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FOREWORD

A competent teacher of dairy technology who has had a succession

of undergraduates to handle, is bound to know how to present the

‘basics’ and ‘essentials’ of his subject to students of varying calibre

and receptivity. As a research worker, who also guides students
doing postgraduate work, he has to remain in close touch with
recent advances made in his field. Professor Sukumar De, the author
of this work, is such a person and is, in addition, a proven pioneer
in his field who has contributed to our knowledge of the peculiari-
ties and problems which dairying in India presents. Given this back-
ground, his special qualifications to write a textbook on dairy

technology cannot be in doubt.
Ever since I first met him in 1946 as an esteemed colleague,

Professor Sukumar De has been both a teacher and a researcher.
This, together with his membership for more than three decades of
th:lslaﬂ' of an institution of unquestionable pre-eminence—the
National Dairy Research Institute, Karnal—has provided Professor
De with a rich background for writing this book.

"". pjeruaa.l of Outlines of Dairy Technology amply fulfils the
specialist’s expectations. Its treatment of the subject-matter of each
chapter, and its special attention to the Indian context, is in the
!'f:est traditions of scholarship. In its five hundred odd pages, divided
Into twelve chapters and five appendices, every aspect rr.::t‘ dairy
. technology conforming to the approved diploma/degree syllabus
has hr:u:g cfiscusscd with skill and in a manner at once succinct and
€conomic in expression. The sequence of treatment is well thought-
out and appropriate,

The impetus given to the development of dairying in India, espe-
fzmlly during the last quarter of a century, ::ucnureiging r;nq:..irii:gs
lnfﬂrp:atinn and research, has also found a place in the book, j :
Eufﬁ.m::llt detail to contribute to the knowledge of sludentsfﬁ:li ”
Pr:ffas:smnals, while at the same time arousing their int i
Curiosity to read beyond it. T

r
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Foreword

I fecl certain that the book will be keenly sought after poq on|
by students of dairying in India (and other developing County;
but also by teachers, researchers, plant managers and “lens'“}
workers who need a dependable reference book at hand, e

S C.RAy

xii
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PREFACE

The Indian Dairy Industry has made rapid progress since Indepen-
dence. A large number of modern milk plants and product factories
have since been established. These organized dairies have been
successfully eagaged in the routine commercial production of
pasteurized bottled milk and various Western and Indian dairy
products. Most of the supervisory and technical personnel in these
dairies have had their dairy education in this country, although a
few have been trained abroad as well. The author has had the
privilege of sharing his knowledge of dairy technology with many of
these persons during the past two or three decades. Lately there has
been a persistent demand from these and other sources that [ write
a book on Dairy Technology for the benefit of students and indusiry
alike.

Although standard books dealing with dairy products have been
published in the West, their expense and non-availability on easy
terms makes it rather difficult for Indian studeants to procure them.
It was, therefore, considered desirable to compile in one volume the
salient aspects of the processing and manufacture of various types
of milks and milk products. This book bas been written in clear and
concise language, the lext-matter supplemented with tables, illustra-
tive problems and their solutions, and photographs of some of the
equipment used in the dairy industry. Moreover, enough current
scientific information has been included in it to justify its publi-
cation. A chapter on Indian Dairy Products is a special feature.
[ am sure it will not only serve as a textbook on Dairy Technology
for Indian students but also as a reference book for our dairy

UPErvisors.
r“;?,:}r;ﬂgf; has been divided into twelve chapters, viz., Market
Milk, Special Milks, Cream, Butter, Butteroil, lce Crca.ml, Ch-::fs-t.
Condensed Milks, Dried Milks, Dried Milk Products, Indian Dairy
Products and dairy By-products. At the end, therc are five
appendices and a list of books recommended for further reading.

