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mTRODUCTIOR 

M1Jk has been well recognized as · an ideal food 

for the mammalian new born. Man has adopted milk of 

domesticated animal.a ~om other species in his dietary 

habits, since the dawn of civilization. Compositional 

differences in milk ex!Stent among various species, as 

pointed out by Kon (1959), however, assume a unique 

significance especially in the nutrition of an infant . 
in the early stage of life. Meri ts of ln1rnan milk in the 

infant nutrition are apparent in its characteristic 

chemical composition and nutritional value apart :rrom 

its availability in most conducive form. Hi1man milk is 

endowed with additional. virtues, lilce presence <>f wide 
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spectrum of antimicrobial resistance factors, 1IDJI1lno-

glo bu.line, lactoferr in, leuko eytes, macrophages, lympho cytea 

and comprie 1ng of plzy's ico chemical properties (Chandra, 

19781 Bul.lin,1976 and Ila.fa, 1978). 

In view of the aforesaid the desirability of 

breas~ feeding practices has been critically evaluated 

'bJ' various nutri tionieta and 1 t has now been advocated 

'to breast teed the baby 1n her early stage of life, 

particularly by women 1n population from developing and 

underdeveloped countries (Aitken ~ !l.1960 and Jellif'fe, 

1971 ). :Breast feeding practice is also highJ igh.tened 

in the light ot its contraceptive value and economic 

significance. 

~ However, because of several factors such as physical 

or phpiological. inablliV 'of the mother to successfu:Lly 

nurse the baby, effect ot urbanization, onset of pregnancy 

etc, it of'ten becomes necessary to artificially feed the 

child•'' While the use of milk from domesticated animals 

such as oov, buffalo, and sheep are often employed with 

alight modification by popul.ation in ma.n;r developing 

countries, mothers trom. affluent countries often resort 

to infant food formulae, based on dried milk powders and 

tailored to meet the requirements of the growing infant, 

1n respect of macro and micro nutrients.· Though majority 

of such preparations prevalent in the western countries 



are based on cow milk, the situation is markedly 

different in a country like India, where milk from 

otrer species such as buffalo, forms a significant 

portion of the total milk production. Severa1 attempts 

have been made in the recent past towards m1manization 

of buffalo milk (Swaminathan ~ i.l.1968 and Ganguli, 1976). 

Conspicaous differences in the major constituents of 

bu.f.falo and cow mjJk as evident in differences in the 

pattern of milk proteins and al.so in the quality and 

quantity of m1Jk fat, raise an important question whether 

the infant food preparations based on milk from these 

species would behave differently when fed to an infant. 

Studies conducted so far, have been observed to be 

focussed chief'l.y on cow miJk-based preparations. 

Keeping in view the. differences between cow and 

lnl.ftalo milk composition, further refiecting in the 

formulation based on them, the present study has been 

undertaken to have the comparative evaluation of certain 

nutritional aspects of infant food .formulations based 

on oow and buffalo milk. · 
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REVIEW O:B' LITER.AmRE 

Methods of infant feeding are primarily comprised. 

ot blend of biological constants modified by cul turaJ. 

factors, ancient and modern alike and are profoundly 

influenced by local dietary habits. Scientific medical 

revolution undergone during past two decades, coupled with 

the influence of urbanization in the recent past, have 

led to the consideration that infant feeding is a sort 

of technique by which a child is nurtured with mathemati­

c&lly oalcul.ated quantum of known nutrients and delivered 

mechanicaJ.ly from a feeding bottle. 
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:Breast feeding practice upto first six months of 

infancy, has been uneqn.ivocall.y recoJIDnended by pediatricians 

aJ.l over the world; However, as a resu1 t of various 

factors raDging from physical and peysiological to socio­

economic, mother often fails to successfU.lly feed a baby 

on her breasts. 

Surveys carried out by Ross and co-workers ( 1951) 

on :British subjects during 19'30 - 1950 showed that the 

breast feeding practices even during early stage of 

lactation, markedly declined .from about 77 percent in the 

yeaz 1929 - 19,0, to '36 percent 1n the year 1949. S imllar 

observations were made later by Spence and co-workers 

(1954). It was observed that urbanization, social 

inconvenience, and lactation failure were the prime 

factors responsible for this condition. The influence 

of the sophistication of the conm1nity on the tendency 

of the mother to breast feed her child could be evident 

from almost total breast feeding practices at 6 months 

1n a rural Indian coIIID1mity, in contrast to meagre 12 

percent by second month of lactation among certain 

American comnn1nities (l\rtten ~ ,!!.1960). Physiological 

inablli \y of the mother to secret adequate amount of 

milk was observed to be another important factor among 

Mexican women, by Vega Franco and co-workers ( 1977). 

Other medical reasons for lactation failure and al.so the 
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necessity of the mother to work, were equally JJnportant 

factors. Apart from these considerations, other reasons 

such as beliefs about superior! ty of bottle feeding over 

breast feeding, emotional interference vi th a critical 

let down renex related to anxiety and uncertainty were 

(Jelliffe et al.. 1978 --
and Carballo il !J:..1977). 

In addition to factors mentioned above responsible 

for decline in breast feeding practices Ghosh~ sY:..(1978) 

1D 'their studies on Indian mothers reported that the decline 

in breast feeding 1s as well due to illness of mothers or 

babies, occurance of next pregnancy, misconceptions about 

the adequacy of milk in meeting the requirements of the 

baby and claims made in the commericial advertisements, 

about artificial infant foods. Adverse effect of the 

educational. staW.S on the lactation performance has been 

reported among A'frican population in u ganda by Welbourn 

•(1958). 

Under such circumstances mother has to rely on 

milk from other species i.e. cow, buffalo or goat. But 

employment of milk from domesticated animals in feeding 

~ants in the event of inability of tne mother to feed 

her child, is often confronted with several limitations, 

" mainly the compositional di!f'erencea and unl\Ygenic ?ironment. 

Further, despite of attempts to narrow the gap between the 
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chemical composition of breast milk and that of other 

milks, the level of milk nutrients is often awetully 

inadequate to meet the growing nutritional needs of an 

infant. Thus, }n1man as well as cow m1Jk are inadequate 

in supplying adequate quantity of iron, vitamin D, and 

vitamin c. Al though bnman milk fat provides fair amounts 

ot essential fatty acids, cow milk fat proves unequal 

to meet this task, when solely fed to the child. The 

levels of E-group vi tam ins often prove to be too low to 

meet the growing requirements of an infant. Keeping in 

view these cru.oial points about infant nutrition among 

less for1iunate infants deprived of mothers milk, several 

attempts have been made in the past few decades to formulate 

artificial infant foods, based on milk from different 

species. 

Ey and large commercially available infant food 

formulations are based on skimmed or whole miJk powers 

appropriately supplemented with limiting nutrients, to 

make it nutritionally compatible to meet the infant needs. 

