews with H. H. the Gaekwar of Baroda and
with the Commissioner for Agriculture. Visits to the
Palace Dairy, the Australian Dairy Co., the Niyampura

Producer’s Co-operative Society, and the Alembic Chemical
Works.

. *Visits to loaal villa
to inspect village condit

gos are not detailed, but frequent opportunities were taken
tons in various parts of the country.
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30th November to 4th Bombay —Interviews with H. B, tho Governor of Bombay,

December, 1936

bthand bth

Thto 12th

13thio 17tk

18th .
10th and 20th

st to27th

28th and 20th

36tk Decemberto2nd  Bangalore —

January, 1037,

rd to Oth

T1h ans Btk

the Secretary to Government, Revenue Department, the
Muameipal Commissioner, the Public Health Officer and
others ~ Visits to the Byculla Dairy, the Pansian Darry,
the Ynfants and Pubhe Milk Supply Company, the Muni.
tipal Cold Stores, the M ipal Public Lsb 1e8, the
Botbsy Putfrapole, the Borvli, Kandivhi and Malund
Gowskalas, the Bandta slaughter house, the Bombay
Vetermary College, the Heffkine Instibute, and typical
buffalo stables and mlk shops

«» Poona —Interviews with the Ihrector of Agriculture, the
Director of Vetermary Services, and the Provmeal Live.
Btock Expert  Visitato the Agricultural Colleze and Daxy,
gxe Government House Dawy, and the Miitary Dary
‘arm

+« Bongalore —Interviews with the Dewan of Mysare, the Di-
rector of Agircalture, the Directar of Veterinaty Services
and the Live Stock Expert Viats to the Imperial
Dairy Institure, Hosur Cattlo Breeding Farm, the Hebbal
Agricultural and Live Stock Farm, the Indran Institute
of Seience, the Civil Veterinary Hospital, the Military
Dary Farm, the Lakeview Dairy, the City Milk Supply
Co, and loon] cattle stables and milk shops

«»  Madras —Interviews with ' E the Governor of Madras,
the Director of Agriculture, snd the Offioating Director
of Vetenmnary Services Viuts to Madras Umversity,
Madras Vetermary College, the Gamicon Darry Farm, the
Madras Co operative Milk Supply Union, the local gow
shala, and cattle stables and malk shops  Attended tho
Second Animal Husbandry Wing Meeting

«. Katpads —Viait to the Mission Goat Breeding Farm
Cormbatore ~Viaits to the Agnicultural College and Dairy
and to the Pattagsr of Palnyankattai’s Farm

.

Coonoor —Vimits to the Nutridion Laboratory at the Pasteur

“ Institute and to Wellington Dawy Farm

. ~Interview with the Premdent of the Manicipal

: Myg:nmi('t‘c; l\‘lmn to the Hagankers Dury Hend, the
Y ellanchitale

Chatanhalli Cattle Breeding Farm snd the

Bheep Breeding Farm

Intertiews with the Imgperal Dsiry Fxpert
Visi to the Irwin Canal Farm, tte Mandya bugar Fartory,
the Devidan Farm, and the Latoratory of the Apricuitural

Department

wlntepviews with the C2ief Maroter S0 F It

” lr"z’l:l:\x'im:":‘lzmlninn-. and with tde Jurestor of Apss v

ture and the frrecter of \etettrary  tendes Apis

g0 the Jlirayataapar Dairy and B ultry Yars, the fecun

derabad Military Bafey farm, he Veterinery Moep 1al,

1o Decean Dsiry, ard v pirsipasl 1 fovmiees  Atteesd
ol the Intlag Scdenmn (ot otens

arge wdrtervicws with H P e Gevers 1 68336 Loranald
o .\a,{*::’w!”‘ e IHretrd of Agree-trune o> 1 1he 1Y et v kY
Veterinary frradres  Sants 11 the Agry wieoal Lo gy
ant Dairx, 00 Teturlben Farms so 0 60 «’-9‘,".. e~
e Vetert sty Hoop tel, e § vatsae g el o pres e
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10th o 13th apd 16th Calentla.~Interviews with H. E. the Governor of Bengal, the

to 10th.

14th and 156th

20th and 21st .o

23rd to 24th Febroary

256th
26th to 28th

1st March, 1937
2nd
4th

§th to Tth

8th and 9th

12th .
14th to 16th

17th

18th 10 23rd

"23rd
26th

e

Dircctor of Veterinary Services and the Public Health
Oflicer.  Visits to the Bengal Veterinary College, the Muni-
cipal Laboratories, the Co.operative Milk Union, Keventer's
Dairy, the Ixpress Dairy, the Milk Market and Hopg
Marlet, the Sodepur Gurevhnla, and euttle stables and milk
shops.

Ducen~—Interviews with the Officiating Director of Agricul-
ture and the Provincinl Live.Stock Expert.  Visits to the
Agricultural Farm and Dairy, to Dacea University, and to
local milk shops.

Darjerling.—Visits ta the Co.operative Milk Union’s premizes
Keventer's Dairy Farm and typical hill areas.

