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fat remains in eraulsified form which further increases 

the viscosity of milk, as a result of uniform dispersion 

of fat. Homogenization has been shom to alter the physical 

condi tion of milk proteins and in the process makes it 

more readily c03l:,"\llable either by heat or acid treatment. 

Such a change together with the one produced by the 

reduction of fat globules, gives homogenized milk 

characteristics of a soft curd milk. }'urthexmore t this 

brings about other reactions such as interaction between 

lipid and proteins of milk, the nutritional consequence of 

which, is fat' from clear. 

Pasteurized homogenized milk is a com.mercial product 

in several countries in the world, though in India it is 

being followed only in a fel< commercial milk plants. The 

general acceptance of homogenized milk due to its superiority 

over normal milk in respect of palatability, homogeneity, 

stabili ty and digestibility, has implied the product to be 

wholesome. furthermore, the treatment renders the milk sa 

homogeneous in respect of its calorie and fat soluble 

vi tamins that t<hen consumed, these nutrients are 

propol'tionately available. 

AI though pasteurization of milk is known to affect the 

stability of most of water soluble vitamins very mildly, the 

relationship bet'll/een oxidative destruction of vitamin C and 

stabili ty of vitamin B12 and folic acid during sterilization 

of .. ilk in the presence of oxygen C["ord, 1967), tu:rther raises 



doubts about the stability of these vitamins durmg 

homogenbation and pasteurization, when heatmg in the 

presence of oX;Vgen, invariablY occu.rs. 

Controversy over the use of homogenized mUk in view 

of its implied association with the development of 

atherosClerosis (Oster, 1971) has mooted a question about 

the desirability of its oonsumption, though studies carried 

out so far, have not provided any unequivocal evidence 

supporting such association. 

The information accrued so far mainly explores the 

effect of homogenization treatment on Cow milk. Little 

is lmow about the effect of such treatment DII mUk from 

other species" In India, buffalo mUk, which cDIlstitutes 

about 63 percent of the total mUk production, (FAO,1974) 

has its own place in dairy industry. About 95 percent of 

the total mUk handled by the organized dairy sector 1s 
S 

comprised of buffalo mUk and it is utilized both for 

SUpplying fiuid mUk and manufacture, of milk products 

(Sindhu, 1979). Furthermore, buffalo milk being rich in 

fat, is often mixed with milk of other species to achieve 

desired fat and SNF level. The lowered curd tension of 

such mixed mUks is implied to improve the digestibility, 

and in turn, their nutritive value. :Buffalo milk has been 

used in the recent time'more frequently m the preparation 

of infant food in which homogenization of mUk assumes 
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signi:C1cance in imparting soft curd characteristics to 

reconstituted milk. 

It could thus be evidEllt from the aforesaid that 

assumption of the feasibility of utilization of homogenized 

milk from nutritional. stand point rests mainly on its 

pal. atabllity , curd tension end information available from 

limited i.!l yitJ;2 digestibility studies, rather than on the 

biological. availability and utilization of nutrients in the 

body. The knowledge about such parameters would be more 

meaningfuJ., since apart from chemical. and physical. 

characteristics of the food, the physiological. status 

of the subject equal.ly influences the nutritive vaJ.ue of 

food. 

The present study is therefore undertaken to ascertain 

the effects of homogenization of milk on certain nutritional. 

characteristics on the following lines viz. to investigate 

i) the effect of homogenization on "\he curd tension of milk 

from various species namely buffal.o, cow and goat, as well 

as mixed milk having different proportion of buffalo and 

oow milk, 

ii) the effect of homogenization on the protein and fat 

qual.ity in terms of their utilization by the body 

using al.bino rats as the experimental. model, 
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i11) the biological availability 01' 1'at soluble vi tsmln., 

vitamin A, :Crom homogenized milk using albino rats 

as experimental animals, 

iv) the stability 01' certain water soluble vitamins 

during homogenization and subsequent pasteurization. 



*************** 

C~TLR - II 
*************** 

* 

I 
* ~ 
* ,< , , 
f-, 

I 
* • *" , 
* " 

-:~ 

i 
~ 
it , 
:so 
:~*:~.)Io******************************* 
# ~ 
: P.EVIEH OF LITEllATUPJ;; l! 
*****-:+********.*************** **** ** 



7 

should be within 10 porcent of the fat content in tb.e 

rest of the portion of the well mixed milk, on maintaining 

the homogenized milk for 48 hours. 

It is generally considered that homogenized milk has 

an edge over non-homogenized milk, in view of the altered 

physical as well as chemical characteristics of milk, 
-c 

further reflecting in better homOgell)l~y, palatability, 
'~ 

digestibility and reduced curd tension. All these factors 

were subsequently implied to improve nutritive value of 

milk (Trout, 1948). 

~alat~lity and acceptability 

l'alatability plays an important role in controlling 

the intake of food. Various factors such as appearance, 

texture, taste and flavour are known to influence the 

palatability of food (Babcock, 1939 and Trout, 1948). In 

respect of homogenized milk, Trout (1943) observed that 
• 

homogenity and flavour retention over a prolonged period, • 
mainly contribute towards its palatability. It was found 

1 

that homogenized milk not only scored over non-homogenized 

milk in respect of distribution of fat but also regarding 

significant retardation of onset of oxidised flavour, 

otb.erwise witnessed in pasteurized milk. Similar observations 

were also made earlier by different workers (Thurston et al., 

1936; Ross, 1937 and Larsen et al., 1941). Further probe 



a 
into oxidative reactions producing oxidized flavour 

showed the invol vemen t of var ious factors such as 

phospholipids, o:xygen and copper-protein complex. While 

surface of a fat globule was identified as the site for 

oxidation, decrease in number of vulnerable si tea consequent 

to homogenization resulted in the retardation of oxidation 

reaction (Tarassuk and Koops, 1960). 

Prucha and Tracy (1956) observed that the homogenization 

process imparted a pleasant and rich taste to the milk. 

llabcock (1939) attributed increase in the consumption of 

homogenized milk to its fresh flavour. Earlier, Trout et ale 

(1935) made a comparison between flavour of pasteurized milk 

and that of miJ.k after homogenization, however, these 

workers failed to observe any improvement in the flavour 

as a result of homogenization. Doan (1943) found that 

consumer preference for homogenized milk over non-homogenized 

milk was influenced by the level of fat, when it Was steadily 

raised from 2.5 to 5.0 percent. ~he highest preference was 

observed at 4.0 percent level. ~he consensua among the 

consumers was that the process made the milk richer, smoother 

and creamier. It was further observed that homogenization 

renders milk more opaque, more intensely white by being 

uniform as compared to non-homogenized milk. The uniformity 

and stability of colour was observed to contribute to its 

more attractive appearance, a factor affecting the acceptablli~ 
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of the milk (Henderson, 1944; 3taIliberg and Theophilus, 

1945). 3uch results of uniform consistency towards 

palatability have also been reported by Larsen et al. 

(1941). Sommer (1946) attributed such improvement in the 

colour ~acteristics to the increase :in the number, as 

well as total surface area of fat globules responsible 

for reflecting and scattering the incident light. On the 

other hand, i'littig (1949) reported a higher viscosity, to 

be the major cause for the increased intensity of the 

colour of milk. 

It would, thus, appeal' that homogenization increases 

the palatability and in turn the consumption by improving 

its appearance, flavour, and consistency resul t:ing from 

uniform distribution of fat. 

Homogenization is often described as a mechanical 

process. Apart from the degree and duration of heating, 

mechanical factors such as stresses occurring while pumping, 

passing through the pipelines, valves, storing etc. involved 

during this process have been reported to profoundly affect 

fat globules and further produce physical as well as 

chemical changes. 

Effect 2n-!~~ticl~size: 

Fat globules exist as emulsion in milk, with sizes 

ranging between 0.1 and 10 microns with an average of 
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about 4 microns. Homogenization reduoes the fat globule 

size to less than 2 microns, thereby increasing the fat 

surface area by 5 to 6 fold (Trout et al., 19'35 and Jenness 

and ~atton, 1959). Whereas Wittig (1949) observed that the 

average size of the individual fat globule in homogenize,d 
1~,\, :k(... .... . (t~·., 

milk was about one micron, muefr-l-esethat values I reported. , 

The size of the fat globules in homogenized milk 

according to Walstra (1975) depends upon homogenization 

pressure, temperature, kind of valve and proper functioning 

of the homogenizer. Kazlauskaite and Vaitkus (1974) 

observed that homogenization of milk at different pressures 

ranging between 100 and 500 atm. at 60°0 drastically reduced 

the fat globule size, further resuJ. ting in about 5 fold 

increase in fat surface area. Likewise, Stepanov and 

Kiseleva (1970) also found an increased disperson of fat 

with increase in temperature end homogenization pressure. 

Maxiwlm disperson of fat was observed at 70 - 80°0 

corresponding to that of a homogenizer valve working at 

100 to 120 atmosphere. 

Ivanov et ale (1976) studied the speo1:t:ic efi'iciencies 

of homogenization at pressures ranging between 2.0 to 10 MI'a 

and observed decreased efficiencies in reduoing fat globule 

s~e with subsequent homogenization. 
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!!2.!!!2&£l1iz~ion and -protein content in fat globule membrane: 

In a freshly secreted milk, the lipoprotein complex 

of a fat globule membrane represents the major protein 

lipid interaction. Nordlund (1972) observed that the 

structure of fat globule membrane is comprised of two 

discrete lipoprotein layers differing in their structuxe 

and phospholipid content. 

Quantitative estimates of the protein components 

in the lipoprotein complexes in non-homogenized milk were 

made by various workers. It was observed that values 

ranged between 0.3 to 0.9 g per 100 g of fat in fat 

globules (Palmer, 1944 and Roland, 1956). lililch higher 

values ranging bet"e en 0.1 to 3.0 g were reported by 

Mulder and Menger (1958). The level of proteins waa, 

however, markedly enhanced during homogenization. Tobias 

and Serf (1959) reported that the membrane protein to be 

around 2.3 g per 100 g of fat, almost four times higher 

than protein found in non-homogenized milk membrane and 

was commensurate with the increase in the intrafacial 

surface produced by homogenization. 

Trout (1950) observed that during homogenization a 

film of proteinous material was adsorbed on the surface 

of the homogenized fat globules. The newely formed fat 

globules were thus resurfaced with fat globule membrane, 

entirely different from the one in the normal fat globules 
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iII respect of pro;tem characteristice. He further 

reported that the level of casem m newly formed 

membrane waS about 25 percent as compared to nearly 

2 percent iII the or1gmal membrane. Sim1lar observation 

was made earlier by Lundstedt (1936). 

bture ~..J!rQtela...!Ulsorb~: 

On the basis of the d1fferences iII the amino acids 

prof1le, Hare et ale (1952) considered the protem 

component of fat gLobuJ.e membrane from non-homogenized 

m1lk to be entirely different t!>.;.n other m1lk proteins 

such as casein, lactalbumin and lactogLobuJ.iII. Fox et ale 

(1960) studied the fat protem complex obtained on 

homogenization of milk. The complex particles were 

isolated from the sediment of the milk samples by 

centrifUgation. It was observed the t casein was the 

prmc~le protein moiety of the fat protein complex. 

Sim1larly, Jackson and :B:runner (1960) fractionated and 

separated protein from the fat gLo~e membrane of 

homogenized milk and observed that it con tamed higher 

concentration of casem, on the o:t.her hand, relatively 

lesser quantities of serum proteins. This was further 

oonf1rmed by Itoh and Nakanishi (1974), who observed that 

higher protem concentration in the fat gLobuJ.e membrane 

from raw hotlOgenized milk Was due to the presence of 

different fractions of casem as compared to' those of 

raw non-homogenized milk. 



S:iJllilar observation m respect of the adsorption of 

casem on enhanced fat surface. ;ras mede by Hens tra and 

Schmidt (1970). lly estimatmg the percent of c,,"sem 

micelles m total casein. Cerbulis (1969) reported that 

commercially homogenized and pas teurized milk hed only 

63 to 83 percent as compared to 93 percent in raw non­

homo(c;enized Holstein milk. The reduction was attributed 

to the adsorption of casein micelles on the fat surface. 

Other groups of workers. on the other v~d. observed that 

proteins absorbed on the newely created surface were 

proteins from whey. llrunner et ale (1953a) observed 

differences m the amino acids profile of membrane 

proteins from homogenized and non-homogenized milk. There 

was an inorea-se in the concentration of lYSine and glutamic 

acid and a marked decrease m tryptophan. cystme and 

glycine concentration. The differences m amino acids 

composition fUrther suggested that characteristics of fat 

globule membrane protem of milk waS altered as a result 

of homogenization. From the electrophoretic and ultra­

centrifugal characterization data', these workers identified 

membrane protein of homogenized milk as the plasma protein 

(llrunner et al .. 1953b,c). Sasaki and Miyasawa (1959) 

in an electrophoretic study of milk protellla. observed 

that whey protems ,;ere absorbed on the increased surface 

area of fat globule after homogenization. About 10 me 
new membrane mater ia.l mainly protein v/aS adsorbed from 



14 

milk plasma on new surface following homogenization 

(Q!V:ist, 19'77). 

Vaitlw.s et al. (19'"iJ). on the contrary, failed to 

observe any notable effect of homogenization on protein 

characteristics except that it lowered the proportion of 

high molecular weight protein component in the cream. 

Factors affegting fat-proteip ggmplex fgrma~: 

The level of total solids in milk, particularly 

that of fat, and the pressure applied during homogenization 

appear to govern the lipid-protein complex formation. 

Stevens (19'74) reported that with ~O to 40 percent of fat 

in the cream, the casein adsorption was found to increase 

on the fat surface by 90 percent as the pressure of 

homogenization was raised to 1500 psi. However, with 

10 to 18 percent fat, casein adsorption was found to 

increase upto maxillll.m pressure applied viz,~OOO psi. 

Moreover, whey proteins and caseinate were not adsorbed 

with the same efficiency as that of casein micelles. 

Lr'A'k lncrease in the total solids upto ~1 percent in milk 
, 

and homogenization between 1000 to 8000 ps i. a significant 

amount of fat binding to protein occured as the pressure 

was raised. In;>lt' another experiment when calcium-ion 

concentration was increased by adding CaCJ.2.2li20 and 
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homogenized at 800 psi, it was observed that as little 

as 2.5 mi,! calcium caused an increase in the amount of 

fat compl~;~d,tand at concentrations between 10 and 20 m!.!, 

p-! it was"sufficient to complex 100 percent of the fat ,-
(Fox et al., 1960). Whereas Granikov et al. (1962) 

reported that increased fat-protein complex was mainly due 

to increased dispersion of protein p", .. ticles during 

hooogenization which was proportional to that of the 

dispersion of fat. The complex forhlation was considered 

to be due to adsorption forces of increased surface of the 

fat globules. Likewise, Henstra and Schmidt (1970) reported 

breakdown of casein particles into sub-units during homo­

genization which subsequently adhered to the surface of "the 

!at globules, and thereby increasing the total casein 

can cen"b:'a tion. 

Thus apart froli' redUCing fat globules into smaller 

size, homogenization was observed to sub-divide proteins 

into sub-units which were further absorbed on the increased 

area of fat globules, ultimately changing the composition 

of the fat globule membrane. 

HOmogeni!l\ltig,n and cur!! tension 

Since long the curd tension has been the poin t of 

interest both to dairy technologists and nutritionists, 

in view of its iJllplied association with digestibil1 ty. 