Data on the proximate composition of large variety 

of" infant food formul.ae, based on either cow or buffalo 

milk appear to be identical. It was reported that the 

protein content in such preparations ranged between 22 - 27 

percent, fat , between 14 - 18 percent and total carbohydrate 

between 45 - 55 percent (Chandrasekhara ~ ~. 1960 ; 
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Seiffert, 1968; Udani 2] !zl:.1970; Ivanov !t1 !Y:· 1971; 

Jayasur~a and Soyea, 1974 and El-Ella et al..1976). In --
most of these preparations the ratio of proteins to total 

calories was fairly identical. The total mineral contents 

ranged between 0.4 - 0.5 percent. It was tu.rther observed 

that supplementation with substantial. degree of fat 

soluble and water soluble vitamins was practised to 

counter the inadequacies of dried milk base to provide 

adequate amounts of these nutrients. The content :tor 

these vi tam ins compared fairly well :tor different 

tomuJ.ationse 

Carbohydrates -

The major carbohydrate component in most of infant 

food preparations is milk sugar, lactose. However, to 

make it economically more feasible, various other 

dis,~charidee like dextri-mal tose and sucrose, have also 

been employed in certain infant food preparations, yielding 

total carbohydrate contents about 6 percent after reconsti­

tution (Olivi §! !l• 19671 Ivanov ~ ,!,l. 1967 and Andreevsk~a 

!l §.1..1972). 

i..otem -

The high level of protein maintained in the formulae 

are in conformity with the higher requirements of essential 

amino acids in the diet of an infant in the state of rapid 

growthe The amount of protein avail.able from artificial 
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infant formulae 1s somewhat higher than that attained 

when the child 1s breast fed. These are adjusted 1n 

such manner, since proteins from mjlk of other species, 
. 

from cow .1n particular, are not as effectively utilized 

as ln1man milk proteins. A striking difference between 

ln1man and cow mjJk is the ratio of casein to whey proteins, 

which determines the digestibility of milk proteins in 

the stomach. The ratio of casein : lactoalbumin 

ranges between 1 : 1 in the case of bnman mtlk as against 

6 : 1 iii cow milk (Ewerbeck, 1953; Giordano, 1960; Deb 

and Cama, 1962 and Ganguli, 1976). 

!Ule essential. amino acid composition of the protein 

of different milks are more or less s imllar and sufficient 

to meet the requirements of the growing infant (Holt and 

Seyderman, 1961 ). Some of these amino acids are provided 

in greater concentration as compared to what is required 

by the body. Selma ~ !l• (1956) conducted a feeding 

trial on normal male infants of 1 - 5 months age and 

reported that the lysine requirement was less than 90mg/ 

kg/dq; Further it was observed that infant fed according 

to normal cow milk formulae receive at least three times 

this amount of lysine, as compared to breast fed infants. 

Fat -- Hnma.n milk fat contains more unsaturated fatty acids 

as compared to fat from other species, that is cow and 

buffalo milk. Keeping in view this fact the cow milk fat 
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is replaced by vegetable fats. In some proprietary milk 

foods for infants the milk fat was replaced by olive oil 

or mixture of coconut, maize and olive oils (Spate., 1967 

and Berio !! ii. 1970). 

In the recent years sunflower oil and maize oil 

are being used to replace butter fat in order to increase 

the content of unsaturated fatty acid (Kozin ~ ~.1971; 

Sina, 1974 and Widdowson il !!!• 1974). In some preparations 

combination of coconut and maize oil has also been used 

(Rodini et al.. 1974 and Fomon et al..1976). --- ----
Various workers have reported that the fat content 

ot infant food formulae ranges between 14 - 18 percent 

(Chandrasekhara, 1960; Udani~ !,!.1970 aJld Ivanov~ ~. 

1971 >. 
In a study on infants fed on cow milk based formulae 

for a period of 14 weeks in comparison with those breast 

fed, the same period, Naismith ll 11• (1976} reported that 

the proportion of linoleic and ~achidonic acid in the 

plasma lipids were significantly lower 1n artif iciaJJ.y 

fed inf an ts as compared to breast fed ones. Thus inf an ts 

fed solely on cow milk formulae over a realistic period 

of time before weaning are in no risk of linoleio acid · 

deficiency-. 
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Iron -

Despite of low levels of iron in bnman and cow milk, 

infants have sufficient body reserves during first few 

months of life {lja.nsen ·ll ~. 1971 ). Even the recommended 

allowances (National Research Cowicll Washington, 1958) 

recommends an intake of o.a mg/kg/day during the first 

yea:r of life using labelled iron. Schu.lz and Smith (1958) 

observed that the intake of 4 to 5 mg iron at three months 

ot age 1s adequate to meet the body requirements upto 11 

years. Though the iron absorption 1s around ten percent, 

stress conditions like anaemia have been observed to 

enhance the absorption of iron-. Egg, meat, cereal.a and 

vegetables are good sources of iron, however in modern 

feeding practices a special baby food fortified with 

ferrous salts is usually the most important single source 

of iron 1n the infant's diet (Del Mundo ~ !!,. 1964). 

Vitamin C • 

According to British Medical Association (1950) the 

dietary intake of 10 mg/da:y during first two years of 

life is sufficient to establish and mainta.in a goOd 

nutritional sta1us with respect to this nutrient in 

rep~esentative subjects. Somewhat higher levels of 'O mg 

has been suggested by National Research Council Washington 

(1958). 

• 
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~reaat milk usually provides enough vitamin C to 

protect infants agaillst scurvy. However, supplements of 

vitamin C have been recommended for breast fed infants 

after the third month as also for infants fed artificially 

(Khalil and Waly, 1949). 

is not kno\m. 

However, on the basis of calcium retention, a dally intake 

of 400 I.U is recommended for infant.a (Nationa1 Research 

Council Washlligton, 1953, 1958). 

~e amounts supplied bl" hrima.n, cow and buffalo milk 

are veey small and dietary supplements are desirable to 

be included if the intake at recommended allowauces is 

to be ensured (Sturrock and Marian, 1952)• This increased 

intake of vitamin D is achieved by irradiating cow's milk 

or addillg vitamin D to it, or by providing cod liver oil 

or vitamin D supplements (I(ytten ,U !:l,. 1960 ). 

Anti-in!ective Factors -

In an attempt to make cow's milk resemble human mi]k 

as closely as possible attention has been paid to what is 

called tho Lactobacillus bifidus tactor. It has long been 

known that the faeces of breast fed babies are slightly 

more. ac·id~c.ihan those of babies fed on cow's milk and contain 
i 

a higher proportion of one we of organism lactobaclllus 



bifidua. The factor present in lm.rJan milk was termed 

as L. bi:tidus factor and has been ahovn to be a dis~~cbaride 

called lactulose. 

Some highly humanized milk contain added lactul.ose 

and dried milk mcin to increase intestinal bifidus fiora 

and lysozyme activity (Lax, 1968 and Japanese Patent , 1970). 

Other manufacturers suggest the source ot bif idus factor 

could be commercial p~'s gastric mu.cin added at a level 

of one percent, or a mixture of N-acetyl-D-glucosamine, 

blood group substances A, E, or O, mu.cin or pancreas 

(Gyorgy ~ 2'1· 1955 and ~omarelli ~ ~. 1974). 

!fy.tri tional Evaj.ua tiQA -

Nu.tri tional assessment of various commercially 

available infant food preparations using infants as subjects, 

have been reported by various workers. Shapiro il ~. (193'3) 

conducted long term feeding trials on .infants of age 

between 4 - 25 weeks, and observed that a cow milk based 

preparation "Lactogen" when fed for periods upto ten 

months, ~ adequate to maintain normal body wef8ht gains. 

Feeding such preparation was further reported to correct 

underweight conditions in certain infants. Similar 

observc:. tions on a cow milk based preparation, "Similac" 

were made by Chiossi ~ ~. (1967) who included infants 

of six montbS age in their stu.dy and these were fed for 

periods ranging between 7 to 160 dqs. 
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EXperiments with another kind of ln1manized cow 

mu k f ormul.ae "Ii an", simulated in respect of ratios of 

casein : albumin and saturated : unsaturated fatty acids, 

by way of ad.di tion of demineralized whey aild milk and 

vegetable fats, when fed to heal tey- newborn infants as 

well as premature ones, was found to be well tolerated 

by ~hem without a:ny gastro-intestinaJ. upsets (Rodrigu.ez, 

1967)9 Distinct advantage of a preparation based on dried 

acidified milk product "Pelargon" in comparison vi th a 

preparation baaed on evaporated milk supplemented with 

dextri-mal tose, was reported in respect of growth rate 

and disease resistance in infants. A group of infants 

receiving 'Pelargon' showed higher growth rates during 

first two months of life, with relatively lower incidences 

ot vomiting, diarrhoea as compared to a group fed on other 

preparations (Beland ~ !J:.• 1960). Earlier TremblS'1' (1957) 

reported better digestibility of 'Pelargon' in comparison 

with pasteurized cow milk, when these preparations were 

fed for the period of two months to heal tey' inf an ta·. 