{ am indebled to the authors, editors and publishers of variour

wientific books, periodicals and pamphlets from which most ol the
information presented here has been gathered. In particular, T have
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Preface

L RLY

freely consulted the following:
1. Market Milk by H. H. Sommer

2. The Butter Maker's Manual by F. H. McDowall

Ice Cream by W. 5. Arbuckle

Cheese by 1. G. Davis

Condensed Milk and Milk Powder by O. F. Hunziker
Drying of Milk and Milk Products by C. W. Hall ang
T. [. Hedrick

1. By-Products from Milk by B, H. Webb and
E. O. Whitticr |

8. Judging Dairy Products by J. A. Nelson and
G. M. Trout
9. Indian Dairy Products by K
y K. S. Ra
K. T. Achaya 14ippa and

10. Mitk Products of India by M R. Srini
¥ M. R, Srinivas
C. P. Anantakrishnan g

“ fﬂ'ﬂ“ﬂ'ﬂ' ﬂ'ﬂfl"]'m:]'ﬂ' and Indi . -
12, Il St ian Journal of Dairy Seience

| ary indeed grateful 1o Sri i
, ving ri Moh ' ini
in Daar:.r_ Technology Division, N"IL;I;: lsmgh i
manuseript diligently and 4 ely. Th

o

4 stenographer
arnal, for typing the
courately. Thanks are due to allgmzr

students (past

and present), fii

ﬂ i a .. ? rlﬂndﬁ a = i 1
ontinued support in this endeavoyr "d well-wishers for their

I would |1ke 10
President, Indian Dafry  x."
: ¢ n D
Foreword, £

rust, India, for their

lade the b '
| » [0 O : ook ea &
© whom | am mos{ i Mforg U““’"-‘ij’-'!r' Press Ni.fg l;i‘!:;I

Sukumar DE

|
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GENERAL INTRODUCTION

A dairy is a place for handling milk and milk products. Techno-
logy refers to the application of scientific knowledge for practical
purposes. Dairy technology has been defined as thal branch of
dairy science which deals with the processing of milk and the
manufacture of milk products on an industrial scale. In developed
dairying countries such as the U.S.A., the year 1850 is seen as the
dividing linc between farm and factory-scale production. Various
factors contributed to this change in these countries, viz. concen-
tration of population in citics where jobs were plentiful, rapid
industrialization, improvement of transportation facilities, develop-
ment of machines, etc. Whereas the rural areas were identified for
milk production, ihe urban centres were selected for the location
of milk processing plants and product manufaciuring factories.
These plants and factories were rapidly expanded and modernized
with improved machincry and equipment to secure the various
advantages of large-scale production. This heralded the advent of
dairy technology in these countries.

India, dairying has been practised as a rura| cottage industry
since the remote past. Semi-commercial dairying started with the
establishment of military dairy farms and co-operative milk unions
throughout the country towards the end of the nineteenth century.
However, market milk technology may be considered to have com-
menced in 1950, with the functioning of the Central Dairy of Aarey
Milk Colony, and milk product technology in 1956 with the estab-
lishment of AMUL Dairy, Anand.

In this book, Qurlines of Dairy Technology, the main principles of
lhe production of various Lypes of milks and milk products, both
Western and Indian, have been discussed in suflicient detail to meet
normal requirements. A few books, some ol a general nature, and
others dealing with specific products, have been recommended fir
supplementary information.
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1 MARKET MILK

1.1 Introduction

As a major enlerprise, the market milk industry is of comparatively
recent origin even in developed dairying countrics (such as the
U.5.A.). Though ancient written records report milk as an impor-
tant food, its processing and distribution as a separate cnmrnerr;lml
business did not develop in those countries until the concentralion
of population in the cities reached a high level in the middle of
the nineteenth century. _

During the earlier years, each household in those countries
maintained its ‘family cow' or secured milk from its ncighbr::ur
who supplied those living close by. As the urban population in-
creased, fewer households could keep a cow for private use. The
High cost of milk production, problems of sanitation |[Iwhich led
io sanitary regulations by Public Health Authorities), etc.,
restricted the practice; and gradually the family cow in the city
was eliminated and city cattle were all sent back to the rural
areas.

Graduzily farmers within easy driving distance began delivering
milk over regular routes in the cities. This was the beginning
of the fluid milk-sheds which surround the large cities ol today.
Prior to the 1850s most milk was necessarily produced within a
short distance of the place of consumption because of lack of
suitable means ol transportation and refrigeration.