Delhi.~Mectings of the Advisory Board of {he Imperial
Zouncil of Agricultural Research. Colleetion of statistical
data and disens~ions with ofticials of the Council and
others.

Abigarh.—Visit to Keventer's Dairy Foarm,

Agra.—Visits to the Military /hee Heating Centre and Ghee
Testing Laboratory, the Davalbagh Dairy, the Agricul.
tural Farm at Dichpuri, Singhal’s Dairy, and a {ypical
mendi nt Kasta Fatehabarl,

Ltah.~Visit to the Mirsion Goat Breeding Farm.,
Muttra~\Visgit to the Government Cattle Breeding Farm,

Allhabad ~Vizit to the Yarm and Dairy of Allahabad Agri-
cultural Institute, the Katra Co.operative Dairy, Mahabir's
Dairy, the [hoa market, the Indalpul and Geneshgunj
milking stations, and loeal gowshalas' premises,

Lucknow.—Interviews with H, I, the Governor of the United
Provinees, the Director of Agriculture, the Deputy
Director in charze of Live-Stock Improvement, and the
Director of Veterinary Serviees, Visits to the Parbatpur
Co-operative  developments,  the Makdumpur grazing
are s, the Government Gattle Breeding Farm at Kheri, the
Military Dairy Farm, and the Diamond Dairy.,

Cawnpore.—~\'isits to the Agricultural College and Dairy, the
Military Dairy Farm. the Cawnpore Gowshala, the Ghee

Testing Laboratory of the Cawnpore Pure Ghee Associa-
tion, and Messrs, Spencer’s Dry Ice Factory.

BMeerut.—Visit to the Military Grass Farm,

. Simla,—Visits to Keventer's Dairy Farm, the Simla Veterinary

Hospital, and typical hill areas,

Kuasauli.—Visits to the Military Food Laboratory and the
Pasteur Institute,

Delhi~Irterviews with H, E. the Viceroy, the Hon’ble Mem-
ber for Education, Health and Lands, the Quartermaster
General, Army Headquarters, the Joint Secretary of the
Department of Education, Health and Lands, the Education
Commissioner to the Government of India, the Vice-Chair-
man and other officials of the Iniperial Council of Agricul-
tural Research, the Public Health Officer of New Delbi,
and others.

Left Delhi,

.. Sailed from Bombay,






January, 1937—contd.

10th to 13th and 16th
to 196h.

14th and 15th

20th and 21st

23rd to 24th February

25th
26th to 28th

1st March, 1937
2nd
4th

5th to 7th

8th and 9th

12th
14th to 16th

17th

18th to 23rd

" 23rd
26th
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Caloutia.—Interviews with H. H. the Governor of Bengal, the
Director of Veterinary Services and the Public Health
Officer. Visits bo the Bengal Veterinary College, the Muni-
cipal Laboratories, the Co-operative Milk Union, Keventer’s
Dairy, the Express Dairy, the Milk Market and Hogg
Market, the Sodepur Gowshala, and cattle stables and milk
shops. ,

Dacca.—Interviews with the Officiating Direetor of Agricul-
ture and the Provincial Live-Stock Expert. Visits to the
Agricultural Farm and Dairy, to Dacca University, and to
local milk shops.

Darjecling.—Visits to the Co-operative Milk Union’s premises
Keventer’s Dairy Farm and typical hill areas.

Delhi—Meetings of the Advisory Board of the Imperial
Oouneil of Agricultural Research. Collection of statistical
data and discussions with officials of the Council and
others.

Aligarh.—~YVisit to Keventer’s Dairy Farm.

Agra—Visits to the Military Ghec Heating Centre and Ghee
Testing Laboratory, the Dayalbagh Dairy, the Agricul-
tural Farm at Bichpuri, Singhal’s Dairy, and a typical
mandi at Kasta Fatebabad.

Biah.—Visit to the Mission Goat Breeding Farm.
Muttra.~Visit to the Government Cattle Breeding Farm.

Allahabad.—Visit to the Farm and Dairy of Allahabad Agri-
cultural Institute, the Katra Co-operative Dairy, Mahabir’s
Dairy, the khoe market, the Indalpul and Geneshgunj
milking stations, and local gowshalas’ premises.

Lucknow.—Interviews with H. I, the Governor of the United
Provinces, the Director of Agriculture, the Deputy
Director in charge of Live-Stock Improvement, and the
Director of Veterinary Services, Visits to the Parbatpur
Co-operative developments, the Makdumpur grazing
areas, the Government Cattle Breeding Farm at Xheri, the
Milibary Dairy Farm, and the Diamond Dairy.

Cawnpore.~Visits to the Agricultural College and Dairy, the
Military Dairy Farm, the Cawnpore Gowshala, the Ghee
Testing Laboratory of the Cawnpore Pure Ghee Associa-
tion, and Messrs. Spencet’s Dry Ice Factory., i

BMeerut.—Visit to the Military Grass Farm,

. Simla,—Visits to Keventer’s Dairy Farm, the Simla Veterinary

Hospital, and typical hill areas.