However, not much notice was given to this parameter 
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difference in breed and the type of coagulant used to 

clot the milk. Riddell et al. (1936) observed breed 

to be one of the impor-,ant factors affecting the curd 

tension, "heree.s Hill (1923) and I'ao et al. (1964) failed 

to find any difference in curd tension among various 

breeds of COw. Hill (1923) further stated that each CO" 

has an individual milk curd character which may vary even 

to the extent of 10 fold. 

As regards coagulant, using pepsin-HCl as coagulant 

instead of pepsin-OaCl
2 

as sue:ested by Hill, Miller (1935) 

failed to observe any difference in curd tension of 

Holstein cow milk. However, a significant difference 01' 

10 g was obtained with pepsin-HCl in comparison to 

peps in-CaCl
2 

method in the case 0 f goat milk. 

Apart from the factors mentioned earlier, the stage 

of lactation appears to have influence on the curd tension. 

Berry (1935) during a fUll lactational study, observed 

that colostrum had maximum curd tension, otherwise it was 

uniformly lot; in milk throughout the lactation. Riddell 

et al. (1936), however, observed a significant ef:ect of 

lactation on ru.rd tension, having low vaJ.ues upto 2 to 3 

months of lactation, followed by tremendous increase 

durine later months. 

On an average curd tension for cow milk varied 

between 25 and 50 g (Babcock, 1939; lladary and ~onmer, 1939; 
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Kelly, 1941; Wolman, 1941; Rae et 0.1 .. 1964; Jain et al., 

1974 and Parsad et al., 1974), while tor goat milk it varied 

between 40 to 55 g (Turner end Garrison, 1936-37; Rae 

et al., 1964 end Abou-Dawood and El-Sawat, 1977). 

Composi tion gt milk: 

Various milk constituents have been reported to have 

relationship with the Oll'd tension. Riddell et al. (1936) 

showed a significant correlation ot 0.76 bet,;een milk 

protein content and the curd tension. Weisberg et al. 

(1933) and Doan and Welch (1934) tound that the proteinoue 

ingredient in milk most closely associated with curd tension 

was casein. Jain et al. (1974) observed that curd tension 

increased with increase in solid-not-tat, total protein, 

casein end calcium contents ot milk. High curd tension 

value tor buttalo milk was attributed to its high calcium 

content by Ro.o et 0.1. (1964). In the light ot this, the 

low curd tension for milk with lower calcium content 

observed earlier by \,eisberg et al. (1933) and Lundstedt 

(1936) could be well understood. 

Changes in chemical. composition of milk due to its 

dilution with water caused a reduction in curd tension 

and was tound to be directly proportional. to the degree of 

dilution (Doan and Welch, 1934 and Abou-Da..,ood and El­

Sawat, 1977). 
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Apal:'t from total protein content, the physical 

state, of the protein has also been sho;tl to influence 

the curd tension of mllk. Flora and Doan (1938) reported 

a reduction in curd tension when mllk was treated with 

trypsin. SimUal:' reduction was observed after homogenization. 

as well. SimUal:' observatiore were made by Conquest et al. 

(1938) who noted a curd tension in a range of 20 to 30 g, 

when mllk with curd tension value of 50 g, was digested 

with pancreatic juice. 

Abdel-Balam et al. (1974) reported an increase in 

the curd tension on defatting buffalo mllk. As the level 

of fat in raw inUk with 6.5 to 7.0 percent was gradually 

reduced to 3 and 0 percent, the curd tension values 

changed from 55.7 to 64.5 g and 76.9 g, respectively. 

Conversely, when fat content of mllk was increased from 

0.02 to 5 percent, curd tension reduced from 66 to 45 g 

in non-homogenized mllk (Kelly, 1941). This value 

further decreased to 16 g on homogenization at 3000 psi 

pressure. It was observed that at least 1 percent fat 

level was necessal:'Y to affect reduction in curd tension 

on homogenization. This was evident from the observation 

of Anderson and lveckel (1951), who noted higher reduction 

in curd tension on homogenization of milk with fat level 

of 1.5 and 1.0 percent in comparison to that with only 

0.5 percent fat. 
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Effect of heat trea'tment: 

Milk is often SIlbjected to heat treatment of one 

kind or the other, in order to ensure safety for consumption. 

These include pasteurization either by holding or HTST method, 

UHT or sterilization. Such trea'tments have been reported 

to reduce the curd tension of milk, resulting due to 

conformational changes in the milk proteins. Haller et al. 

(1941) showed that pasteurization of milk by holding method 

lowered the curd tension by 48.4 percent, whereas pasteuri­

zation by flash method had relatively very small effect. 

Parsad et al. (1974), on the other hand, fid-led to observe 

any marked change in the curd tension due to pasteurization 

either by ho~ding or HTST procedure. The respective 

decreases were 23 and 28 percent. Similarly, Rao et al. 

(1964) and Jain et al. (1974) could not find any reduction 

in curd tension on pasteurization either by holding or 

HTST method. 

Boiling milk too, was found to have an equally 

pronounced effect on curd tension, similar to pasteurization. 

Lundstedt (1936) reported about 30 percent reduction in 

curd tension on boiling milk which was identical with that 

observed after pasteurization in other studies. Such 

effect of boiling further Varied with the species. In 

goat milk a reduction of about 45 percent was observed 

on boiling, whereas it was 37 peroent in the case of 
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Holstein COw milk (Miller, 1935). Rae et al,' (1964), 

on the other hand, found a higher degree of reduction 

in the curd tension of both buffalo (79.5%) and cow milk 

(78%) as a result of boiling. Similar obsel'Vstions in 

respect of species about reduction of curd tension on 

boiling, were made by Jain et al. (1974). However, 

sterilization further lowered the ru.rd tension i.e. 85.4 

and 86.8 percent respectively. It ,rould thus appear 

that the reduction in curd tension is more pronounced as 

the degree of heat treatment increases. 

Effeot of ho..J!!O.Jl!mizat10n aru!....llasteur.J,~!l!ll 

Homogenization was observed to be the most efficient 

treatment among all in reducing the curd tension, perhaps 

wi thout affecting its nutritive value. Various workers 

have reported that homogenization of milk generally reduced 

the curd tension by 50 to 60 percent (Theophi1us et al., 

1934; Doan, 1938; Babcock, 1939; Kelly, 1941 and Parsed ' 

et al., 1974). 

The effect of homogenization on curd tension depends 

on several factors Buch as pressure, temperature adopted 

during homo geniza tion, fat con tent as well as initial 

curd tension of the milk. 

Doan (1938) found that the maximum reduction in 

curd tens ion was 0 be erved wen the 1n1 t ial curd tens ion 
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of the mllk was 123 g as compared to one having cw:d 

tension of 56 and '4 g, when the mllk was homogenized 

at 4000 psi. The respective values on homogenization 

were 40, 17 and 12 g. It was :fUrther aeen that there wae 

no d1:fference in curd tension value when milk was 

homogenized ei thar at s 1ngl.e or double stage homogenization. 

Simil ar 0 bserva tions were ale 0 made by Chambers ( 1 ~ 5) 

end Parsad et al. (1974). 

As regards the infiuenoe of pressure and temptlrature 

during homogenization, both exhibited pronounced effect 

in reducing the curd tens ion. Thecphilue and ooworkers 

(1~4) showed tIlat as the homogenization pressure was 

increased f:rom 500 to 2000 psi, the curd tension decreased 

progressively. ]lerry (1~6) observed that soft rurd milk 

could be obtained on homogenizing the milk at pressures 

ranging between '000 8Ild 5000 psi. !>1mllar observatio~ 

were made by Lundstedt (19,6); Tracy (1~6) and Kelly (194-1) 

who noted a decrease in au-d tension Be the homogenization 

presSlU'fi wee increased. IIDwever, several studies suggested 

that homogenization pressures beyond 2000 to 2500 psi had 

little effect in further reducing the curd tension (Caulfield 

and Martin, 1~4; Doan,1~8; Tracy,1~,41 and ]laboock,194-2). 

At pressure 2500 psi, hard curd milk rssul ted in med1wa 

soft curd, whlle med1wa 80ft mllk resulted in soft curd. 
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The heat treatment of milk before aDd during 

homogenization seems to exc:recise considerable influence 

on the curd tension. Doan (1938) observed that a greater 

effect was evident when the milk was processed at high 

temperature, as a resul t of rumlll ati ve action of heat and 

the homogenization, but at a still higher temperature 

above '82°0 1 , homogenization produced very little, rather 

practically no additional reduction in the curd tension 

beyond what was accomplished by heat alone. Kelly (1941) 

also reported that as the temperature of homogenization 

was raised from 49 to 82°0 the curd tension was reduced 

by about 50 percent. :Babcock (1939) recorded a curd 

tension of 16.7-g as compared to the initial value of 

50 g for milk which was pasteurized by holding method and 

homogenized at 2500 psi, whereas :Berry (1936) demonstrated 

that milk heated at lower temperature (49°0) needed higher 

pressure of homogenization to record a similar lowering 

of curd tension. Similar observation was made by Lundstedt 

(1936). Kelly (1941) further observed that pasteurization 

of milk after homogenization, however, had almost similar 

effect in reducing the curd tension as compared to the 

reduction effect of pasteurization on non-homogenized 

raw milk. P«1lSad and coworkers (1974) were not able to 

demonstrate any such difference in the curd tension of 

milk pasteurized either by hOldlng or HTST method before 
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or after the homogenization. The overall reduction 

due to heat treatment was 11.5 and 11.7 g. respectively. 

Thus. in order to have a maximum effect of 

homogenization at a given pressure, it is essential to 

heat the milk at moderate but proper temperature as the 

milk. heated at very high temperature, homogenization 

produced li tUe or no additional reduction in cm:'d 

t~sion beyond what was accomplished by heat alone. 

Irrespective of various factors responsible to 

influence curd tension. this characteristic is generally 

considered in the light of digestibility of milk. Espe 

and Dye (1932) studied different types of soft curd milks 

produced either by dilution. boiling or sodium citrate 

addition and observed that for milk having higher curd 

tension. the digestion period waa longer by 30 to 65 

percent. Doan and I/elch (1934) concluded that soft curd 

was broken cons iderably faa ter than hard curd. when the 

rapidity waS assessed from the rate of development of 

non-protein nitrogen and visible disappearance of curd 

in the process of disintegeration. Kelly (1939-) , further 

confirmed dur:ing .w vitro studies. that soft cm:'d milk was 

digested more rapidly than hard curd milk. During en 

~ yitrg study. 'l'urner (1945) found that when digestion 
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coetticient ot mUk trom various species was calruJ.ated 

on the basis ot conversion ot acid insoluble to acid 

soluble protein, the digestibility coetticient was 

tairly high tor hlunan mUk having low curd tension as 

compared with mUk trom cow, goat or mare. Further, 

.i.!l yi tro experiments conducted by Doan (1938) and 

Conquest et al. (1938) on cow milk showed that enzymic 

treatment was tound to be more ettective in enhancing 

the digestibility than pasteurization or boiling. Likewise, 

ngner and Thurau (1951,52) demonstrated higher protem 

digestibility tor homogenized cow mUk during .i.!l vitro 

experiment than the non-homogenized one. It was observed 

that peptic and tryptic degradation ot mUk proteins was 

rapid and complete in the case ot homogenized mUk and 

was comparable with human milk (Ewerbeck and Jaeger, 1954). 

llabcock (1939) observed that sott curd formation 

during homogenization provided larger surface area to 

combine with the digestive enzymes, thereby making milk 

more rapidly digestible rather than non-homogenized mUk. 

It was seen that within first 15 minutes of digestion, 

boiled and homogenized mUk showed 76.5 and 56.5 percent 

higher degradation than raw mUk. However, when cons idered 

at the end ot 5 hours period, apparently there was no 

difference between the boiled and homob",nized mUk. 

Similar observations were made by Flora and Doan (1938) 

and Kelly (1939). 
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lbll (1938), on the other hand, observed superiority 

of heat treawent but not of homogenization 01\ proteolytic 

digestibility of milk. It was observed that the pH at 

which curd was formed and size of the curd particles were 

interrelated wiihdigestibili ty. Doan and Flora (1939) 

:fUrther reported that particle size was the better 

indicator of digestibility than curd tension, as the 

digestibility of natural pasteurized milk wee only roughly 

proportional to curd tension. Though, homogenization 

reduces the =d tension Sld decreases the particle size, 

it has no effect on digestibility. Similarly, Doan and 

Dizikes (1942), too, were Wlable to demonstrate any 

correlation betwean digestibility and curd tension for 

different types of milk. It was observed that homogenized 

milk was inferior to acidified, superheated, evaporated 

and boiled milk. 

In yivo experiment 

Doan and Wel ch (1934), while conducting s"lud ies on 

human subjects as well as on calves and rats, observed 

that in most cases of bwnan subjects, milk of low curd 

tension fOl'med smaller curd mass. During animal studies, 

it was found to be assimilated faster in the intestine 

than hard dUl'd milk. On distribution of fat in skim milk 

by v1scolization, Espe and Cannon \ 1935) demons trated that 

the milk with 6 percent fat left the calf stomach faster 



than skimmed milk due to the difference in the texture 

of curd formed. Mortenson et al. (1935) confirmed that 

the boiled milk was digested faster and left the calf 

stomach earlier than raw milk. The difference in their 

behavior was ascribed to the coagulation time which was 

1 to 10 minutes in the case of boiled milk, and 8 to 15 

m:inutes in the case of raw milk. 

Adam and Czech (1955) observed that infants fed 

homogenized milk required less amount of gastric juice 

for complete digestion. Further, Czech (1957) showed 

that when fed to fasted children for two successive days, 

homogenized milk left sto"",'\ch more rapidly than non­

homogenized one, with the mean difference of 80 minutes. 

In nine out of ten children, the amount of gastric juice 

secreted was much less when homogenized milk was given 

than l,.lhen non-homogenized milk was given. 

On the basis of nitrogen-balance study on rats 

Fetrilli and Agnese (1960) were able to show that though 

digestion waS almont Similar viz, 89.3 percent with 

homogenized as well as non-homogenized mllk, absorption 

was higher i.e. 79.4 percent in the case of homogenized 

milk. Likewise, the :feed e:f:ficiency teo, was better :for 

homogenized milk. 

Elias (1932), on the other hand, failed to observe 

any superiority of so:ft curd milk over hard curd milk 
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either in respect of gain in body weight or stomach 

emptying period in infants. The curd formed in the 

stomach was, however, softer than that formed fron 

unboiled certified milk and the curd particles were 

larger as well as tougher than those obtained when 

evaporated or breast milk was given. 8imilarly, HadaJ:'Y 

et al. (1943) failed to observe any faster stomach or 

colonic emptying in children fed soft curd milk produced 

by treating wi tIL barium salt. After examining the stomach 

content of infants fed ra>r and boiled milk, Ogil'tie and 

l'eden (1934) concluded that there was no difference between 

both types of milk in respect of gastric digestion. 

Assessment of the toughness end texture of curd formed 

in stomach 0 f babies fed soft and hard enrd formulae done by 

l~olffian (1941) failed to show any significant difference. 

A mean curve drawn for growth, too, was found to be 

identical with al.l types of milk. SiJllilarly, Ebel (1953) 

found almost similar time by which ihe homogenized and 

non-homogenized milk left the stomach of infants and 

children. 

It oould thus be seen from the evidence available 

so far that undoubtedly homogenization carried out at 

appropriate temperaiure and pressure does lower the rurd 

tension. However, additional ill ,YlvQ studies, are waITanted 

to substantiate observations roade during in vitro studies. 
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As seen i.n the earlier section, in vitr..Q, studies 

conducted so fax failed to demonstrate a definite relation-

ship bet\"recn curd tension of milk and its digestibility. 