Wilh modern knowledge of the protection ol milk during trans-
portation, it became possible to locate dairies where land was less
expensive and crops could be grown more economically, The milk
supply of the large cities of the U.S.A. now comes largely from

B0-160 kms or more away.
Nearly all the milk in the U.5.A. before 1900 was delivered as

raw (natural) milk. Once pasteurization was introduced, it caucht
on rapidly. Mechanical refrigeration contributed to the rapid
development of the factory system of market milk distribution.
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outlines of Dhafry Fechnology
: e industry may be said to have
. (he market milk 10CES : rtg
- I“ lti::bd—llﬂbx:ahuu the Central Dairy of ,a.a:icy Mk .Cum'"? Wal:
4 le}sﬂﬂllcd and wenl inlo stream. The industry is stj|] in |
can

infancy and harely |0 per cent of our total milk production u“dl:rt -'
(L .

oes organized handling.

1.2 Definition

The term *market milk' refers to fluid whole milk that s sold "
individuals usually for direct consumption. It excludes milk g,
sumed on the farm and that used for the manufacture o dairy
products.

Note. Milk may be defined as the whole, fresh, clean, lactey|
secretion obtained by the complete milking of one of more
healthy milch animals, excluding that obtained withjp 15
days before or 5 days after calving or such perieds as mg
be necessary to render the milk practically ::1:1Innslrlurnvl"n:.«.]f
an.d conlaining the minimum prescribed percentages ;'
milk fat and milk-solids-not-fat, In India, the term 'milk{:

when unqualified, refers 1o cow '
hen ; or buffala
bination of the two, (Also see 1.4.) RIS

L3 The Market Mijy Industry
\2) Although a beg i
- . i glnmng

m India with
Allahabad, |889), i i Mililary g
s far have been:

(i) Handiing of milk iy C
0

-'ﬁ'-”-ili'lﬂ.hud 19 =0 3 .

1 1 I!‘ £ p':rﬂ“'l.'e i s ;

' the early s:ar;i:mh"*""“ il over the lilk Unions (oldest:
: Uniry on a small scale

in India and Abroad

{ii'} ]I_HI'IE_ d[ﬁla
n i
Anand 10 Bombay -'::I.Tlc;E:';L e Fail-trapg f
(i) Pasteirizgi 5, Porl of milk from
il dlion
OTBanizeqd distribuyig i hntthng of milk
Caleutta (M, A5 Sl 0N a large scale for |

':H lah
ishmeny o f:i_}l. De|hj “u;Tt}' (1950), Worli (1961),

o S Planyy oo Madras (1963), etc.

il i s
“rjﬂ'rn*-ml' ‘e Indi Th:r the Five-Year Plans
AT ! al ; i
__““‘q_thilﬂ.tinnm lm:‘-lfcre tuken up m::
- - Xl of mijlk consumn
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Marker Milk 3

he primary milk_producer.

: i ‘lter returns ot
tion and ensuring be ilk,

Their main aim was o produce more, betier and cheaper m
The actual expenditure is given in Table 1.1.

TAULE 1.1
Actual expendinure on the market itk industr) in India's
Five-Year Plans

Plan Merioad Eapenditure
I Five:Year Plan (193]1-6] Rs 7.8 crores
[ =do- [195/-61} Rs 11.0 crores
11 =t {1961-6) Rs M6 erores
Spill-over [ to I (1966-T) R= 257 erores

&=

o, =Y
CE Dhniryl ' MmN~y O = )
SouRcE: Dairyiug in fadia by Khurody (19743 :_\l_j:". o

(b) The present status of the market milk industry in this
country may be gauged from the following facts and figures:

(i) Total annual milk production in India has been estimated at
25 million tonnes (1976).

(ii) Although India possesses mearly one-fifth of the world's
bovine population {cow. buffalo and goat), milk production in India
accounts for only ahout ane-sixteenth of the world’s 1otal of 428
million tonnes { | 973).

(iii) Due to the large human population, daily per capita milk
consuniption today (1975) works out to aboul 114 g, while that
recommended by the Medical Authorities is 280 g.

