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CHAPTER - I

INTRODUCTION




INTRUUCTIUN

Being endowed with ssveral matrients essential for growth,
milk is recognised as an almost perfect foocd, *hils it is virtually
indispensable during early stage of infancy, mutritionists all over
the world, have unsquivocally advecated reasonable allowancs for
wilk in the balanced dist, However, milk is seldom cemswmed in its
sheer natural forme It is subjected tc one or more treatnents vhich
inflvence the mutritiocnal value of millk,

Processing has a great effect c¢n the mutrient ecmpositicrn
of milk and its products. Differsnt treatments to which nilk is
subjected during the preparation of varicus productas, incivde
homogenizaticn, pasteurigation, sterilization, heat concsntration,
fermentation, coagulation etc., and in a way, bring abeut a chanze
in the mitrient content, further affecting the bicavailabiiity of
mtrients.

Heat concentration of milk during khoa as w2ll as kalakand
preparaticn resuits not only in the concentration of the varicus
constituents, but also promctes the interaction between lactose
and lysins of milk, forming a complex, thus rendering lysine unavail-
able during metabolism, Moreover, the severe heat treatment during
reller drying destroys much of the lysine of milk (Hansen)
1955)es The heat treatment given to milk during the drying process
destabilizes milk proteins (casein as well as vhey proteins) by
first inducing reversible dematuration followed by irreversible



coagulation, Losses of Be-vitamins during these treatmerts range
betwesn mild to mcderate. 3uch processing, howevsr, dces not alier
the characteristics of milk as a goud scurce cof caleium and phosphorus.

8ffect of fermentaticn is entirely different. Though the
matritional value of cultured dairy producte is largely influenced
by the guality of milk uwsed, varicus treatments during preparaticnm,
have significant effect on the muirients in ths preoducts, Thus,
while making products like cheese and indigenous product-paneer,
majority of water scluble mutrients are lost in whey, whereas water
inscluble mutrionts gst concentrated and are retained in the curd;
subsequent fermentative changes produce significant chemical
aiterations, with the result that the end product assumes distinct
nutriticnal characteristics like better and easy digestibility,
better absorption of eertain mutrients such as calicium and phesphorus,
enhanced level of certain water scluble matrients, particularly
B-vitamins, etec. In the case of products like yoghurt, dahi, stc.,
these score over other cultured products in that, apart from
conserving mutrients in its body (otherwiss, lost in the whey)
starter cultures used in their preparation symthesise certain
campounds during fermentation so that these products assume therapeutic
value as well as mutritional significance.

The faterich product, ice-cream, contains -l times as much
fat, four times as much carbohydrates and 12 to 16 par cent more
protein than does milk, This imparts ice-cream much higher calorifiec



value than milk, ™arthermacre, lactoss in ice-cream would favour
greater as:imilation of calcium cantent in the diet.

Food is consumed primarily to meet the energzy recuirements,
However, apart from meeting emergy requirsments, it should 2lso
include allowances for all other mutrients. idnittedly, requiremsnts
and therefore allowances, are not related strictly tec emergy in scue
cases, howsver, expressing dietary allowances in terms of energy
permits a musber of useful considerations.

Zxpressing dietary allowances and mutrient content of food
on the same basis of caloric content, makes possible a dirasct
cemparison between the two parameters from which quality judgements
ray be easily drawn. The concept of mutrient demsity has taken
several forms over the years. MNutritive ratic was coined by Henry
(1904) to express dietary relationship between mutrienmts and enerzy
in rations for farm animals, Rose (1934) was one of the first
individuals to apply this concept tc human dietaries, Since then,
mtrient density has besn used to underscore the impertance of food
qualitye.

Hansen et al. (1978) developed a qualitative and cuantitative
measure of nutrient to calorie demnsity and termed it "Index of
Matritional Quality (INQ)™ vhich was calculated as the ratio of the
per cent of the mutrient requirement supplied by a quamtity of food
to the per cent of energy requirement supplied by the quantity of
foods in IN] value above 1.0 for a nmutrient indicates that an amocunt
of a particular food that would satisfy the total energy recuirement



would alse suprly more than the required amount of the mutrient.
Conversely, each nutrient with an IN] lower than 1.0 would need to
be suprlemented by other focds or by censumpticn of the food in
excess of the calorie needs.

Despite the great mutritional significance and therareutic
value of milk and dairy products in cur diet, they still contimua to
be markedly below the desired consumption levels, The consumption
pattern of fluid milk shows a2 declins in average consumptiocn of
150 g per day per head in 1951 to 122 g in 1979 in Inlia as against
the recommendad amount of 200 g (Indian Coumeil of lMedical “ssearch,
1948). The reascn for this dscline is not only the nonavailability
of milk but the focd habiis as well, HMilk and miik products which
are known to be escential in our dist, particulariy in infant dist
and also in the diet of other winerable groups, their consumption
neads an augmentation in the diet for their easier digestibility
and better availability of their mutrients in the system.

Ths effect of precessing treatment on the protein muality
of khoa when it is subjected to further processing treatment for the
preparaticn of kalakand, has baen studied in the pressnt investigaticn
to find cout the changes, if any, occwrring in the protein quality
of kalakand made from khoa.

In the present study, the indices of mutritiomal quality
for milk and milk products in respect of certain mutrients have
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been computed for subjects belonging to different age greoups and
physiclorical status. 4 relative assessment of ‘he miritional

quality of milk, skim milk powder and commonly ccnsumed cereals,
millsts and pulses forming the staple food of the Iniian popula-
ticn, has also been done in the courss of the present study.



CHAPTER - II

REVIEW OF LITERATURE




REVIZW UF LITERATUHY

while inclusion of milk in the dist has been universally
accepted, the guantum of consumpticn of miik by populaticn in
different parts cf the world has been found to vary markedly,
“hereas tha consumption of milk in western countriss such as
United States of imerica, Canada as well as several curopean
countries has besn reported o be remarkably hich, that in several
developing and under-developed countrizs was alarmin-ly lov (U . -
665 g, United Eingdom - €00 g, “akistan - 200 g, India - 108 g and
Indonesia - 2 g/caput/day; Gopalan et al., 1571), leading tc severe
incideness of protein malmutrition amons wulnerable segments of the
pepulation, Surveys conducted in india by differant groups shew
wide variaticn in ths consumpticn of milk and milk preiucts in
populaticn belonging to different states (7 g - 317 g of milk and milk

products/person/day; Gopalan et al., 1971).

These cbservations were further substantiated by the varicus
workers in Karmal distriet of Haryana (208 - 365 g milk/head/day;
Swaran lata, 1991), Muzaffarnagar district of Uttar fradesh (453 g
wmilk/head/day; singh, 1979), Vijayawada district of iAndhra fradesh
(233 g/head/day; 7ac, 1976} and Xadras eity of Tamil Nadu (721 - 268
g/head/day; Frabaharan, 1976). It was apparent from these figures
that sevaral factors such as socio-aconcmic status of the subjects,
availability of milk as well as its cost, were primarily responsible



for such variaticns in the consumption pattern. Feeping in view

the mutritional atiributes of varicus items in differant focd
groups, mutrition experts in lndia recomsended the inclusion of 200 z
of milk in the balanced vegetarian indian diet. However, milk is not
merely ccnsumed as fluid milk alone, but adcopted in the form of any
of its products. ‘bservations made during iifferent surveys ‘urther
revealad that variocus imdigencus products such as, dahi, butter milk
and paneer are adopted Yo varied extent by the population in
differant states., Although milk has beonm recognised as a good sourcs
of several mutrients, the proca2ssing treatrent it underpgoes during
the preparaticn of products produces promcunced effacts on the
nutritional quality of milk (Forter and Golls, 1973).

Milk is subjected tc several treatsmenis befcore it is
consumed in the form of varicus products or even as fluid milik,
These treatuents inciude heat treatwent by way of pasteurigation,
beiling, sterilization, wltra high temperature treastment, dehydra-
tion with or without the application of heat, fermsentation,
homogenigation and use of additives, GSeveral stutlies have been
reported on the effect of such treatments cn the mutriticnal
quality of milk,

1. Heat Treatment

Pasteurization is usually adopted tc eliminate pathogzenic
bacteria from milk in order to make it safer for consumpticn.
Subjecting milk to heat treatment either at 63°C for 0 mirmtes



(Holding methed of pasteurization) or 72°C for 15 ssccnds, has basn
reported to produce mild to moderate lessa2s in respect of heat-labile

natrients,
{(a) Protein

The protein contemts in cow and buffalo milk have been
reperted to range from 3.1 = 3.6 per cent and 3.7 = 4.5 per cent,
respectively {Rangappa and ichaya, 1971; Copalan st 2l., 15%0),

4 maall amount (about 14%) of shey proteins was rerortsd
to be dematured during holding method of pasteurizatior at 143°7
for 30 mimutes whersas a loss of 30 per cent globulin was obsarvaed
during bulk pastsurization at 155°F for 30 mimmtes (:hahani and
Sommer, 1951). Heating miik at still hicher temperatures of 86 -
88°F for 19 ssconds was reported by Budny et ale (1964) te cause
much hizher dematuration of albumin (55 = 571%),

Shahani and comser (1951) observed that pasteurization of
wilx at 143%F for 30 ninutes or at 155°7 for 30 mimites caused an
increase in the ammonia pitrogen, amino acid nitrogen ani prcteasa-
peptone fraction.

Boiling of milk 1s adcpted in most of the houses in India
once milk is procured. Though such treatasnt is essential to make
milk safe for consumption from hygienic standpeoint, such treatment
too, was reported to result in a sigmificant dematuratiocn to the



axtent of 80 - 100 per cent of milk proteins wvhen milk w2s boiled
for duraticns between 3 to 10 mimtes (Camel, 1937 and Dudny et al.,
1964).

Tha dsmaturation of glcbulin and beta-lactoslobulin was
reported by Langsrud (1568) to be remarkably high during the heating
of milk at 140°C for 3-4 ssccnds. ouch a treatment was revorted to
increase both noneprotein pitrogen and protease-:;eplone eomtent in

miik and resulted in the bromning of wiik,

A destruction of 10 per cant lysine was reported to ocecur
during inebottle sterilisation of milk (122° = 124°C for 20 mimtes)
while heating milk at 139°C for 15 mimutes was repcrted to cause
15,5 per cent lysine unavailable (rayne-Sotha and Bigwood, 1957),
is regards other essential aminc acids, steriligatiocn of milk was
fcund to cause a loss of 12 per cent of tryptophan (iendem and
Cremer, 1956) whils 20 mimtes heating at 100 - 125°C was reported
tc caus: a progressive loss of lysine (schober and frins, 1956).
Ultra-high temperature (140°C feor 4 seccnds) treatuent was revortaed
by Tyllktin and Tsaberyabaya (1976) to reduce total essential amine
acids in milk tec S3.1 g/100 g protein as against 58.2 g in untreated
milk samples, 7The lossas were cbserved to be maxizum in the case
of lysine (16,43%), cystine (16.03), glutamic acid (14.97) and
methionine (13.17).
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Despite the changes in the content and availability of
cartain essential amine acids in heat treated milk, the overalil
protein quality in terms of biclogical value was found to remain
more or 1ess unchanged in wltra-hizh temperaturs (135°C for 2 ssconds)
treated milk (Henry and Toothil, 1960), thourh a £211 of 6 per cent
in the biolozical value was cbaserved for in-bottle steriliszed

(110°%C for 30 minutes) miik.

The values of modified protein efficisncy ratio of repeatedly
boiled milk was reported to be 3,01 to 3.03 as cawared to 3,27 in
the case of pasteurigzed milk (rParvinder faur and Deodhar, 1782). The
differences observed were found t¢ be nonsisnificant., The trend 'ms
further confirmed by measuring the protein-dependent xanthine oxidase
activity in liver when protein depleted animals were administered
proteins from milk subjected to different hsat treatments, Similar
cbservations were made by Cook et 2l. (1961) and Pudny et al. (19€4)
who failad to observe any significant changes in the biological value
of milk pretein as well as their digestibility coefficiont as a
result of heat treatment.

(b) Lactess

The lactose contents in cow and buffale milk have been
reported to vary from Leolt = 4o per cent and L4 = 5.0 par cent,
respectively (Rungappa and Achaya, 1971; Gopalan et al., 1980).