Chenical constituents of milk, the fat content, in 

particular, vraS seen to aff'ect the curd tension of milk. 

Since, buffaJ.o mi>.k differed markedly in this regard 

from milk of other suecies, it could possibly behave 

in different manner as regard.s its dieestion. ~r::ao (1956) 

found :E'.;;.'R values for buffalo, COt" and goat milk to be 2.4, 

2~6 and 2.5, respectively, sho\vine that protems from 

different types of milk were iCientical in promoting growth. 

Chandrasekhara et al. (1959) observed that ",hen infants 

"ere fed formuJ.ae prepared from buffalo milk, the ;;rowth 

rate was compaJ.'able to that for normal. 

In a cOl!lparative stu.dy on utilization of milk proteins 

from various species, Rao (e,956) noted almost identical 

values \.,hen milk protein from buffalo, co\·, and goat was 

fed to albino rats at 10 percent level, the B. V. was 

91.9, 88.8 and 94.4, respectively. 

Though homogenization is one of the essential steps 

in the preparation of number of milk products, little 

is lmow.n whether it has any effect on utilization of milk. 

Using albino rats as experimental animals, Henry et al(1942) 

reported a little higher value of diGestibility coefficients 
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for sweetened condensed milk (98.8) than ra", (94.2) 

and evaporated milk (93.7). However biological values 

were identical, which could be seen to be 84.1, 85.6 and 

84.1 for condensed, raw snd evaporated milk, respectively. 

Therefore it would be seen that irrespective of 

Va;[' ia tioll m chemical compo sit ion, buffalo milk is 

utilized equally good as cow milk and even heat treatment 

did not alter its absOrption and utilization. 

Milk fat is know to be digested almost completely 

with norIJal 'l.uantity of lipase secreted. The transport 

of lipid material m the body is favoured if it is 

present m dispersed!. state 

. t,tI . th ~. as S 0 oJ.a .len Wl pro "e IDS • 

m biological fluid and its 

As seen earlier, during 

homogenization fat is mamtamed m a fine dispersion 

due to· redv.ced size and uniform distribution of fat 

globules throughout the milk. This may help in enhanced 

utilization of milk fat. It "auld therefore be of 

great interest to know how efficiently the modified 

milk fat will be utilized m the body. 

Marriott and Schoenthal (1929) .hypothesized that durmg 

homogenization process, before the preparation of 

evaporated milk, fat globules are brokendown mto fine 
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particles. This results in the rapid digestion of 

homogenized fat due to larger surface area exposed for 

lipase action. Subsequent studies by Stsjskal and 

Neuburger (1934) showed that size of fat globules influenced 

its utilization by edul t Inlman subjects. It was observed 

that the anount of fat excreted in faeces was only one 

third of that present in faeces from subjects fed non­

homogenized milk. However, such absorption of fat was 

attributed to the type of the curd formed. llgner end 
, . 

TlDlrau (1951~~observed)during in vin study, a greater 
, 

breakdown of fat from homogenized milk than from normal 

milk. It was further seen that pancreatic digestion of 

butter fat was ,.;Lmost double in the case of homogenized 

milk in comparison with normal milk, used in the preparation 

of vitamin D enriched milk. Ewerbeck and Jaeger (1954) 

demons trated the superiority of homogenized milk over 

boiled or raw milk. in reepect of breakdown of fat and 

liberation of fatty acidS. Though. Agnese (1959) did 

not find any difference in tile diges tion coefficien t of 

fat in homogenized and non-homogenized milk. there were 

significant differences with respect to absorption 

coefficients. and could be seen from the values 71.8 and 

42.3 percent for homogenized and non-homogenized milk. 

re.pectively. 

Contl'UY to the above findings during their studies 

on infant, Holt et al. (1933) failed to observe any 
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beneficial effect of feeding fat of reduced particle 

size on fat absorption. Like"ise, Hevens and Sha" (1933) 

could not find any difference in thc digestibility of 

fat "hen rats ,rere fed either fresh whole milk, dried 

milk or evaporated milk. >\ttther, Saeer (1952) observed 

that it \</as entllsiflcatiol1 in -the digestive tract, affecting 

the optimum surface activity that enhanced the fat absorption 

rather than homogenization, since the particle size '.fas 

simJlar in all the thre.:: types of milk viz. non-ho:mogenized, 

homogenized COw alld mmen milk. 3econdlYt hODogenized 

milk also had lost its ability to forlil a creamy layer, 

suggesting that physical assimilation of cow milk to 

human milk ""S not affected by homogenization. It would 

tlnl.s appear doubtful whether homogenization produced any 

beneficial effect on fat utilization. The hypothesis 

forI!DJlated by ';;worbeck and Jeuger (1954) was later refuted 

as he could not find any difference in the quantity of 

fatty acid production through lipase action in homogenized 

as well as jn non-homogenized !!lilk. 

Considering faecal excretion of fat in infants as 

a measure of fat metabolism, ]lemon et al. (1970) observed 

that infants fed homogenized cow milk excreted illa..""{iIll\JJll 

fat as compared to those fed either human milk or infant 

formuJ.ae. 
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MUk is recognized as a good source of vitamin A 

and r:illoflavln, while it is the sale source of vitamin 

ll12 In the vegetarian diet. However. it is found to be 

a poor source for both ascorbic and folic acid. ~otential 

of milk In supplying both macro and micro nutrients makes 

its inclusion necessary in the diet. In view of thiS, 

,an alloHance of 200 m.l of milk In a bale.nced diet is 

often recomnended (Srilakshmi et 0.1 .. 1970), which "auld 

meet about 25 percent requirements for riboflavin, 10 to 

15 percent for each of vitamin 116 and ll12' about 5 to 10 

percent for thiamlne and 1 to 2 percent of folic acid 

(NnC, 1971t). The capacivJ of milk to meet the nutritional 

requirements could become,. still more limi tsd due to 

deleterious effects of various processing treatments on 

the :retention of vitamins in mUle. 

Fat soluble vitamln: ------
The content of vitamln A In milk has been reported 

to range betH6en 100 to 225 I.D. per 100 g and is knO\,jIl 

to depend on various factors such as the level of feed ing 
, .. .,<. 

(Anontharamiah et al •• 1950)/"seasons (lladr. 1954; 

Sampath et al .. 1955 and i:iirl"Y and 111-Said Saleh, 1962); 

being highest during the pasture season and 10>lest durlng 

dry feeding of the animals. 
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Though the val ues reported so far were for natural 

milk, lactation has been shown to influence the level 

of vitamin in milk (Narayanan and Anantakrishnan, 1959; 

Elmoty and EI-Malla, 1967). It was observed that vitamin A 

in colostrum of CO\1 and buffalo decreases as the lactation 

advanced. Vitamin A in buffalo colostrum was 10l<er than 

that :in the cow colos tru.m. 

Several studies reported so far indicated that heat 

treatments such as pasteurization, either by holdine or 

HTST methods, sterilization, drying or evaporation of 

milk caused little or no los s of vitamin A (Krauss et al., 

1933; Gillam et al., 1938; Henry et al., 1939; Mattick 

et al., 1945-46 and Ford et al., 1969). However, Davidov 

et ale (1962) reported that tha process of pasteurization 

and evaporation involved m the preparation of condensed 

milk brought about a 20 percent reduction in vitamin A. 
"i.,,;'r :".'''-' 

1 In tpe'other study, ;ragner (1957) reported that pasteuri-

zation lo\;ered both vitamin A as well as carotene content 

by over 20 percent, whereas sterilization destroyed 

between 30 to 100 percent of the vitamin. The extent 

of destruction was much less, in milk sterilized by flash 

method at 145°0 for 3 ;;C; 4 seconds CRossihina et ale ,1969). 

Avail.9ll.ill...ty of v;Ltam1!L!: 

As stated earlier, it worud appear that fat and to 

certain extent proteins undergo some interaction during 
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honlOgenization treatment. It was further evident that 

during such treatment, even subsequent pasteurization did 

not significantly affect the vitamin content. A1 though 

studies conducted showed that the larger fat globules 

are broken down still to smaller ones which are reported 

to be utilized in a manner different than the original one, 

li ttle is known in respect of the utilization of fat 

soluble nutrients in milk, particularly vitamin A for 

which milk has been recognized to be a good source. 

Earlier studies have established the role of vi tamin A 

in BTowth and its association 1I1i th vision in preventing 

xerosis, membrane structure, and deform! ty of bones, etc. 

Thus deficiency of vitamin A would not only affect the 
-

growth and vitamin A status of the individUal, but also 

cause damage to other membrane in eyes leading to conditions 

such as xerophthalmia, keratomalacia and in extreme cases, 

extruction of lens. 

Vitamin A and groNth: 

As early in 1934, Coward demons trated that with 

vi tamin A deficient animals, the growth response on 

vi tamin A supplemen tation was a true measure of the 

vitamin activity. Several workers reported that though 

the growth of rats could be restol'ed with the in take at 

a low level but for proper gro wth and storage, a higher 

amount of vitamin was re'luired. I'lith a dose eCJ.Uivalent 
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to 10 to 20 percenL of the dally re'l.uiremant when given 

to vitamin A d efi cient rats, resulted in gain in body 

weight. The gro\o,th observed uncier such condition was 

only about 70 percent of the normal growth (llraude et aJ.., 

1941; Le>lis et 81., 1942; Sherman and Campbell, 1945; 

1'at11 and 1'aul, 1946; llTO\m and Sturtevant, 1949 and 

Moore, 1957). Thus in order to achieve the normaJ. 

growth and subsequent adequate storage, and further 

alleviate the deficiency symptoms in the eyes, a higher 

dose ranging between 20 to 50 I.U. WeE reeonmended by 

severaJ. workers (Le,·ris et aJ.., 1942; }aul and l'aul, 1946; 

Sherman and o:rupp, 1949; Ero,,n and Sturtevant, 1949 and 

;,Ioore, 1957). 

Hep so:tkJi tam!!L.L£2U ten t : 

Vitamin A is remarkable for its preference to liver 

as its site of storage. Over 80 percent of the total 

deposits of vitamin A in the body was reported to be 

present in the liver (Moore, 1957). This apart, relatively 

smaller recerves were reported to be present in lungs as 

well as in kidneys (Davies and Moore, 1934; Moore and 

"harlilall, 1950 and :loore et 81., 1951). This storage of 

vitamin A in liver depends on the amount of the vitaIilin 

ingested am has been reported to increase ,·Ii th an increase 

in the level of the dietary vi talllin A (rIcCoord and I.uce­

Clausen, 1934 and Davies and Lioore, 1948). 
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FUrthermore. it was shown that a minimum dose of 

10 to 50 IU/da,y/rat is needed for the storage of vitamin A 

in the liver of rats. However, below the intake of 10 Dr/day, 

no storage oould be observed (Baumann et aJ. •• 1934; r.ewis 

et al •• 1942; LitUe et al •• 1943 and Vedrova et al •• 1970). 

As regards the vitamin level in the blood. studies 

conducted failed to show any correlation bet~~en the blood 

serum level and vitamin A deficiency, until reserves 'Were 

completely depleted (McCoord and Luce-Clausen. 1934 and 

l'le-Galke. 1947). The plasma level was sho\"" to be 

independent at higher level of vitamin A intake. however. 

a minimum quantity of 25 to 50 IU dailY was required to 

restore serum vitamin A level to that of norr.lal level of 

80 ill vitamin A (Josephs. 1942; I,ewis et al., 1942; FlOore 

and Sharman, 1950; !ooore. 1957 and Bring et al •• 1965). 

Avail~b~lil'l...J1f vi t.<l!!lin Lfrom the die:!;a:ry i 1!l!!t~: 

Green vegetables contain sizeable a!.lounts of 

carotene having provitamin A activity_ On the otller 

hand, food items of animal origin contain chiefiy vi tarnin A. 

A study conducted on young men maintained on vitamin A 

deficient diet for 2 years and later given \i-carotene 

or vegetables as a source of vitamin (Hume and Krebs, 

1949). showed that feeding vegetables gave better response 

than feeding equivalent amount of ¥-carotene in 011. y' 
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It waS further observed that an intake 4 mg of 

fl-carotene per day was essential for young aduJ. ts. 

Its absorption depended largely on fineness of division 

of the vegetables and was about 50 percent when finely 

divided spinach and carrots were provided. Bhat (1973) 

also reported that vitamin A was retained better in liver 

when rats were fed vegetables than when ll-carotene in oil 

was given. 

On the other hand, Chari (1967) observed that 

synthetic vitamin A acetate was absorbed better than 
1-'; 

fl-carotene supplemented through vegetables:"', When depleted 

rats fed green vegetables as a source of fl-carotene or 

vi tamin A ace,tate at the rate of 150 to 200 p.g/100 g 

diet for the period of six weeks. Similarly, Murthy 

(1973) repol'ted an increase in serum level of vitamin A 

(S.1 pg/1oo ml) in young women given 425 p.g of retinol 

for 20 days in comparison to those given 1980 p.g of 

~-carotene from carrots (3.0 )18/100 ml). 

In a comparative study on utilization of jl-carotene, 

from different vegetables, Rajalakshmi et al. (1975) 

observed that availability of fl-carotene from vegetables 

was better in the case of vitamin A deficient rats than 

normal rats. The magnitude of absorption waS attributed 

to the extent of depletion of their reserves. 
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It has been well estabilished that vitamin A is 

better absorbed in the body from an aqueous medium than 

when it is provided in fatty carrier, particle size 

apparently being the most important factor in this regard. 

Studies carried out on infants indicated that vitamin A 

in milk was absorbed almost equally well when the vitamin 

was given in the form of an aqueous dispersion, as 

;itamin was relatively poorly absorbed when administered 

through liquified butter fat (Lewis et al., 1950). Further, 

Lewis and Cohlan (1950) reported a large variation in 

serum end liver vitamin A levels in rats when vitamin A 

was supplemented in aqueous and oily preparation, 

respectively. Morales et al. (1950) showed that when 

infants were given skimmed milk homogenized with butter 

fat having fish liver oil as a source of vitamin A with 

a fat globule size heving a maxinum diameter of 2}l, 

retained 63 percent of vitamin A, as against 43 percent 

when fat weB supplied by gavage in six separate doses. 

The increased absorption was attributed to the reduced 

fat globule particle size. Although a minimum level of 

dietary fat has been suggested to be essential for adequate 

vitamin A absorption, studies with rats indicated that 

added vitamin A was absorbed better from fortified non-fat 
. 

dry-milk than from a starch diet containing 5 percent fat 
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(Rasmussen et aJ.., 1964). This was in conformity with 
1 
! the earlier observation of Vavich et al. (1955). that 

) 

milk as such contains certain constituents which helped 

in increased storage of vitamin A in liver. Vitamin A 

deficient rats when given carotene (56 ~g) emulsified 

in fresh non-fat milk and homogenized, had an average 

of 63. 5 ~g vitamin A per liver as against those received-· ""~ 

the supplement eIllllsified in water i.e. 4-2.3,uglliver. 

However, at lower intake of 32~, such differences were 

not visible. Berger and coworkers (1966) further reported 

a better absorption of vitamin A from a casein complex 

in comparison when it was supplemented in oily solution. 

The recovery in liver """ liDout 6\) percent in the case 

of casein complex while it was only 4-0 percent from the 

oil solution. Similarly, Figueira et aJ.. (1969) also 

observed better utilization of v1tOOlin A by infants from 

vitamin A fortified non-fat dry milk. 