Beneficial effects of feeding 1n respect of consistency 

of stools and microfiora in stools, were reported when a 

}Dimanized milk preparation "H11mana• were given to full 

term as well as premature infants and a comparison made 

with groups receiving bJunan or butter milk. Daily gaim 

in body weight were observed to be comparable among premature 

and f'ull term infants (13erger il ~. ( 1956). 
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Studies have been reported on the effect of feeding 

modified buffalo milk formulae "Aill11" in infants upto 

two years of age and varying in nutritional status (normal 

and calorie deficient). When a comparison was made with 

group fed breast milk, diluted cow's milk and other 

commercial preparation based on cow mjJk (Glaxo am 
lactogen), a group receiving modified buffalo miJk 

compared favourably with other groups. Subjects chosen 

1n this investigation, however, appeared to be of higher 

age than permissible for evaluating infant food preparation 

(Misra, 1959). 

In addition to the measurement parameters for growth, 

attempts have also been made to determ.ille the influence 

of feeding infant food formulae on the hematological 

picture·. Crosse and co-workers ( 1954) reported the 

effect of feedillg different hnmanized cow mjJk preparations 

based on evaporated milk or half skimmed dried milk, 

providing low and high levels of protein, on the level 

of haemoglobin, and serum proteins m infants with lower 

birth weights. All the preparations employed in feeding 

trials, were isocaloric to that of hnman milk• It was 

observed that :tnunan milk was distinctly superior to other 

preparations in preventing the tendeney of the development of 

raokhitic conditions. High protein yielding cow milk 

mixture based on half skimmed milk ranked next only to 
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mJian milk. Similar observations were made by Bucci~ al. 

(1963) . .bl respect of haemoglobin and hematocrit levels 

when premature :Infants were administered different formulae 

ot bllmanized milk, in comparison with lmman milk• 

Modified cow milk f ormu.lae "Humana" when fed to 

premature as well as M.l term infants in the age group 

betwem 1 - '3 months compared well in respect of their 

response on total serum protein haemog1.obln. red blood 

·cells . and reticulocyte count with other groups receiving 

l:Dman milk and soya milk. Gains in body weight as well 

as leng-th, :1n , ad.di tion to levels of amino nitrogen, calcium, 

phosphorus, iron, lipid content and alkaline phosphatase 

ac~ivi'\v were comparable with other groups (Vest ~ ,§!. 

( 1966 )• . In an another study on premature infants, feeding 

tria1.s were conducted for period of 17 - 45 days ll1 which . , 
"Ht111Uj'1la~ supplemented with one percent protein bydrolysate 

·was COJ!ll>ar&d with human milk. It was observed that the 

weight -gains were considerably high for -µie group receiv.ing 

"Hnmana~ supplemented with protein cydrolysate as compared 

to b11man miJk. Nitrogen retention was, however, only 50 
. . 

percent in all these preparations (Vest ~ !!• ( 1971 ). 

Sm.Uazi observations were made on infants of age ranging 

between 2 - 6 months when another humanized mD.k preparation 

":Babilon" was ted (Elaim li M• 1972). 
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Nitrogen Balance Studies -

Attempts have been made to study the utilization 

of proteins and calcium from infant food preparations in 

comparison with protein and calcium available from lrnman 

milk.- Studies conducted by Barness and co-workers (1957) 

on heal~ infants showed that nitrogen retention was 

somewhat better when infants were given bnman milk as 

compared to those receiving cow milk, when both preparations 

were isocaloric and isonitrogenous. It was :further observed 

that there was major preponderance of Lactobacillus bifidu.s 

var. penn. in the stools of infants fed hnman milk. Similar 

observations were made by Fomon (1959) during the nitrogen 

retention studies among infants. 

Short term nitrogen balance studies for the period 

. of 4 - 8 days among premature babies were conducted by 

Santerre !l M• (1972), in which half skimmed cow's milk 

and the formula acidified with lactic or ci trio acid were 

fed to permature infants·. It was observed that nitrogen 

retention was s1milar in both the case~• A comparative 
' 

study on various )'mmanized milk . preparations available 

from certain European countries was made by Zou1a ~ §:!. 

(1967), in which premature infants :lf 3 - 9 weeks age were 

oho.sen for 4 dqs balance trials• It was observed that 

gains in body weight were within normal limits, and 

distmotly higher on humanized mj] k than on human mi 1 k. 
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i'urther no significant differences were observed in 

nitrogen retention. 

Excretion of urinary urea nitrogen am .?( -amino 

nitrogen have been reported to be similar an Japanese 

healtlJ1 infants 2 weeks - 4 months of age when fed with 

humanized milk formula SMA 'S-26' and m1man milk. Serum 

protem and serum urea nitrogen levels were also found 

to be vi thm normal range Cllor i ta !!l !Y:,. 1970). 

It would appear from nitrogen retention studies 

reported. so far either with premature or full term infants, 

or c0nducted for short or long term that, b7 and large 

the nitrogen retention b7 the body from most of the 

lmmanized cow milk preparations with or without acidifi­

cation, was comparable to that observed for ln1man miJ k 

deapite of high level of protein intake in bottle fed 

inf ante. 

Gel ciWll ~alance Stu.dies -

Studies carried out by Southgate !U ~. ( 1969) among 

infants ( 5 • 8 d'\V8 old) suggested that there was highest 

~oium retention (66~) in breast fed in£ants compa:i•ed 

with other milk preparations 1.e. oater mUk and SM.A. -

'S-26' b~ed .on oow mnk. Different milk formul.ae varying 

in ~o!»JI content be1;ween 90 - 165 mg/100g and also in 

oal.~ium to phosphol'WI ratio between 1.2 - 1.97 mg/100g 
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were compared. Wyaokinaka ~ !:l• (1972), observed that 

formulae supplemented with whey supported better calcium 

retention than formulae rich in fat content. The extent 

and composition of tatty acids of the fat present in 

infant food formul.ae was· a1so observed to have influence 

on the· absorption of calcium. Hanna e-t ai. (1970) --
observed that cow mnk based infant food formulae containing 

different levels of different types of vegetable oils and 

varied amount of calcium, when fed to infants showed 

positive correlation between faecal fat and caJ.cium. It 

was concluded that appropriate fatty acid com.position is 

essential to ensure proper mineral retention. 

A short term calcium/phosphorus balance study was 

conducted among premature babies fed either half sk imned 

cow milk or the formulae acidified with lactic or citric 

acid:. Xt was observed that the retention of calcium was 

same in all . the preparations whether plain or acidified, 

but the absorption and excretion of phosphorus was increased 

by incluaion of lactic or citric acid (Santerre 2! .§1.1972). 