Aelatively little informaticn is available on the effect
of heat treatment on the lactose countent of milk, though a slight
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decrease of !.3 per cent in the lactcse content has besn chserved
by pasteurizing milk at €4°C for 3 seconds on ThOT for 15 seconds
(Cho =nd Che, 1970), showing relatively hisher heat stability of
lactose.

(e) Fat

Cow apd buffaic milk fat ccntonts have besn found te range
from 3.6 = 4.9 per cent and G.7 = 8.8 per cent, respectively {Rangzappa
and ichaya, 1971; Gopalan et al., 1980j.

As regards the effect of heat treatment on the fat content
of milk, little changes are reported tc cccur. &4 slizht increase
in the fat conlent during different heat treatosnts could be atiri-
buted ¢ the loss of moisture in varicusiy heat treated pilk samples
(Fol and Groot, 1961).

‘hile the total fat content has been reported to remain
more or la@ss unchanged, a decrease in the essential fatty acids
contents was reported to cccur to the extent of 3 per cont in the
case of linoleic acid, 13 per cent linclenic acid and 7 per cent
arachldonic acid (Fol and Uroot, 196C).

(4) Hnersls

The total ash content in cow/buffalc milk has been rerorted
to be 0,73 = C.82 g/170 g whereas the contents of various minerals
(mg/100 g milk) have been cbsarved by Ranzappa and Achaya (1971)



and Jopalan et al. {1980) tc ba as follows:

Caleium rhosphorus Iron Sodium  Votassium
Cow milk 120 30 0.07=0.20 16=57 140-172
Buffale milk 1hL9-210 123-130  0,07=0,20  19=47 70158

As for total ash, the heat traatment during pasteurization
and boilinz has been reported tc causs a lcss in the total ash cortent
of uilk by L.4 per cent (anaptakrichran st al., 1943)e cabarwal and
danguii {(1973) reported an incresase of calcium ccntent of cow and
buffale milk caused by boiling and sterilization while the phosphorus
content in milk was fourd to be lowsred as a result of sterilization
(sandhu et ale, 1973).

(e) Vitamins

The contents of various witamins (rg/10C g) in cow and
buffalo milk have been reported (Hartman and Uryden, 1965; Fanzappa
ani Achaya, 1971; Copalan at al., 1970) to be as fellous:

Cow milk Iuffalo milk

Vitamin A4 (L.U./100 g) 160-176 119160
Thiamine 0.05 0404=0405
aiboflavin Oe05=Ce19 0e10-0,17
Nicotinic acid 0a10-0426 0e07=0e10
Folic acid (meg/100g) 5eb 845

Vitamin iyy 0.27-0.90 0,280,140

4Ascorbic acid 106—2. 3 10wl b
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Studies c¢onducted on the effect of heat treatment cn the
vitazin contonts of milk show that water sclubls vitamins, particu-
larly vitamin C, thiamine and ribecflavin are worst affscted during
boiling and sterilization of milk,

Al&fswthemntofio-ﬁperwminvitmn?
coentent was reported by Amazama (1995) during boilinz of milk vhereas
heating at 120°2 for 20 mimutes was repcrted to cause a loss of 21.5
per cent of vitamin C (renner, 1371). During inbottle sterilization,
40-t0 per cent of vitamin C was reperted Lo be destrcyed (Henry and
Keny 1938; Henry et al., 194lh; Pcl and Uroot, 1960), The destruction
of vitamin C has been fcund to be related to the heat treatmert in the

presance cf oxyzen {Renmer, 1971).

Chapman et ale (1957) amd “ord (195%) found that pasteuri-
sation of milk destroyed about 10 per cent of thiamine whereas “ruglova
and Sultke (1968) repcrted a loss o 32 per cent of thiamine durin-
the holding method of pasteurigation, though pasteurigation by
high temperature short time methed (HTST) could destroy only © per
eent of thiamime im milk{Burton et al., 1965). Beiline was reported
to reduce thianmine to a very small extent, that is, 4 per ceont
(Bscudero et al., 1943)e 4 1loss of 25 = 50 per eent of thiamine was
reported te occur during prolonged inbottle steriliszation (Banry
and Eon, 1938; Houston et al., 1540 and Chapman et ale, 1957).
mring wltra-high temperature (135°C = 140°C for 2 seccnds) treatment,
the losses in thiamine content were found to range from 3=-10 per cant

in milk (Chapman et al., 1957; Nagaswa et al., 19403 Gregery st al.,
19653 Ford et 2l., 1968)e
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As regards riboflavin, a very sezall less o S ror cent was
reported during the sterilization (120°C for 20 mimutes) of milk
(Chapman et al., 15573 Ford et al., 1559) while a loss of SO per
cent was chserved in the case of sterilization of milk at 110° -
120°¢ for 1 hour (Fol and Groot, 1960). Heatinz of milk at 1400 =
150°C was found to result in 10 - 30 per cent loss of riboflavin
(Gregory et al., 1965). The destruction of riboflavin could be

attributed more to its expcsure to lizht rather than heat treatment.

steriligation of milk was reported by rel and droot (1960)
te cause a loss of 17 = 25 per cent in the vitamin B conisnt. ‘he
losses in the content of this vitamin were observed to be $6 and 9l
per cont in direct and indireet heating during ultra high teeperature

treatment of milk (Burten, 1972).

During inbottle sterilizaticn of milk at 110°C, 70 per cent
of vitamin 4, was found to be lost (Yord gt al., 1957) “hereas at
120°C for 30 mimtes, 80 per cent and at 115°C for 15 mimutes, 90 -
1C0 per cent of vitamin 312 was reported tc be destroyed (Thapman
et al., 1957 and Ford gt al., 1959). DBurten (1372) reported losses
of 96 per cent of vitamin 2&2 and 90 per cent of folic acid during
direget and indirect ultra high terperature treatment,

Kruglova and Jul'ko (19¢8) reported a less of 10 per cent
each of biotin and pantothenic acid and 20 per cent of choline during
pasteurization at 65°¢ for 3 mimutes.
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The effect ¢f heat treatizsnt on fat scluble vitamins has
besn reported to be relatively less, though certain studies shoved
mild to moderate effect of such treatment on the vitamir A cuntent
of milke

sokolov (1955) reported losses upto 5.5, 1.0 ant 2,1 per
cent of vitamin i in milk pasteurized at 85°C er 95°C or at 74°C for
10 minutes, 3oiling of cow milk for 15 mimutes has been reported
by Agarwal and dingh (19¢0) to cause losses of 23.5 per cemt and 16,7
per cent of carctens and vitamin A, respectively, vhereas in the
case of buffalc wmilk, loss of vitamin 4 was: accounted for 15,1 rer
cante mall losses in vitamin 4 were cobserved when milk was heated
to 110% - 120°C in contimucus flow in & closed vessel (fastakev

and Aossikhina, 1946).

EFFICT OF HEAT TREATHINT ON MILK JURING FRODUCT
PREPARATION

(1) Scin W1k Powler

Several milk products are preparsd by subjecting rmilk to
heat treatnent. Such heat treatment mainly results in the dacrease
in the moisture content and further concentraticn of total solids
in pilke Skim milk powder is one such product prepared from skim
1wilk either by reller drier or spray drier methed. Skim milk is
subjected to the heat treatment at 130°C for 3 secords inm the reller
drier method or 180°C in spray drier method while preparing the
skim milk powder.
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The moisture content of skim milk powder has been rerorted
to be arcund 3 tc 4 per ecent (Fleek, 1576 and Copalan et al., 1907),
+hils the contents of varicus mutriznts wvers found to be essentially
the sams as that in milk vhen expressed on dry matter basis, a
decrease in the contents mnd availability of certain mitrients is
kncvn to cecur during the heat treatment meted ocut to milk in the
process of skim milk powder prsparaticn.

{a) Frotein

The protein contont in skim milk powder has been repcried
te range from 35.C = 33.0 per cent {Chandama, 1979 and Gepalan et al.,
1980).

A slight deereass in the lysine contant has besn reported
to oecur during spray drying preocess and no diffarence in its
avallability from skim milk powder as compared te that from milk
has baen found (Hauron et al., 195%). The lysine availability from
reller dried skim milk powder has besn cbserved tc be 86 per cent
(5ruel et ale, 1972)e The available lysine from roller and spray
dried milk powder has bssen reported to be 5.2 g and 7.0 g/1i0 g
protein, respectively (Korcleszuk ab al.y 1576).

Jgspite a decreass in the content and availability of lysine
during the drying procaess, the bicleogical value has been rerorted
to be 83 = 89 (Smaminathan, 1937 and Swmer, 1530)., pile Fujcl
and irteaga (1972) found the digestibility ecefficient of °¢.7 and
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£3.6, net vrotein utiligation of 55,4 and 45.0 and biclosical value
of 63,9 and 54.9, respectively, for proteins of skim milk and skin
wilk powder, Korclezuk et ale (1976) reported the met protoin utiliza-
tion value 73 and 75 for roller and spray processed skim rilk powisrs.
The variation in protein quality as evident from differ=nees in
biclogical value and net protein utilization vaiuve, cculd be
attributei to saveral factors suc: as, the nrotein, mutriticnal
status of the sxperimental animals, their weight, age, the level of
protein in the diet, ate., besides differences in the available

lysine as a msult of diffarent drying processas.
(b) Lactose

felatively littlie information is avzilable on the lactose
content in milk during skim milk powder preparaticn, The lactose
content in dried milk has been reported tc bey by and large, the

same as in #dlk when expressed on dry matter basis,
{e) linarals

As regards minerals, no appreciable change has been
reported tc occur in the total ash comtent ond the contents of
various minerals have been reportad tc be more or less the same
as in milk when expressed on dry matter basis,

(d) Vitamins

The eccntents of the various vitamins in skim milk powder
have been reported to range from 0.22 - 045 mg thiamine, 1.3 = 2.5 mg
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riboflavin, 0,82 = 1.8 mg niacin, 2.3 = 7.7 ng pantothenic acid,
0.28 = 0,68 mg vitamin Bg, 2.9 = 5.9 meg folic acid, 2.2 - L.5 meg
vitanin By, and S mg vitamin C per 100 g of nrilk (Hartman and
Oryden, 19653 Gopalan et ale, 1580).

(ii) Xhca

Dgpending on the intensity and duration, heat treatiant
has been reported to produce mild to moderate chanzes in the
nmuiritional quality of milk during the preparation of ths indissncus
proiuct, 'Khoa',

Heat treatment given to milk (100° = 105°C) during khoa
preparation has been reported te decrease the moisture level of
milk to 26 per cont (Mani et al., 1955) and increase the total
solids to a four-fold ccneentraticn {Je, 1980).

The protein contents in khoa made from vhele buffale milk
and vhole cow milk have bean reported by Gopalan et al. (1980) to be
142 per cent and 20,0 per cent, respectively.

Tha severe heat treatment to which milk is subjected during
the preparaticn of khoa, is likely to cause the interaction between
milk sugar, lactose and anino acid, lysine in protein (Maillard
reaction), rendering a part of lysine unavailable for metabolism,
Such possibility was substantiated by the determination of protein
efficiency ratio (2.3) for khoa (Balasubramanian et al., 1955).
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The digestibility coefficisnt (90) of khoz was found tc be signifi-
cantly, though slightly, low in camparison with milk protzins
(Digestibility coefficienmt - 95; Balasubramaniam, 1955).

Although vitamin 4 is known to be heat stable, the losses
of this vitamin have been reported to cecur tc the extent of 2% per
cent while the losses in the vitamin C content were observed to be
42 per cen: during khoa preparation (iami, 1955). Heat treatment
has been observed ic cause a decreass in the thiapine content irn khoa
to 36 meg from 55 mez/10C g in milk, riboflavin to 67 meg from 167
meg/100 g, and nicotinic aeid to 63 meg fram 96 meg/100 =1 milk
(dani, 1955).

The contents of vitamin A, thiamine, ribeflavin, niacin
and ascerbic acid in khoa made from vhole cow milk have been reported
by Jopalan et al. (1980) to be 497 L.U., 0e23 mg, Oukd mg, Oub mg and
6 mg/100 g, respsctively.

hoa forms the base of several products in which it is
further subjected tc heat treatment in the presence of additives,
such as, sucross, However, little information is available cn the
extent of the damage, if any, caused to the varicus mutrients during
the preparation of khoa-based sweet preoductse The effect of heat
treatient on ihe formation of melancidines (as a result of Maillard
reaction) in conditions similar tc those during the preparation of
khoa-based swests, has been reported by chtal'berg (1965) vho
observed that the formaticn of melancidines in sweetoned condensed
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milk was promoted by invert sugar at high temperatures. These
findings were further corrcborated by rarkh et al. (197%) whc found
that the extent of browvning as a result cf !aillard reaction in
gsweetsned condensed milk was intensified at hizher temperatures by
the hydrolysis of sucrose.