Water soluble vi t<SIline 

Ascorbic acid, in milk: 

Ascorbic acid (vitamin 0) is usually present in its 

reduced form in milk (Kon and Watson, 1936; Hand, 194-3). 

However, it undergoes gradually oxidation to dehydroascorbic 

acid (Lechner end Kierme1er, 1969). Thus, depending on 

oondi tions end temperature during storage, market milk often 

contains vi tsmin 0 in reduced as well as oxidised form. 



By and large, buffalo mUk has been reported to 

have higher content of the vitamin C than cow milk. This 

was evident from the range of 18 to 39 mg/litre for 

'buf!alo milk reported by iXothavalla and GUl,(194Y; 

Varma and Paul,(1947); Iordanov and Boev,(1956)and Barakat 

and Adel-\~ahab'(1961) and the range of 14 to 20 mg for 

cow mUk reported by!-(Varma and Paul, !1947~ Ford et al .. 

(19591 EL-Lafey, /1962; Dluze"",ka and Eilinska, (196(;1 and 
\ 

Burton et al •• C970). Bwe and goat milk were, ho\·rever, 

reported to have ascorbic acid content identical to 

those in buffalo mUk (Iordanov and Eoev, 1956 and 

Barakat and Adel-Hahab, 1961). 

Al though milk is not cons idered as a potential 

source of vitamin C in terl!l of meeting the human dietary 

requirement, its destruction during various processing 

treatments assumes special significance in the light of 

interaction with other nutrients, ultimately altering 

their levels. Losses of vitamin C occur at many stages 

during processing and also during storage and distribution 

of milk. It was as early as 1936, when Sharp reported 

gradual decrease in the vi tanin C content of mUk from 
I 

the stageit was received from the mUch animaJ. and 
I 

processed at dairy plan t, untU it was transportad and 

delivered. SimUar observation was made by Lechuer and 

Kiermeier (1969), whc studied vitamin C at different 
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stages of processing and packaging until it was delivered. 

An overall decrease observed was, however, not striking. 

Pasteurization of milk has been shown to reduce 

vitamin C concentration in milk to a varying degree. 

Kothavalla and Gill (1943), observed a reduction of 24 

percent and 17.5 percent in vitamin C content of milk 

after pasteurization either by holding or flash method, 

respectively. Similarly, Holmes et al. (1943) found that 

when milk was cooled and stored for 10 hours before 

pasteurization, vitamin C was reduced from an average 

of 19.7 to 15.9 mg per litre. A comparison of milk 

pasteurized by holding method, with that pasteurized by 

HTST method, showed that vitamin C was found to be more 

stable at higher temperature. Holmes et al. (1945) and 

Dluzewska and Bil1llska (1966) on the other hand, found 

no loss of vitamin C in milk pasteurized by mST method. 

However, flash method showed only 6 percent reduction. 

Furthermore, it was observed that all the dehydroascorbic 

acid was found to be degraded during the preheating period 

111 the course of pasteurization (Woessner et al., 1940 

and Hand, 1943). Thus, Ford et al. (1969) and :tUrton 

et al. (1970) observed that after pasteurization, milk 

contained no dehydroascorbic acid or at the most only a 

small amount formed at the end of the process. However, 

Leclmer and Kiermeier (1969) reported that about 70 percent 
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of the total dehydroascorbic acid was lost between the 

period when milk was received and processed at dairy plant. 

It was observed by Dluzewska and Bilinska (1966) 

that as the temperature for flash sterilization was raised 

from 85° to 145°C for 3 
~ 

or 4 sec. the destruction of 

vitamin C progressively increased :trom 6 to 44 per cen t. 

Ford et al. (1969) found about 20 percent des truction of 

vi tamin C con ten t in milk during UIlT pro cess ing. However. 

Burton et al. (1970) observed a smaller redUction of only 

8 percent by both direct and indirect UHT processing. 

Adoption of temperatures between 40 and .1?OoC. considerably 

lower than UHT or sterilization, however, during longer 

dljration upto 20 or 30 minutes was reported to cause still 
L~'T< 

longer destruction i.e. upto 50 percent (Ford et al •• 1957.59). 

Effec:LQi hom.ogenizagon ansi pas teurization: 

Bell and sanders (1945) siudied the vi tallln C losses 

in milk fortified with 25 rug/quart after pas teurization 
, / 

and homogenizationf, found on an average loss of about 

13 percent. Kyla-Siurola and I\ntila (1972) failed to 

observe any losses of vitamin C either during pasteurization 

alone or in homogenized milk and subsequently pasteurized. 

liUrther. they reported that about half of the original 

vitaain C content was destroyed in twice pasteurized and 

homogenized where milk was stored between the treatmeni:,--
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for 3 days at 4oC. Data, however, did not indicate the 

stage at which the activity was chiefly lost. Sterilization 

and homogenization too, did not show any effect on lowering 

the vitamin C content. However, Woessner et ale (1939) 

observed a 50 percent reduction in vitamin C content in 

pasteurized and homogenized milk. 

l2=.m:OU)? vitamins: 

Levels of :!I-group vitamins in milk have been observed 

to vary considerably among species. This was evident trom 

the wide range between 0.45 and 0.81 pg/ml in buffalo milk 

for thiamine (Rao and :!Iasu, 1951; :!loman, 1953; EL-Rafey, 

1962 and Faolis and Gregory, 1963). Cow milk was also 

found to have similar values. Interestingly sheep milk 

was found to be richest in thiamine content with the 

average value of 0.97 p.g/ml (Rao and :!Iasu, 1951 and 

EL-Rafey, 1962). 

As regards riboflavin content, the levels in buffalo 

milk varied between 1.02 to 2.48 }lg/ml (Rao and :!Iasu, 

1951; :!loman, 1953; EL-Rafey, 1962; Sirry and EL-Said 

Saleh, 1962 and Faolis snd Gregory, 1963). Cow and sheep 
_:t,-

milk was also found to be identicaljJf riboflavin content 

"I.1i of buffalo milk (Rao snd :!Iasu, 1951; S irr,y and EL-8aid 

Saleh, 1962), however, goat milk showed distinctly lower 

value (Rao and :lIasu, 1951). 

Nicotinic acid content in milk !rem different 

species such as cow, sheep and goat were found to be 



45 

almost similax (}lao and llasu, 1951 and l'aolis and 

Gregory, 1963), however, significantly higher concentrations 

between 1.71 and 2.60 ~g/ml were observed by lloman (1953) 

and EL-Rafey (1962) in buffalo milk. 

Pantothenic acid and folic acid concentrations in 

buffalo milk, too, did not vary much, with the average 

values ranging between 1.50 to 2.02 ~g/ml and 5.50 »f;/ml, 

respectively, in different st"dies (Boman, 1953; EJ~Rafey, 

1962 and l'aolis and Gre/;lory, 1963). Gow milk also did not 

differ froQ buffalo milk (lloman, 1953 and BUrton et al., 

1970 ). 

As regards vitamin ll6' buffalo milk showed an avera/;le 

)lEld a· concentration of 0.325 pg/ml (Bomall, 1953; and EJ,­

Rafey, 1962), however, l'aol is and r,regory (1963) found still 

lower concen tration of 0.25 )lg/ml. Gow milk showed 

somewhat lower levels ranging between 0.1 to 0.22 )l&'ml 

with regards to vitamin B6 (Chapman et al., 1957; ]'ora 

et al., 1959; and Dluzewska and Bilinska, 1966). 

As regards vitamin B12 content, EI-Rafey (1962) 

and 1'aelis and Gre/;lory (1963) reported buffalo milk to 

contain 4.0 to 4.32 mp.g!ml. However. in the earlier 

s"\ndy, Sreenivase.murthy et al. (1953) found a lower range 

of 2.8 to 4.0 lIl'g/ml for vitamin B12• Zahriev and 

Kaloisnov (1965) on the other hand, reported a little higher 

mean value 0 f vi tamin 13 12 .in buffal 0, cow and ewe milk 



as 5.77. 6.14 and 9.09 mpg/ml. respectively. 

Losses of ]-group v~ ti'"'ins in milk during various 
h,.1.-[ , 

processing treatrrents" accompanied increased shelf life. 
, I' 

During the preparation of v arious by-products. such 

losses have been shown to be influenced by the duration 

and severity of heat treatment. Houston et al. (1940) 

observed that commercial pasteurization of milk caused 

20 and 10 percen t reduction in free and to tal thiamine 

content, respectively, whereas sterilization resulted over 

53 percent loss of total thiamine as compared to 26 to 45 

percent of free ,thiamine. Tdboflavin has been reported 

to be heat stable and was not affected during commercial 

sterilization. Holmes et al. (1943.45) observed that 

ll'rST pasteurization reduced thiamine content by about 10 

percent. while it did not show any effect on riboflavin 

content. Values before and after pastalTization were 1.50 

and 1.48 mg/litre. Clemow (1951) reported. marginal 

losses between 4.9 to 9.5 percent of riboflavin during 

pasteurization. 

As regards vitamin ]6' Debrit (1952) studied losses 

during pasteurization at 63 0 C for 30 minutes or at 72°C 

for 15 seconds with immediate cooling or sterilization 
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at 115°0 in an autoclave tor 20 minutes. WhUe 

pasteurisation d1d not resul t< 1lIIY s1gnitiC8Jlt loss 

of vitamin, sterUization oaused only marginal 

destro.ction ot 4.7 to 6 percent. 

Ford (1957) and Chapman et al. (1957) observed that 

pasteurization, eterUization, um treatment and um 
trea1ment with subseqUent sterilization of mUk, d1d not 

canae any appreoiable reduotion in riboflavin, pantothenic 

ac1d, nicotinic ac1d, vitamin :86 and biotin content as 

ev1dent trom negligible losses ranging between 0 aJld 

2.6 percent. Losses in respect ot thiamine were, however, 

higher and ranged between 10 and 50 percent depending 

upon the severity of heat treatment used in sterilization 

of milk. 

Dluzewska and BUinska (1966) found that flash 

pasteurization haS no influence on riboflavm and 

pantothenic acid OODtent, however, vitamin :86 and :8 12 
contente decreased by 7 and 10 percent, respeotively. 

Losses in respect of all vitamins were JIIlleh less during 

maT pasteurization as compared to flash pasteurization. 

In ,,6. another stUdY Kruglova ani. Gulko (1966) reported that 

thiamine losses during pasteurization by holding method 

and sterUization (115°0 for 15 minutes) amounted to 30 and 

50 percent, respeotively, however, pasteurization at 95°0 

had negligible effect. Riboflavin and pantothenic aoid 
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were found to be st.able agawt. 'these heat t.rea'\ment.s. 

Vitamin 1112 was found to be stable to heat at. pastenrization 

t.emperaiure. bnt. at. st.erilizat.ion t.emperatuxes "the vitamin 

activit.y was reduced by 80 percent. Flash sterilization 

of milk at. 85°C. 125°C. 135°0 and 145°0 for 3 or 4 sec 

showed negligible destruction of thiamine and riboflavin. 

On ot.her hand. loss of vitamin 1112 increased wit.h "the 

rise in tempera1ure (Rossihina et al .. 1969). Similarly. 

lluxton et. 0.1. (1970) failed to observe any losses of 

",iamine during UHT sterilization of milk. Losses for folic 

acid were found to be about. 10 percent in an indirect. and 

about 4 percent in "the direct UHT method;k regards 

vitamin B6>10es8s were 10 and 6 percent. respect.ively. 

Reduction in vitamin B12 cont.ent was higher in direct 

(13 percent. ) in comparison to indirect. met.hod i.e. 4 percent.. 

Using microbiological method Karlin (1969) estimated 

the levels of folle acid. vitamin 116 and 1112 in milk 

subjected to various heat trea'\ments. namely. (i) pasteuri­

zation at 91 to 92°C for 2 seconds. (11) boiling for 2 

to 5 minutes. (11i) homogenization and st.erilizaUon in 

bottle at. 119-120°0 for 13 minut.es and (iv) homogenization 

and sterilizat.ion at 140°0 for 3 1.0 4 seconds. The mean 

values for 1.otal folat.e and free folate activities were 

68 and 44.8 }lg/li tre in untreat.ed milk. Losses of tot.al and 
. 

free folic acid under "these treat.ments were (i) 12. "'Id 23.(ii) 
; ..... ·r 

17 and 71. (iii) 39 and 90. (iv) 8 and 92 percent': ! tosses in 
! 
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vitamin B6 and B12 were (i) 3 and 8, (ii) 3 and 31, 

(iii) 16 and 73 and (iv) 0 and 100 percent, respectively. 

It was evident that the degree of destruction of vitamins 

increased with the extent o:f heat applied. It was not, 

however, clear from these observations, whether losses 

of vitamins were due to homogenization alone i.e. in 

group iv. In an another study, Karlin et al. (1969) 

found that by heating the milk at 620 e for 3 to 4 seconds 

most of the vitamins were retained without any significant 

loss. The mean losses expressed as percent \-tere 2.6 for 

'thiamine, 7.8 for riboflavin, 0.5 for nicotinic acid, 0.6 

for pantothenic acid, 1.0 for vitamin :B6 , 10.5 for 

vi tamin :B 12' 4.7 for biotin and 7.5 for folacin, 

respectively. 

Ghi tis and Candanosa (1966) :found that where boiling 

of milk for 5 seconds caused a severe reduction of folic 

acid from 55/Ug to 30J!lg/litre, pasteurization at 50 0 e 
had little effect in respect of folic acid. Earlier, 

Knaut (1955) studied the effect of boiling on thiamine 

and riboflavin content in milk. After boiling for 3 

minutes, the mean losses in percent for thiamine and 

riboflavin were 7.43 and 2.6, respectively. 

Theophilus and ~ltamberg (1945) failed to observe 

a:tly effect of pasteurization, hOlflogenlzation or storage 
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for 24 hours at OOC on riboflavin content. Similarly 

Hassinen et al. (1954) did not observe sny loss for Vitamin 

B6 in milk after pasteurization and homogenization. 

ST-Pierre et al. (1963), on the other hand, observed a 

significant loss of vi tamin B12 when homogenized milk 

was pasteurized at 62 to 65°C for 30 minutes than at 

730 C for 15 seconds. 

Relationship b"Y~~CQrbiGJ\cid, j;oli!l .. J ... cid and 
vi temiU ll.12-during heat proceGsing' 

A study of factors which influence the thermal 

destruction of vitaillin B12 in milk indicated that such 

Piooess was essentially an oxidative in nature and was 

related directly/indirectly with the oxidative degradation 
, 

of ascorbic acid affected by the presence of dissolved 

oxygen (Kon and Hatson, 1936 and Hossenberg et al., 1956). 

This was further, confirmed by Ford (1957), who observed 

that aeration of milk before in-bottle sterilization 

greatly increased the losses of both vitamin J3 12 and 

as corbi c acid, where as prior thorough aeration by 

flushing with nitrogen, redu.ced such destruction. The 

efficiency of such deaeration in stabilizing vitamin B12 

to range between 0 and 50 percent. :;'ord (1967) further 

reported that removal of oxygen by nitrogen flushing and 

sterilization of milk either at 1100 C for 20 minutes or 

at 1200 C for 30 minutes, did not affect vi tamin B12 and 

ascorbic acid activii{(. The mean concentration of Vitamin 

B12 in deaerated milk waS decreased from 4.2 to 3.8 p&,li tre 
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and respective reduction in ascorbic acid waS from 30 

to 29 )lg/ml. 