(iv) The main reasons for this acute shortage of milk are low
milk-yielding capacity of the average Indiun cow and acute
shortage of leeds and fodder,

(v) Lack of organized milk produection and collection, restric-
ted transport facilities (especially refrigerated) and shortage of
processing and marketing organizations have greatly hampered
the growth of the market milk industry,

(vi) Poor-quality milk, widespread adulteration, and lack of
quality consciousness among the great majority of consumers
have further aggravated Lhe situation.

; (c) Table }.2 gives !ndiﬂ‘s position in relation 1o some of the
important milk producing countries of the waorld:

Scanned by CamScanner
Scanned with CamScanner

Scanned with CamScanner

Scanned with CamScanner



Cutlines of Daity Technology

' TANLE 1.2 ‘ |
ion fn relation 10 milk producing countrieg
.
sl of the world

o ———— e

e .-;;_n-i;:;l! in Milk yiillﬂlr Tﬂsai ;“-.IT__
ry llﬂi_ll-l r:::lliil::lnnf i “%E‘;'u;t:y:m

o {millions} ) _-_-_H‘ET
i o e
U15:r'||.. I4.1 4154 jllEm
I-r-.-anu;: 8.7 3130 30,413
Tindia 530 —450 21 360

C—157

W, Giermany 5.0 1779 -
Poland 6.2 2361 H.‘Hﬁu

U.K. 33 3950 13,000

*Cows, buffaloes, goats and sheep.
Source: F.A.0. Praduction Year Rook, 1970,

(d) The production of milk in India for selected vears is given
n Table 1.3.

TABLE 1.3
Miik production in fndia

Year Production
o o {Million tonnes)
19512 I
7.
1954-7 ]? i
1961-2 2.
WH—Q I'I].q'
1973—4 2'2
. 1978.9 23.2
28.6
(eSlimate
EEURCE: DﬂllFHﬂE in J

|
ndia, D5 A Publication, 1976.

production el al .
(f) T;uznd::::i?dtarls BIVe's in Tapy, ,n;l goat milks to total milk
; ¥ of mj 4,
fﬂ-l’ I“dla is Ei\'tn h mllk Drﬂduct'mn (i

i Tabi I.e., daily mj jon)
(B) A su &.1.5, a1y milk product!
OF Mk i Ingiy ) HOWi ¢

Indi e Utilizay;
4 (1966) i Biven j":IEfI';;tlmn of 19,4 miltion tonn®
1.6
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Market Miik
TADLE 1.4
Species contribution to rotal milk production in India

Total production

Type of Milk - =
i PPer cent Amit {1000« tonnes)
Cow 1L6 8,400
BuiTalo [N 15,900
Goat 2.1 (e

Source: F.A.0. Pradicction Year Book, 1974,

TABLE 1.5
Density of milk production i India
fa:egury Per village Staic Per sq. km
Min. Il kg Assam 21 kg
Ave, BB kg Indian Union 15.6 kg
Max. 472 kg Delhi 98.0 kg

Nore. District Amritsar [13.3 kg/sq. km

Denmark 3621 kg/sq. km
Source: Reporr af the AMarkering of A in the Tudian Union (1961},

TABLE 1.0
Summary of wtilization of vk in India

; Percentage in relation (o

liems Tuotal milk  Total quantity converted
prodductinn inta melk products

Fluid milk 44,5 o
Manufactured milk 55.5 {100}

Gihee 3.7 ut A

Db 7.8 4.0

Bulter 6.3 11.4

Khoa 4.9 kB

lee cream 0.z 1.3
Cream 1.9 14

Other products 1.2 22

{ Mainly chhana)

-

Sounce: fndian Dairyman (1976), 28 (1), 512,
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outtnes of ¢ £ milk i
[ | ng
& it consumption 0 S0me oy

; : AR th
e daily per €P (ries (1970) is given in Tgp), "t |
) Tlvelﬂlﬂ“‘ dairy!ng ::mllﬂﬁ in Table | 8. : "T- .