2. Tarmentation

The mutritive value cof eultured milk products denends on
saveral macro- and micre-nutrients derived from miik anl the changes

rasulted during micrebial growth and fermentation process,
(a) Irotein

Though the protein quality and content in cultured milk
products depend on these of milk, microbial cell proiein has been
knovn to build up as a resuit of the growth of starter bacteria
and the free amino acids and peptides released by the proteclytic
activities of the micrcorganisms. "he total essential amino acid
content in dahi has been reported to vary from 1470 to 2437 mg/100 g,
though the amount of essential amino acid contents contribumted by the
microbial cell protein in dahi has besn feund to be very amall, 2.0
10 645 mg/100 g (chanker and lLawminaruyana, 1974; Laxminarayana,
1976)e Lactebacillus acidophilus and mixed cultures of Streptoceceus

thermoschilus and lactobacillus bulgaricus have been raported to score

highest in reapect of essential aminc acids released in dahi
(Laxminarayana, 1980).
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Studies cenducted by Chandan et ai. (1949) showed that the
enzymes of lactic cultures degraded the protein, fat and carbohylirate
of milk during farmentation. iosmanski et al. (1965) rercrted the
breakdown T easein by the engyme proteinase in Lactcbaeilius

bulgaricus and peptidase in Strericccecus thermerhilus, whereas

Chandan et al. (194%) observed a slov irreversible aggregaticn of
whay proteins in milk by the acticn of lactic culturas,

A3 recards the fres amino acids, thase wers rerorted to
ranze from 0.2 ~ 33.0 1g/100 g of dahi., The highaest concentrations
and number of ths free amino acids, among cultured rmilk prcducts,
were found in dahi prepared with mixed cultures containing

Streptococcus cremcris and Jtreptoccccus thermophilus (lawmuinarayans,

1576).

Regarding the proisin quality, the bioclosieal value of dahi
proteins has bsen renorted to be £6 in cumparison with 7L of milk
proteins (Balasubramanian, 195) whereas the biclogical value of
yoghurt proteins was found to be higher (87.3) than that of milk
proteins (81.4). This increase was attributed tc tha fermentation
of milk (Rasic et als, 1971)s The lower biological value of dahi
proteins hay: been assigned to the loss of essential amino acids
though their amount was not estimsted (Balasubramanian, 195%).

(b) Lactose

As for lactose, lactic acid fermentation cecurrir; during
the preparation of culiured milk products is known to result in a

decrease in its content due tc its partial utilization by the culture
organisus,
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The lactose centent in dahi was reported to be 2.9 per cent
as against L.l per cont in milk (Mani et al., 1955) vhereas a

daeraase of 20 - 30 per ca2nt of lactoss was reported to cecur during

yoghurt preparation.
(¢) Hinerals

Iittle changes are reported to ceccur in the content of
minerals in the cultured milk products during fermentation process.
The contents of caleium, phosphorus and ircn in dahi have bean
reported to oe 149 mg, 93 mg and G.2 mz/100 g, respectively
(Copalan gt al., 1780), whersas their contents in ycghurt have been
foupd to be 120 mg, 54 mg and 0.04 mz/100 g, respectively (*lack,

1976 and Chanay st ale, 1979).
(4) Vitanins

A 8light decrease in the vitamin 1 content has been reported
to oecur during the fermentation precess in dahi (De and Magumdar,
1938). As for the vitamins of 5 group, Mani et al. (1955) observed
a salight decrease in the ccnients of thiamine, ribeflavin and
nicetinic acid during fermentation, while an increase was observed
in respect of thiamine (frochu et al., 1959; Bambha et al., 1973),
folic acid activity and riboflavin content (Nambudripad, 1956) and
a decreass was found to occur in the case of nicotinic acid (Chitre
and Patwardhan, 1945), pantothenic acid and biotin (Laxminarayana,
1956; Nambudripad, 1956) during fermentation. These findings were
further standardized by Reddy et al. (1976) who observed an increase
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in folic acid content to 3.9 meg in yoghurt from 0.37 meg/iC0 g
in milk using Streptococcus thermophilus and lactobacillus Hulzaricus

ani a decrease in pantothenic acid coentent frem 482 meg to 370 meg,
biotin from 4.087 meg to 3.98 meg and vitamin By, from 042 meg to

0.35 meg per 19C g in yochurt (G5lanc, 1971).

The contents cof the various vitamins in dahi and yoshurt
have baan reported to be 102 LU. and 69 - 123 LU, vitamin 4, 0,16 ng
and 0,08 - 0,18 ug riboflavin, 0.05 mg and 0,04 mg thiamine, 0,10 mz
and Qo8 = 1.9 mg niacin, 1.0 mg and C.lh mz vitamin C/100 g, respec-
tively (Hani et ale., 1965; Hartman and orydem, 1965; Fleck, 19763
Chanay et al., 1975 and Sopalsn et ale, 152G) whereas the folic acid
centent in dahi has been found to be 1245 meg/170 g (Copalan ot al.,
1580).

3+ Hdpening
(a) Frotein

In view of high protein contents in chsess, several studies
have been conducted in respect of the mutritional guality of protein.
Juring ripening of cheese, para=-casein has besn reportad to be
liberated from mono- and di-caleium para-caseinate complexas by
its breaking down into mmaller peptides and amine acids (Kosikowski,
1966)e Tha protein content in processed cheese has been found to
vary from 30 - 35 per cent (Fleck, 1976 and Chansy et al., 1979).

As regards the protein cuality of cheese, Henry and Kon
(1946) reported the biclogical value of 76 and digestibility
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coefiicient of 98 per cent while met protein utilization has besn
obsarvad to rangz from 53 - 64 per cent for differont varisties

of cheese (Pomanski and ciudak, 1571).
(b) Fat

The fat content in cheese has besn reported to depend on
that of milk used for its preparation (‘nonmymous, 1973 and Iskhofsterk,
197€). Ripening of cheese has besn reportad to cause no effsct on
the total fat content (Kosikowski, 1966G).

{e) Lactose

A3 regards lactcse content, a large porticn of it presomt
in pmilk is Jost in the whey during the coagulation of milk. The
small amount of lactese emtrapped in the curd »as bsen reported
to be further utilised by starter culiure during ripening,

(d) Minerals

Almost 20 per cent of milk ealcium and 70 per cent of milk
phosphorus have besn cbsarved to be retained in the curd while water
soluble salts of potassium, sodiwa and magnesium have besn reportad
to be removed in vhey (Kosikowski, 1966). During ripenins, calcium
from mono- and di-calcium para=caseinate is kmown to be solubilised
by lactic acid.

The contents of caleium, phosphorus and irem in processed
cheese have baen reported to vary from 621 - 790 mg, 520 - 753 ng
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and 0,35 = 2,1 mz, respectively (Flsck, 19763 Chaney et :l., 1579
and Gopalan _e_t ;d_., 1980).

{e) Vitamins

¢hanges in the vitamin contents in cheese cccur primarily
at the stages of ssparation of whey an! ripening of cheese., During
the preparaticn of cheese, about 22 per cent nicotinic acid, 19 per
cent vitamin Bg, 27 per cent pantothenic acid and 10 per cent biotin
have been reperted to be retained in curd (¥ilson et al., 1963),
vhereas kon (1772) found that wost of vitamin i, 25 per cent of
riboflavin and about 16 per cent of thiamine remained in the curd.

The total riboflavin content was cbserved to decrease from
0.339 mg/100 g to 0.188 mg/l0C g during ripening of checse (Gregory,
1975), while free riboflavin was found to increass during rirening,
midtmﬁleontentwasmportﬂtoimm?rm?i‘toBOpercant.
fimilar increase was found tc occur in respect of felic acid during
the ripening of chaesa (Gregory, 1975). This was attributed to the
synthesis of these vitamins during rirening.

The contents of the varicus vitamins in processad cheddar
cheess have bean repoerted to be 1214 - 1705 I.U. vitamin i, 0,02 ng
thiamine, 0.35 = 0.46 mg ribeflavin, 0.08 - 0.1 mg niacin, CJ43 -
0.79 g pantothenic acid, 7.8 = 10,0 meg folic acid and 0.8 meg
vitanin 3./100 g {Hartman and Dryden, 1965; Meck, 1576 and Chaney
et al., 1979).
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4e Coaguiaticn

uring coagulation of milik solids with citric acid while
przparing paneer, protein amd fat are known to be concentrated in
the curds *hile 2 part of lactcse is ramoved in whey, the remainder

is trapped in the curd.

felativaely little infermaticn is available on the changes
in the matrisnt contont of milk during the preparations of pansaer.
Frotein content in buffale milk panser and cow milk paneer has baen
reportad to be 18,5 per cent and 15,2 per eent, respectively.
+hils protein efficiency ratioc, biclogical value, digestibility
coeflicient and nst protein utilization of buffale nilik paneer
ware reported to be 3.4, 86, 96 and 83, raspectively, values for
these parameters for paneer made from cow milk were found ic be 2.5,
8148, 95.5 ani 7842, respectivaly (soni, 1579).

Pat contents of 24 per cent and 10 per cent hava been
reportad to be in the uffale milk panser and cow milk raneer,
respectively, vhersas the total ash contonts wera found to be 1.6
prer csnt and 1,0 per cent, respectively for the two types of paneer
(Soni, 1979)e Little is, however, known about the mineral and
vitamin contents of paneer, and warrants further studies.

futrient lensity and index of MNutritional cuality

Until recent years, data on the nutrient contenmts in milk
and varicus milk products are expressed on the basis of iotsl weight
or dry matter. However, such informaticn sorves conly limited purpcse
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while formmlating a balanced diet since the calorie contents in these
products vastly differ. This could be seen frecm about €0 ieal anergy
content in 100 g of cow milk tc over 370 dcal in respect of 100 g of
cheesa, It is well conceivad that the primary funetion of ihs feed
is to provide enpergy. Hewsver, it also has tc mest mutriticnal needs
in respect of several cther mutrients, ittempts have becn mads in
the recent years to express these data on the basis of their calorie
contents anl the conespt of mutrient density was tossed by Hansen(1973)
un further extrapolaiing this ccreept,
Hansen st al. (1978) proposed that consideraticn for mutritional
requiremsents together with that for energy, while assessing the
nutriticnal =orth of any product, would be more msaninzful and
suggested the computation of ratic, "Index of Mutriticnal -wality”

for different foud items.

Lofgren and Speckmamm {1579) werked cut indices of mutritiomal
quality in respect of saveral animal products popular in an average
Anmerican diet to siress their importanece. They roported thess indicss
in respect of milk, skim milk, plain yoghurt and cheddar cheese with
a particular emphasis on nutrients, such as, protein, vitamin :,
thiamine, riboflavin, ascorbic acid, nicoiinic acid, caleium and
iron. It was observaed that, by and large, barring ascorbic acid,
iron and nicotiniec acid, milk products could be recognised as gcod
sources for other mutrisnts, since their indices were abowve 1,0,

It was further observed that akim milk was, by and large, far



28

better than cthar produets whersas ice cream, a dairy product,
was guod only in respect of riocfiavin and calcium and other
products such as plain yoghurt, cheddar cheese and milk falling
in between,
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HMATESALALS AND  HSTHODS

M1k and its varicus indigencus products adepted in irdian
dietary habits represent variety of treatments to which nmilk is
subjected before it is consumed, The profile of milk preducts is
fairly large. The preducts sslected in this investization have
besn so chosen, as to assess the impact of 4ifferent processing
treatments cn the contribution of milk towards meeting the
mitritional requirements. These products are:

i. Fluid #1k

1. Cow milk
2¢ Buffalo milke.

11, Heat-tresated Milk Products

1. Skim milk powder
2+ Khoa
3. Halakand.

IIl.  Oultured iilk Frotucts

1, Nahi
2. Yeghurt
3. Processed cheess.

IV, Faterich Hilk Products

1. Ice-crean
2. Taneere.
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Cow/BufTale Hilk

Pooled samples of raw cow and buffalo rilk were cbtainaed
from the cattleyard of National lUairy fdesearch Institute, Zarmal
at about 6,00 AM, Milk samples were pasteurized by heating at
63°C for 30 mimtes. (n cocling, thess were stored in the refri-

gorator at 4°C until used for amalysis.