Conditions duxing storage too, seem to be equaJ.ly 

important io the retention of these vitamins. Duxing 

direct heat processing and subsequent storage for longer 

periods, losses of ascorbic acid and folic acid were 

markedly influenced by residual ox;yeen level in the milk 

C,'ord et al .. 1968). It was observed that during 

processing about 20 percent of folic acid as well as 

asoorbic acid were destroyed. The remaining asoorbic 

,acid diaappeared in the next two weeks of storage, while 

folic acid level fell to zero in one case, while it was 

found to be stable in another case. The residual vitamin 

B6 and vitamin B12 decreased by 40 percent after 90 days 

of storage. Such losses further increased over 50 to 60 

percent during 180 days of storage. In another study, 

milk from three different plants was stored at 60 to 65°0 

for 0, 2, 7 and 14 days. Folic acid was found to be 

completely destroyed from all milk samples by 14 days 

of storage and ascorbic acid, vitamin B6 and B12 also 

decreased by 20 percent. In the earlier study, Ford (1967) 

reported that if diasol ved oxygen was excluded from milk, 

better protection against destruction was obtained. In 

the presence of oxygen in milk about 50 percent of the 

folate activity was lost on heating, while upto 80 ~ 

~ 
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was further lost on exposure to sunlight. Burton et al. 

(1967) also reported relatively lesser losses of folic 

acid occlired in the presence of ascorbic acid. , 

\-/hen tJ'le milk was heated at high temperature (UHT) 

in the presence of air or \-./hen ox,ygen was removed 

partially or totally, the ascorbic acid losses were 

about 20 percent. During storage in the absence of 

oxygen, no fUrther destruction occured. However, at 

a concentration of 1 ppm oxygen, vitamin was completely 

lost in 14 days. About 20 percent of the folic acid was 

destroyed during processing and further losses on storage 

were dependent. on the residual oxygen content of the milk. 

However, in the absence of oxygen, folic acid was 

found to be stable (Ford et al., 1969 and Burton et al., 

1970). 

Though, most of water soluble vitamins except 

ascorbic acid and thiamine are stable" pasteurization 

temperatures, these are more susceptible to destruction 

to exposure at higher temperature and prolonged storage 

in the presence of dissolved oxygen. 
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Buffalo, cow and goat milk samples were collected 

from the herd of respective species from cattle section 

of llational Dairy Research Institute, Karnal at about 

6.00 A.M. Keeping in mind the experimental des ign, the 

milk was divided into three lots and given following 

treaiments. 

Lot I 

Lot II 

Lot III 

: 

• • 

: 

Buffalo milk (whole) was pasteurized by 

holding method (63 0 C for 30 minutes). 

Buffalo milk was standardised to a fat 

level of 4-.5 percent by mixing it with 

skimmed buffalo milk, followed by 

homogenization as described in the later 

section. The homogenized milk was 

pasteurized by holding method. 

Buffalo milk (whole) was homogenized and 

pasteurized by holding method. 

Homogeniz~~ll-2i~ 

Before homogenization milk was heated to 600 C to 

inactivate the enzyme, lipase. The heated milk was 

passed through a Gaulin piston type homogenizer at a 

standard pressure of 2500 psi in a double stage. The 

pressures in first and second stages were 2000 and 

500 psi, respectively. 
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~~rmination-2f homogenization effigianQl 

The fat content in raw and homogenized milk was 

estimated according to Gerber method. On homogenization 

50 mJ. portion of the homogenized milk was centrifuged at 

1500 rpm for 30 minutes. An ali<J.uot of 11 mJ. was removed 

from the bottom section using 11 ml pipette and fat content 

was estimated as mentioned above. 

Homogenization efficiency was calcUlated according 

to the procedure described by Ridgway (1957) as described 

below: 

F1 
Homogenization efficiency = ----- x 100 

F2 

= 

= 

the fat content of milk in bottom 11 ml of the 
centrifuge tube 

the initial fat content of milk before 
centrifugation. 

Whole milk or homogenized milk was pasteurized 

either according to Holding method or by high temperature 

short time (HTST) method as re<J.uired in different experiments. 

:Pasteurization by hglQ...inp; metholl: 

Fresh or homogenized milk taken :in a clean conta:iner 

was placed in a water bath ma:intained at 64 to 65°0 to 

atta:in temperature of 63°0 at which the milk was maintained 

for 30 minutes wi th intermittent stirr:ing to ensure the 

uniform temperature. 
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Fresh or homogenized milk in a olean container was 

placed in water bath maintained at 74 to 75 0 0. As the 

milk attained a temperature of 71 to 72 0 0, was maintained 

for 15 seconds. 

On cooling to room temperature, the homogenized and 

pasteurized milk samples were filled in oleaned and dried 

plastic bottles and kept in refrigerator at 50 0 until 

used in feeding experiments. 

~Jl,illQ!L9f protein .IlllOllity 

Keeping in view the limitations of various procedures 

adopted to ass!>ss the protein quality the experiments were 

conducted to study growth promoting ability as well as 

nitrogen balance, on giving test milk samples. 

Male we8111ing albino rats weighing between 35 to 40 g 

were obtained from small animal house of the inati tute. 

These were maintained on a protein-free diet (Table A) 

for a period of 10 days. During this period they lost 

,~"fb ·20 percent of their body weight.~. At this stage 

the animals were weighed 811d divided into three groups in 

randomized fashion. Each group cons is ted of 8 animals 

and had identical body weights. These were maintained 

on the following dietary regimes for another 10 days. 



Group I 

Group II 

Group III 

o 
o 

o 
o 

: 
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B1!'i'falo milk (whole) pasteurized. 

Buffalo milk (standardized) homogenized 

and pasteurized. 

Buffalo milk (whole) homogenized and 

pasteurized (pasteurization was done 

using holding method in this experiment). 

Animals were maintained individually in anodised 

aluminium caSes, with free access to water, test milk 

samples wore given ad libitum. 

Milk was offered three time a day, i.e. in the morning 

at 6.00 A.I!I., 12 noon and 7.00 FoE. and residual milk was 

recorded, to palculate the daily intake. After completion 

of the experimental period the animals were weighed to 

record the gain in their body weight. The modified protein 

efficiency ratio (FERD) was calculated according to 

Venkatrao et al. (1964). 

= 

Gain in body weight(g) during protein 
repletion period of 10 days 

---_.-----------------------
Protein intake (g) during the period 
of 10 days 

!!.!kogen esti~ion: 

The nitrogen content in test milk samples was 

determined according to microkjeldhal method described 

in AOAC (1970) and the protein content was calculated by 

IlIll tiplying the nitrogen content by the factor 6.38. 
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IIi trog~!L1lal!ll!ce l<.iud.!~ 

DeteJ:ll!inaii,Qn o;Ll1io~_x!lJ.1YL-and. digestibil11Y 
£Q,tificien:tB : 

Male weanling albino rats wejghing between 40 to 45 g 

"ere obtained :t'rom the small animal house o:f National 

Dairy Research Institute, Karnal. These were divided 

into three groups o:f eight animals each in ral1domized 

fashion so that the average body weights (g) for all groups, 

were identical. Rats were housed individually in metabolic 

cages and were fed ~ lib. protein-free diet (Table A) :for 

the period o:f 10 days. During this period animals had 

free assess to water. Daily collections of ur.ine and 
, 

faeces were made. Urine was collected in bottles containing 

a few ml of 10 percent H
2

S0
4

, while faeces were collected 

daily and dried in an oven maintained at 100 .:!: laC. Samples 

o:f urine and :faeces were pooled and stored appropriately in 

the re:frigerator until taken :for analysis for nitrogen 

content. On the eleventh day animals were switched over 

to feeding on test milk samples for a period of 10 days 

as given below: 

Group I 

Group II 

Group III 

: 

: 

: 

:Buffalo milk (whole) pasteur ized. 

:Buffalo milk (standardized), homot;lenized 

and pas teur ized. 

:Butfalo milk (whole) homogenized and 

pasteurized. 
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The milk "as offered three times a day as des cribed 

earlier. The daily intake of milk was recorded indivi­

duslly by measuring the residusl leftover milk. The 

daily collection of urine and faeces "as done as described 

earlier and nitrogen content in these samples "as 

determined. 

~ cuI atio!!!l: 

lliologicsl vslue and digestibility coefficients were 

cslcuJ.ated according to ;Utchell (1924). 

Digestibili ty coefficient (D. C.) = 

Nitrogen digested 
= 

= 

-- x 100 
. Nitrogen mtake 

In - (En - Fen ) -----x 100 

In 
In - ( Fn - Fell) - (Un - Uen ) 

lliologicsl vslue = --------------­
- ( Fn - Fen ) 

x10C 

Where 

~ • 

Fn = 

Fen = 

Un = 

Uen = 

Nitrogen intake on test protein diet 

Faecsl nitrogen. on test protem diet. 

Endogenous faecsl nitrogen on protem­
free diet. 

Urinary nitrogen, on test protein diet. 

Endogenous urinary nitrogen on protem­

free diet. 
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TAllLE ! 

Composition of protein-free diet 

-----------_._----------
Ingredient 

Starch (maize) 

S.ucrose 

Refined Groundnu t oil 

Cellulose 

Sal t mix* 

Vitamin mix** 

Percent added 
.---------_._--

73 

9 

8 

5 

4 

1 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total 100 

-------------------.---- ._-----------------------
* CompQ.!!.itiol.1 of §'2l t mix (AOAC, 121Ql 

,leigh 70 g of Ua01 and grind 0.5 g. KI with a 

portion of Ha01. Similarly grind together remainer of 

the Na01 with 194.5 g KH;104' 58.5 g tlgS04 (anhydrous), 

140.5 g Caoo
3

, 13.5 g FeS04 .7H20, 2 g MnS0
4

, 0.2744 g 

ZnS04.7H20, 0.2380 g cu.s0
4

.5H20 and 0.0115 g Co012 , finally 

adding the Ua01-KI mixture. Reduce entire mixture to 

tine powder. 

** ComplIsi ti01!...of vi tamill, mixturIL1!Q!Q ...... 12W 
Weigh 50 mg thiamine hydrochloride, 400 mg riboflavin, 

50 mg pyridoxine hydrochloride, 400 mg nicotinic acid, 

400 mg Ca-pantothenate, 20 mg .folic acid, 4 mg biotin, 

0.3 mg vitamin B12, 10 mg inositol, 10 mg para-amino­

benzoic acid and 99.6 g of starch to mix these well. 



Vitamin A 

Vitamin D 

Vitamin E 

60 

Choline chloride 

2,000 m 

200 m 
10 m 

200 mg 

DetermmationJ)i' net gQj;~_llliliza,tio!Lll!:PU h 

Het protein utilization was determmed accordmg 
, 

to the method of Miller and Eender (1955). 

Young male albino rats weighmg between 50 to 60 g 

were taken for this study. These were grouped according 

to randomized design mto four groups of eight animals 

each. The average weight for each group was identical. 

These were subjected to the following dietary treatments 

for the period of 10 days. 

Group I 

Group II 

Group III 

Group IV 

• • 

• • 

: 

• • 

Proteln-free diet 

EuffalO milk (whole) pasteurized 

Euffalo milk (standardized), homogenized 

and pasteur ized. 

Euffalo milk (whole) homogenized and 

pasteurized. 

Each rat was housed individually. The milk was 

offered three times daily and the intake of milk recorded 

as described earlier. 

At the end of the experimental period, animals were 

sacrificed and the cercass was dried in an oven IDamtained 
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at 95°0 :!: 1°0 till it attained a constant weight. 

These were then Wliformly powdered. Nitrogen content in 

the carcass as well as test milk samples was determined 

according to microkjeldahl procedure described earlier. 

The net protein utilization value was calculated as given 

below: 

Body-N content in 
test protein 
group 

body-N con ten t in 
protein-free 
group 

NPU (%) = --- ,------,--------- X 100 
Nitrogen intake 

Fat_absoD).tioA 

The absorption of milk fat from different test milk 

samples was determined according to the procedure of 

Tomarelli et al. (1968). 

YOWlg male albino rats weighing between 80 to 100 g 

were taken in this experilnent. They were maintained on 

a fat-free diet (Table B) for the period of three days, 

for acclimatisation. These rats were then divided into 

four groups of eight animals each, according to randomized 

design. The average body weight (g) for all groups were 

identical. These were kept on the following dietary 

treatment for the period of three days followed by 

fat-free diet for another 3 days. 

Group I • • Fat-free diet (control) 

The control group was kept on fat-free 
diet for the period of six days. 



Group n 
Group III 

Group IV 

• • 

· • 

• • 
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Buffalo mllk (whole) pas teur ized 

Buffalo milk (standardized), homogenized 

and pasteurized. 

Buffalo milk (whole) homogenized and 

pasteurized. 

The test mllk samples were offered three times every 

day and the daily intake was recorded. During this period 

faeces in all the four groups were collected daily. These 

were weighed and preserved in 95 percent ethanol, until 

taken for total fatty acid analysis according to Van de 

Kamer et al. (1949). 

The absorption of total fatty acids was calculated 

from the ratio -of the amount in faeces (corrected for 

endogenous excretion) to the amount ingested. 

The test mllk samples were offered three times every 

day and the daily intake was recorded. During this period 

faeces in all the four groups were collected daily. These 

were weighed and preserved in 95 percent ethanol, until 

taken for total fatty acid analysis according to Van de 

Kamer et -al. (1949). 

The absorption of total fatty acids was calculated 

from the ratio-of the amount in faeces (corrected for 

endogenous excretion) to the amount ingested. 

The test mllk samples were offered three times every 

iay end the daily intake was recorded. During this period 

:aeces in all the four groups were collected daily. These 

{ere weighed and preserved in 95 percent ethanol, until 
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Composi tion of salt mixillre and vi tam10 mixture 

is similar to that given under Table A (AOAC, 1970). 

In addition, fat soluble vitamins were also added 

at the rate of 20,000 lU of vi tam10 A, 2,000 ro of 

vitam10 D and 100 ro of vitamin E per kg of the diet. 

~e.rlJl1!latig!l.Jl.f_ Qllrd ~,.nsion_ 

Six different trials were conducted to d eterm10e the 

curd tension of milk from different species, namely, buffal.o, 

COw and goat. As regards mixed milk samples were made us10g 

whole milk from buffalo and COw 10 the ratios of 90: 10, 50: 50 

and 10:90. All these samples were homogenized and paeteurized 

as described earlier. 

The rurd tension in milk was determined by adopting 

the procedure of Chandrasekhara et al.. (1957). 

Fifty ml milk samples to be tested were taken in 

100 ml beakers and warmed to 370 C. To this 2 ml of 0.1 

percent rennet solution (Hansen's) was added rapidly into 

the beaker and the milk was thoroughly mixed using the knife. 

The beaker was then placed in a thermos ta tical.ly con troll ed 

water bath at 370 0 and al.lowed to stand for a period of 3 hours, 

The pan was loaded with lead shots till the curd tension 

knife cuts its way through the curd. The weight of the lead 

shots expressed 10 grams was taken as a measure of curd 

tension. 

Determination of tots1..!lolid.§. 

Total. solid content in test milk ssmples before 

homogenization was estimated gravemetrical.lY according 
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to AOAC (1970). 1!ilk samples of koown wejght were 

dried to a constant wejght in a moistuxe dish in an 

oven maintained at 95 0 i 10 e. Total solids content was 

calculated as 

Total solid (~) = 
\~eight of dried milk 

X 100 
\,ejght of sample taken 

lliolOGical...Jl.ya;!;!,ab:i,li ty:. Qf v!:!;!!!'l;i~L! 