ajor de :
::1cil that in developing ¢

e Technology * ]|
|

TABLE LT
1 consumption in SOME developed

Daily per cegrita M s of the warld (1970)

comnirie = e
- Ea : timated dajly
...... Estimated JEAE’HEI“;” Country capita :.'u_nmmgfm“ 3
Wil srpphis LT rma ; -
Country S lquid milk (8 terms of liguid mif
" Frunce 1335
; 1313 run
o i | 144 W, Germany 1301
Mm;himd M3 Nelherlands 12
- dﬂ [ 153 Marway 2046
Cﬂ;a a 1001 Sweden 1812
i.hl k 1158 Switzerland 1588
nmark
Finland 2165 e
Sounce: Misccllancous
TABLE | .8

Daily per capita milk consumption in Some develaping
counitries of the world (1975)

B Estimated daily per capita Estimatcd daily per
Counlry consumplion in terms of  Country capita canswmplion in
liguid milk g) terms of Hyued milk (g)

Uil 877

Hancladesh b | Isracl

India 114 lapan® 122
Iran 172 Pakistan 225
Irag |70 Philippines 2

*Mow considered a developed country,
SourcE: flian Daivpman, 29 (1), 150 (1977).

Note. The market milk industry in the advanced dairying couf
trics of the world has now reached a h]gh level in samiary
Prﬂd“l:ljﬂl'l, lruﬂSpDHa[inn, I']-;'ﬂ.:es_r“ng and diﬁlfi.bu"ﬂ“"
These improved conditions are a resuli of the passage ¢
dairy and milk-control ordinances in nearly all major cilies
and n:_:l!' control laws in states where dairying is important
Credit should also be given 1p many producers, distributo

and manufacturers of duir 3 . hig
standards, ¥ equipment for setting

k
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Market Milk 7

1.4 Indian Standards

According o the Prevention of Food Adulteration (PFA) Rules,
1976, the standards for different clusses and designations of milk in
India should be as given in Table 1.9.
TABLE 1LY
Standards of different milks in India

Class of Minimum
milk

Mesignalion Locality -
¢ o MF* 9 M3NFt

Bulfalo Raw, pastcurized, Assam; Bihar; 6.0 5.0
milk boiled, Navoured  Chandigarh; Delhi;
and sierilized Gujurat; Maharashtra;
Haryana; Punjab;
Uttar Pradesh;
West Hengal
~do- Andaman and Nicobar; 5.0 2.0
Andhra Pradesh; Dadra
and Magar-Haveli; Gog,
Daman and Dhiw; Kerala,
Himachial Pradesh:
Lukshadweep; Tamilnade,
Madhya Pradesh:
Manipar: Karnataki;
Magaland; NEFA;
Orissa; Pondicherry;
Rajasthan; Tripura
Cosw —lo- Chundigarh; Flarvana; 4.0 E.5
milk Munjal
=do- Andaman and Micobar, 1.5 8.5
Andhra Pradesh; Assam;
Rihar; Dadra and
Magar-Haveli; Delhi;
Gujarat; Goa, Daman
and [ Himachal
Pradesh; kerils:
Mudhya Praodesh;
Maharashiea; Tamilnadu;
Karnalaka; Mampur;
Magaland; NEFA;
Pondicherry; Rajasthan;
Tripura; Uttar Pradesh;
West Dengal;
Liakshadweep

*Milk fad.
FMlilk-solids-not Tal
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Outlines af Daivy Technalogy

g
Class of ; ' m\
as Diesignation Locality s
milk Yo MF® % Mg
i Nr_
Orissa 3.0 __--;"\l
i}
Goator  Raw, pasteurized, Chandigarh; Maryina; 1.5
sheep  boiled, Navoured  Keraln; Madhya Pradesh: 0
milk and steriliced Maharashira; Punjab;
Uttar Pradesh
-da- Andaman ard Micobar: 1.0
Andhra Pradesh; Assam: 20
Bihar; Dudra and
Nagar-Haveli: Delhi:
Goa, Daman and Diuy:
Gujarat: Himachal
Pradesh; Lakshadweep:
Tamilnadu; Karnataka:
Manipur; Nagaland-
NIT:FA.; Pandicherry;
Orissa; Rajasthan:
Tripura; West Bengal
Standag All Tndi E
dized mill e e k.3
Recombined :
milk All India 1.0 i g
Toned mi |
milk Al [“l'-liil
Double A ; 10 5.5
toned milk I Indi 1.5 .0
__________-___-_-_ In'l.ll-i:l Hul more ':hﬂ“ 0.5 8 7