Kim ¥lk Powder

It was prepared by roller drisr methcd fron sidm milk
standardiged tc 20 per cent sclid-not-fat content. The heat

treatment given to skim milk was 130°C for 3 secords during dryins.
thoa

Baffale milk was standardized with sclid-nct-fat and fat
in the ratic of l.4:1 for the preparation of khca, It was prepared
in a double jacketed stainless steel kettle, as dascribed by Je and
Ray (1952). Milk wes heatsd with the help of steam in the kettle
at 2 kg/em® steam pressure, stirring and scrappins with a scrapper
ecentimuously throughcout the boiling process to aveid charring of
milk. “he heating was controlled by reducing steam pressure when
milk attainad a pasty consistencye. The temperature at this stage
was lovered to 82% - 85°C until khos pat is formed.

Dahi

Buffslo milk containing 5 per cant fat and § per eent
selid-not-fat was inoculsted with the dahi culture "L7-40"
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(streptococens laetis, streptoccecus eremoris and ‘treptococcus

diacetilactis and incubated at 229C for 24 hours.

Yoghurt (Sweetened)

It was preparad frem the buffalo milk standardized to ©
per cent fat, Total solid content was standardized to 22 per cent
with about 6 per cent sugar. The milk was inceulated with the
culiure of Lactobacilius bulgaricus and Streptococcus thermonhilus

and incubated at 42°C for 3% hours.

Frocassed Chesse

Processed ciizess was prepared by mixing and blenling
60 per cent of ycung cheddar chesss (2ged 1 - 3 menths) amd 40
per cent of cld cheddar cheese (aged & - 9 monihs) and heated te

o
70° - 75%c. smilsifier at the rate of 2.5 per cent vas added.

Chaddar cheese was prepared from cow milk with casein
and fat standardiged in the ratic of C.7:1. The temperature of
the milk was kept at 30°C whem lactic acid culture (Streptoccecus
lactis and Strentocoecus cremoris) was added at the rate of 1 per

cent, The acidity of the milk increased by .02 per cent. uUne
hour after incculation, calf rennet was added to this at the rate
of 2.5 g/100 litres of milk. /% this stags, cooking at 39°C was
dong for half an hour when the acidity further increased by 0.02
per cent. The whey separated during ccagulation while cooking,
was drained off and cheddaring of curd was doms. 4cidity increase
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in this process was O.i4 per cent. This was followed by milling,

O
hooping, pressing and agzing of chezse in cold storags at 10 C.
Ice~Croam

Ice cream mix was propared fror cream, skim milk and skim
milk powder and was standardiged to 12 per cent fat and 12 per cent
solid-not-fat. Fiftesn per cent sugar was added tc it, This mix
was preheated to 70°C an? stabilizer was added to it at the rate
of 03 per eent. 7he mix was homegenized in a dcubls stage
homogeniger (first phase 2000 psi, ssccnd stage 500 psi), and was
pasteurized by heating to 90°C (no holding) and immediately ccoling
to 8%C, It vas kept overnight in ccld sterage for aging. lext day,

the mix was frogzen and 100 per cemt air was incorporated intc it,
Panear

Buffalo milk with fat and solid-not-fat standardized in
the ratic of 1:11.6, was heated to 85°C and cocled to 70°C. Citric
acid at the rate of 2.2 per cent was added to milk, The ceoagulated
curd particles were pressed and ccoled to 15 - 20°C.

Three samples each of milk {cow/buffalo) and milk products
were taken for analysis.

Determination of Hoisture Content

Moisture was determined according to the method described
in ACAC (1980) by finding the weight of a product before ard after
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drying in an oven maintained at a tamperaturs of 100°C. The

difference in weights gave the moisture content in the sample,

rccedurs

Five grams cf sample in the case of milk and three grams
in respect of different milk products, wers separately welshed in
aluminium metal dishes. These were heated in a hot air oven
ma'ntained at a temperaturs of 100°%C for three hours. The metal
dishes wers, then, transferrsd tc a deslceator, allcwsd to cocl to
roos teusperature, and weighed. The process of drying and cocling

was repeated till a constant waight was cbtained.

Determination of Froximate Frinciples

The folloving constituents, numsly proiein, fat, total
carbohydrates and total ash were determined as deseribed below:

Determination of Protein

Protein contont in the samples was determined as per micro-
Kieldahl digestion and distillation methed described in 40AC (1980).

Procedurs

Five millilitre of milk samples/cne gram of products under
study, was weighed accurately and digestsd with the aid of a pinch
of catalyst mixture (potassium sulphate, copper sulphats and selenium
dioxide in ths ratio of 40:8:1) and 10 ml of ccncentrated slphurie
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acid in a digestion flask, 7he knowm amount of digest, after
appreopriate dilution, was transferred to the vacuum-jacketed flask
of the micro-kjeldahl apparatus and amwonia was liberated by ths
addition ef 22 r1 of sodium hyiroxide sclution {477), The liberated
aFmonia was distilled off and trapped in 27 1l of boeric acid (47)
and finelly determined by titraticr against 0,02 ¥ sulrhurie acid
using mixed indicater {(methyleme blus and methyl red),

Calculation
Tha protsin content was calculated as under:

ml of Q.025 szh X 0,00028 X sijution I 6,38 ¥ 100

{titre value; facter
Protein £ =

“te of sample (g)

Deteornination of Fat

Fat content in milk and milk products was deternined
according to Jerber's methed deseribed in Dritish standapds (195%),

Procedure

e

Samples of processed chesse and paneer were shredded
uniformly and three grams of the shredded sample of the products
was taken in the chease butyrometer cup. Ten ml of (Gerber acid
{sulphuricacidy 5pe gre 1e815 4 0,002 g at 20°C) was added to it
followed by the addition of cne wl of isvayl alechicle un unifermly
mixing, it vas centrifuged at 1,000 rpm for twenty mimutes. The



fat content in the products was noted by dirsct reaiing th=s fat
level on the butyrcmster scale.

In the case of cow and buffalc milk samples, 1C.75 =1 of
milk and the same cuantity of diluted samples of skim milk powder,
dahi and yoghurt (10 g in 100 ml of water) wmre subjected to the
same trsatment as described earlier and the fat content was racorded

on the milk butyrometer scale,

Zotimaticn of Ash

It was done as described in 1ol Bdletin (1947).

Froee ure

Twenty ml sample in the case of buffalo and cew milk and
five gram sample in the case of skinm milk powder, procsssed cheess,
paneer, dahi, yoghurt and ice-crearm were ashed separately in
gintered crucibies in muffle furnace maintained at 550°C for three
hours, The weight of ash residues were ncted tc find the total
ash content.

Bstination of Total Carbehydrates

Total earbohydrates were estimated accoriing to lLane-
iymon method (1973

, tion of Sesp)

Forty grams of well mixed samples of mdll/milk preoducts
was dissclved in about 50 ml of hot water (80° - 90°C), mixed it
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and S ml of dilute ammonia sclution (107) was addad to it. This
was allowed to stand for 15 nimuites and exact equivalent of dilute
acatic aeid (107) was added tc i: toc neutralize the amiomia added,
vAth gemtle mixing, added 12,5 ml of zinc aecetate sclution (21.97)
and 12,5 ml of potassium ferrceysmide sclution (10.67). The
contents were brought to 3 temeraturs of 27°C and the volume vas

made to 200 ml, and filtered through -hatman Hc, 4 filter paper.

(a) Reducing ‘ugars

The filtrats obtained above was taken in burette and
titrated against 10 ml mixed Fehling sclution (Fehlin; scluticns
A and B)e shen reddish tinge colour was cbtained, the contents cf the
flask were boilsd and 1 ml of methylene blue indicater (0,2:) was
added to it, :hile the contents ¢f ths flask still boiling, more
of the sample soluticn was added from the burette till the colour of
the sclution in the flask changed fran blue to brick red, The

volume of the sample solution used in titration was noted,
(o) ercse

In the case of ice cream, yoghurt and kalakamd, 50 ml of
the filtrate (cbtained above) was pipetted in a 100 rl volumetric
flask and 5 ml of hydrochioric acid (sp. gre 1.16) was adled to it.
lumersed for 15 minutes the entire bulb of the flask in a water
bath maintained at 68°C, mixing by rotary mevemesnts, Cocled the
gentents of the flask to roca temperature and npeutralized ~ith
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alkali soluticon. 7he solution was diluted sufficiemtly with water,
The well mixad diluted sample solution was titrated against 10 ml of

Fehling sclution as deseribed in case of reducing sugars estimaticn,

Zstimation of Minerals

(a) Caleiwm

Calecium was estimated according tc Davis and ‘hite
nmathed (1962)0

Une gras sample of milk preducts ani % ml sample of nilk
was digested with 15 ml of triacid mixture (mitrie acid, sulphurie
acid and perchloric acid in the ratic of $:3:1) by heating, and
volume was made to 50 ml with water. To 2.5 ml of dijuted sample,

1 nl of amuonium oxalate (47) was added with a drop of methyl red,
The solution was made alkaline by adding dropwise NaUuf sclution (27)
ti1l pale yellos coleur appeared. This was followed by the adiiticn
of HCL (1 ¥) till tha sclution again became pinke “he tubes were
kept at room temperature for three hours and centrifuged at 1400 rpm
for 10 mimtes. Frecipitates, thus obtainsd, wers dissolved in 0,5
ml of 1N HCl and transferred to a titration flask, Ume rl of Z0Ta
solution (0,05 ¥) and 1 ml of NH,CHNH) C1 buffer was added to it and
titrated against magnesium acetate sclution (0,015 X) using two
drops of Sriochrome black T indicator till the colour chanzed from
blue to viclst., For blank, 1 »d of SOTA was titrated against
magnesium acetate after adding 1 ml of buffer and 2 drops of
indicator.
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(o) ‘hosphorus

Samples were analysed for phosrhorus accoriing ic the

method deseribed by ihovoeova and udavie (19679),

samples of milk and milk products were digested as in the
case of calcium estimation and diluted t¢ 50 pl with water, liquots
of diluted samples contaiming 1 meg = 10 meg phosphcrus were taksn
in 4ifferent tubes and volume was made to 1.0 ml vwith water in each
of ths tubes, (me ml of colour reagent (containing 3.5 g scolium
uolybdate, 200 mg hydrasine sulphate and 50 ul of cone. I,k in
500 ml of water) was added to all the tubes, after kseping the
tubes in boiling water bath for half an hour, the blue cclour of
phosphomclybdic acid formed, was measured in ilett mmsersen

colorimster at 610 mm with red filter,

{e¢) Irom

The method described bs Vogel (197C) was used for the

estimation of ircn with slight modifications as deseribed below:

Twenty five ml samples of milk =nd 5 g samrles of nilk
products was ashed in ruffle furnace by heating at 550°C for three
hours. The ash was dissolved in 5 ml HZ1 (3:1)e It was boiled for
5 mimutes tc ensure complete dissolution ami volume was adjfusted
to 50 ml after adding 1 ml of b&i‘;‘uﬂ. Different aliquots of diluted
sapples containing 5 meg - 35 meg phosphorus were taken in a series
of tubes and volume was mads to 10 al with water. Two ml of Hay .,
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sclution (3%) was added tc each tubs followed by the adliticn of
acatate buffer (pH 4.0) and 1,10 puenapthraiine (0,33 e fter
incubatinz the tubes at £0°C ror (0 mimites, the orange r2d colour

developed vas measure! in ilett ‘wmarscn cclorinster at 5.0 mu.

istipation of Vitanins

(a) Vit min A

The mathed deseribed by Carreirice (1926) was adopted for

the estimation of vitamin 4 in the samples,

Twonty gran samples of ailk products and 100 51 milk samries
uere saponified with 50 ml of etnancl and 7 @l of <ull (50%) for 4C
mimutas, Un codling, it was extracted vith 30 1l water and 57 nl
portions of diethyl ether., Tha agueocus layer was extractedi thrice
with 50 ml of ether using each time. Hthersal layers 'wers pocled
ani washed with water till it vas alkali free {tested with rhencl-
phthaloin as an external inlicater)e. ‘fter passing throvsh sediwm
sulphate, the ethersal layer =as evapcrated till a residue wvas
obtained. The residue was dissclved in 5 ml of chloroform.

Aliquots containing 12 meg - €0 meg of vitapin A were taken
and volume was pade to 2 ml with chloroforzm. Tour ml of ub(l4
solution was added and colour intensity vas instantly measured in

Klett Susmerson photoelectrie colorimeter at 620 mm.