E xp er.imen t .. hL.§w,!Jl"..1§.: 

Heanling maJ.e rats of 24 to 27 days old ,,,ejghing 

between 35a.d. 48 g were made deficient in vitemin A by 

maintaining on vitamin A deficient diet (Table C) till 

the cessation of gro, ... th viaS evident and characteristic 

symptoms of vitamin A deficiency were shovm by the rats 

as illustrated in (Illustration I). At this st""e, the 

gain in body weiGht during the period of one week was not 

in body wejght. Body weight of rats was recorded on every 

3rd day of the experimental period. Vitamin A deficient 

animals ""re divided into four groups in randomized 

fashion with six animals in each eroup and were given 

the following dietary treatment. 

Group I · Control · 
Group II · :Buffalo milk (whole) pasteurized, (20 nQ). · 
Group III • Buffalo milk (standardized), homogenized • 

and pasteurized milk (30 nQ). 

Group IV • lluffalo milk (,<hole) homoeen ized and • 

pasteurized (20 nQ). 
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~wenty five ru of vitamin A was provided to the 

animals in group II, III and IV, from tes t milks. ~he 

animaJs had free assess to vitamin A deficient diet as 

,,,,11 as water during the treatment. Animals were given 

these supplements till they regained the normal growth 

rate of 2 g per day. At this stage, animals were 

sacrificed, blood and liver were analysed for vitamin A 

content" 

TABLE ....!L. 

Composition of vitamin A deficient diet 

----------_._-----
Ingredient (g) 

---,------------_.-'--------
-

Casein (vitemin free) 

Starch <maize) 

Groundnu toil 
(vi ta!!1in A free) 

Yeast dried pOMler 

Salt mix* 

180 

650 

50 

80 

40 
~ - - - - - - - - - - - - - - - - - - - - - - - - - - -
~otal 1000 

---------------------
To every kg of diet was added vitamin D 2000 IU, 

vitamin E 500 lU and vitamin K 50 mg, respectively. 

• Salt mix was of the same composition used in earlier 

experiments (~ab1e A). 
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Estimation of vit~ __ A in blood se~um : . 
Vitamin A in blood serum was estimated according to 

Yudkin (1941). To 1 to 2 ml of blood serum taken in a 

stoppered centrifuge tube were ad(ied equal volumes of 

95 percent ethanol with constant stirring. This was 

followed by the addition of double the volume of diethyl 

ether. Tubes were stoppered and shaken vigorously for 

10 minutes. Later these were centrifuged at 2000 rpm to 

separate the aqueous and etherial layers. The etherial 

layer was collected and a sui table aliquot was evaporated 

in a water bath maintained at 35°C and the residual ether 

was eliminated in the stream of CO
2

, The residue was 

taken in 1 ml -of choloroform in a cuvette. The colour 

was developed accord ing to Carr ani l?r ice (1926) by 

adding 9 ml of 20 percent antimony trichloride with a 

drop of acetic anhydl-ide to remove moisture and the 

colour density was measured at 620 Ii1l using Spectronic-20. 

The vitamin concentration \las calculated from the standard 

ourve obtained. 

IDil!!l.lP __ Jd'l __ l.i.Y.£;!: : 

Vitamin A from liver was extracted by direct 

extraction method proposed by Hinds et al. (1968). 

One g of liver tissue was ground well with anhydrous 

sodium sulphate taken in the ratio of 1 : 6 in a pestle 

mortor. The ground sample was extracted \lith 100 ml of 

diethyl ether in a stoppered flask under inert atmosphp-



67 

(nitrogen gas) for 24 hours at OOC. Following extraction, 

the diethyl ether was decanted, the residue was reextracted 

with 50 ml of diethyl ether and shaken gently for 15 to 

20 minutes on a mechanical shaker. ]loth the etherial 

layers were pooled and an aliquot of 75 ml of the 

etherial extract was passed through column containing 

anhydrous sodium sulphate. The ether was evaporated, 

dissolved in ehlorofol'lil and volume was made to 10 na.. 
The vitamin A was determined as described earlier. 

Dete:anmation of vitam.UL!..JlL!!liJJ>: 

Vitamin A in milk was estimated accord ing to the 

method proposed by Kochen (1944). One hundred na. of 

test milk Sa.lll!'le was saponified l1ith alcoholic KOH for 

10 minutes. On cooling, it was extracted with diethyl 

ether. Subsequent steps were similar to those followed 

for vitamin A determination in serum, as described earlier. 

&timatilll'...QW;!:.Qk..i-B_!IU·iv~: 

The protein content in liver ho~ogenate was 

estimated according to Riehlerich (1969) using biuret 

reagent. 

Dete.:mWaj;j,QJL.QL~r sol,ullle yitil!!lJ.n....l! 

Oertain water soluble vitamins were estimated in 

untreated, pasteurized milk, homogenized, homogenized 

and pasteurized by holding and W1ST method according to 

the standard pro cedures. 
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~1:l<k..~: 

l?repara,tio8...,9f saJn...ll.le: 15 ml of 6 percent TeA was 

added in a drop"ise fashion to 5 mJ. of milk with inter­

mittent mixing. Atter keeping :;:'or 5 minutes it Was 

centrituged at 6000 rpm, for 10 minutes and supernatant 

collected. It was mixed with about 0.5 g of acid washed 

activated charcoal and shaken well and later filtered 

atter 30 minutes through whatman filter paper No.1. The 

filtrate was taken for further estimation. 

The intensity of the colour developed due to osazone 

was measured at 540 IIql in lG.ett Summerson photoelectric 

colorimeter. Total ascorbic acid in milk samples was 

extracted from the standard curve. 

Total ascorbic acid in different mllks was estimated 

as dehydroascorbic acid accordilg to the procedure of 

Roe and Kuether (1943). 

Determina:U9/l Of ll-grOUPl yi ta!!U.!!!!' 

Milk samples were defattad according to the method 

of Rose Gottlieb (1959). 

Estimation 9t~h-i§mine: 

Preparation o~~!or as§2l':: The vitamin from 

the defatted material was liberated enzymatically. Twenty 

ml of milk sample was heated with 25 mJ. of 0.1 N H
2
S0

4 
for 30 minutes in a boiling water bath. On cooling, the 

pH was adjUsted to 4.5 with 2.5 M sodinm acetate. Twenty 



69 

mllligram each of papain (Biochemicals Unit, V.P. Chest 

Inst. Delhi) and takadiastase CFark-Dav1s) were added. 

This waS incubated for 24 hours at 3700 under a thin 

layer of toluene. At the end of incubation the enzymes 

were inactivated by' heating the reaction mixture for 

30 minutes in a boiling water bath and the mixture was 

later ,tll tered through whatman 1'11 ter paper No.1. The 

flltrate was saved for fUrther determination. 

Total thiamine content of mllk samples was 

determined according to the method of Fitzgerald and 

'fughes (1949) described by Barton-l;'right (1952) using 

~QtobaQill~a fermenti - 36 as the test organism. 

lI.!!termJ"at!2n of riboflavin 

Preparation of !i!l!~: 

ful:traction and,hydrolysie: Defatted milk samples were 

hydrolysed with 30 ml of 0.1 N HCl. <lIld 5 ml of 2.5 M 

sodium acetate by autoClaving at 15 lbs pressure for 

15 minutes. On cooling, the pH was adjusted to 4.5 with 

0.1 N NaOH and filtered through whatman filter paper No.1. 

The fll trate was again adjusted to pH 6.8 and made to 

aliquot, and was subsequently used in the determination. 

Total riboflavin in milk was determined microbiolo­

gically using ~toba£l,Uus ~sei -ATCC-7469 as the test 

organiem according to Snell and Strong (1939) as described 

in Methods of vitamin assay by Freed (1966). 
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Determ~tion of-ll~~~ 

~reparation~sample: To 10 ml of defatted milk was 

adcied 50 ml of 1 N Hl04 in 250 mJ. conicel flask. The 

mixtuxe was autoclaved at 15 lbs pressuxe for 30 minutes. 

A.fter autoclavmg, the samples were cooled and pH """ 

adjusted to 6.8 with 1 N NaOH and the volume was made. 

The solution waS filtered through \fuatman fil tar paper 

No.1 and filtrate was used for the estimation. 

The basel medium for nicotmic acid estimation was 

obtamed from Hmdustan Dehydrated Media and used at 7.3 

percent concentration. 

Niacm in milk was determmed microbiologically 

usmg Lac1;gbacillus lllantl:!l]! ATCC 8014 according to the 

method of Snell and Wright (1941) described in methods 

of vitamin assay by Freed (1966). 

DeterYJ.inatiQn of pantothen!~£& 

hl,beration....Slf boun.-S-Jl£.!l. totheni~cid: An el iquot of 

1.5 mJ. of defatted milk was incubated at 37°C for 4 hours 

with 0.2 mJ. of phosphatase, 0.05 mJ. of chicken liver 

extract and 0.05 mJ. of 0.1 M NaHC0
3

• The volume "as 

made to 5.0 mJ. with water, of this 2 mJ. was pipetted 

mto 50 ml cylinder, pH adjusted to 4.5 and volume made 

to 40 mJ. with water. This was filtered through ,'/hatman 

til ter paper 110.40. The filtrate was used for further 

estimation. 
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Liver from freshly killed 

one month old chicken was quickely chilled to approximately 

to 4°0, minced and homogenized with 20 volumes of cold 

acetone in a waring blender for 1 minute. The precipitate 

was washed with ether and dried in a vaCUJ.llll des iccator. 

The resultant powder was stored in a deep freezer at 

_4°0 •. 

The powder was extracted with 10 times ita weight 

with cold, freshly prepe.red 0.02 M NaHC03 Md was 

centrifuged. The supernatant was subsequently used as 

chicken liver extract. 

BasaJ. .med1u,m i;Qr l!antotheni~gJ!l.: 

Dehydrated basal medlnm for pantothenic acid assay 

was obtained from Hindustan Dehydrated Media. 

Fantothenic acid was estimated microbiologically 

using W:li.,baciJ,)u.§ planE!Y!! ATOC 8014 as the test 

organism according to Haag et al. (1945) as described 

in methods of vitamin assay by ",'reed (1966). 

Det~.llliA,.tion of_{9)..ic acid 

b:!!M.l:g!i.Q!!...Q.f s ampl e .u,s inlLQO.ll~~: To 5 ml of 

defatted milk, 5 ml of 0.2 1II sodium acetate buffer was 

added. This was heated at 100°C for 5 minutes in a "ater 

bath. On cooling to room temperature, 20 rng of dry 

chicken pancreas powder was added, incubated at 37°0 for 

24 hours under a thin layer of toluene. After inactivating 

the enzyme by heating to boil for 5 minute, the mixture 
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was cooled and the pH adjusted to 6.6 to 6.8 with 1 N 

HaOH solution. This \{aJ3 suitably diluted to give a 

final solution having a concentration of 0.2 .".,/ml of 

folic acid. The solution was filtered through ,/hatman 

fil ter paper No.40. 

The pan ereas from freshly 

killed chicken waS ground in a blender with five volumes 

of chilled acetone. This was filtered, removed and 

washed with acetone and subsequently air dried and 

stored in deep freezer. 

Folic acid content in milk was determined micro-

biologically us ing S tr§.l!toQ.Q.£QU"'!!' :f;aec'l,).J..!l. ATCC 8043-R 

as the test organism according to the method Teply and 

Elvehjem (1945) as described by Freed (1966), using 

basal medium obtained from Hindustan Dehydrated ;,Iedia 

was' used at 7.5 percent level. 

Determ~tio» of ~tgl vitamin ~6 

b:epara:Y&!l..9J: sampl~: To 10 mJ. of defatted milk 

sample 180 mJ. of water containing 1 ml of 10 H HCl waa 

added and autoclaved at 15 Ibs for 4 hours. On cooling, 

the pH was adjusted to 4.5 with 15 percent NaOH. The 

solution was diluted to give an approximate concentration 

of 0.01 )16 vitemin :8 6/ml. This was filtered and later 

used for microbiological assay. The basal medium for 

vitamin :8 6 obtained from Hindustan Dehydrated Media, was 

used at 7.3 percent concentration. 
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Vitamin 136 content was estimated microbiologically 

us ing s,acchiU'o!!\Y..Q!lli. =:j,sbe;r§ll§.i,!l. 4288 as the test 

organism according to the procedure of Atkin et ale (1943) 

as described in methods of vitamin assay by Freed (1966). 

~atio!l~ill!il!!lm.Jl12 

Extra~on of~ample: Vitamin B12 from milk was 

liberated according to Gregory (1954). 

To 1 ml of milk sample, 1 ml of 0.1 ],I sodmm acetate 

buffer was added, warmed to 600 C and 50 mg of papam 
.-'-_. _.-

(Biochemicals Unit) and one drop of sodmm cyanide was 

added. It waS incubated for 1 hour and then steamed for 

10 minutes to inactivate the enzyme. The solution was 

diluted, filtered to obtain a clear solution and pH 

adjusted to 6.0. 

The basal medmm obtained from Hindustan Dehydrated 

Media was used at 8.5 percent concentration. 

Vitamin 13
12 

was detarmmed microbiologically us:ing 

Lactoba£i,ll.rul. lei,£hm.@nll ATCC 7830 according to Skeggs 

et ale (1950) as described in methods of vitamin assays 

by Freed (1966). 

Statistical..analysis 

The statistical analysis of the experimental data 

was carried out according to the 3nedecor and Cochran 
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EFFECT 01' HCldOGENIZATION AlII> PASTElJRIZUICti ON aJRI) 

maIOH OF m:KS mOM DIFFERENT llPECIES 

~ 
An effecient homoge:nizatlon of milk has been 

recognised to lower the curd tension which inturn. is 

considered ,as an index of better digestibility. However. 

certain gross chemical constituents of milk are known to 

influ.enoe the ettrd tension. Furthe1'lll0re. homogenization 

ie seldom adopted without subeequent heat treatmeat 

such as pasteurisation. sterilization etc. Keeping in 

mind the differences in curd tension of different milks. 

it becomes necessary to asoertain whether the fat component 

has aD7 role in determining the Olrd tena10n of milk 

samples. E:xperimenta were therefore condacted to stu.d7 

the homogenization effic1enq for milks from differen t 

epecies as well as the effect of homogenization end 

pasteurization on the curd tension. Keeping in mind 

the overall Significance of total solids content in 

respect of curd tension, these too have been determined 

and date are 'presented in this seotion. 

Although the homogenization treatmeat could be 

'escribed as the one in which large fat globules are 

f . eplit into smaller ones, the process, ie somewhat complex 
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with many facets yet not clearly understood. During 

homogenization) fat globules get evenly dispersed in the 

milk, no cream line formed on standing. In other words, 

fat globules form a stable emulsion. 