Note. (i When milk i

olle
of the ¢lass the H'::ﬂ;“’;lﬂh‘- o any indication
;l:all apply TCs prescribed for buffalo milk

1€ heat-trpqy

ment [
shall be g5 follows: °r the varioys designated milks
Designatigy |
Raw Heat-trearmen;
Pasteurizeq Nil
Boiled Pasteurization
Fjﬂ‘l'ﬂl_.lrgd Hﬂillng

Pas inati

Sterilized etk

3[{!r'r]j1a[i:)n
Sterilizatjon
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Market Milk 9
1.5 Composition

(a) Milk constituents. The conslituents of milk may be listed
diagrammatically as in Fig. 1.1. _

The ‘major’ constituents o milk are: water, fat, protein, lactose,
ash or mineral matter. The ‘minor’ constituents are: uhnsvhn_]ipich.
sterols, vilamins, enzymes, pigments, ctc. The ‘lrue’ constiluents
are: milk fat, casein, lactose,

(b) Composition of milk : )
(i) The average chemical composition of milk of different
species is given in Table 1.10.

TABLE 1.10
Chemical composition of milk of different species

Namie of Porcentage composition

specics Waler Fat Protein Laciose Ash
Asy 60,0 1.3 1.7 6.5 0.5
Buffalo 84,2 b6 19 5.2 0.8
Camel Bo. 5 LN 4.0 56 04
Cat 4.6 L] 9.1 4.0 0.6
Cow {foreign) Ef.G 4.0 1.4 4.4 0.7
Dog o 75.4 6 1.2 1.1 0.7
Elcphant 67.8 19.6 3.1 8.8 0.7
Ewe 9.4 8.6 i1 4.1 1.0
Goat H6,3 4.5 5.5 4.7 ]
Guinea-pig B2.2 5.5 B.5 19 0.9
Human §7.7 14 I.B 6.8 0.1
Llama B4.5 1.2 13 56 g
Mare #a.1 |4 .1 .1 0.5
Porpoise 41.1 45.8 1.2 1.3 0.6
Reindezr 8.2 7.1 |04 13 1.5
Sow #9.0 4.8 1.3 1.4 (T
Whale T0.1 19.5 8.5 —_ 1]

Source: Chemisiry of Afilk by Davies (1939).
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Outlines of Dairy Technology
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Market Milk 3

(i) The averige chemical composition of milk of a few breeds
of Indian cows and the Murrah bulfulo is given in Table 1,11,

TANLE LTI
Chemicel composition of milk of Indlan hrecds

Breed of _ Percentige compasition
cow/bulTalo Water Fal Prote I|'.| Lactose Ash
sindhi 86.07 4.50 1,42 4.91 0.70
Gir Rih.d4 4Mm 332 4.85 0.66
Tharparkar B6.5H 4.55 16 4.83 .68
Sahiwal 3642 4.55 11 5.04 0 66
Murrah £3.63 6.56 188 5.23 0.70

Source: 1DRI Aninal Report [1948),

Note. See Appendix 11 for mare information on the composition
of bulfalo milk.

(iii) The average chemical composition of milk of some foreign
breeds of cows is given in Table 1.12.

TARBLE .12
Chemical composition of milk of foreipn breeds of cow

= - 5

Percentage composilion

Breed

Water Fat Frotein Lactose Ash
Holstein BT 74 140 .12 487 11,68
Shoriharn av. 19 1,94 132 4.99 Q.70
Ayrshirc 7,10 4.00 1.5% 4.67 .63
Brown Swiss B, 54 4.0 LN | 5.04 073
Gucrnsey B33y 4. %5 3.9 4.93 .74
Jersey K500 517 a9z 493 07