(b) xibeflavin
Riboflavin in samples was estimated micrcolclogically ac

deseribed by Snell and Streng (1939) using lactubacillus cased
(ATCC 7u69) as a test organisme
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Preparation of Samples

Fat from five rl of milk samples ani one gram sample of
milk products was extracted accoriing to “ose-Gotilieb mathod (1957,
The samples ware treated with 30 ml of a mixture of ethancl anl
disthyl ether (1:3). “he defatted sarrles vere further hydirclysed
with 30 ml of HC1 (0,1¥) and S ml of scdium acetate (2.5 &) by
autoclaving at 15 1b pressur: for 15 rdmutes, The pil was adjusted
tc 4.5 after coelinz and hydrolysate was filtered. The ril of the
filtrate was again adjusted to G.8 and was suitably iiluted sc that

concentraticn of riboflavin was 0.1 meg/mle

Jifferent aliquots cf the sample wsre piretted in a series
¢ tubes each containing & ml of basal medium. The wiume of ths
solutions in each tube was made tc¢ 10 1l ith water, “he tuses

vare sterilized and inoculated ~ith the culture of . casei,

Afrer 72 hours of incubation at 170(3, the growth response
was measured titrimetrically w=ith 0,1F Rall using bromothymol blus

3s the indicator.

{¢) Polic acid

Folic acid content in the sagples was determined micrcobio-

logically using Streptocoecus fasealis (.TCC 8c43) as test organism

as deseribed by Freed (1966).
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froparation of samples

Pive ml samrles of milk an’ 2 g samrles of milk products
wera defstted accoriing to Rose-Gottlied method (1952) as deseribed

@ariior,

Jefatted samples were dis.olved in 10 »l of H€1 (0.1Y)
and pil was adjusted to 2.0. Folic acid was liberated engymaticaily
by the action of pepsin and trypsin as deseribed by “ord (1973).

Thirty mg of pepsin (u3's Lab. Chem, Intustry, 1:31000)
was added tc the samplss and kept for incubation at 37°7 for to
hours. Fifty mg of caleciwn chloride was added and p: =as adjusted
to 7.2 and 30 ml of water and 3?2 mg of trypsin (Merck, 2000 units/z)
were added, This was followed by ancther incubaticn at 17°0 for too
hourse The pH of the digest was, then, adjusted tc L.6, Tilterci,
and again adiusted to 6.8 pH. This was diluted to 170 ml with water

so that the concantration of folic acid was 2 meg/ml.

The growth responss was measured titrimetrically with

NaUR (0.1¥) using bromothymel blue as the indicator.
{4) Vitamin C

The method described by Roa and Kuether (1943) was adepted
for vitamin C estimation.
ireparation of Jasp les

Ten ml samples of milk and 2 g samples each of ukix uilk

mmrandiaecrm,Egofpmermdmguchordahiam
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yoghurt were suspended in trichlorcacetic acid (67) and volume vas
rade to 25 ml, After allowin: to stand “or about 30 mimtes, 0,5 g
of activated charcoal was added te it to corvart re luced forma of

ascerbic acll to its oxidized (dshydre} form. The saple size taven
for differsnt products differad, depending on the extent of retenticn

in these products.

Aliquots of the samplas containing 3 mez to 22 meg vitamin C
weres taken in a series of tubes and volume made to 1.0 ml. Une drop
of thicurea (10%) was added to each tube Tellowed by the additicn of
2,4 dinitrophenyl hydrazine (2.). The tubes were incubated at 17°C
in water bath for thres hours and S ml ccne. Hywy (85+) was added
to each tube, “he colour intensity develcped was measured in

colorimeter at 540 nn.

Datermination of Protein Sfficiency 'atio and YNet Prctsin Ratic

The protein efficiency ratio for khoa and kalakand was

determined accoriing tc the procedure deseribed in 00 (197%0),

v@anling 2ibino rats of sither sex weiching 35 - L5 g were
obtained from the animal house of the Institute and divided in three

groups, each having equal rumber of male and female rats. The

average body weizht of rats in a group was 40.3 ge

The animals were housed individuelly in ancdised aluminium
cages and fed ad libitum test protein diets providing 10 per cont

protain (Table 1) for a period of 28 days. The animals had free
access to water, The dally intake of food was recorded indiviiually
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and the rats were weighed cnce a week. In crder to caleuiate net
protein ratio (Dender and Joell, 1557), a zrcup of aisht animais,
identical in body weigh with the test group, was maintained on a

protein-free iiet (Zgzumand Tacohsen 76),

Table 1: Compositicn of Test Protzin and Protein

"ree dets.
Ingredients Test protein Centrcl rrotein frees
(g) (Kkhoa/Xalakand) {casein) diet

diet diet
Frotein 10.C 10,0 -
JUCrose - - 9.0
Pat (cil) - 12,0 12,0
Cellulcse 1.0 1.0 10
Vitamin mixture® 1.0 1.0 1.0
Salt mixture+ h.o h-c ’400
Starch Hest to make Sast toc make Rest to make

100 120 100

Protain efficisncy ratio and met protein ratio were

calculated {rom the formulae:

Gain in body wt.{(g)
= 0Uain in wt. per g rrotein
‘rotein intake (z) intake,

FER =

Gain in wte(g) of the test group -+ Loss in wt.(g) for the
NFR = nen=protein ooup

Frotein intake (g)



Statistical Analysis

The data obtained on protein efficizncy ratic and net
protein ratio were subjected to statistical analyuis to verify the
trends that wers cobserved from the results and to ascaertain if the
difference between the khoa and kalakand proteins was simmificant.
This was done according to randomised block desion as suggested

vy Cochran and Cox (1357).
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RESULTS AND DISCUSSIUN




RESULTS AMD DISCUSSIUN

1. Changes in the frotein uality of ‘hoa Juring the
freparation of Kalakand

As mentioned time and again, milk contains abundant
quantities of several mutrients. Howsver, varicus precessing
treatments, particularly those invclving heating of milk, influence
its nutritional value. The Liportant one among such chances is the
interaction betwesn nilk suzar, lactose and epsilon amino grour of
lysine in proteins, generally Imown as H1illard reacticn, Little
is known, however, about the extent of such damage in respect of
several indigenous milk products. (mite a few of these products
constitute major ingredients of many other productse ©hoa is cne
such product vhich is further subjected to heat treati:ent in the
presenca of additives, such as sugar during the prsparation cf
kalakand. Changes in the mutritiond characteristics of =uch
rroducts are little understood. 3uch chanzes would arrear pessible
in the 1ight of observations by Hurrell and Carpenter (1971) that
heating of albumin with sucrose in the presesnce of 1¢ per cant

moisture centent at 1210(: for 1 and 2 hours, markedly lowered the
levels of reactive lysine.

in experinent was, therefore, conducted to study the
mitritional quality of proteins in khoa and sweet product, ‘kalakand'
made from it, in respect of their growth promoting abilities in



weanling albine rats. Data obtained on tha protein efficis
ratic (7:R) and net protein ratic (M%) aps presented in Tables
2 and 30

It was observed that Fil for khos (average ©.7 = 2.38)
vas significantly less than (r / G.01) that for contrcl diet
containing easein (iverage “Si = 2.8). The Fil fer kalakand
(4verage PR = 2J9) was alsc found to be slightly, but siznifiecantly,
lower than that for khoa (Table 24}, Firotein afficiency ratic of
the group receiving khoa based dist in the rresont study was found
to compare well with ths ratic 2.3 reported by Sal,subramarian et ai,
(1555)s & very mmall, though statistically siimificant, decrsass in
the P:R value for kalakand, in compariscn with khoa, sugzestad that
the other precessing conditicns like temperature amd duration for
the preparation were net ccnducive tc produce the imvarsicn cf the
added sugar to reducing sugars, though the moisture levels were
considerably higher in kbos (abeut 33.), vith ths result that 32
valuas failed tc decrease., This was evident from data on the sugar
concentration in khoa and kalakand (Table l). it waus zprarent that

there was practically mo comversion of added sugar.

Apart from this consideration, the optimal conditions of
duration and intensity of the heat arplied for coptimal Maillard
reaction were not attained so as to render significant perticn of
lysine from milk proteins unavailable.

A ccuparison of PiR for khos and casein showed that the
valugs for khoa (as well as kalakand) were signifieantly lower than



Table 1t Froximate Frinmeiples in Khos axnd Kalakend,

3.5

361

3644

o2

13.6 26.3

33.6

25.3 22.5

19.2

10,8 2044

2/.2

The values are average of threoe saaples.



Table 2t Frotein Efficiency Ratio (PER) for Diets Based on Khoa amd
Kalalkand

(]

Type of diet Average initial Average fimal Gain in body Average protein Hean protein
body weight body weight wt. in 28 days intake in 28 days officiency ratio

(&) attzr)“ doys (e) (g) FER & S,E,
€
Casein diet 40.3 194.5 151.1 549 2,807 £ 0.017
Khoa diet 40.4, 170.7 130,3 5446 2,382 ¢ 0,007
Kalakard diet 403 1%2.1 101.8 4644 2,192 + 0,019

The values are average for 8 rats in each group,

4
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those obtained for casein, fegarding ths mutritional value of

khoa in comparisen with casein, theugh ths protein criginates from
milk in both the cases, the former had undergone heat treatsent in
the presonce of lactose and possibly resulted in the deeresse of
available lysine from khoa proteins. Howsver, the overall magnitude
of 73R for khoa protsins was censideradly high (averae 7.3 = 2,3)
and the apparent decrease in ths protein value was not as alarming.
This could be explained on the basis that milk protains have fairly
high lysins content and possibly only small fracticn of the total
lysine was unavailable as a result of heat treatment of milk turing
khea preparation, 7The extent of unavailable lysine cculd also be
mch smaller in view of the cbservations by Finct (1973) wheo showed
that significant portian of the bound lysine (spsilon-li=decxyketosyl
lysine derivative) becomes biolegically available during hydrolysis,
In addition tc this, the adaptability of albinc rats to lysine

deficlient diets had also to be taken into einsideraticn.

The general criticism of protein quality evaluation using
PiR as the eriterion is, that it takes into account only the
nitrogen requirement for growth rather than the on2 for maintenance.
A group of rats was, therefore, maintained on protein free diet in
the earlier expariment to account for the nitrogen requirement for
msintenance. The net protein ratio (NPR) was computed accoriing to
Sender and Deell (1957) and presented in lable 3. It was foumd
that the trend observed in respect to this parameter, too, wus
jdentical to that reportad earlier (Table 34).



Table 31 Net Frotein Ratio (NFR) for Diets Based on Khoa and Kalakand,

Type of éiet  Average inmitial Average fimal Average gain
body weight  in body weight uwx ight mms.nwdq- Protein Ratio
(e) efter 10 days 4n 10 days in 10 days (s MR & S.E.
(e (e) (e) -
Casein ddet 40.3 775 37.1 7.7 16.1 2,786 + 0,041
Enoa diet 4044, 72.1 31.7 7.7 16.3 2,412 ¢ 0,040
Kalakand diet 40.3 64.2 23,9 7.7 13.2 2,420 + 0,033

The values are average for 8 rats in each group.

<“shde
Lel\e
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2« Mutriticnal ‘waluation of #ilk and ¥4k Products

In view of its characteristic mutriticnal attributes, =41k
has universally found a place in the balancat diet, ‘hile per capita
ccnsumption of milk or its products far exceeds the remuired ouantum
in several developed coumiries, it fails aufully short of ths desired
level in most of the developing and popelous countries like India
(ICHR, 1968). Apart fras the shortfall in the production of milk,
another comsideration that comstrains the adenquate intake of milk
is the cost of milk proecessing during product preparation which further
complicates the siluation. As nentioned time and again, milk becomes
eszential in an average Indian diet, being the only sourcs of good
cquality proteins, It, therefore, becomes necessary to reassess the
matritional merits of milk through prorer persreetives so that such
limited rescures could be jJudicicusly and meaningfully utilized to meet
the nmutritional needs of vast segments of Indian population.

Keeping in mind the rangs of milk products consumed in
different parts of the country, an attempt has been made to reassess
the nutritional value of milk in respect of several mutrients it
would furnish in the indian diet. Milk is subjected to cither heat
or fermentation treatment before it is ccnsumed. Froducts represen-

ting these categcries have, therefore, besn selectad in this study.