Data on the fat content of milk before and after 

homogenization and homogenization efficiency for milk 

from different species as well as mixed milk, are presented . 
in Table 1. It was sean that despite pf'wide variation 

in the fat content in different milks samples used in 

this stQdy, the homogenization efficiency varied within 

a narrow range of 88.68 and 90.62 percent. The maximum 

value observed in t.he case of buffalo milk was, however, 

not significantly higher than the minimum value for mixed 

milk (buffalo : cow 10 : 90). It was thus apparent from 

the statistical analysis (Table 1A) that all milks could 

be homogenized with same degree of efficiency, irrespective 

of the level of fat. Values observed in the present study 

compared well with those reported by Ridgway (1957), who 

reported maximum efficiency of 87.5 percent for milk 

homogenized at the pressure 2500 psi with SUbsequent 

centrifugation at 1100 rpm for 30 minutes. These values 

correlated well ,") " ':'.1 with those of USl'H index of 1.4 

and buxrette method value of 96.6 • 

.9a.l:Uension 

As mentioned earlier, apart from homogenization, 

the extent of heat treatment, as well as difference in the 
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TAllLE - 1 

Homogenization Efficiency for Milk from Different 
species and Mixed Milk 

e 
Milk 

Buffalo 7.78 7.05 90.62 
±C.35 ±C.34 + 1.15 -

Cow 3.36 3.00 89.29 
±C.l3 ±C. 10 ;!; 1.26 

Goat 3.79 3.40 89.71 
;!;0.12 ±C.09 ;!; 1.09 , 

Mixed 
(Buff alOI C ow) 

90 I 10 6.98 6.25 89.54 
±C.42 ±C.34 ;!; 1.89 

50 I 50 5.23 4.72 90.25 
±C.35 ±C.3S ;!; 1.02 

10 I 90 3.80 3.37 88.68 
±C. 16 ±C. 17 ;!; 1.31 

Mean of six observations w1th ;!; S.E. 
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TABLE _ 14 

Ailal:ys1s of var1ance for homogen1zat1on eff1c1ency 

Source d.f. S.3. M.S.S. 

Between m11k 5 

Between repl1catl!, , 5 1.87 0.374 

Error 25 38.05 1.902 

N.S. = Non S1gn1f1cant 

'F I valUe 

N.S. 
0.197 



Treatment 

T4BU _ 2 

Effect ot homogenization and paste~r1zation on c~rd tension 
of different t1pes ot milk 

M1lks 
Goat BI1f1'a1o . Cow ._--jj -,- CBs ·C B-i-c 

Untreated 

Pasteur iZed 

Homog enized 

Homogenized 
and 

P as te~riZed 

21.4 
j; 0.07 

18.4 
.:t 0.23 

12.0 
+ 0.84 -

6.4 
.± 0.91 

42.8 
j; 6.69 

39.8 
.:t 4.57 

16.6 
.t. 2.32-

10.1 
.:t 1.04 

Val~es are expressed as gram 

Mean of siX Observations with .± S.E. 

19.7 
j; 0.25 

16.7 
.± 0.92 

9. 6 
j; 0.32 

6.1 
.:t 0.69 

B,C Proportion of buftalo(B) and cow(c) milk. 

90.10 5Os5O ... 10;90 

37.8 28.9 20.3 
+ 4.38 - .:t 1.49 .:t 1.21 

33.5 25.7 17.8 
.± 1.91 .:t 0.79 .± 1.18 

16.1 13.1 13.2 
.± 1.13 .± 0.76 .± 0.35 

8.7 8.8 7.9 
j; 1.03 .± 1.01 .:t 0.82 

.., 
'" 



TABLE -3-

Analysis of variance _ curd tension of different 
types of milk 

SOllrce of 
variation 

Between treatment 

Between replicates 

Types of milk 

Interactim 

Error 

d.f. 

3 

5 

5 

15 

115 

8.B. 

10137.07 

l89.93 

4013.05 

1900.59 

778.30 

•• Significant at 1% level. 

CD at 5% - Treatment - 3.6055 

Replicates 

Types of milk -

2.4939 

2.4939 

M.S.S. 

3379.02 . 

37.98 

802.61 

126.71 

6.76 

'F' value 

499.27" 

5.61" 

1l8.59·' 

18.77·' 

(X) 
o 
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to influence the curd tension. A mixed milk sample with 

predominance of buffalo milk (90 parts buffalo milk 

and 10 parts ot cow milk) showed the curd tension of 

37.8 g whereas that having only 10 parts of buffalo 

milk showed a low alrd tension of 20.3 g. 

The values observed for curd tension of buffalo milk 

in the present s iudy compared well with those reported 

earlier (Chandrasekhara et al •• 1957 and .Tain et al •• 1974). 

These were, however, found to be considerably lower than 

the range of 55 to 56 g observed by Abdel-Salam et al. (1974) 

and Abou-Dawood and -"L-Sawaf (1977). The differences 

observed could be due to the difference in the breed of 

buffaloes. because the type of the coagulant used in most 

of these studies was similar. 

The higher curd tension for buffalo milk as compex-ed 

to other species could be attributed to its chemical 

composi tion. This coulci be well conceived in the light 

of an established correlation between curd tension and 

the chemical composition particularly its total solids. 

total protein, casein and calcium content (l.feisberg et al., 

1933; Doan and Welch, 1934; Riddell et al .. 1936; Jain et al .. 

1974 and Abou-Dawood and EL-Sawaf, 1977). In the present 

study total solids (Table 5) were also highest in buffalo 

milk. Interestingly. these vslues were slmost similar 

for cow and goat milk. 
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The curd tension values viz. 19.7 and 21.4 g 

observed for co'.'! and goat milk, resI'lectively, \.,rcre 

markedly lower than the values ranging between 25 to 56 

for COl; milk and 49 to 55 for goat milk reported by 

various workers (Kelly, 1941; Turner and Garrison, 1936~37; 

Rao et al. ,1964; Jain et al., 1974 and Abou-Dawood and 

EL-Sawaf, 1977). Such large variation could either be 

due to difference in the breed of milch animals or due to 

difference in the type of coagulant used in these studies. 

Such a possibility would seem plausible in the light of 

,,\I:..~ c'\l'O~J:"~a"\'7:a..t>"{'.. "t>";1 ~ \.:~::f>O.~~"\' 'fl.()~k~.:r:a ~h.<l sOO"<ted.. a '4gl.if:ic::mtl:-g' 

different curd .tension values "hen pepsin-CaCl2 and pepsin­

HCl were used as coagulant; (hiiller, 1935 and Kelly, 1939). 

The 10" curd tension in both cow and goat milk as 

compared to buffalo milk may be due to the species 

differences which reflected in lower total solids, total 

protein, casein and caldum content (noan and Heleh, 1934 

and Abou-Dawood and EL-Sawaf, 1977). 

As regards mixed milks, higher cUrd tens ion for the 

mixed sample with higher proportion 0 f buffalo milk as 

compared to those with lesser quantities could be 

attributed to differences in chemical composition 

contributed proportionately by buffalo and cow milk. 

The statistical analysis of the data given in Table:;; 

showed that different types of milk differed significantly 



(1' '<"0.01) in respect ot curd tension; with butfalo m1lk 

sllowing distinct superiority over other types ot m1lk. 

IUtect ot peste!!!:,uaUop, 

As regards the ettect ot pasteurization, it was 

further seen that pasteurization of mUk at 620 0 tor . 
:SO minutes reduced the OU'd tension only moderately, as 

evident trom 7.0 to 15.0 percent reduction in ditterent 

m1lk samplee in comparison with that tor ra\i .Uk samples 

(!rable 4). !rhe reduction liaS somewhat higher in the case 

ot goat and cow mUk then buffalo .Uk. In general, the 

decreases observed \i8re s1gnUicsnt (1'''::'0.01). 

!rhese resuJ. ts are in close agreemEillt with those 

reported by Abou-Dawood and EL-Sawat (1977) who found 

relatively lesser reduction in ClIlrd tension in buffalo 

and e\i8 m1lk as compared to cow and goat .Uk when 

pasteurized at 62°0 for :sO minutes. !rhis could be 

partially attributed to the better heat stabUity ot 

buffalo m1lk than other mUka as reported by weisberg 

et al. (1~:S) and Abou-Dawood et ale (1976). 

!rhe resul til observed as regards to reduction in 

curd tension in the present study \i8re in agreElllent in 

respect ot lowering the ourd tension on pasteurization 

w1 th those reported earlier (Mortenson at al., 1~5; 

]lerry, 1~6; Ohandrasekhara et al •• 1957; Reo et al •• 1964-

end Jain et al •• 1974). 



TABLE - ,fl 

Percent reduction 1n curd tension of different types of m1lk due 
to homogen1zat100 and pas teur1zat1on 

Treatment 

Untreated 

Pas teur1zed 

Homogenized 

Homog enized and 
Pas tsurized 

Pas teur1zation 
alone after 
homogen1zat1oo 

-

Ydlkll 
Goat Buffalo Cow B 1 C 

901]0 

- - -
14.1 7.0 15.0 11.3 

44.0 61.0 51.0 57.4 

70.1 76.3 68.8 68.8 

26.0 15.2 17.8 19.3 

B 1 C 
50150 

-
]0.9 

54.6 

69.3 

14.7 

B I C Proportion of buffalo (B) and cow (C) milk. 

B • C 
]0'90 

12.1 

34.6 

60.7. 

26.1 

~ 
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!l!be decrease in curd tension due to heat treatment 

could be due to (i) lower calc1wn ion conoentration end 

inorease in the electrostatic charges carried by the 

ease:lll micelles as reported by Richardson end Palmer (1929). 

(11) denaturation of whay proteins. render:lllg these 
. 

insoluble, (iii) decrease in the degree of ~ration of 

casein and (iv) preparation as the degree of heat treat~t 

increases (Rao et Bl., 1964). 

~g:Lpf bo!nggenizllt1on 

On homogenization the maximnm reduction of 61.0 percent 

in the curd tension was observed in the case of buffalo 

milk. and minimum was found for goat Dlilk i.e. 44.0 percant. 

!£lI.e grea tar reduction in the esse of buffalo milk was in 

conformity with the observation made earlier by Doan (1938) 

who reported that reduction was marllllll.lll in the case of milk 

with initial high curd tension. :ehe percent reduotion 

observed 1n the case of cow and goat milk were identical 

with the values observed earlier by different workers 

(!£beophilua et al •• 19~4; Doan. 19~8 and Kelly. 1941). TlI.e 

Dlaximum soften1ng effect of homogenization in buffalo milk 

could be partly attributed to the- higher fat level which 

absorbed hjgher quantity of protein due to ita inoreased 

surface area after homogenization. S !mUar observatiCliB 

were made earlier by Doan (19~); Kelly (1941) and 

Webb at al. (1978). who noted greater reduotion :Ill curd 

tension 1n milk with hjgher tat level 1n comparison with 
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a lower fat content. The illcreased number of fat 

globules during homogenization would serve as the poin t 

of weakness in the coao"Ulum (Sommer. 1946). 

~ffect of hom06en~ion §9d.y~!-egri~atioll 

The oombined effect of homogenization and the 

subsequent pasteurization was found to be yet more 

pronounced on the curd tension_ Such effect was maxhnum 

in the case of buffalo milk i.e. 76.3 "ercent follo,;ed by 

goat 70.1 percent and 001.' milk 68.8 percent. Mixed milks 

too showed silnilar effects. 1lnder identical conditions 

l?arsad et al. (1974) observed a similar reduction in the 

curd tension by 74 percent in the case of bUffalo milk 

after homogenization and pasteurization. 

The effect of pasteurization in reducing curd tension 

was greater after homogenization than before. It is 

possible that homogenization alters stability of milk 

proteins towards various treatments. The different behaviour 

of homogenized milk in this regard. could as well be partly 

attributed to the changes in the heat stability of milk 

proteins during such treatment. Such a possibility would 

appear fairly distinct in view of various observations 

made in different studies. indicatille that homogenization 

lo,;ers the heat steblli ty of milk proteins and so also 
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at higher pressures (So!lll£ler. 1934; Doan. 1938; AJ.fonsus. 

1949; Hollender and Weckel. 1941 and Carr and Trout. 1942). 

The adsorption of plasma proteins on the fat globule 

surface seems to be a major contributing factor. The 

denaturation of heat labile proteins predisposes the 

entire plasma system to protein - protein and protein­

lipid interaction and the aggregation of protein coated 

fat globules mto larger ones is thus promoted. Heating 

of such destebilised proteins could result in the product 

with a lO\'ler curd tension. 

Relations~~~ej)@en~ifferent milk Qonstituents~ 
curd tens ion 

Data on totaJ. solid. rat and SNP content in milk from 

differen t spe cies and mixed milk as well as curd tension, 

are presented m Table 5 and 6. Understably. the buffalo 

milk had significantly higher level of total solids (17.28 

percent). than goat (11.78 percent) and cow milk viz. 11.43 

percent. respectively. The higher total solid content in 

buffalo milk is primarily the reflection of its higher fat 

content. Values obtained for all the three species are in 

close agreement with those values reported by several 

workers (Asker et al •• 1957; Dastur. 195' •. ; l'aul and 

Malhan, 1962; Ghosh and Anantakrishnan, 1964.65 and Juma 

and AJ.safar. 1970). 



TABLE - 5 

Average composition of different types of milk and 
their curd tens ion 

Milk Fat S.N.F. Total 
(%) (%) solids 

(fJ 

Buffalo 7.78 9.50 17.28 
to·35 to.20 ± 0.46 

Cow 3.36 8.07 11.43 
,to. 13 to.lS ± 0.27 

Goat 3.79 7.99 11.78 
,to. 12 to.08 ± 0.10 

BIC 6.98 9.27 16.25 
90110 ±0.42 ,to. 10 ± 0.53 

B I C 5.23 8.71 13.94 
50150 ±0.35 ,to.l7 + 0.50 -
B I C 3.80 8.26 12.06 
10190 to. 16 ,to. 10 ± 0.25 

Mean of six observat1oos w1th ;!; S.E. 

aa 

Curd 
tens1cn 

(e l 

42.8 
± 6.69 

19.7 
± 0.25 

21.4 
± 0.07 

37.8 
+ 4.38 -

28.9 
± 1.49 

20.3 
± 1.21 

B IC Proport1on of buff'alo (B) anlt cow(C) milk 



89 

TABLE --=-.2 
AnaJ.ysis of variance table for totaJ. solids 

-- - - ---~--

Source d.!'. S.S. M..:::>.::i. • FI vaJ.ue 

---- ---
Between 1 0.8844 0.8844 2.0459 
treatments 

'Between 5 36.0388 7.2077 16.6737** 
replicates 

Types of milk 5 363.8747 72.7749 16.8350** 

Interaction 5 0.1516 0.0303 0.0702 
(ty-pes of milk 
and treaiment) 

Error 55 23.7756 4.3228 

--------------
TotaJ. 71 424.7251 

-'---'---' - --------------------
** 3ignificant at 1 percent level 

CD at 5 percent - reylicate - 4.691. 
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Total solids as well as fat content in three types 

'of mixed milk increased as the proportion of buf.falo milk 

increases i.e. highest in milk having B:C. 90:10 followed 

by 50:50 and 10:90. 

Though total solids. fat. protein. ash etc. are known 

to influence the curd tension of milk. the most important 

one among these is the casein. In the present study a 

correlation coefficients were observed betl.[t3en curd tension 

and total solid (1' = 0.62) and curd tension and SN~ (1' =0.71). 

These observations 8.J. ... e in close agreement to those made 

earlier by Jain et al •• (1974) and Abou-Dawood and EL-Sawaf 

(1977), who reported that curd tension increased as SNF, 

total casein and total solids increases in the milk. 

However, no such qorrelation was observed bet,."een fat and 

curd tension in different vpes of milk. 

It was seen from the results presented in this 

section that, irrespective of marked variations in their 

total solid and fat contents. milks from different species 

as well as mixed milks could be homogenized equally 

efficiently. This. further produced a distinct reduction 

in the curd tension of milk. Al though heat treatment 

such aa paateurization does lower the curd tension, the 

homogenized milk showed greater reduction than non-homogenized 

one on pasteurization. It was further seen that both total 



91 

solids and SNF content of milk ,,,ere highly correlated 

wi th the cW'd tension. The extent to which this would 

influence the utilization of milk nutrients by the bodY, 

however, can not be ascertained from these observations. 