Kasauli.—Visits to the Military Food Laboratory and the
Pasteur Institute,

Delhi.—~Interviews with H, E. the Viceroy, the Hon’ble Mem-
ber for Education, Health and Lands, the Quartermaster
General, Army Headquarters, the Joint Secretary of the
Department of Education, Health and Lands, the Education
Commissioner to the Government of India, the Vice-Chair-
man and other officials of the Imperial Council of Agricul-

tural Research, the Public Health Officer of New Delhi,
and others,

Left Delhi,
Sailed from Bombay,
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Tavte 1.—Estimated total production of milk, and estimated production
and consumption per head of twenty countries (*).

Coey. | oo oS | popustn. | i B | gty
1930.34, head of head of
population. population
{(Million gallons.)] (Thousands } 0z} {0z}
New 7ealand . 870 1,659 24% 56
Denmark . 1,2 3,551 148 40
Finland . 620 3,666 74 63
Sweden ,, . 980 6,233 69 61
Austraba ., . 1,049 6,630 69 4
Canada .. . 1,680 10,377 &6 35
Switzerland . 607 4,066 65 49
Netberlands - 970 7,935 54 35
Norway .. . 200 2,814 45 5
U.8. 4, .. . 10,280 122,776 87 35
Ceechoslovalus . 1,200 14,730 36 36
Belgum . .. 651 8,002 35 35
Austria L. . 546 6,760 35 EY
Germany . .- 5,006 66,030 3¢ a5
France .. .. 3,150 41,835 3 30
Poland . .. 1,900 31,048 27 22
Great Britamn . 1,474 45,266 M4 39
Italy .. . 1,050 41,177 11 10
Roumania . 382 19,033 k] 9
Tnda . . 6,4003 352,838 7

* The first and fourth colnmns are taken from the Problem of Nutrition _ Volume IV.
B of Food P Prices (Leagne of Nations Publeation)
The gecond column 1s from Zacesc Census ﬁgumg The bbu-gu columy s calcalated from
the figures 1n the first and second columns.
+ Includes both hqwid milk and milk products, expressed 1o milk equival
1 Assuming India’s total production to be §00 mulfion maunds.
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TasLe 2.—Milk production and consumption by provinces.

¢

Daily Daily
Province. Production Consumption
per head a). per head (b).
' oz, 0z,
Assam 1-4 2.2
Bengal 3-1 1.9
Madras 36 16
Bombay ’ 47 4.0
United Provinces 4.7 5+0
Central Provinces 6-1 0+8
Bihar and Orissa 6-4 3.2
Punjab . 18-3 99
(a) Provincial Marketing Surveys.
(b) Sir John Megaw’s figures.
TasLe 3.—Milk consumption in certain municipalities.
Consumption per head per day
. (0z.).
Province, Municipality. Other
Milk. Ghee. milk
products.
Bengal Kharagpur 3.1 0-24 0-29
Madrag Madrag 1-4 0-18 0-10
Bombay Surat 6.1 0-75 0-35
United Provinceg Lucknow 1-4 0-35 0-27
Agra 2.6 0-42 067
\ Central Provinces Jubbulpore 0-9 0-28 0-01
Bihar Bhagalpur 0-5 0-08 0-19
Punjab Lahore 2-0 0-40 0-01
Amritsar 7.3 1-25 2:61
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Tavir 4 —Effoct of a supplement of whole nulk on the growth of school

chaldven
On Mk Control
Average gam in three Average gam 1 three
wonths months
Groupg } i
Boys Gurls Boys. [ CGrls
< 1 Gl S < > Gl >
ERERERE R
Lb In Ly In b In Lb In
Group { 392)08 )53(078{160j0860]11 JoOI8
Group Y 39010701433, 0381156{046 11 | Ad
Growp TIY 370]10563]300/010)190)/042)10 }007
Group IV 560 | Q29 g8 (3
Average 381 067)4541041’15)049)002)096
Tasie b —Effeci of a supplement of skvmened milk on the growth of school
clnldern
Average { Average
werease | intrease
— mweight | inhergt
1 three 1 thres
monthy months
Lb In
Group A (recoivsng ik} 497 061
Gronp B (not recerving milk) 213 0 335
Hoatel I (Boys) Gronp B (recerving milk) 30 08
Gronp A {not receiving milk) 110 Q43
Girls recerving milk 438 o &
s
Hontel 2 {Gurls) {th not receiving mitk as A
Boya receiving milk 4% o6
Tiewted 3(Boys) Same boya recereing ho mitk 08¢ [44]
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TanLr G.—Amount spent on food and proporlion spent on mmilk products
(per family per montk).

Rombay {  Hombay | Sholapur | Ahmeda.
Inquiry. (1022), {1032}, (1025, (;;)n‘%)

Re, n.p’ Ry n. p. ! Ra a, p | Ra. s, p

Total expendituro onfood .. L1927 21142 61011810 52212 7
Expenditure on milk .. .1 013 07 1 3 90} 0156 7T} 01310
Expenditure on ghee . ..l 0911} o5 0} 06 1} 283
Total expenditure on milk produets .. 1 1 7 81 1 8 61 1 4 8| 3 6 1
Percentage of food cexpenditure spent

on milk products .. 5-4% 729, 699, 14-8%
Number of fomilies . . 2473 1,469 1,055 872
Average size of family . . 4-8 44 47 39

TasLe 7.—Influence of income level on milk consumption {(Bombay 1922*).