Milk products obtained by varicus processing treatments
undergo changes in their mutrient contents. Thus, the mutrisnt
contents in milk products may be h.gher or lower than those in
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milk. Data on the nutrient constituents in milk and i's products
are presented in Tables 4 and S,

(a) Protein

It was cbserved from the data pres:mted that the protein
content ranged batween 3.04 per cent in the case of dahi (curd) to
35.1 per cent in roller dried skim milk powder. 4 clese similarity
batween the protein content in xilk with those in farmented nilk
products such as dahi and yoghurt, was understandable in ihe light
of the known cbservation (Jalasubramanian et al., 1955; shanker and
Laxminarayana, 1976) that the nuirient contents in these ferumented
#i1k produets depeni on the nutrisnt econtents of ths starting
material, vig., wilk. Values observed in ths case c” raneer,
processed cheese and skim milk powder were distinetly hich due to
substantial decrease in moisture content during preparaticn of thase
products. "he increasss were progressively larger as the extent of
molsture loss increased. As regards protein content in ice-crean,
the values wers comparabls tc those preseni in milk, despite the
fact that the high fat and high sucrose ccntent were maintained in

the milk during the preparaticn.

The values of protein content cbtained for different
preparaticns in the present investigaticn compared well with those
reported by several workers in respect of milk, skim milk povsr,
dahi (Oopalan st ales 1980), yoghurt, procsssed chesse ani
{co-crean (Fleck, 1976 an! Chaney et al., 1979) and paneer (Soni,



Table 43 FProximate Frineiples in #lk and i1k Products.

e/ Ay . ash Sucrose Calaries/ cg@i s/
100 100 100 100 Redue e e
. S10s of10g &/10 ¢ ﬁnﬁn‘ g/100 g 100 g 100 g dry

00 g produet matter
Wik, eow's 87,7 3.37 3.66 0.8 3.75 o 61.4 500
"kbuffalo's 81,2 Lo, 7,03 0.83 4,467 - 98.9 526
Sidm ik
pouder 3.03  35.1 0.25 6.41 5hedy - 369 ELL
Lahd 85.9 3.03 5.03 0.83 3.80 - 7.6 517
Yoghurt .6 3.9 5.96 0.8 3.96 5.55 108 495
Frocessed
cheese 3844, 2644 29.3 422 0.51 - 372 604
Faneer 48,8 189 27.7 2,47 2,87 - 337 660
Ice cream  €3.0 4.0 11.2 2,15 4454 1.8 195 527

The values are average of three samplen,
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1979)e Certain differencas cbserved could be attributed to the
genstic, rhysiological and mansgemsntal facters influencing ‘he

mllk compositicn.

The values reported in the present study although 4id not,
in any manner, indicate the biological value of these nroteins,
ssveral stulies conducted earlier showad that neither the boiling
of milk before ccnsumption (Farvinder Kaur and Deodhar, i982) nor
pasteurigation or fermentation infiuwenced ‘he nutriticmal quality of
milk proteins significantly. such consideraticns in terms of
offeet of precessins on protein quality while working ocut the
nutritional needs, would be meaningful,

() Fat

‘The fat content in cow and buffale milk was found tc differ
censiderably, and could be due to the genetic reascns, As the milk
with standardised fat was processed for the preparation of dahi and
yoghurt, relatively very small differsnce was found to cccur in
the fat content in these prolucts. is regards fat content im processed
cheese and panser, the minor differences observed cculd be due teo
the extent of removal of whey and consequently the decrease in tha
moisture content in these products. While during the preparation of
ice-cream, fat content of the ice-creanm mix was standardiged to 12
per cent, roller asd dried milk powder was prepared from skin milk
having fat content less than 0.5 per cent.
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It weuld appear that, by and large, ths fat contont in the
initial material used chiefly influences the fat content in the
product. The data pressnted did not indicate changes, i anmy,
in the nature of fats cecurred during iifferent treatments, It
was observed that the fat content in milk and its products compared
well with those reported by several workers inm respsct of milk, dahi
(Gopalan et al., 1980), yoghurt, processed cheese, ice-cream (7leck,
1976 and Chanayg1979) and paneer (Somi, 1579).

Though milk fats have been showm tc be comprisaed of low
chain saturated fatty acids and these hava coften besn idsntified as
the dietary risk factor in several affluent coumtriss (7ergroesan,
1975), such consideraticns «culd have limited relevance in the
context of distary situations in this ccuntry. The inclusion of
about 200 z of milk or ecuivalent amount in terms of products,
would hardly yield mora than 12 to 1 g of fat, the amount still
much below the cuantum of fat permissible under the dietary allcwances

for an Indian adult (Gopalan et al., 1980).
() Carbonydrates

Lactose is the major reducing sugar in milk and its preducts.
Its contant was found to range from 0.51 per cent in the procassed
cheese to Sh.ly per cent in the skim milk powder. The reducing sugar
content was observed to be larger in the case of products 1like skim
milk powder than in milk, due to the moisture removale. Though the
lactose eontent in milk and its products like dahi and yoshuwrt was
found to be virtually same despite the fermentation treatnent, the



Table 5 ifineral and Vitamin Comtents in ilk and M1k Froducts,

Product Caleiva Phos Iron Vitaxin A Riboflavin Foliec acid Ascorbic acid
mg/100 g mg/100 g mg/100 g IU/10C g mg/100 g  meg/100 g mg/100 g

M1k, cow's 134 93,3 Ce24 169 0.23 8.21 1.7
mx’ mm" m 1” 0.@ 152 0019 5.15 0088
Skim milk
Dahd 154 116 0,27 %3 0.18 12.7 0.8,
Yoginut 205 165 0,29 146 0.18 1.1 0.81
Frocessed

cheese 813 521 2.04 1331 043 17.6 1.28
Fanser 705 425 1.67 1123 0,22 7.36 1.21
Ice cream 163 194 0.21 425 041 5.26 1.15

The values are average of tlree samples,
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recormended allowance of 300 g of milk or equivalent proiuects weuld
not provide more than 10 g f lactose <hich is wgll belov the

threshold value of 50 g lactese for lactose intclerants,

The lower level of lactoss in prcesssed chesse could primarily
be duz to the removal of lactose in whey and the subsequent utiliza-
tion of the remaining lactose, by conversicn into lactic acid by the
culture organisms during the ripening of the cheese. Ths hicher
lactoss content in panser than that in procezsed chesse cculd be
attributed to the incomplete removal of lactcse during whey ssparation.

The valuss of total reducing sugars were found to be in
closa agrsament with the values reported in respeet of milk, skim
milk powler and dahi (Gopalan et al., 1980), yoghurt, processed cheese
and ice-crean (Fleck, 1976 and Chanaydl979).

The oniy major sugar cther than lactose found to bes present
in the case of yoghurt and ice-cream, was sucrose and was 5,56 per
ecent and 14.8 per cent, respactively, as this was used as additive

te milk to improve the palatability of products.

(d) Hinerals

Though the total mineral content in varicus rilk products
was found to vary (Table 5) the diff-rences were observed to be
significantly narrow when the results were exprassed on dry matter
basis, except in the case of paneer and processed cheess, vhere a
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sizeabls amount of minerals were lost in vhay., The hizh contents of
caleium, phosphorus and irom in the case of skin milk powler, procossed
cheese and pamser in comparison with milk samples cculd be due to the
hizher total sclids in these products as a result of partizl decrease
in the meisture content of thsse products. However, the contant of
these minerals expressed on dry matter basis showed that the
differences in their contents were not significant further indicatinz
that the contents of thess minerals wers not alterad significantly

during the product preparaticn by varicus rroecessing treatments,

The valuss cbtained for ecaleiws, phosphorus and iron in
different preparations were cbsarved tc compare well with those
reported by several workers in respect cf milk, skim milk powder, dzhi
(Gopalan et al., 1980), yoghurt, processed cheese ani ice-creas(’leck,

1976 and Chaney et al., 1979).
(e) Vitamins

Hilk and its products except skim milk powder, were found
to be rich in fat soluble vitamin 4 (Table S). The content of this
vituain wvas observed to be the highest in processed cheess fcllowed
by that in paneer and ice cream., The higher vitamin .. content in
these products than milk, could be due to their high fat content.
Skinm milk powder was founmd to have negligible amount of vitamin A
becanse of wvery low fat content.

Milk and milk products are considersd to be quite goecd
sources of water scluble vitamin, riboflavin and its content was
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found to be morz or less the same in all the products cheosen in the
present study. Though a large nroporticn of this vitasin i3 drained
off in the whoy during the preparaticn of procsssed chease, its
content in this product was cbserved «w be aluost the same as in
milk, This could be dus to ‘he symihesis of ridoflavin, by the
micrcoflora during the ripening of processed cheese (Grascry, 1775).
Similar increase was observed in the folic acid content in tha case
of dahi, yoghurt and procsssed cheese vherein the synthesis of folic
acid cculd have cccurred during the preparaticn of these preducts as
reported by Gregory (1975). Folic acid conmtent in other products of

milk was almost the same as in milk,

A8 rezards ascorbdic acid, it has been observed tec ceccur
in quite low levels in milk and milk preiucts excert in “he case of
skim milk powder where its content was found to be 5.1 mg/100 g in
canparison with C.88 mz/100 g in milk,

The values obtained for differsnt vitamins in the variocus
milk preducts were fairly clcese to those reported in respect c¢f milk,
skim milk powder, dahi (Hartman and ‘ryilen, 19€5; Gopalan et al.,
1980), yochurt, processed cheese ani ice cream (Fleck, 1974 and

Chaney et ale, 1979)e

Pood is consumed primarily to meet energy requirements of
the body. However, it ought to simultansously fulfill bedy needs for
other mitrients as well. In the light of the recent concern cver
energy consumption, formulaticn of a right diet providing all essential
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matrients within the stipulated frame of perrissible calorie intakas,
becones imperative. To achieve this, it bacomes essential to assess
varicus food items for sevaral mutrienis on tho basis of their
calorie ccntents, and expres: as mutrient demsity (Hansen et al.,
1978). Attempts have besn made further on these lines by advancing
the concept of indsx of mutriiional quality by takinz into acccunt
the nutrient allowance together with the emerzy allowanee. Hoever,
matrient allowance as well as energy allowance for any subjeet is
determined by several factcrs, such as age, weizht and sex cf the
subjects, apart from the physiclcgical statuse Thus, the index of
mitriticenal quality for any food item is beund to vary from subject

to subject in the light of tha aforesaid.

In order tc have a meaningful assessrent of milk as well as
several milk products in the Indian diet, data on various mutrient
contents have been expressad on the basis of their calerie contents
(Table 6), and indices of nutritional cquality were calculated, keepinz
in mind different physioclogical and growth status of subjects to
study the axtent of variation, Data ares presented in Tables 7 to
1.

Jrotein

Prom the data on indices of mutritional ouality for
protain (Table 7), it was seen that values differ markedly for
different milk preducts as well as for different physiclogical stages
for the sams product. This clearly suggested differences ir ‘Lo
potential of varicus milk preducts in meeting the body requirements,



Table 6 Mutrient Contents in Milk and Milk Products per 1000 Calaries.

Produet Protein Calcium Fhosphorus Iren Vitamin A Riboflavin Foliec acid Ascorbic
(e) (mg) (mg) (mg) (1.U,) (g) fne) ae(::g )

Milk, cow's 5.8 2173 1519 3.9 275 3.7 134 28,2
M1k, buffalo'’s 42,9 2064, 1308 2.3 1535 2,0 52,1 8.9
Skim milk

powder 95.1 3225 278 3.7 - heS 1.5 13.9
Dahi 41,8 2125 158 3.7 1965 2.5 176 1.5
Yoghurt 37.1 1903 1529 2,7 1351 1.7 103 7.5
Processed

cheese 7.1 2185 1401 5.5 35™ 1.2 ANS 34

Ice cream 20 .6 8}3 ”7 1.1 21 81 2 01 27.0 5 09

L9



Table 7t Indices of Nutritional Quality in Milk and Milk Products for Frotein.