SOuURCE: The Fletd-Milk furdpseey by Hendersan (1970}
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Dairy Technology

tlines of : :
12 (i ot of milk js given in Table L.1a 1%
led composit!
(iv) The detailed e
TABLE ol millk
T I
Detailed compesition © s
Approx. concentray
— (Weight per litre
iy :
Conslituents or group of cons of milk)
T —
B60 1o HBO g
Wurer
i I Wi 50
Lipids in Eurrfnrﬂ_f.lﬂ ”'"T-T'F ed lriglrﬂ#fidﬁ} | g
Milk Mat {2 mixture ol M ' ingomyelins,
- vine cephalins, sphing
Phospholipids ibecithins, 0.30g
el 0.10 g
Sterols
Carotenoids
Vitamins A, D, E and K -

Protelns in Calloidal f:'-'"-"'Ff”‘“" 25 g
Casein (g, f, y [ractions} 3y
g-lactoglobulin(s) 0.7g
a=lpctal bumin b | i
Albumin, pseudoglobulin, €ic.

Enzymes {catalase, peroxidase, phosphalases,
amylases, lipases, proteases, elc.)

Dissolved materials

Carbohydrales N——
Lactose (= and ) s
Glucuse

Inarganic and Organic fons ard Salty T
Calcium® z-;u :
P"hosphate (23 PO,) ‘rlm
Citrates® {as citric acid) ;__m E
Chloride A00g
Sodium, polassium, magnesium, elc.

Water-soluble Vitamins
Thizmine, riboflavin, niacin, pyridoxine, panto-

thenic acid, biotin, folic acid, vitamin B, elc.
Ascorbic acid

Nirropenont Materials (nar Proveins or Fitaning)
Ammaon:a, amine-acids, urea, crealing o creati-
nine, uric acid, clc.

Gases (mrilk exposed 1o air)

Carhon dioxide, oxygen, nilrogen, e,

Trave Elznmwents
Those usually present are copper, iron, ee,

i
*Partly in colloidal dispersion,
Soukce: Principles of Duiry Chemiviry by Jenness and Paton (1969)

1
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Marker Milk 13

1.6 Factors Affecting Composition of Milk

(a) Milk differs widely in composition. All milks contain the
same kind of constituents, but in varying amounts. Milk frf!m
individual cows shows greater varintion than mixed herd milk.
The variation is ulways greater in small herds than in large ones.
In general, milk fal shows the greatest daily variation, then
comes protein, followed by ash and sugar.

(b) The factars aflecting the compaosition of milk are:

(i} Species. Each species yields milk of a characteristic com-
position.

(ii} Breed. In general, brecds producing the largest amounts
of milk yield milk af a lower fat percentage.

(iii) Mnelividualiry. Each cow tends to yield milk of a compo-
sition that is characteristic of the individual.

(iv) Interval of milking. In general, a longer interval is asso-
ciated with more milk with a lower fat test.

(v) Completeness of mitking. 1 the cow is completely milked,
the test is normal; il not, it is usually lower.

(vi) Freguemcy of mitking. Whether a cow is milked two,
three or four times a day, it has no great effect on the fat test.

(vii} Irregularity of mitking. Frequent changes in the tlime
and interval of milkineg result in lower tests.

(vili) Day-fo-day milking. May show variations for the indi-
vidual cow.

(ix) Discase and abnormal conditions, These tend 1o alter the
composition of milk, especially when they result in a fall in yield,

(x) Partion of mitking. Foremilk is low in fal content
(less than | per cent), while strippings are highest (close to 10 per
cent]. The other milk constituenls are only slightly nffected on a
lat-frec basis,

(xi) Stage of lactation. The first secretion after calving
(eolostrum) is very different rom milk in its composition and
general properties. The change from colostrum to milk takes
place within a few days.

(xii} Yield. For a single cow, there is a tendency for increas-
ed yields to be accompanied by a lower fat percentage, and
vice versa,

(xiii) Feeding. Has temporary ellect only.
(xiv) Seasam. The percentages of bath fat and solids-not-fat
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i of Dairy Technalogy

Outlin " |
g the course of the

- light fined variations durin

show SIIE
ear.

e (xv) Age. The lal pe
caw graws older.