Consumption of Expenditureon | Percentaget
Incomo Groups cxpenditure
(Rs. por mensen), on milk
and ghee.
Mitk, Ghee. Milk, Ghee.
(Lb.) (Lb) | Rs. a. p. { Ra. a. p.
Below 30 .. | 1.0 03 1031046 3-0
30t040 .. .. 1 20} 0206 7| 0 310 3-2
40 to 50 2.2 1 03 {0 710 0 510 37
50 to 60 40 | 053 | 014 6} 0 9 8 5-3
60 to 70 i 52 0:6 { 1 2 081 012 7 6-3
70 to 80 7.3 1Y | 1 910] 1 56 9 8-1
80 %0 90 79 | 15 | 21 4| 110 7 01
80 and above .o 1 136 2.0 32011 27 3 11-2
All incomes .. ! 39| 05 {013 9]0 amn 5-4

;%11 valftixes given per family per month.
050 Higures refer to the proportion of tobal food exponditure spent on milk and
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\

Tantk 8.—~Influence of income level on milk consumgpition (Lahore .1930).

TIncome groups. Daily consump-
tion per head.
{Rs, per mensem), (0z.)
Tpto25 . . . . . . .. 2:8
2840 50 . . .- . s . . 9-2
5110 300 .. . . .- .. . . 12-0
W0ito200 .. . . we . . - 13-6
Wiob0 .. . . - . . 16:0
501103,000 .. .. - . . . . 20-0
100140 1,500 .. v .. - . .~ . 312
1502 40 2,000 .. . . .- .. . .. 81.2
2,001 and more .- . . . “ . 31-2
Average for Lohore .. e . . . . 40
Tasie 9.—-~Utilisation of milkin Intha.
Haunds
sunds.
Total production of millkk . . 690
As porcentage
of total
milk
Ubilised production,
(6) nsbquid milk .. . . 215:0 51.2
(8) for manufacture .. .. 475+0 CR+8
Manufactured products
As percentage
ofg;fnl mllktl
. manufactured.
Ghee .. . . . 364:0 82.7 765
Khoa .- oo B 76 110
Other indigenous milk productst " 167 b 35
. 26-2 3-8 56
Dahi (cords) - -
7 . . 10-3 15 2.2
Butterd .. 2.8 04 06
Creams .. . 9.8 04 -6

Tco-crentn .
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Tapue 10.—Total value of milk and mill products produced in India.

Maunds of | Rotail value Valuo
Product. milk per maund (crores of
cquivalent of milk, rupees).
{millions).
Rs. o7
Liquid milk 21540 5 1075
Ghee 364+0 23 100-0
Khoa . - 522 74 .igvi.’
Other indigenous milk products 16-7 13 223
Dahi {curd) . 26-2 71 I’l 7
Butter .. 103 3 3+0
Cream 2.8 3 } 1.7
Ice-croam 2.5 3
6500 203-4

Nori.—~Liquid milk has been valued at 1 annn per 1b,, the cost of production work-
ing out at 9-10 pies per Ib.  This may be too high a value to place on the milk, On tho
other hand the ghee hag been valued at its retail priee, no allowanco being made for the

value of the butter-milk (lassi) consumed by the cultivator and his family,

TasLe 11.—The wrban and rural populations of India.

Numbor of
towns
or villages.

Population
(in millions).

Percentago
of population.

——

Total Population ..
Urbar. Areas .. .
Towns having :—
100,000 snd over .
50,000 to 100,000
20,000 to 50,000
10,000 to 20,000
5,000 to 10,000
Under 5.000
Rural Areas
Villages having :—
5,000 and over
2,000 to 5,000 ., .
500 to 2,000 .,
Under 500

o,

1,343
18,162
167,449
509,786

352-8
340

9.7
4-6
8-1
74
7-0
2-2
313-8

65-3
38-7
139:0
130-8

100
11-0

1-3
2-3
2-1
2-0
0-6
89-0

11-0
39-4
37-1
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TaBLE 13.—Percentage of added water in typical samples of milk.

Percentage of water added. Number of
samples.
0 . . 22
6 to 15 . . . 29
16 to 26 . . . .. 23
26 to 35 . . . 16
36 to 45 . ‘e . .o 7
46 to 55 . ) . 3
Total 100
Tasre 14.—Acidities of samples of ghee.
. . Number of Percentage
Reading point, samples of total
examined. examined.
2' 0-2. 9 ‘ ¢ 2 ]
3039 .. - o . 144 31
40—4-9 : o . 154 3-5
5:0—5-9 . . 243 56
6:0—6-9 - 567 13-0
7019 997 22-8
089 .. . . 1,600 366
=90 - . 606 13-9
10:0—10-9 . 3 . L5
11-0—11-9 . 5
Total o 4,380 100-0
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TasLE 18.—Quantities and value of butier imported into India.