Cow milk Duffalo Skim milk Dahl  Yoghurt FProcessed  Femeer  lce
Groupe Particulars milk powder cheese cream
Infants O=6 months 3.29 2.57 5.70 2,51 2.23 427 3.38 124
vte 3 kg
Infants 7=12 months 3.23 2.52 5.59 2.46 2.18 4418 3.1 1.21
vte 9 kg
Fresgchool
children “3 years 3.56 2-78 6.17 2.7 2.41 10.61 3-65 103’)
School goling
79 years 2,99 234 5,19 2,28 2.02 3.88 3.07 1.13
Adolescent
boys 16=18 yeara 2,7% 2.14 4475 2,09 1.86 3.55 2,82 1.03
Adolescent
girls 16-18 years 241 1.88 4018 1.& 1.63 3.13 2.48 0,91
Adult man Sedentary worker 2,36 1.88 VA% VA 1.8 1.62 3.10 2446 0.90
Adult voman  Sedentary worker 234 1.8 4402 1.77 1.57 3,00 2,38 0.87
+oman Pregnancy (2nd half) 2,20 1.7 3.80 1.67 1,48 2.8, 2,25 0.82
Woman lactation
(upto 1 year) 2,19 1.7 3.80 1.67 1.48 2.8, 2,25 0.83




Uf all the milk products chosen in the present investigaticn, skin
milk pouder was found to be superior to others. It wes followed by
proczssed chezse, Surprisingly, despits of beinz member of fcod
items in the "miik group”, ice cream showed the lowest index of
mtritional quality., Values for buffalo milk, dahi and yozhurt
compared well primarily due to proximity in respect of fat contents
in these products, althcugh the value for buffalo milk was little
highare Daspite the differences in respect cof fat and protain
content (Table 4), the indices for pamser and cow milk caspared
well primarily due to marked differencas in respect of poisture
contente It would appear from the table that so far as protein

is concernsd, the skim miik powder scorss over rest products in
meating efficiently protein requirements for subfects in all age
groupse althoush the valus for processad chasse, as manticnad
@arlier, comes closer to that of skim milk powder, marked differences
in the protain quality reported in di“ferent studies need also to be
kept in view. “hile the biolozieal value for milk protains from
sicim milk powder was arcund 83 (Jwmer, 1918), for cheese proteins,
it was 72 (Jearden et 2l., 1945). ldkewise, levels of lactic acid
in preparations, such as dahi amd yoghurt, cculd as well comstrain
its application in infant nutrition, thouch their IN. values were

vary closs to that for milk.

The uniformly high INC values for skim milk powder for
subjects of all the age groups together with reported superiority
of skin milk powder proteins, strongly suggest this to be a geod
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source of protein in the Indian diet. The data would indicate that
milk snd its products, exeept ice cream, are gocd scurces of protsin
in the light of the findings of Hansen et 21. (1978), in that, all

of tham had IN. for prectein above 1,0,

Calcium

AS regards calcium content (Table S), in visw of the
hypothesis propossd by Hansen and coworkers (1978), all the milk
products studied could be considered as ceod source of calciwm in
the diet since the values were invariably gbove 1.0 in all the
cases (Table 8). Helative ranking, however, showed skim milk powder
<ith the values ranging between 5,3 and 17.5 for different age
greups, toc be a mapericr source of calecium., Intarastingly, indices
for different products, except skim milk powder and ice cream, were

identical in ail the age groups.

The values cbtained in ths present study were scmevhat
hizhsr than these raepertad by lofgren and Speckmann (1972) for
several milk products, chiefly due to relatively lower recommended
allowances for Indian populaticn by ICHR (1963) in ccntrast to an
allowance of 0.8 g in the case of populaticn in United States of

America and Canada (Naticnal Gesearch Council, 1574).

rhosphorus

in the abssnce of recommended sllowance for phosphorus
for Indian subjects, data were computed on the basis of recormenda-
tioms by NRC (1574)e The siim milk powder was observed tc have



Teble 8t Indices of Nutritiomal (uality in Milk anml Milk Products for Caleium,

Groups Farticulars Cow milk Buffalo Skimmilk Dahi Yoghurt Processed Famser Ice-
milk powder cheese cream
Infants M months - - - - - - - <
whte 3 kg
Infants 712 months 3.56 3.38 5.28 348 3.12 3,58 32 1.36
whbe 9 kg
Pre=achool
children 1=3 yesrs 5.80 5.51 8,60 5.67 5,08 5.8 5.57 2,22
School going
children H years B.'n 8.3’ 12-” 8.50 7-6‘ 807‘ 8.36 3.33
Adolescent
boys 16=18 years 1.5 11.25 17.59 11.59 10,38 11.92 11.40 4455
Adolescent
girls 16-18 years 8,68 8,25 12.9 8,50 7.61 8.75 8.36 3.33
Adult man Sedentary worker 11,42 11.07 17.19 11,34 10,15 11.66 11.15 b5
Adult woman m worker 9.28 80” 13-& 8097 3.06 90& 8.8’ 3.52
\oman Fregnancy 4o 484 7.09 4.68 4Le¥9 4e& 4460 1.83
(2nd half)
¥oman Lactation

(upto 1 year) 5.65 5.37 8.39 5.53 4495 5.68 5l 2,17




Table 93 Indices of Mutritioml Quelity in Milk and M1k Froduets for Fhosphorus,

(upto 1 year)

Groups Particulars Cow milk Buffalo  Skdm milk Dahdi Yoghurt Frocessed Famser Ice-
milk powder cheese cream
Infants O=6 months 2,28 1.96 412 2.39 2.29 2.10 1.9 149
vt, 3 kg
Infants T=12 l:hl 3.42 20910 6.18 3-58 30“ 3.15 20&0 2-%
wt, 9
Pre=school
children 1=3 years 2.28 1.96 4e12 2,38 2.29 2,10 1.9 1.50
S S 79 years 342 29 6.9 358 34 305 28 2.2
Adolescent
m 16-18 years 3,80 3.27 6.87 3.97 3.8 3.50 3.15 2.49
Adolescent
Adult man Sodentu-y vorker 4.49 3.95 8,2, LT 459 4«20 3.78 2,99
Adult woman Sedentary worker 3.65 3.1 6.54 3.78 3.63 3.32 3.00 2.37
toman Fregnancy 2. 2,40 5.04 2.9 2,80 2.57 2,31 1.8
(2nd nalf)
Woman Lactation 3.29 2.8 5496 3ebds 3.0 3.04 2.73 2.16




highast index fcr all age sroups, indicating that zkip milk powler
could be a betier source cf phosphorus than any o‘her milk rreiuct
chosen in the pressnt study (Table 9). The iN° values for cther nilk
products were founl to compare well excert in the case of ice creanm
whers the values were observed to be relatively lower than these for
cother products, Though the utilizaticn of phosphorus in the body

fror milk and milk preducts has been reported te be upbc a considerable
extent, the consideration of the form in ~hich rhosrhorus occurs in
preducts becases essential while concluding milk and nilk proiucts

t¢ be bettur scurca of this mineral than other feodstuffs.
ircn

t31k and its products have been reportad tc be poor
scurces of iron and this is further evident fram the data on the
iniices of mutritional quality of ircn presented in Table iC. Iron
was found to have 1IN, value below 1,0 for all produets z=nd fer
subjects of all age groups, indieating that these produets of nilk
could hardly be considered as a good scurce of ircne The data were in

agreement with that reported by lLofzren and Upeckmamn (197 ).

Vitamin .

From the data(Table 11), wilk and milk products were
found to be geod dietary scurces of vitamin 4 for all age groups,
axcept infants betwesn 0 and 6 months of age and this cculd primarily
be aseribed to the relatively higher vitamin 4 requirement .t this



Table 103 Indices of Mutritional Quality in Milk and M1k Froduets for Iron.

Groups Particulars Cow milk Buffalo Skim milk Dahi Yoghurt Frocessed Paneer Ice=
adlk powder cheege crean
Infants O=6 nonths 0047 0028 0045 0045 0032 0.66 0,60 0,13
vi. 3 kg
I‘tm %12 Mh. - - - - - - s -
wt, 9 kg
Fre-school
ehildren 1=3 years 0,27 0,16 0,25 0,26 0,18 0,38 0.34 0.07
School going
children 7=9 years 0,40 0424, 0.38 0,39 0.28 0.57 0,51 0.11
Adolescent
boys 16~18 years 0,47 0,28 0,45 0445 0.23 0.66 0,60 0.13
Adolescent
girls 16=18 years 0,25 0,15 0,23 0,24 0.17 0.35 0.31 0.07
Adult man Sedentary worker 0,46 0,28 (VWA A 0445 0,33 0,60 0.€60 0,13
Adult woman Sedentery worker 0,25 0.15 0.24 0424 0,17 0.35 0.32 0.07
Voman Fregnancy
(2nd nale) 0,22 0,13 0.20 0,21 0,15 0,30 0427 0.06
Woman lactation
(upto 1 year) 0,34 0,20 0.32 0.32 0.23 0.48 043 0.09

v,



Table 11: Indices of Nutritional Cuality in Milk and Milk Products for Vitamin 4,
Groups Particulars Cow milk Buffalo Dald Yoghwrt Processed Fanecer Ice=
mllk cheese ereanm
Infants O=f months 0074 0-42 0053 0.37 0-97 °.9° 0.59
wte 3 kg
Infants 712 months
wt., 9 kg 247 1.38 1.7 1.22 3.22 3.00 1.96
Pre-school
children 1=3 years 3,96 2.21 2,8 1.95 5.15 4.80 3.1
Sehool going
ehildren M yeoars 3.7 2-14 2,66 10& ‘0& 40’0 2,95
Adolescert
boys 16=18 years 3.29 1.8 2,36 1.62 4429 400 2,62
Adolescent
girls 16=18 years 2,41 135 1.76 1.19 3.15 293 1.92
Adult men Sedentary wvorker 2,60 1.48 1.8 1.30 3edd 3.20 2.10
Adult voman Sedontary worker 2,11 1.17 1-50 1.03 2,72 2-53 1065
Y oman Pregnancy
(2nd half) 2.2 1.35 1.73 1.19 3.15 2,93 1.92
W oman lactation
(upto 1 year) 1.87 1.04 1.33 0.92 2,43 2,26 1.48




stage. 1t was observed that precessed cheess and raneer nad hicher
iniices than milk, dehi, yoghurt or ice-cream becauss o the hicher

concantration of vitamin A in these products.

A1k and its preducts ars considered tc be better scurce
of vitamin 4 than vegetables in which vitamin i is kmo'm ‘0 ba
present in the form of its precursor, carctens, Vitamin i is further
knovn to be bettsr assimilated in the body while carotemes are nct,
The ability of milk and milk products in meeting the vitamin A
ragquirensnt cculd be attributed primarily to the rresznes of this
vitamin in the fat of these products which facilitates utilization
of this vitamin from nilk and milk products.

The values obtained in the pressnt study ware hisher than
those reported by Lofgren and Speckmamnn (197%) for varicus nilk
products. This could be due to the relatively higher recomzenied
allowances for vitamin 4 (NAC, 1974) for Arerican dist in camparison

with those by ICHR (1963).

Ribeflavin

M1k and its products ars considersd as excellent sources
of water soluble vitamin, riboflavin, The indices of mutritional
quality for riboflavin (Table 12) for all the products studied was
observed to be above 1.0 for almost all age groups (except in the
case of pregnant and nursing mothers) underscoring their importance
in the diet as a source of this vitwin. it was Nurther seen that



Table 12: Indices of Nubtritional Cuality in Milk and Milk Products for Riboflavin,
Groups Farticulars Cow milk DBuifalo Skin milk [Dahi Yoghurt Frocessed Fameer Icee
=1k powder cheege creaa
IM M months - - - - o - - -
vte 3 kg
Infants 7=12 months - - - P - - - -
wt, 9 kg
Fre=school
children 1=3 years 6,30 3.36 7.7 &34 2,80 1.96 1.10 3.59
School going
children 79 years 6.61 3.53 8,09 4456 297 2.06 1.15 3.78
Adolescent
boys 16=18 years 647 346 793 AT 413 2,02 1.13 3.70
Adolescent
grls 16»18 years 6.72 3.59 8.23 4Lel9 3.03 2,10 1.17 3.8
Adult man Sedontary worker 6,20 3.38 7.7 L34 2.8 1.96 1.10 3.60
Adult woman Sedentary worker 7.05 3.73 8,56 4.8 3.4 2,17 1.22 3.97
¥ oman Fregnaney
(2nd half) 4426 2,27 5420 2,93 191 1.33 0.7% 2,43
¥ oman lactation
(upto 1 year)  4.55 2.43 5.57 3.4 2,05 1.42 0.7 2,60

tl
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the values for different proiucts varied considerably, vith skim

milk powder having hirhest and paneer havins ‘he lowast value,

Despite higher contents of riboflavin in processed cheese (Table 5),
iniices in the case of procassed cheese and paneer were found to be
lower than those for milke This could be partly due tc tha retention
of fat in the curd, though the lossas of vitamin in the whey wers
partially ccompensated by the increases cccurring during the ripening
cf cheese, Uesides their richness in respect of riboflavin, recent
studies (Saroj Kumar, 1979, Mehta, 1931) showed sureriority of milk
and its products over synthetic vitamin regarding the bicavailability,
ach factors which do not figurs in the index prorosed by Hansen

et al. (1978), however, need to be taken intc account “hile ascertain-
ing allowances for milk and its products in the diet. Thus, the
vitamin requirensnt could be effectively mat even by much smallar
quantity of milk than that anticipated on the basis ¢f mutrient

density.
Folic Acid

is gvident from the data given in Table 13, not all the
preducts of uilk could be considered as gooed scurces of folic acid,
The loss of witamin during reller drying preeess in the preparation
of skim milk powder or vhay in the case of panzer and chesse prepara-
ticn are understandable, although some amount of the vitamin is kmovm
to bs synthesiged during cheese ripening (Uregory, 1975). Dahi,
yoghurt and cow milk, on the other hand, apreared toc be good source
of this vitamin, Incraement in the index for dahi, cver that found



Table 13iIniices of Mutritional Quality in Milk and Milk Products for Folic Acid.