Biological EYJAua.tion -

Studies have been reported on biological value, 

net protein utilization, digestiblli ty and protein 

etticieney ratio of various infant food f ormul.ae in 

experiments with albino rate. 
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In view of the deficiency of S•amj no acids in milk 

proteins Henry il §.b·. (1953) studied the effect of eysteine 

and methionine supplementation separately or together on 

the biological value of dried skimmed mjlk. A feeding 

trial was conducted on albino rats at an~ level of 

protein intake. It was observed that 'the biological value 

was significantl;y increased by the addition of o.2' DL­

methionine or 0.4~ cysteine but when 0.4~ DL-methionine 

or these two were given together no :further improvements 

was seeztt On the other hand, the tru.e digestibility of 

the milk proteins was not affected by the addition of 

methionine or eysteine. Further, nutritive value of 

infant food prepared from buffalo milk and fortified with 

DL-methionine was assessed in an experiment with albino 

rats. It was observed that the protein efficiency ratio 

of the milk food fortified with DL-methionine was 

significantly higher PER (4.0) than that of the unfortified 

milk food at 10 percent level of protein PER (3.3) Daniel 

et al. (1968). --
Shurpalekar ~ !!• (1964) estimated the nutritive 

value of skim mjlk power from cow, buffalo and goat's 

milk .and observed that goat's milk was slightly higher 

in calcium, niacin, and protein levelso However, the 

protein contained lower amounts of total aulplmr ammo 

acids than :cow and buffalo milk proteins. Feeding trials 
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on albino male rats for a period of 4 and 8 weeks to 

determine the PER ot· the protein, showed higher PER in 

case of bu.ffal.o milk followed by cow's milk and least 

in case of goat's milk, possibly because of lesser amount 

of sulphur containing amino acids. Relatively fewer 

studies were al.so carried out on infants-. J. study' on 

cow milk-banana formulae was made by Dut:ra §! ~.(1970) 

in 'Brazil in which weanling rats as well as infants of 

1 - '3 months age, were chosen. It was observed that the 

PER of the formula assessed on rat was greater 2.88 as 

compared to 2.65 for casein. Further no significant 

differences were observed 1n weight gain by infants ted 

this formula compared with }n1man mtJk. 

Fat Absorption Experiment -

Fat absorption from various infant food formulae 

depends upon the position~ distribution of pal.mitic acid 

1n a tr181Yceride and to lesser extent on uwristic and 

ole1c, but ~ot on stearic acid·.- It was observed that high 

proportion of palmitic acid in 2-position of triglyceride 

could be related to superior absorption of }n1man milk 

( fomerall 1 ,!! !l• 1968 ) • 

A ~at absorption study conducted by Toma.relli ~ ,!l. 

( 1968) in rats showed that the h18h absorption of }n1man 

milk fat (94.6 percent) was equaled by a fat blend of a 
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similar fatty acid composition with a high content ar 

2-paJ.mJtoyl-tr18].yceride, (96.3 percent) in contrast 

to one with low content (89.9 percent). It was :further, 

observed that absorption of butter tat was 89.5, lard 

92.4 and oleo 79.9 percent. 

Short term balance studies conducted by Vignetti 

ll !Y:• (1958) on prema1llre infants with birth weights 

ranging between 1 to 2 kg, showed that maxJmnm absorption 

of fat (92.7 percent) was obse1-ved for a preparation in 

which equal amounts of bnman milk and 'Medium Pentolac', 

a hnmanised cow mJlk preparation were added, followed by 

92.0 percent from 'Pentolac' alone and min1nn1m absorption 

was from bnman miJk when all preparations were iaooa.loric. 

Further it was observed that mean dally weight increase 

was highest from a formula from which there was maxiJID1m 

absorption of fat. Similar observations on fat absorption 

(79 - 97 percent) for various cow milk based preparations 

were made by ~ber ~ !J.• (1961) on heal tey infants of 

2 - 7 months old in their study and these were fed for 

3 days period:. 

In comparison with .a formula consisting low levels 

of animal fat Davidson~ !il• (1960 ) observed that the 

absorption of fat was significantly higher among prema1ure 

infants receiving food formulae consisting corn oil as 
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compared to other groups. The levels of faecal satura ted 

fatty acids were similar in all the groups. In their 

study on different artificial milks using tul.l term 

healtey- .infants of 7 - 10 d~s age Heinz ~ M• (1966) 

observed fairly simllar extent of absorption of fatty 

acids. Absorption of certain saturated fats varied 

considerably between 60 - 75 percent for stearic acid to 

71 - 85 percent for palmi tic acid. 

The excretion of fat by normal infants of age 

between 8 and 180 da\VS, was studied by Fomon ~ 21.(1970). 

The infants were fed (1) Human milk, (ii) homogenized 

cow's milk and (iii) evaporated cow's milk. It was 

'Observed that excretion of fat was less than 1 g/kg/day 

by infants fed (i) and greater than 2g/kg/day by infants fed 

(11) whereas those fed (iii) or a formula with butter fat 

generally excreted between 1 and 2g/kg/day. 
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MATERIAU> AND METHODS 

Collection of Samples -

Samples from different batches of _infant food 

forDllla "lndec" ·prepared from oow's milk, were obtained 

from the 'Indian Dairy Entreprene~ Agricultural Co. Ltd• 

(D>EAL) Ra11iwara, Kallan, Rajastha.ne .Amulspr.a.y samples 

of Infant Food Formula based on buff~o milk were procurred 

from the local market. 
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Determination of Proximate Principles -

Following oonatitu.ente namely protein, fat, lactose, 

moisture and ash were determined from infant food samples 

as below: 

Determination of Protein -

The protein content of the samples was determined 

by using conventional miorokjeldha1 digestion and distillation 

procedure described by Association ot Official Analytical 

Chemist (1975). 

Procedure -

o. 5g of sample was digested in duplicate with the 

aid of a pinch of digestion mixture and 5 ml of concentrated 

u
2
so

4
• After complete digestion it was diluted to 50 ml 

and 5 ml of digested samples was transferred to vacuum 

jacketed fl.ask of kjeldahl apparatus. Ammonia liberated 

on addition of '3 ml of sodium eydroxide (8~) was collected 

in 25 ml of boric acid ('3 '/,) and determined by titrating 

against standard 0.02 N Hal. wi'\h mixed indicator as an 

external indicator (metl\Yl red and metey'lene blue l. 

Determination of lactose -

Lactose content was determined according to Folin 

and Wu. ( 1920 ). 
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Reagents -

1) Alkaline Copper Solution - Forty g of the Na
2 

co
3 

(anhydrous) were dissolved in 400 ml of water, 'to 

which 7.5g of tartaric acid and 9.5 g of euso4.5H20 

were added and was iUrther dllu ted to 1 1 i tre with 

water. 

11) Phosphomolybd1c Acid Reagent - !rhirty five g of 

molybdio acid and 5 g of Na - tungustate were 

dissolved with 200 ml of NaOH (1~ w/v) and 200 ml 

water. On bolling for about 40 min. to eliminate 

dissolved res-idual ammonia it was further diluted 

to '350 ml·. 125 ml of concentrated 0-phosphoric acid 

(8~) were added am the content were diluted to 

500 ml. 

111) Sodnun tungstate (1~ w/v). 

iv) H2so4 2/'3 N. 

Procedure -

!rbree g of sample were suspended 1n 6 ml of water 

and the protein was precipitated by addition of 6 ml o~ 

Na - tungstate and 6 ml of 2/'3 N yo4• The precipitate 

was removed by filtration thro\l8h whatman filter paper 

No.I and 2 ml of filtrate were mixed .·1th equal. volume 

of reagent I in folin - Wu. sugar tube and heated in boiling 

water bath for 8 minutes. On cooling, 4 ml of reagent (ii) 

were added. The volume was adjusted to 25 ml with reagent 

(ii) diluted (1 : 4 ) with water. 



!rhe intensity of the colour was measured at 420 ~ 

(:Blue fll ter) using Klett Summerson Photoelectric 

Colorimeter. 

Estimation of ~a! -

l'at content was determined according to Rose Gottleib 

ether extraction method described in the I.s.I.Eulletin 

(1968). 

Procedure -

One g of sample was weighed in a beaker. To that 

9 ml of sodium chloride solution co.~ w/v) was added and 

contents were transferred to a fat extraction tube. To 

this 1 ml of concentrated ammonia, 10 ml of alcohol (95%) 

and 25 ml of die~l ether were added a.rkl this was mixed 

vigorously for 1 minute. Cork was moistened with water 

before each insertion and rinsed with solvent before 

removal. !rhen 25 ml of petroleum ether was added and 

shaken vigorously 88ain for 30 seconds. 