Year. Quantity. Value
(Cwt.) (Rs.)
1926.27 .. . . 1,001 9,925,247
1927-28 . 1,690 2,78,253
1928-29 ‘e 1,335 2,561,959
1929-30 . 2,255 4,06,360
1930-31 2,625 4,70,391
1931-32 . . 3,570 5,42,397
1932-33 . 3,772 5,23,500
1933-34 e . .. . 5,106 5,78,346
1934-36 ‘e . 6,265 6,23,654
1935-36 s 7,708 .
TaBLE 19.—Returns from various milk products.
Out-turn Retail Gross return Relative
Product. per 100 price per maund return per
1b. milk, per lb, of milk, 100 1b. milk.
Lb, As, Rs. as.
Ghee .. 8 9 2 11 54
¢ Country * butter 7 9 3 2 63
Liquid milk 160 1 5§ 0 100
Daki .. 85 13 7 7 149
Khoa . . 25 8 7 8 150
Channg .. - 20 8 8 0 160
Mallat ., . 20 10 10 0 200
Rabrec .. . 40 8 16 0 320
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TasLy 20 —Imports of cheese snto India.

Year Quantity Year. Quanfaty
(Cwt) (Cwt)
1026 27 . 11,258 | 193132 . . 7,349
1927 28 11,607 | 1932 33 . 8,858
1928-29 - 11,131 | 103334 . . 9,871
1929-30 - 10,878 | 1934 35 . 10,924
1930 31 . . 10,443 | 103536 . . 10,546
TarLe 21 —Imports of milk products.
Nature of Prodact. A;g:tx‘tx;ate equ?\?nlint
1mported of mports
(Cwt ) (Maunds )

TUnsweetened condensed milk, whole 25,000 70,000
Swestened condensed milk, whole 25,000 70,000
B d d d milk, sk d 150,000 550,000
Dried milk powder, whole - - - 25 200
Dried mutk powder, skimmed 250 3,500
Preserved cream 50 3560
Sterihsed ille 150 150
Total 200,475 694,200

TasLE 22 —Imports of condensed and dried malks wnto Indra

Year Quantity Year Quantity

(Cwt ) (Cwt)

1926 27 182,845 | 1931 32 185,925
1927 28 224,036 | 193233 - 172,332
1928 29 245,153 1933 34 . 171,870
1829 30 242,611 | 193435 . 180,942
1930-31 226,853 | 1935 36 . . 209,214
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TapLn 23.—Number of bulls issued annually from Government farms in
certain provinces (average figures).

- 1023.24 | 1020-30 | 1932.33
T 102hes. | 103132 | 103635, | oo

Assam .. .e - ‘e 7 16 36 42
Bengal .. . . .. 6 13 30 33
Bombay .. . .. ‘e 30 17 28 23
Central Provinces .. . . 62 41 62 36
Madras .. .. ‘e . 20 74 69 103
Punjab .. . .. .. 320 336 551 616
United Provinces .. . . 75 145 142 141

Total . 509 641 918 894

TaBLE 24.—Number of approved bulls at stud in certain provinces (average

Jigures).
]
1929.30 1032-33 .
— to to 1936.36.
1931-32. 1934-35. )
Assam .. . .. .. 32 116 200
Bengal .. . .. ‘e 79 360 487
Bombay e .. .o 102 227 289
Central Provinces - .. 73 104 132
Madras .. . . . 104 134 181
Punjab .. .. .. . 3,579 4,323 5,035
i
United Provinees. . . .. 2,606 3,245 3,448
North-West Frontier Province .. 170 233 234
I
Total . 6,835 8,741 10,006
m— e ——
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Tasie 25.—~Number of castrations performed in veterinary Fhospitals and
disperisaries and during district work (British India).

Castrations Castrations Total namber

performed performed of castrations
Year. n hospitals n dustriet performed.
and work,
dispensarnes.
1928-23 v . .- 206,941 303,958 510,809
1829-36 . . .~ 243,562 353,628 597,190
-
1930.31 . . . 284,968 415,126 700,094
1031.32 .. . v 337,857 463,297 801,264
1032.33 W . 380,880 512,184 893,064
1832.34 . - - 430 675 575,466 996,131
1934 35 . » . 497,111 612,034 1,109,145

T4BLE 26.—Bovine castrations performed in Briwsh India during

1934-35.
Total Total male Ind;:r .
Province. bovine bovine Pexcentu,go number,’
casf pop 1
Assam . 21,843 3,068,042 0-69 10-8
Bengal .. o 4,120 13,497,435 0-03 0.4
Bombay .. . 35,379 4,868,561 a-72 1-3
2.9
Central Provinces .. 156,795 7,073,711 2.21 3
Madras .. . 51,812 11,550,103 0-45 7.5
Punjab .. .- 441,787 6,914,964 6-38 100-0
2-1
United Provinees .. 22,374 15,813,997 0-14
ag . 107-8
North.West Frontier 32,834 476,751 ¢-80
Province. s
Dihar and Onsss .. 110,034 11,000,149 0-99
Bind . .- 2,968 950,102 029 &8

*In this the Punjsb percentage, .., 6-35 istakenns equalto 100,
HICICAR
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TasLe 27.—Influence of milk yield on cost of milk production.