Groups Particulars Cow milk Buffalo Skim milk Dahi Yoghurt FProcessed FPancer Ice=
=11k powder cheese crean
Infarks O=f months 1.92 0.75 0.16 2.53 1 049 0.68 0.31 0033
wte 3 kg
wte 9 kg
Fre=school
children 1=3 years 2.14 1.1 0.18 2.8 1.65 0,76 0.35 0.43
School goding
children 7=9 years 3.21 1.25 0,28 4eR2 2,48 1.14 0.52 0.65
Adoloscent
bq. 16=-18 years 5¢35 2,08 046 7.03 413 1.90 0.87 1.08
Adolescent
wh 16=18 yeors 3.92 1.53 003,0 5.15 3.03 1.39 Ooeo 0.7
Adult man Sedentary warker 3,21 1.25 0.28 Le22 2,48 1.1 0,52 0.65
Adult voman Sedentary worker 2,54 0,99 0.22 334 1,96 0.90 0.42 0.51
Woman lactation
(upto 1 year) 2,32 0,90 0,20 3.04 1. 0.2 0.38 0447

sl



either for cow or buffale milk, iz compatible with the fact that the
starter culture used in dahi preparation has distingui ched folic acid
symthesizing capacity (Laxminarayana, 19°0),

Ascorbic Acid

As regards ascorbic acid, observations that milk or its
proiuets being poor source, were further substantiated by the data
on nutrient density as well as the indices (Tabls 14) for 1ifferant

age groups which was less than 1,0 in almost ail the cases,

The relative assessment of the mutriticnal suality of milk
and milk products can be made by comparing their indices of nutriticnal
quality for variocus mutrients., Ouch a comparison would shov the
potentialities of milk and milk products in meeting the mutrient
requirements besides mseting the epergy needs, Thus, milk and its
products have bean found te ba good dletary sources of rrotain,
caleium, phospherus, riboflavin and, to scme extent, of folic acid,
for subjeets of all age groups and physiclogzieal status whereas
these fcood it=ms have been found tc be poor scurces of ircen and
ascorbic acid as their indices in respect of these mutrients have

bean observed tc be less than 1.0.

Though the inferences on the nutriticnal quality of milk
and the products cbtained from milk, could be drawn from thedr INC
values, the camputation of these indices does not take into account
the bicavailability of tho various nutrients. Relatively greater



Table 114: Iniices of Hitritional Quality in Milk and 1k Froduets for Ascorbic Aeid,

Groups Farticulars Cow milk Buffalo Skdammilk Dahi Yoghurt Frocessed Fameer Ice=
milk powder cheese crean
Infents O-6 months 034 0.1 0,17 0.14 0,09 0.04 0.04 0.07
wb, 3 kg
wte 9 kg
Freeschool
chdldren 1=3 years 0.85 0.27 0.42 0435 0.23 0,10 0.1 0.18
School NN 79 years 127 040  0.62 052 034 0.6 0.6  0.27
Adolescernt 16~-18 years 2.12 0.67 10“ 00“ 0-57 0,26 0,27 00105
Adolescent
girls 16=18 years 1.55 0.49 0,76 0,63 0.42 0.19 0,20 0.33
Adult men Sedentary worker 1.33 0.43 0.67 0.55 0.36 0.17 043 €29
Adult womam  Sedemtary worker 1,08 0434 0.53 0okl 0429 0.13 0.14 0,23
Vemn P‘(‘m) 1.25 0.39 0,61 0,51 0,33 0.15 0.6  0.26
Woaan lactation
(ugto 1 year) 0,92 0.29 0u45 0,37 0.25 0.11 0,12 0.19

LL
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availability of the nutrisnts from milk and its pro fuets, in ccmpari-
son with that from cther food items, would hardly be acccunted in
the computation of the INT values for the mutrients present in milk

and milk products,

The recommended allowance of 200 g of milk in the balanced
vegetarian Indian adult diet (1CHMR, 19¢8) would provide 5.0 per cent
of the recommended energy allowance for an adult subject. Consuming
200 g of milk per day would meet 12,3 per cent protein, €0 per cent
calcium, 2343 per csnt phosphorus, 2.4 per cent irom, 13,3 rer cent
vitamin 4, 33 per cent riboflavin, 16.4 per cent folic acid and
7 por cent ascorbic acid requirements of an adult subject (Fige 1).
But the average ccnsumption of 122 g of milk per head per day in
our country provides only 60 per cent of the mutrienis which could

be provided by comsuming 200 g of milk per day (Tig. 2).

Comparing the indices of muiritional quality of milk
and skinm milk powder with those of cuamnonly consumed cereals,
nillets and pulses which form the staple food of Indian populatien,
it has been found that milk and skim milk powder have iniices
higher than those for milk in respect of protein, calcium,
phosphorus and riboflavin (Table 15).

Uwing to the higher iKQ values for protein, calcium,
phosphorus and vitamin A, gkinm milk powder can unquesticnably be
considered a better scurce of these mutrients than other foodstuffs



INQ PERCENT STANDARD
L1020 30 40 g0 g0 ve §s
Energy 00 53 B
Profie n 236 b o R v

Calcium [1-42 5858 r -
Phosphorvs 450 2310 =
Iron 046 230 O

VitlaminA 2.0 1334 2
Folic acid 3.2l 1696 ——
Ascarbicacidld33 82 ™

F,-’,,....1 = Nutrent Reguireémenls met by Consuming 200 gms aulk

per day-
g o 29 P 4o g0 o D @
Energy 00 313 O
Protein 236 739 O3
Calcium H4 38%719 P
Phosphorus 450 1410 —

iron 046 144 o
vitamind > g0 &.i4 =
Riboflovia  6.20 1914 g
Folicacid 321 0.0 e
Ascorbic acla 133 416 -

Figuo®- Nutrient Requiiments wmat by Comsuming (223we of
milk pu day.



Table 15: Index of Mutritional vality for Certain
Commcnly Consumed “cods.

Name of Protein Caleium  Fhosphorus Ircn Piboflavin
foodstuff

“heat 1.5 0.6 2.7 1.7 0.8
Riee 0.9 Ge2 y 1.1 0.7
Bajra 1.k 0.6 2.5 3 1.2
Barley 1.5 0uls 1.9 1.1 1.0
irhar 2.9 1.2 2.7 2.1 1.0
M1k 2.4 11.6 145 o5 6alt
Skin milk

powder 42 112 8.3 045 7ol

and even milk, Consumption of 20 g of skim milk powder has been
found to provide equivalent amount of mutrients as could be provided
by the racommended allowance of 270 g of milk per day. Oreater
digestibility and complete utilisaticn of calecium and phospherus

in the body from skim milk powder further add a plus peoint to the
mitritive value of this produet. Horecver, the versatility of skim
milk powder lies in its incorroration in different foeds and in the
diet of the subjects belonging to all age groups. Due to lov fat
content, skim milk powder can be safely recommended for the formmuls-

tion of low energy diet.
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Fluid milk, howsver, is more susceptible to¢ bacterial
growth and may, therefore, hav: relatively pcor kesping quality as
ccmpared te that of skiw milk powder whose preparaticn involves
heating of milk at higher temperatures, destroying most of the
viable microorzanisms present in milk and, thereby, increasing
the shelf life of skim milk powder, This would further ease the
bulk transportaticn of skim milk powler tc the remote areas vhere
perishable food itam, nilk, could be provided safe only with

difficulty.

s



CHAFTER - ¥

SUMHAKY AND CONCLUSIUNSG




SUMMARY AND CUNCLUGILNS

Eeeping in mind the variety of processing treatments given
to milk, products representing these treatments and coamonly consumed
by various segments of the population of this country, were evaluated
to assass their importance in the Indian diet., Milk, cow's and
buffale's, skin milk powder, dahi, yoghurt, processed cheesa, panesr
and ice creanm were assessed for their relative mutriticnal marits in

ths Indian dietary habits.

4 study conducted on the mutrient contents ¢f milk and
milk products to compare the nuirient ecomposition of varicusly
processed milk preparations, showed skim milk powder te have hivher
contents of protsin, calcium, phosphorus, riboflavin ani ascorbic
acid than milk while it had lower contents of vitamin A and folie
acid than milk, Similar inerease in the contents of cartain
vitamins in the cultured milk products showed the relative
superiority of these products despite the losses of certain
mtrients in whey during the preparation uf processed chsase.

A study carried cut on the sffect of heat treatwent on the
protein quality of indigenous milk produet khoa and khoa based swest
product, kalskand, indicated that the protein quality of both the
milk products remained unaltersd despite the further processing cf

khoa in the pressnce of sugar.
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Owinz to the limited apnlicaticn o7 the mitrient contents
exprassed ¢n product weight basis, the contents of %the varicus
mtrients in the projucts were cauputed per 1700 calories of energy
injicating the mtrient density of these protucts. ¥in rilk
powder was found tc have hishest mitrient density in raspect of
protein, calcium, phosphorus and riboflavin felicwed by processed

chaesz and nanaer,

studies conducted on the potentialities of milk amd milk
products in terms of meoting mitrient reguirements besides meeting
the energy needs (Index of Nutriticnal ‘uality) for subjects of
dflerant age groups and physiclogical status showed the relative
superiority among differemt milk products for different ags groups
in respect of varicus nmutrients. Skis milk powler and preocessed
cheege were found to have hichest indices followed by paneer, milk,
dahi and yeghurt, and ice crsam having the least IN. value for

varicus nutrientse.

Relative assessment of the mutritiomal cuality of milk
and skim milk powder and certain commonly conswmed cersals, millets
asd pulses forming the staple foed of the Indian ropulation,
show=d +he better mutritional quality of milk and skin wilk

powder in raspect of protelin, calcium, phosphorus and riveflavine

Murther, it was found that the mutriticonal recuirements

uthycmaningzwgofnnkcmldalsobajudicious]ymt
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(except for vitamin 4) with 20 g of skim nilk powder vhich
would be bemeficial both fram the hygzienie and mutriticnal
standpoint,
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Appendixs Daily Allowances of Nutrients for Indians (Recommended by the
Ratrition Zxpert Group, 1968).
Group FParticulars Calories FProtein Calcium Phoqhms’ Iron Vit. 4 Riboflavin E&c Ascorbig
acid
() (mg) (ng) (mg) (I.0.) (mg) (meg)  (mg)
Infants 0~6 months 120/kg  2,0/kg - 240 1.0/kg 1323 - 25 30
7-12 months 100/kg  1.7/%g 550 400 - 1000 - 25 30
Children 1=3 years 1200 18.5 450 800 17.5 833 0.7 (4] 40
7-0 years 1800 33 450 800 17.5 1333 1.0 ] 40
Adolsscent
girls 1618 years 2200 50 550 1200 35 2550 1.2 ] 40
Mam. Sedentary worker 2400 55 450 800 20 2550 1 100 50
gn Sedentary worker 1900 45 450 800 30 2550 1.0 100 50
== Fregnancy
o (2nd half) 2200 55 1000 1200 40 2550 1.9 225 50
% % Lactation
(upto 1 year) 2600 €5 1000 1200 30 3833 2.1 150 80

<s\e\e
B\\e

* Necomuended by the MNational Research Council (MRC), 1974.