On separation, the etherial layer was transferred 

to a suitable .flask with the help of siphon. In this way 

extraction was repeated thrice with 15 ml of diethyl 

ether and 15 ml of petroleum ether. Contents were dried 

on water bath and then in a electric oven maintained at 

ao0 c. 
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Determination of Moisture -

Moisture content was determined according to the 

method described 1n 1.s.1. Bu1letin (1968). 

Determ.1.na tion of Total Ash -

~otaJ. ash content of the sample was determined 

according to the procedure described in I.s. I. ~ulletin 
(19~). 

Estimation ot Phosphorus -

~he procedure for the estimation of phosphorus 

has been described by Ames (1966). 

Reagents -

i) Ascorbic acid (1~ ). 

ii) Ammonium molybdate (094~) - 28.6 ml concentrated 

H
2
so

4 
and 4.2 g .ammonium molybdate were dissolved 

in distilled water and volume made to one litre. 

iii) JUx one part of (i) and 6 parts of (11). 

iv) Preparation of standard solution - 1'3.609 of 

KH
2
Po 

4 
were dissolved in distilled water and volume 

made to 100· mJ.·. ~ was suitably d:iluted to 

contain phosphorus in the range of 2 - 6 )l8. 

Preparation of Standard Ou.rye - -

~e standard solution prepared above, was taken in 

a series of test tubes in different concentration and 

solution made to '3.0 ml in each with the help of distiled 
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water. 7 ml of reagent (111) was added to ·each tube 

and incubated for 20 min. at 45°0. For blank 3.0 ml of 

distilled water was ta.ken 1n a test tube-. Rest is same 

as for standard. The tubes were then cooled to room 

temperature. The blue colour of phoaphomolybdic acid 

formed as a reaction of phosphorus with molybdate was 

read in ·IQ.ett Summerson Colorimeter using red tilter 

(660 - 720 '1- ). 
Procedure -

For estimation of phosphorus 1n sample, the sample 

was digested with the aid of a pinch of digestion mixture 

and concentrated yo4• An aliquot of digested material 

_ containing 2 - 6 f'8 phospho~ was taken in a test tube 

in duplicate and volume and to 3.0 ml. The phosphorus 

was then estimated as described above. 

Phosphorus content of the sample -

x 
Klett A 

x 
XJ.ett :B 

c 
X D 

x = ug phosphorus present in standard. 

10.ett A = IO.ett reading for standard. 

nett B = Klett reading for sample. 

c • 

D = 

Amount of digested material. taken for 
estimation. 

Dilution factor. 
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Estimation of CaJ.cium _ 

Calcium was estimated according to the procedure 

described Jn r.s.1. Bulletin (1964 - 68). 
Procedure -

On ashing as described earlier 1 g of sample was 

dissolved 1n 40 ml of HCJ. (25~ v/v) and a few drops of 

concentrated I.IN O, • The volume was adjusted to 250 ml. 

A measured portion of the aliquot (100 ml) was employed 

for the precipitation of calcium as oxalate by adding 

1 - 2 g of NH4 Cl and 10 ml of saturated solution of ammonium 

oxalate. ~ solution was brought to boll and ammonium. 

~droxide (~, w/v) ~ added in a dropwise fashion till 

the precipitate began to appear9 The solution was kept 

overn~t to facilitate the complete precipitation of 

calcium oxalate. 

!he solution was fll tered thro\l8h whatman fll ter 

paper No-942 and the precipitate was washed with im4 OH (50%) 

and was further collected Jn a beaker and dissolved in 

dilute yo
4 

(1 : 25). On heating to 60 - 10°c this was 

titrated against 0.1· N KMn04 till the pink colour persisted. 

!!!he calcium content was . calculated as given below: 

v x 250 x ro x 100 
Calcium Percent • 

100 x 1000 x w 

v 
w 

• Volume of 0.1 N KKn04 
Weight of the sample taken 
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Biological Evaluation -

The protem quality of infant food preparation 

depends mainly on the type of dried milk powder employed 

in their preparation. ~hese are of two type - Spray 

dried and Roller dried. 

In order to assess the same, growth promoting ability 

of different formulae as well as biological value were 

determined using albino rats as experimental animal models. 

Protein Efticienc:r Ratio -

!rhe growth promoting ability of different formulae 

was determined according to the procedure developed by 

Osborne, e..tcJ. •.. ·_ -~ .·11 ~1919). 

Weanling male al.bino rats weighing between 35 - 40 g 

from the Small Animal. House, S-tock Colony were used for 

the experiment. Animals with identical. weight were 

divided into two group'• Each group was consisted of ten 

animalse !l?hese were maintained on following diets for 

the period of 28 d~. 

Group I - Fed Indec mjJ k food based diet, protein 

Group II -
content of which was adjusted to 1 <1f, level. 

Fed Ann1Jspr~ milk food based diet, 

protein content of whic;h was adjusted to 

10% level. 

Preparation oLJ!!! -

T}ie composition of the diets 

shown in table 'A' • 

for each group has been 
-~ ~ 

('~ ".., ... ;.~ 
\ ~ 4. 
. ~ ~ - _ .. < . 



Table A. Percentage Composition of the Diet used in 
PER and ~.v. 

lngredien ta Casein diet 
(10% level) 

Casein 11"92 g 

Indec -
Amulspray -
Sugar -
Salt Mixture 5 g 

Cellulose 1 g 

Vitamin Mixture 1 g 

Fat added 9 g 

Starch 72.8 g 

Total 100 g 

Vitamin mixture 

Mineral mixture 

Indec Amnlspray Protein-
power power free 
diet. diet diet 

(1~ level) 

-
45.4g - -
- 45.5 g -
- - .9 g 

4 g 4 g 4 g 

1 g 1 g 1 g 

1 g 1 g 1 g 

0.81g o.a1 g 13 g 

:59.5 g :59.5 g 68 g 

100 g 100 g 100 g 

= Prepared accordinP. to 
Eggum ll !Y:• ( 1975) 

~ Prepared according to 
AOAC (1970) 

Infant food samples contain 22' rotein, 18% f'at. 



During the experimental period of 2B days animals 

were _.fed ad libitum. Food intake by the individual 

animals were recorded every day. Changes m the body wt. 

were recorded every third day. After 28 d&¥S the total 

wt. gain and total diet consumption, was calcul.ated. 

below: 

Protein Efficiency Ratio was calculated as given 

Galli in body wt, in 28 days (g) 
:a x 100 

g. of protein consumed b7 
the animal 

Biological Assays -

1) ~o find the digestibility co-efficient of the 

respective protein. 

2) !ro find the biological value (B. V.) of the proteins. 

Biological value was detarmined according to the 

method described by Mitchell (1923). 

Experiment was conducted on weanling female albino ,, 
rats we18hlllg between (40 - 50 g) and obtained from N.D.R.I. 

Small Animal House Stock Colocy. The animals were weighed 

and fed with protem free diet (Table A) for the period 

of ten dqs. 24 hrs ool~ection of urine and faeces were 

made during this period. After ten dqc they were grouped 

and were maintained on the dietary regime given below: 

Group I - Fed Indeo milk food based diet, protein 

content of which was adjusted to 1~ level. 



Group II -
.,., 

Fed Amulspray mi]k food based diets 

protein content of which was adjusted to 

1~ level. 

The m-ine anl faecal collection were pooled for the 

pe·riod of ten days for individual animal and analysed for 

nitrogen content. The food intake durl. ng protein free 

and test protein diet regime were recorded. 

Collection of Urine and Faeceg, -

For the collection of faeces and urine the rats were 

kept in special metabolic cages, specially designed for 

this purpose. 150/250 ml conical fiask or plastic bottles 

were kept below the .funnel of the cat; es in such a wq that 

urine can not spill out. The ur.iJ'.le excreted by animals 

could pass through the mesh fitted inaid.e the cage and 

collected over a few drops of chloroform and lzy'droohloric 

acid, whereas the faeces were collected on the mesh fitted 

inside the cage. Urine and faeces were collected daily. 