(xvi) Condition

it lving,

cal condition when calviiy |

ge than il would il its i.'l|'ll'r|’5I

. Both yield .

(luctualions during

but well-de
ceentage in milk declines slightly as

-afring the cow is in good phyg;.
woerd calving. If _ : .
of col 't will yield milk of a higher fat pe,,
cal condition wis poor, |
qnd composition of mili ap

centu
periods of excitement, fay

(avii) Excitenten
liable 1o transient
whatever reasomn. | BN

(xviii) Administration of drugs and fiol um.-w.al.IC_ e éc ':!T}a].r
It"clcr. temporary change in the fat pereenlage; Mjec |d A ing
EF hormones results in increase of both milk yield and fat percen. |

lage.

1.7. Food and MNutritive value of Milk
has high nutritive vaive. [l

ik i most ideal food.* I ;
gl bone-forming minerals and

' dy-huilding preteins,
iﬁﬂ:ﬁiy?ﬁg }:.-itamiusgund furnishes ener_g:.-'-giving I.aclﬂrf: and
milk fat. Besides supplying certain -:.r.s::ruml_ fatty amds,_ it con-
tains the above nutrients in an easily digestible and assimilable
n. All these properties make milk an important food for

lor . i
mothers, growing children, adolescents, adults, invalids,

pregnant .
convalescents and patients alike,

(a) Proteins. Milk proleins are comp . ns
quality, i.e. they cantain all the essential amino-acids in

lete proteins of high
fairly

large quantities. | _
(b) Minerals. Practically all the mineral elements found n

milk are essential for nutrition. Milk is an excellent source of
ca'cium and phosphorus, both of which, together with vitamin 1,
ar= essential for bone formation. Milk is rather low in iren,

ccpper and iodine,
(c) Vitamins. These are accessory food factors which ars

essential for normal growth, health and the reproduction cf
living organisms. Milk is a good source of vitamin A (provided
the cow is led sufficient green feed and fodder), vitamin D |
(provided the cow is exposed to enough sunlight), thiamine,

*The drawbacks are: it i5 very bulky; and is deficient in iron, :nnprrand
vitamin C.
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Marker Milk |5

riboflavin, etc, However, milk is deficient in vitamin C.

(d) Far. Milk fat (lipid) plays a significant role in the nutri-
tive value, Navour and physical properties of milk and nilk pro-
ducts. Besides serving as a rich source of cnergy, lat contains
significant amounts of so-called essential falty acids (linoleic and
arachidonic). The most distinctive role which milk lat plays in
dairy products concerns fMavour. The rich pleasing Navour of
milk lipids is not duplicated by any other type of I'st. Milk lat
imparts a soft body, smooth texture and rich tasie to dairy pro-
ducts. Lastly, milk lipids undoubtedly enhince the consumer
acceplability of foods; they also serve the best inlerests of human
nutrition through the incentive of cating what tastes good.

(¢) Lactose. The principal function of lactose (carhohydrale)
is to supply energy. However, lactose also helps to establish a
mildly acidic reaction in the intestine {which checks the growth
of proteolytic bacteria) and facilitates assimilation,

(f) Emergy value. The energy-giving milk conslituents and
their individual contrihutions are as follows:

Milk fat 9.3 Clg
Milk protein 4.1 C/g
Milk sugar 4.1 C/p

where 1 C (Food Calorie)= 1000 ¢ (small calorie).

Nate, The energy value of milk will vary with i1s composition.
On average, cow milk furnishes 75 C/10U g and bullalo

milk 100 C/100 g.

(g) Effect of processing. (1) Pasteurization carricd out wil__h
reasonable care has no effect on vitamin A, carotene, riboflavin
and a number of remaining vitamins B, and vitamin D. O th.
remainder, a 10 per cent loss of thiamine and a 20 per cent loss
of ascorbic acid may be expected. (ii) Sterilization increases the
losses of thinmine and ascorbic acid to 30-50 per cent and 50 per
cent respectively, though the remaining vitamins are but litlle

affected.
(h) A balanced diet is essential for proper health and growth.

The role of milk and milk products in providing the nutrients
required f