Averageo. Feed cost . Labour cost | Total cost

Breed. lactation per b, per Ib. per 1b,

yield. of milk. of milk, of milk.

(1b.) (Pies.) (Pies.) (Pies.)

Half-bred .. . 6,5¢C0 3:55 0-83 6-49
Ferozepore Sahiwal 5,717 3-88 0-94 7-16
Scindi e 4,150 4-48 1-51 9-42
Ordinary Sahiwal .. 3,804 4-45~ 1-29 9-18
Buffaloes .. 4,000 5-68 1-29 11-14
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TaBLE 29.—Progressive inerease in mill: yicld shown b.f/ hierds .m‘ Lyallpur,
Karnal, Pusa and [ crozepore from the date of theiy establishment,

Avernpe daily vield. (tba)
—_— Lyallpur g
Apriculs | Ovorall®
tural | Karnal, Pusn,  Feromepore,
Colleue
Dairy, | !
Firet year . .- ' BM(.;i he§ i 6% 1-3 4.6
Second year . .. 540 ; Tl | YR -6 50
Third year .. . Gexi : 8+ 2 £ ¢ 12.0 86
Fourth year .o . TeIn x 86 G5 12-0 0.2
Fifth year . . TeAn -2 6-8 12. 98
Sixth year .. . R+ 60 HIN) 61 148 10-6
Seventh year ., . 0.31 HARY Ted 347 11-3
Eight year .. . TeuTlH pae2 K-8 15-0 11-1
Ninth year . ‘. .10 % | AR §-0 16-2 11-0
Tenth year .. . 040 13.0 6.4 16+4 11-7
Eleventh year .. e 003 15-2 108 17-4 12-5
Twelfth year .. . 0+80 14-1 12:0 164 1241
Thirteenth year .. . 11-9 .. 12-3 15-3 Y
Fourteenth year .. .. 1074 . 11-% 18-0 12-5
Fifteenth year . o 11-07 .. 12.7 15-0 12-5
Sixteenth year .. .. 11-40 .. 14-3 15-4 1240
Seventeenth year. . .. 11-67 .. 124 169 12-8
Eighteenth year .. .. 19.82 .. 13-0 17-7 12-8
Nincteenth year .. .. 11-43 .. 13-6 20-3 17-0
Twenticth year . 15-05 .. 185 29.6 16-8
Twenty-first year . 16-54 . . 18-3 13-7
Twenty-second year .. 1715 e . 165 11-1

Norg,— :
Ferozepzfé (Sliggfa% herd (Hariana and Tharparkar) was started in 1923 and Pusa and
os ar Oi; ) lrh about 1912, and the Lyallpur herd (Sahiwals) in 1914,

erall averages, 1.c., averages computed over milking and dry stock,

ose i
increase of theBFZ‘;’;lzélloothlcr columns aro milking averages. Further the progressive
purchased in t}, pore herd is often masked by the influx of fresh cows which are

em :
tely shown in adm.al.'kef' for meeting the requirements of trade. Theso are not separa-
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Taney 50 ~Dretribution of sll vielde in theee Sakiteal Ferds,

1 Montgorsery Dalry Farm
2 Jebsamirabad Cattls Fars

3 Allsbdads Farms Jabanian

Surber of cons yied ting
Y
Asma of fartn, s aon]aensom]gon
Thlow! 1o tn ta tn o Tt
Joidomisomiaon | Toml gon i wnd
Pow, | dbe, | dbe |t | Blee | B |oorern,
o 41 [ 1 5 [\] L\
] 48 &2 05 as n 4 2
FRS  © ot 45 0 a2l w 3

TABLF 31 ~Typical yields of smproved eoltle (arerage valuer),

e —
Baogupan . » 1493 1,81% | Hosur, Madras,
Kackry “ . 032 1,038 { Charodi, Bombay,
Ou . . 2,050 2,600 | Charod}, Rombay.
Ongele .e .. o074 3,628 | Chintaladev!, Madraa
Hansna - . 2,370 2,031 | Karnal, Punjab
Thsrparker ., . 2,201 3,501 | Karnal, Punjab.
Semnd . . 2,072 4,137 | Horur, Madras
Babuwal . . 2,800 7,000 | Ferozepur, Punjab

TasLe 32 —Companison

of number of cotes and she buffaloes ot successwe

Sfire-year perrods

Topulation 1n th d r 1, changes *

- Cowy She Buftaloes Cows. {Buffaloes
3 629 100 100

1NE-18 . 37,697 & 3 .