Urine samples were stored in refrigerator whereas faeces 

samples were kept in oven for dryness. After 10 days of 

experiment the cages were washed with distilled water to 

collect the urine which dried in the cage. The volume 

of urme was made to 250 ml with distilled. and filtered 

and 25 ml of this was taken for digestion in duplicate to 

estimate the urinary nitrogen. 
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]'aeces were dried in oven until constant weight at 

90 to 100°0, weighed accurately and ground to a fine powder 

and 1.0 g of the powder was digested in duplicate, and 

nitrogen in total faeces excreted was estimated. 

From the data obtained digestibility coefficient 

and biological value were calculated using the following 

formula (Mitchell, 1923). 

Jl3Bestibil.1 ty Coefficient (D, C,) -

N intake - (faecal N - endogenous faecal N) 
N intake x 100 

In - ( Fn - Fe ) = x 100 
In 

Nitrogen Digested 
= x 100 

Nitrogen intake 

Biological. Va1ue (13,J,} -

= 

Where 
In 

ln 

Fe 

Un 

Ue 

= 

= 

• 
--

In - ( Fn - Fe ) - ( Un - U e ) 

In - ( Fn - Fe ) 

Nitrogen Utilized 
x 100 

Nitrogen digested 

Nitrogen intake 

Faecal N on test protein diet, 

Faecal N on protein tree diet, 

Urinary N on test protein diet 

Urinary N on protein free diet 

x 100 
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Net Proteill Utilization (N,P,U,) -

The NPU values were calcuJ.ated from biological value 

and digestiblli ty coeffic;i.ent according to Mitchell ( 192'.3 ). 

H.P.U0 • 

B. V. X D. c. 

100 

~.v. = ~iological Value 

D.c. = Digestibility Coefficient 

Determination of fat Absorption -

Absorption of fat from infant food fornmla was 

determined according to the procedure described by Toma.relli 

et al. (1968). --
Young male rats (80 - 100g) weight maintained on a 

fat free diet of the following composition - casein - 22.0g/ 

kg of diet, glucose 7'8 g/kg, salt mixture - 40g/kg, vitamin 

mixture 1 g/kg and choline chloride 1 g/kg, 

Rats were divided into groups having identical. body 

weights. Each group consisting of 6 animals was fed ad 

libitum the test fat diet at 1e,g level, replacing an equal 

amount of glucose from the fat free basal diet, for the 

period of three days and later switched over to fat free 

diet for another three days. During the period of 6 days 

of feeding the dietary fat intake were recorded and also 

faeces collected for the determination of fat excretion 

level'. 



Group receiving fat free diet for the 6 d~e served 

as a control, for the estimation of endogenO\lS faecal fat 

excretion, under identical conditions.- The total fatty 

acid content of the food and faeces was determined by the 

procedure ~f. Van de Kamer (1949). 

Percent of fat absorption based on fat intake was 

calculated. 

meq. faecal - meq. endogenous 
fatty acid fatty acid 

Fat absorption = 100 - X 100 

meq. food fa tty acid 

~termiq?=tion of Total rat in Faeces -

Total fat in faeces were determined according to Van 

de Kamer method (1949). 

Reae;enta -

1) Ethanol - ~ containing 0.4~ amyl alcohol 

ii) Ethanol - 96~ (neutral to tbymol blue) 

iii) KOH (33~ w/v 

iv) HCJ. (2~) specific gravity 1.1., 

v) Petroleum ether (60 - ao0 c) 

vi) Sodium }\ydroxide (0-.1 N) 

vii) Tb1Jnol blue ( '6 w/v) in 50% ethanol 

Procedure -
live g of powdered sample of faeces were renwced with 

10 ml of reagent (iii) and 40 ml of reagent (i) for 30 minutes. 

On cooling, 10 ml of reagent (iv) were added. The saponified 

samples was further extracted twice with 50 ml of re __: ~nt (v). 
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A measured aliquot (25ml) was taken and evaporated on water 

bath. The residue was taken in 10 ml of reagent (ii) and 

titrated against 0.1 N NaOH with tbymol blue as externaJ. 

indicator. 

S;tatiatical Analysis -

Data obtained were subjected to statistical analysis 

according to the method suggested by Sukhatma and Panse 

(1967). 
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RESUL!S AND DIS<IJSSIOB 

SEC.fIQN - A 

In order to know about the nutritional value of 

a product it is essential at first to understand about its 

nutrient composition.- . To assess ~e nutritional quality 

of infant foo~ formul~e based on cow and buffalo miJk, 

samples from different batches ot preparations were analysed 

for proximate principles, and data are presented 1n Table 1i: 1a . 

It was observed that the contents ot various nutrients like 

protein, fat, oarbohydrates (total reducing sugars) ash, 

oaloium and phosphorus in both kinds of preparations were 



TABLE - 1 

~ical Composition of Infant Food baaed on 

Buffalo Milk 

Bat.ch Protein 
No. 

Fat Moisture Ash Lactose Calchun Phos­
phorus 

1. 

2. 

'· 
4. 

5. 

6. 

M.V. 

s.E. 

25.06 17.94 '3.99 1.87 44.92 0.85 o.67 

24·.52 18.11 4.05 1.85 45.67 0.90 0.71 

25.06 18.'37 '3.85 1.90 44.2'3 0.92 0.65 

25.42 18.09 4.12 1.02 45.21 o.87 o.69 

25.06 17.99 '3.95 1.89 4'3.94 0.89 0.62 

24.67 18.20 4.07 1.91 45.60 0.95 o.65 

24.96 18.12 4.00 1.87 44.9'3 0.09 0.66 

!f).040 ;!0.057 ,!0.0'31 ,!0.018 ~.289 !(>.011 i-0.010 -

Values expressed as g/100g 

No. of observations - Each value is the average of six 

independent observa tions conducted 

in duplicate. 

M.V. =Mean Value 

s.E. = Standard Error 



Chemical Composition of Infant Food based on 

Cow i'Illk -·----== 

Ea tch Protein 
No. 

?at Moia ture Ash Lactose Calcium Phos­
phorus 

1. 

2. 

'· 
4. 

5. 

6. 

M.V. 

s.E. 

24.70 18.60 4.15 1.72 45.52 0.75 0.52 

24.35 17.89 4.02 1.70 42.75 0.79 0.55 

24.15 18.12 4.21 1. 75 45.50 o.ao 0.49 

24.65 17.98 3.96 1.79 44.25 0.75 o.50 

24.52 18.04 4.10 1.69 42.59 o.a1 0.57 

23.99 18.05 4.25 1.75 4:5.95 0.7:5 0.52 

24.39 18.09 4.12 1.73 44.09 0.11 0.52 

,i<>.115 !().104 .i<).044 ,!0.018 -+0.520 - ,i<).011 !().010 

Values expressed as·g/100g 

No.of observations - Each value is the average of six 

independent observations conducted 

in duplicate. 

M. V. :s Mean Value 

s.E. :: Standard Error 
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highly comparable. This was evident from the average 

values of 24.39 - 24.96% for protein; 18.09 - 1a.1~ for 

fat; 4.00 - 4.12% for moisture; 1.73 - 1.87~ for ash; 

44.09 - 44.93% for lactose; 0.77 - o.a9tfor calcium and 

0.52 - 0.66~ for phosphol'\lS, for buffalo milk based 'Armll­

spray' product and cow milk based preparation ' Ind e c' • It 

was observed that the differences between these average 

values were not statistically significant. 

It would appear that infant food formu1ae under 

investigation provide adequate amounts of protein to the 

infant (6 months old) against their requirement of 12 g 

pro te W day ( 2. :.g/kg/ day). 