1920 21 . 47 083 13312 28 3
1025 28 . 37,901 14,203 101 104
1930 31 37,994 14 707 102 s
1934-35 28,696 15 438 103 ns

S S
* 1015 16 taken as 100
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TanLy: 30Progrs codss dyese v G it givkd sdwen by breds af Topllpur,
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- {
; ' “~ ¥
Ninth yna .. I L U 75 | B
} ~
Tenth year o oo LRI 130 Ut ey 13
i k]
, . - ! ﬂ,"
Eleventh year ., . ey, 1.0 Firen { 174 ; s
¥ {
4 1 « N 0,
Twelfth year . .. fiatgy ¢ bl BT I 16-4 12+
¢ } H % 9
- + <
Thirteenth year . 1nezs b 12:3 13y ot
. a5
Fourteenth vear .. .. 1.3 5 .. 117 180 12-5
. [2 P 4
Fifteenth year ., .. 11-47 | .. 1.y 15:0 1245
. 24
Sixteenth year ., .s 11-40 - 143 164 1240
9.
Sevantconthycar.. - 11.67 ‘e Day 16-9 12-9
. 0,
Eighteenth yenr .. . 12.52 .. 13-0 179 12-8
» ”'
Nincteenth year ., e 11-42 .. 13-6 203 17-0
. i ) -8
Twenticth year .. . 15.05 .. 18:5 22 16
Twenty-firgt year - 16-54 . . 18-3 13-7
Twenty-second year .. 15415 .. ., 16-5 11-1

. Norn.—-l(a_mnl herd (Hariana and Tharparkar) was etarted in 1023 and Pusa and
eroic?.;;m (Sahiwal) in about 1912, and the Lyallpur herd (Sahiwals) in 1914, K
ol These are overall averages, 1.c., averages computed over wilking and dry stock,
incg;::z t("')lil_oée shown in other columns are milking averages, Further the prolgf‘cisgg
1¢ eroze rd i N y i x h cows whic
purchased in th pore herd is often masked by the influx of fresh

2 W16 Market for meeting the requiroments of trade. Theso are not sopara-
tely shown in administration rcportg. :

1 Fall due to govere attack of Foot.and-mouth disease.
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TaBLE 30.——Df'stribution of milk yields in three Suhiwal herds.

Number of cows yielding.

& ; oo
ame of farm, 3,000 | 4,000 | 5,000 | 6,000 ] 7,000 | 8,000
Below| ta to to to to 1bs.
3,000 | 4,000 } 5,000 | 6,000 } 7,000 ] 8,000 | and
Ibs, | tbs. | Vou. | Tos. | Tbs. | Ibs. | over
1. Montgomery Dairy Farm o] 32 41 6 3 5 0 0
2. Jehangirabad Cattle Farm 48 ) 82 |95 |37 n 0 2
2 Alabdad’s Farmg Jahanian 17 27 45 44 20 10 3

TaniE 3).~Typical yields of smproved caltle (average values).

Pur. [.Fatm-

Kangayam
Kankrej
Gir

Ongola
Hariana
Tharparker
Belnd{
Sshiwal

TanLe 32.~—Comparison

five-year periods.

R S
191516
1020-2%
102528
1Wsast

chased. bred. -

1,493 1,616 | Hosur, Madras.

932 1,936 | Charodi, Bombay.
2,052 2,600 | Charodi, Bombay,
2,674 3,528 | Chintalodevi, Madras.
2479 3,634 | Karnal, Punjeb,
2,204 3,701 } Kernal, Punjab.
3,572 4,137 | Hosur, Madras,
2,800 7,000 | Ferozepur, Punjsb.

of number of coes and she-buffaloes at sucecssive

193433
e e

{ st e e
PRI CATS YR AN

Population fn thounsmds, Pereentage cheangre.®
Caws. Fhe-Ralajorn. Cown  [Buffiee.
P SRS S ataas
3,693 3 Lt 100 jiu]
30,06 1232 i (4]
a0t 18,0 101 16t
STyt ot ter? $u
e 12431 163 13

3 s
RISt
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"waBLE 3b.—Acreage under fodder crops.

Aron Year  Ares
Yesr. (million acres). ‘ (million acres).
1001 2.9 1920 8-1
1908 3-9 19256 8-9
1810 4-8 1930 93
1915 71 1935 10-2
TapLe 36.—Distribution of yields of certain fodder crops.
Percentage giving yiclds within limits shown in first column.
Yield
(maunds per
acre). Juar. | Maize. Oats. Berseem. | Lucerne. | Grasses.
0-—199 37 61 35 22 26 17 -
200—399 .. 62 36 56 35 40 24
400—599 7 3 9 19 23 36
600—799 4 0 0 9 4 5
800—999 0 0 0 9 7 6
over 1,000 0 0 0 6 0 12
Total .. 100 100 100 100 100 100
TABLE 37.-—Distribution of costs of certain fodder crops.
Cost Percentage giving costs within limits shown in first column,
(per maund). [___
Juar. | Maize. Oats. | Bergeem. Lucerne. | Grasses.
As.p.  As.p. _‘_’
Bl -
elow 1-11 .. 52 18 29 50 20 40
- 2-0 to 3-
40 to 5~
: 0 5-11 .. 8 18 14 16 7 17
-0 to 7-11 .
° -1 .. 2 18 0 3 6 7
8-0 to 9-11 .
100 ‘ 0 3 0 6 13 2
to11-11 .
0 0 4 3 3 0
Over 120 4
R 8 17 3 13 3
100 100 100 100 100
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Tanre 38~Densily of cows and she-buffaloes and of human population
in various districts in India.

Per esquare mile,

Frovince, District.
Nuggber | Notber of | men
CcowE.

(| Allahabad . .. 64 4 P
Etawah .- .. 48 &5 p
Agra .. N . 39 63 567

United!Provinces ..< | Muttra . . 5 I .
Ftah .. . . 42 81 501

Aligarh o . 24 83 602

L] Baseilly . . 45 49 670

(| Hissar . i =3 17 172

Robtak U R 37 326

Punjab .. - +.4| Karoal . .. &5 i a73
Lahore . . 26 B5 514

| Lyalipur .- . 22 62 387

(| Purnea . .- 20 o2 a“n

‘Bhagalpur . . 85 pl 229

Darbhangs . . o0 41 ot

Bihar .. ..4 Muzaffsrpur - . g0 44 [
Champaran . s o] 3t (23]

L] Saran .., - . 6 &2 g2

Abmedabad .. . 19 23 21

Tombey - { Yalrs (Ansnd) o L] : 3
Tangalors . . t4d 1 m

SosthIndis { Coitstutore  on Wl s e
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TasLe 38(a).—Density of cows and she-buffaloes and of human popula-
tion tn British Provinces.

Por square mile.
Province.
Number of Number of Human
COWS, buffaloes. population,

United Provinces . . 60-1 42-6 508-2
Punjab . .. .. 26-3 29-7 2437
Bihar and Orissa . . 59-9 18-7 453-6
Madras e .. 30-0 16-8 3285
Bombay .. .. . 23-2 14-9 232°9
North-West Frontier Province .. 15-3 < 10-1 179-3
Central Province and Berar .. 32-1 8-3 165-2
Sind .. . . 16°4 7:3 83-8
Bengal . . .. 01-5 3.4 646-4
Assam . .. . 23-7 2-0 156-7

TABLE 39.—Experimental, district and demonstration Jarms.

‘ Experi- District 'xmd Cattle-
Province or State, mental Demonstration | breeding
Farms. Farms. Farms.
Madrag 2
Bombay i3 10 &
Sind 1 6
Bengal 3 22 1
United Provinces 4 18 4
Punjab 8 14 1
Bihar and Orissg . 5 18 2
Central Provinces 3 2 9
Aszsam
a 3 4
North-West Frontier Province 2 3
Indian States . . 29 11
16 i
Total . 56 109 39
M
R
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Tsere 41.—The number of agricultural and velerinary officers in British
provinces 1n 1936-37. -

Agriculture. Veterinary.
Provinces, Gazetted ‘Non~ Gazetted Non-
officers. gazetted officers. gazetted
officers. officers.
Central Provinces .. .. 25 166 7 163
Bombay ., .o .. 38 ~ 208 9 143
Madras . . 59 464 23 274
Punjab ., .. .. 69 236 36 406
United Provinces .. .. 44 974 4 226
Bengal 26 188 13 174
Bihar . . . 18 113 11 139
Orissa |, . . 14 14 2 28
Assam | .. .. 9 54 2 60
North-West Frontier Provines 5 18 P) 33
Total . 307 1,735 109 1,646
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TaBLE 43.—Number of cattle per veterinary assistant and expenditure
per head of catile in British provinces.

Expenditure on
Number of | veterinary services
Provinces, cattle per and live-stock
veterinary | improvement per
assistant, head of cattle
(pies).
North-West Frontier Province . v 29,500 23-8
Punjab .. . . . . 36,000 16-3
Bombay .. 65,500 9-1
Central Provinces 81,500 6+7
Madras .. 82,500 84
Assam ‘e 96,500 8:2
Bengal . .o eet 135,000 4.1
United Provinces 141,000 3:3
Bihar 142,000 5-1

TaBLE 44.—Amounts spent annually on the gowshalas and pinjrapoles
at seven typical centres.

Amount

annually
Total spent on Per head
Town. population. | pinjrapoles annual
and donation,

gowshalas,
Rs. Rs. &. p.
Karachi .. - . 263,565 1,48,337 0 90
Cawnpore . .o 243,755 95319 ¢+ 0 6 3
Bombay .o . . 1,161,383 3,00,604 I 0 4 3
Dalhi . e .e . 447,442 1,11,919 0 4 0
Muttra . s . 60,5600 | * 4,200 011
Agra . . 229,764 14,068 010
Allshnbad . . . . 183,914 3,000 0 0 3
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TABLE 46.—Relative demand for milk each month.

Hill Station Hill Station
Month. A, B.
January .o . . . . 100 .12'3
February . . . .. .. 130 100
March .. . . . . 260 146
April ,e . .o .. . 402 181
Msy . .o . .o . 673 378
June .o .o .o . . 660 4486
July . . . . . 547 490
August . . . . ve - 544 - 500
September . . ‘e . .o 597 . 527
October o .o o . . 647 367
November . . . . . 318 1798
December . o . . 163 | 160