Although the average fat content in both the prepa-

rations were very close, the amount of vegetable fat 

employed to adjust the total fat content m the preparation 

apparently varies. This could be inferred from the 

observation that 'Indec' preparation was based on whole 

oow milk whereas dried skimmed milk was employed in the 

other preparation• Though the nature of fat used for this 

purpose is not clearly evident, it could have profound 

influence on -:the utilization of this nutrient, which depends 

on the fatty acid composition of the die~ and the positional 

distribution of paJ.mitio acid, in a triglyct.ride molecule 

and to a lesser extent on myristic and oleic acid 

(Tomarelli ~ !J..1968). The amount of milk fat present 

in the total fat content for the infant food formulae, 
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would further reflect on the total essential fatty acids 

available from these ·preparations. 

As regards total carboeydrate content both preparations 

have been reported to conta.ill 50 percent of its total buJ.k 
' .. 

as total carbohydrates. The content of total reducing 

sugars in these preparations ranged between 44.09 - 44.9'3 

percent. It would appear that in both the preparations 

non-reducing _ d~saccharide sugar has been possibly assimi­

lated to make up the total ca.rboeydrate content of 50 percent 

as displayed on the container-• ~aking illto account the 

level ot proteins in the dried whole milk and in dried 

skim milk, it is possibi'e that the quantities of miJk 

powders employed in these preparations varied considerably, 

thereby affecting the amount of lactose derived from powered 

milk. On the basis of the amount of lactose present in 

different dried m1Jk preparations (Gopalan ll !!• 1971 ), 

it would appear that the quantity of milk powder necessary 

to provide about 25 g protein in the fornmlae would provide 

lactose ranging between '2 - '5 g as against the level of 

44 g of reducing · sugars observed in the present investigation. 

!his 1'1.rther indicates that substantial qu.anti ty of other 

reducing fJU88.l9S were used 1n both these preparations. The 

na 1llre of this sll8ar is far from clear. 

Moisture levels in dried milk based infant food 

formulae is an important factor in view of its profound 
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influence on the availability of lysine, which was evident 

from the observation by Erbersdobler (1970) who showed 

that the losses of available lysine were maxinmm when 

the samples having about 8 percent moisture were stored 
0 

at 30 C for 12 weeks. The moisture level du.ring present 

investigation in both the preparations were observed to 

be about 4 peroen t. 

The calcium a.lX1 phosphorus contents in infant food 

formulae based on buffalo milk were considerably higher 

than those observed in cow milk based preparations. 

Statistically the values ·are significant. The ratio of 

calcium to phosphorus has been kno'W'll to influence the 

uptake of oalcium in the body (Davidson ll al. 1975 ). The 

ratios for these two preparations were fairly close, viz 

1.;4 for 'Amulspr~' and 1.48 for 'Indec' but were markedly 

low in comparison with the ratio obtained for lmman milk 

i.e. 2.54. 
Values obtained for various proximate principles 

mentioned earlier, compared fairly well with the reported 

values for infant food formulae based on cov milk prepare. tion 

and buffalo milk preparation (Ivanov !l §!. 1970 and 

Chandrasekhara !l !!• 1960). 

SEClION - B 

Biological Evaluation ot Infant Food Formulae -

Though the quantity of proteins present in both the 

preparations were fairly identical, the differences in ~1c: 



42 

profiles of constituent proteinn vary auong dif ferent 

species CDavies, 1939; Karmarkar, 1959; Xon and Cowie, 

196.1 and Gallgu.li, 1974) which couJ.d have influence on the 

utilisation of milk proteins. .Further, the kind of heat 

treatment involved during the preparation of skim milk 

powd L:r _s, either roller or spray dried, bas been sho\.m to 

have profound effect on the level of avail.able l ysine :iJl 

these preparations (Frei.mu.th~ ~.1969) which in turn, 

affects their protem value. In order to get better 

picture on the protein qUality from these preparations 

the growth promoting abilities of such preparations were 

measured and data are presented in Table 2 and 3. 

Protein Effioieno,y Ratio -

Data presented in Table 2 and FIG 1. shows that the 

protein efficiency ratio for the preparation based on 

buffalo milk Amulsprq (2.57) was sl18htly but signllicantly 

(pL 0.05) higher than that observed for cow milk based· 

powder (2.37). Similar observations were made by Slmrpalekar 

and co-workers (1964) who observed the protein efficiency 

ratio for buffalo milk to be si8nificantly higher (2. 74) than 

PER for cow (2.49) and goat's (2.21) milks.. These differences 
~~ +o ~ -".c..\-iti"""~ 1- sv.tr~ .... 

were) containing amino acids in the case of goat milk. Daniel 

!! M• (1968) i•eported that supplementation of infant food 



TA:BLE - 2 

Protein Efficiency Ratio (PER) for Groups Receiving 

Exper.iJnental Diets Based on Different Infant Food 

Formulae 

Diets No.of 
anlllals 
in each 
group 

Inde·c milk ·10 
powder 
diet 

Amulspray 10 
milk 
powder diet 

Initial Final 
weight weight 

(g) (g) 

;1.0 1;a.o 

152.0 

Av.gain Av.Protein Av.PER. 
in body illtake 
weight (g) 

(g) 

101.0 42.6717 2.371; 

.:!: 0.0485 

115.3 44.8084 2.5732 

+ 0.06;6 -

t o·.05 ; 9 d.f • Z~262 (Significant) 
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formulae based on bu.ffalo milk with DL-methionine was 

found to improve the protein efficiency ratio. 

The content of methionire in buffalo milk is (0.17g/ 

g of N) greater than that of cow's mjlk (0.16 g/g of N). 
"'t""'° Thia coUl.d be the reason for sl ~1fijPER for Amul.spray ~ 

~ · .'..- 5 ~- ; ;:£" as compared to cow milk preparation. On the other 

hand, lxnman milk contains relatively smaller amount of 

methionine (0.10g/g of N) compared with cow and bUffalo milk 

(Gopalan ~ i=l• 1971), 

milk is much larger. 

Values obtained for protein efficiency ra~io were 

considerably lower than those reported for dried skim milk 

preparations. This could also be the result of dii'ference 

in the amount of available lysine, between Infant food 

:f'ormu1ae under s1udy and dried skim milk powder. Further 

it 1s interesting to note that the ratio of lysine to 

oarbo1'fdrate is highest in case of buffalo milk o.066 

and compared well with cow milk 0.057, tho\18h it is very 

low 0.0;2 in }D1man milk. This II183 have efi'ect on the 

growth promoting ability of the product. 

~iological Value -

Data on the biological value of these preparations 

are presented in Table '· It was observed that the 

biological value for both the preparations were very close 

viz 91.85 for 'Indeo' and 91.80 for 'Amulsprq'. Values 

obtained in the present study were somewhat higher than 

the value reported for dried skim milk powder by Kon (1962). 



Treatment 

Indeo milk (M.v.) 
powder 
diet (s.E.) 

Amill.spray (M. V. ) 
milk 
po\tlder (s.E.) 
diet 

Fn = 

Fe = 

Un = 
Ue = 

~ilLE - 3 

Biological Value 

No.of Av.total Av.Fn-Fe Av.Un-Ue Eiological 
animals N2intake (mg) (mg) value 

(mg) 

6 2014.25 274.16 140.10 91.85 

6 2092.77 230.92 150.66 91.80 

+ 0.596 -

Faecal N
2 

on test protein diet 

Faecal N2 on nitrogen free diet 

Urinary N
2 

on test protein diet 

Urinary N2 on nitrogen free diet 
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Raw milk 84, pasteurised milk 84, spray dried powder 84, 

roller dried powder 83, evaporated milk 82 and sterilised 

milk 79. Determinati.ons on the miJ k powders employed in 

both the preparations reports, however could not be 

undertaken in the present study. The beneficial effect 

of the supplementation of dried skim milk powder with 

certain vitamins of ~ group and minerals does not appear 

possible in view of the observation by KansaJ. ~ ~ ( 1979) 

who failed to observe the beneficial effects of vitamin 

supplementation on the protein value. Henry il §!. ( 1953) 

reported the salutary effect of supplementation of dried 

skim milk powder with cystine and methionine at o.~ and 

0.4~ respectively. 

It is interesting to note that the biological value 

of the product based on cow milk preparation 'Indec' was 

around 91.8 even after six months of storage of the product 

in a sealed container, at room temperature. It would 

appear . that the biologi~ value of the product did not 

alter IIDlch under these conditions of storage, probably 

because of low moisture content in these preparations 

which ranged between 4.00 - 4.1~. This was further 

supported by the observation of Erbersdobler (1970) who 

reported decreases in the biological values only when the 

moisture content was higher than 7 percent by way of 
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decrease in the availability of lysine. The high level 

of reducing sugar, about 44.09 - 44.9'3~ apparently did 

not exert mu.ah influence on the biological value of the 

product. 

Digestibility Coefficient -

From the data presented in '1'able 4 it would appear 

that the digestibility coefficient for buffalo milk based 

preparation was significantly higher (88.46) than the 

value observed for Indec, (85.87) cow milk based formula. 

It would be interesting to note that despite the statisti­

cally s igni!icant di!ference between the two values for 

digestibility, there was no resu.1 tant adverse effect on 

the biological value of these proteins, computed from the 

data obtained on these animals. It would appear to be 

likely that al though the digestibility co-ef"ficient for 

Amulspray preparation was better than that for L~dec, the 

dif ferences were not adequate to ref'lect turther on the 

biologioal value of these proteins. 

The computation of net protein utilisation value 

from the biological value and digestibility co-efficient 
'\'\,OY\ 

indicated slightly butAsigniiioantly higher values for 

buff alo milk preparation. 

SEC.CI(!{ - C 

Fat Absorption -

Data for fat absorption are presented 1n Table 7. 

It was observed that absorption of fat from Ann1lspra\Y' wa~ 



TA'.BLE - 4 

DMestibUity Coefficient (D,C,) 

~rea1Eent 

Indec milk (M.v.) 
powder 
diet (~.~.) 

Ann1]spray (M.V.) 
milk 
powder (S,E,) 
diet 

No.of Av.total Av.total Av.total Digesti­
an1ma1.s M21ntake N

2 
in endogenous bility 

faeces faecal N2 Coeffi­
cient 

6 2014.25 ,49.87 75.70 85,87 

.:!: 0,888 

6 2092.77 307.95 77.02 88,96 

+ 0.202 -

t 0.05 ; 5 d,f = 3.'812 {Significant) 



!r.A:BLE - 5 

Net Protem Utilization (NPU) 

Treatments 

Indec milk (M. V. ) 
powder 
diet (s.E.) 

Amn.lspray CM. V. ) 
milk powder 
diet (s.E.) 

No. of 'Biological Di8estibility Net protein 
~s value coefficient utilization 

6 91.85 

6 9.1.80 88.96 

78.88 

.:!: 1.114 

81.67 

+ o.6oa -

t 
0.05 ; 5 d.f 2. 5003 (Non - S ignif ican t) 



Treaiments 

Indec milk (l4·9v.) 
powder 
diet (s.E.) 

Annuspray Ol. V. ) 
milk powder 
diet (S.E.) 

TA:BLE - 7 

Fat Absorption 

g-.ot faecal g.of endo- g.of food Fat 
fatty acid genous fatty absorption 

fatty acid 
acid 

0.8190 0.1604 

099041 0.1604 57.94 

92.61 

.:!: 2.245 

92.27 

+ 1•012 -
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92.27% and that from 'Indec' was 92.61%, the difference 

being statistically non-significant. 

The values observed in the present study compared 

well with the values reported by other workers (Heinz ~ ~. 

1966). Vignetti ~ .§!. (1956) conducted a short term, fat 

absorption study on intants, by feeding them (i) lmman 

milk (ii) humanized cow's milk preparation 'Medium Pentolac• 

and hu.man milk in equal amounts and (iii) Pentolac alone. 

It was observed that the absorption was maxinum from (ii) 

preparation (92. 7~). This could be attributed t c. the 

positional distribution of fatty acids particul.arly 

palmitic acid in a triglyceride molecule. The presence 

of high proportion of palmitic acid in the 2 - position 

in a triglyceride molecule was responsible for the maxixm.>m 

absorption of fat from this preparation. Similar observation 

on fat absorption (79 - 97'1>) for various cow milk based 

preparations, were made by Hu.ber and Scheibl (1961 ) • .E'urther 

Tomarelli ~ ~. (1968) reported that maxinn1m absorption 

of fat was from lard (92.4%), than from butter fat (89.5%) 

and was minimum from oleo (79. '!Ir). It would appear from 

the present study that similar kind of fat was present 

in both the preparations. 



{*** .. *******************************************! 

I I 
' 

AITn ** SUMMARY APIU CONCLUSION 
I · i 
f i I , 
'************************************************' 



SUD.ARY AND CCti CLUSICll 

!rhe present study was undertaken to assess the 

nutritive value of 'Amulaprq' buffalo .. m1lk preparation 
t. 

and 'Indec' cow's milk preparation and see which of the 

formulae is utilized better. Samples of both the prep·aration, 

from six different batches were analysed for proximate 

principles. 

!rhe average protein content w14 24.'.59 - 24.96}, 

fat 18.09 - 18.1* .moisture 4.00 - 4.1~ ash 1.7'.5 - 1.a~ 
lactose 44.09 - 44.9r,: calcium o .• 77 - o.a~· and phosphorus 



• 
0 

.J<t< Suf fo..lo a."'6 ~ ~ ~~r(>.~~ ,,tU~~~ . 

Oe52 - o. 66} ~The values compared well with the value 

reported by various workers. 

PER was determined for the diets based on cow-milk 

and buffalo-milk-infant-food .formulae. From this study 

it was seen that PF....R for Amulspray diet is slightly but 

significantly higher (2.57) than Indec (2.37). The 

possible reason for the lower PER value 1n the cow-milk 

based preparation has been discussed. 

A nitrogen balance study was conducted to further 

assess the nutritive value of infant food formulae and 
-lk~ 
"8 digestibility. :Biological value CB. V. ), Digestibility 

Coefficient and Net Protein Utilization values of the dleis 

were estimated. B. v. of the diets were 91.80 for Amulapray 

91.85 for Indec. 

Digestibility coefficient for Annllspray was 88.96 

and for Indec 85.87. Net protein utilization values for 

AIIlllspray was 81.67 and that for Indec 1a.aa. 
w~ 

Fat absorption)studied according to Tomarelli ~ 21· 
(1968) from these formulae. The values obtained were 90.61 

percent tor 'Indec' a.nl 92.27 percent for 'Ann1Jspray'. 

From the comparative study made on the utilization 

of nutrients .from infant food formulae prepared from 

buffalo ·and cow mnk, it was observed that there was not 

niu.ch difference in their chemical composition. Proteins 



49 

from the buffalo milk preparation were utilized better 

than those from cow milk formulae as evident from growth 

study• There was no difference in the biological. value 

for respective infant food formulae, whereas diges tibility 

co-efficients and values for net protein utilization 

(calculated) were slightly but significalltly higher in 

case of buffalo milk preparation. Although fat absorption 

was also found to be higher in buffalo mjlk preparation 

than cow milk formulae, but it was not found to be significant. 

It could, tlms be inferred from the present investigation 

that apparently there is not mu.ch difference in both the 

preparations, in the parameters which the author has studied. 
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