BIOLOGICAL EVALUATION OF l'ROTEI!< ~'RO!'! HOI;]OGBNIZED MIlK 

AJ. though homogenization of milk does not appreciably 

alter the distribution of nitrogen among various nitrogenous 

constituents such as nonprotein, non cas ein , casein, globulin, 

albumin and proteose fractions it enhances the absorption 

of casein on fat globules, eventually altering the amino 

acid profile of the fat globule membrane proteins (Brunner 

et al.,1953c). in the light of the observation that 

homogenization drastically reduced the cW'd tension of mille, 

as evident from the date presented in the earlier section, 

the influence of homogenization on the utilization of 

proteins would appear possible. Though, it is largely 

assumed that a decrease in the cW'd tens ion of milk reflects 

in improved digestibility, relatively very few studies 

have been reported so far to substantiate such assumption. 

As regards pasteurization, data available did not show any 

conspicuous deleterious effect on the nutritive value of 

milk proteins, except certain degree of denatW'ation of 

whey proteins (Henry et al., 1937 and Henry, 1957). I,ittle 

is, however, known about changes .in the nutritive value 
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_if any, when pasteurization is performed after 

homogenization" in view of the protein-lipid interactions 

mentioned earlier. ln the light of the aforesaid, 

experiments were conducted to find the utilization of 

proteins of homogenized milk by determining (a) the 

growth promoting ability as well as (b) nitrogen balance 

when experimental animals were given test milk samples. 

lIIodi!:i&'L.ll!':!l. te in_llifi c i!ID.£LJ::~io ... Jl?)l1l.D ) 

Under defined conditions, the growth rate of animals 

is related to the dietary protein quality and therefore 

considered as an index of protein quality. Furthermore, 

the evalration of protein quality on the basis of growth 

is based upon ,the assumption that the optimum of a given 

prote:in is determined not merely by the absolute quantity 

furnished but rather by its quality (Osborne et al., 1919). 

Later, Cannon and coworkers (1944) observed that animals 

made protein sensitive by maintaining on protein-free diet 

respond more effectively to differences :in protein qualities 

than a normal ones, since grovth and nitrogen retention 

are higher Wlder these condi tiona. 

ln the present study gro"th promoting ability of 

proteins from different preparations of homogenized and 

non-homogenized buffalo milk, was ascertained us:in.g protem 

depleted weanl:ing male albino rats as the experimental 

animals and the results are presented :in Table 7. It was 



Dietary 
treatment 

Group I 

Group II 

Group III 

TABLE _ 7 

Modified pro1loll erticiency ratio (PERD) in rats fed different 
test milk samples 

No.of 
animals 

Body wt. (g) 
Initial After 10 

dsys en 
protein­
free diet 

Gili on 
test diet 
a$ter 10 
cl.sys 

Total milk 
intake 

Total protein PER CD) 
intake Valde 

8 

8 

8 

(ml) (g) 

37.4 30.8 29.1 142.9 6.73 4.31 
.± 0.59 .± 0.61 .± 2.18 .± 6.82 + 0.15 - + 0.25 -

:36.6 30.1 35.1 249.6 11.75 2.98 
.± 0.54 .± 1.16 .± 1.79 .±10.49 + 0.52 - .± 0.32 

:36.8 30.1 37.9 226.3 10.66 3.53 
.± 0.52 + 0.68 - .± 2.45 + 9.18 - .± 0.43 .± 0.11 

Mean of eight observatitllS:!:. S.E. 

Group I -
Group II 

Group III -

Buffalo milk (whole) pasteuriZed 
Buffalo milk (StandardiZed) homogenized and 
pas tellriZed 
Buffalo milk (whole) homogenized and past9llrized 

~ 
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T Al3LE-=.1! 

Analys is of variance - 1?EP1) 

------- - ------
Source of variation d.f. S.i3. III.B.S. ' F' value 

----- -- ----
Bet,,,een treatment 2 7 .11 3.56 15.021** 

Between replicate 7 1.40 0.20 0.843 

Error 14 3.32 0.237 

-- ----

** Sign ificant at 1 percent level 

TAl3LE =.Jl 

Analysis of variance - milk in take 

---- ---
Source of variation d. f. S.S. M..S.S. IF' value 

------- --
Between treato,ent 2 5077.14 2538.57 4.3658* 

Between reylicate 7 5351.90 764.55 1.3148 

Error 14 8140.60 581.47 

,------------------------------------
* Significant at 5 percent level 
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seen from the data that the group I receiving non­

homogenized pastelU'ized whole milk ShO'ofed higher average 

PEEn value of 4.31 in comparison with those receiving 

homogenized milk either whole (Group III) or standardized 

(Group II). The differences observed were fO\ll1d to be 

statistically significant ( P<' 0,01., Table 8). This is 

interesting particularly because the total milk intake 

for the group I and consequently the protein intake, was 

much lower tha.n other two groups. The higher consUDption 

of milk in groups II and III could be a reflection of 

improved palatability of milk due to homogenization 

(llabcock, 1939 and Trout, 1943). 

Though the protein efficiency ratio determined by 

rat depletion-repletion method, would depend on the extent 

to which the protein reserves are depleted during prote1.'l­

free dietary regime, the differences observed coUld not be 

attributed to this, as it was observed that animals in all 

groups, wore protein depleted identically as evident from 

18 to 20 percent decrease in body weights. 

The ratios obtained for group I and III were higher 

than the conventional protein efficiency ratio reported 

earlier for buf:;alo milk by Rao (1956) and Daniel et ale 

(1968), who observed the value to range bet,,een 2.6 to 3.3. 

The modified PER value fo r group II was however, lower 
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than the reported one. The hiGher value observed in 

the present study was similar to that reported by Deodhar 

and Srivastava (1977) for COl< milk. The higher value 

for ]ER observed could be due to the higher retention of 

nitrogen since protein depleted animals were used. This 

could be well conceived in the light of the observation 

of venkat~oa et al. (1964), who reported a higher PEP~ 

value of 4.16, when protein -depleted rats were fed skim 

milk based diet. The significantly low ]EF~ value obtained 

for the groups II and III, receiving homogenized milk in 

comparison with group I could be attributed to any of the 

following possibilities, viz; 

(a) the difference in protein intakes in different groups, 

(b) a change in the prote in quality as a result of 

homogenization, 

(c) quicker passage through the alimentary canal~ thereby 

incomplete digestion of proteins from homOGenized milk 

and 

(d) catabolism of excess protein after meeting body needs. 

As pointed out earlier, it coUld be seen from Table 7, 

the total protein intake in the group I receiving non­

homogenized milk was significantly less (P~O.01, Table-g) 

than other two groups receiving homogenized milk. The 

lower value for PEl'n for group III could be partly explained 

on the basis of the observation of Allison (1964) that the 
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relationship between the gain in body weight and protein 

intake is linear only at lower levels of protein intake. 

Further, as reported earlier by Fixsen et al. (1934), the 

protein efficiency ratio decreases as the level of dietary 

protein level progressively increases. This is particularly 

true in the case of good quality proteins (Venkatrao et al., 

1964). At the higher level, "hen the protein intake 

exceeds the need for the gro;rth, the excess quantity "ould 

be channeled to catabolic' degradation. 

The possibility of changes in protein quali'tr resulting 

during homogenization and subsequent pas teurization 

between non-homogenized and homogenized milks, canlaot 

treatments, reflecting in the differences in ?ERn values 
! 

be eas ily ruled out. However, as pointed out by Venkatrao 

et al. (1964) the evaluation of protein quality on the basiS 

of gain in body weight, has several limitations. The 

increase in body weight could as well be due to increase 

in body fat and/or body water contents and not merely 

due to nitrogen deposition in the carcass, as assumed. 

Apart from this, a possibility can not be ruled out 

that homogenized milk is digested more easily but less 

completely as reported by Adam and Czech (1955). It is 

possible that the period for emptying of stomach could be 



shorter in the case of homogenized mllk as compared to 

that reqaired for non-homogenized milk as reported by 

several workers (Doan and vlelch, 1934; Flora and Doan, 

1938; Babcock, 1939 and Adam and Czech, 1955). 

Observations made while assessing the growth 

promoting ability of different test milk samples, 

,however, do not permit to conclude in respect of 

digestion or metabolic breakdO\$l of proteins. Studies 

were therefore carried out on the nitrogen balance by 

maintaining experimental rats on test mllk samples • 

.:furthermore, just as the growth response, nitrogen 

balance too, has been shown to depend on the quality 

as well as qaanti ty of the dietary protein (1!acLaughlan, 

1972) when other experimental conditions are normal. The 

major limitation of protein quality evaluation by l'ER 

method mentioned above, could be overcome by conducting 

nitrogen balance studies. In view of this, the biological 

value, digestibility coefficient, net protein utilization 

values as well as test protein from experimental milk 

samples, were determined, taking into cons !deration the 

intake and excretion of nitrogen, as proposed by Mitchell 

(1924) and data are given in the next section. 

B iQ;b.Qgj,£iIl. vllJ,ue and di~s tibil i t:L,.Qoefqci!m] 

Data on protein intake as well as faecal and urinary 

ni tr og en excreted during different dietary regimes and 
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the digestibility coefficient and biological values 

computed from the same are presented in Table 10,11 and 12. 

It could be seen from the results that the averaee milk 

consumption was almost double in both groups fed homogenized 

milk in comparison with the control group receiving non­

homogenized milk. Further computation of the values given 

for nitrogen intake and the faecal nitrogen exoreted, showed 

that there was relatively lesser excretion of faecal 

nitrogen in the group I as compared to groups II and III 

receiving homogenized milk. The magnitude of faecal 

excretion as well as the differences between these values 

were markedly significent (~LQ.01) (Table 13). This 

observation supports the hypothesis that proteins from 

hor.lOgenized milks are digested in shorter aurations but 

relatively less completely as compa~ed to non-homogenized 

milk as suggested by Doan and \,elch (1934); Doan and 

Flora (1939); llabcock (1939) and Adem and Czech (1955). 

Similar scrutiny of the data on urinary excretion 

suggested that about 6.8 percent of the total nitrogen 

intake ;~s excreted by animals given non-homosenized milk. 

On the other hand, 21.7 percent (Group II) and 11.2 percent 

(Group III) of the dietary nitrogen were excreted when the 

animals were maintained on homogenized milk (Table 14). 

Somewhat higher excretion of urinary nitrogen observed in 

group III as compared to group I suggests that considerabl e 

8l!l.OWl t of protein nitrogen in group III 'I,,,as excreted as a res 

II 



Groups 1btal milk 
iAtake in 
10 days 

(ml) 

Group I 111.2 
i 24.95 

Group II 310.5 
i 16• 16 

Group III ~59. 4 
i 11.64 

T!IIIiE - 1 Q. , 

Biological value, djgestibility coefficient of different test milks 

1btaJ.-N FaecaJ.-N 
iatok. in excretion 
10 days in 10 days 

(~) on the test 
diet (mg) 

1121.25 81.58 

2344.5~ 216. 6~ 

2Z74.1~ 113.5~ 

EhdogeJ!lOU8 
Faecal-I 
excretion. 
(~) 

43.00 

50.B~ 

47.64 

1bta1-N 
excreted. 
in faeces 
l' -1' 

n ell 
(11l5) 

"',50 
i 3.96 

165.80 
±11.2B 

125.89 
i 8.1 ~ 

Mean of B observations with ± S. E. 

llriRary'-N 
excretion 
I.J> 10 days 
011 test 
diet(mg) 

165.06 

59~. 25 

~4~.16 

Group I Buffalo milk (whole) uasteurized 

Endogenous 
ur~N 
excretion 

(~) 

89.Z7 

86.Z7 

91.4'l 

1btaJ.-N Dlgestibili ty Biologi-
excretion coefficient cal value 
ill urine 
U _u 
n eft 

(mg) 

15.19 
i 0.62 

506.98 
!52.50 

252.11 
i26.70 

(%) 

96.56 
.± 0.11 

92.9~ 
.:!P.90 

94.46 
i 0.~2 

( %) 

93.00 
.t. 0.68 

16.73 
i ~.65 

88.26 
.±l.og 

Group ·1I Buffalo milk (Standardized) ·hornogenized and pasteurized ~ 

8 
Gmup III Buffalo milk (whole) homogenized and pasteurized. 
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Analysis of variance for biological value 

-----,-------,--------------
Source of variation d. t. :;).3, 11.S.S. I F' value 

-----_._-- .--------------
Eetween treatment 2 1049.20 524.60 27.11 ** 

,Eetween replicate 7 3.21 0.165 

ErTor 14 271.02 19.35 

-----------------._----------------------------,-----
** Significant at 1 percent level 

aD at 5 percent - 4.717 

Analysis of variance - milk intake for biological 
value 

-- ---------------_.----
.:>ourceof 
variation 

d.f • S,3, 

-------------
Between 2 188195.3 

treatment 

Jletween 7 3730.7 
replicate 

Error 14 44462.2 

---.~ 

I,i.S.S, 

---- -----
94297.6 27.556** 

532.9 0.1558NS 

3420.2 

- "'"""----- -
** Significant at 1 percent level 

liS Non significant 

CD., at 5 percent - 62.72 
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TABLE - 1~ -
Analysis of variance - to tal faecal-N 
excretion (Fn - Fen) 

, 
-_. 

Source of d.i. S.S. M.S .• a.. 'F' value 
variation 

-- • -- - -
Between 2 678U.6'c 33906,8 55.444 ** 

treatment 

Between 7 3389.1 4841.6 7.931 ** 
replicate 

Error 14 8546.1 610.4 

----------_._--------------.--_.----------

--
Source of 

variation 

** Sign1.ficant at 1 percent level 

CD at 5 percent - 26.49 

:t,AJlLE - li 

Analysis of variance - total urinary-H 
excretion (Un - U en) 

-- --
d.t. s..S. II.S.a.. 'F' value 

- -- -----
Between 2 739965.6 369982.8 13.999 ** 

treatmElllt 

Between 7 15369.9 21115.1 0.167 
replicate 

Error 14 183216.3 U086.9 

------.---------------------,-----------
** a1gn1.ficant at 1 percent level 

CD at 5 percent - 122.69 



of higher catabolic degradation. Significantly ( 1'<0.01. 

Table 14) larger excretion of nitrogen by animals fed 

standardized homogenized milk (Group II) as compared 

to group III receiving homoGenized milk could 1:e attributed 

to distinctly lo',!€lr ratio of nitrogen to total dietary 

,calories in group II. It is possible that this factor 

might have adversely influenced the protein efficiency 

ratios for animals given hol1logenized milks. 

It "as seen from the digestibility coefficient for 

milks calculated from these values.., that it did not 

change significantly after homogenization. This was 

evident from nonsignificant differences in different 

groups (Table 10). The trend observed in this study 

,.,as similar to. that one l'epo::cted earlier by several 

workers, who reported that though honogenization reduced 

the curd tension as \01e11 as particle size of the curd, 

-it had no effect on its digestibility (Jloan and ;;'lora. 

1939; Doan and Dizilces, 1942 2lld :retr~lli and Agnese, 

1960). On the other hand, Doan and Helch (1934); 

Kelly (1939) and Ilener and Thurau (1951,52) found 

during m Yltro studies, soft curd I!l.ilk to be dibested 

better and completely t:.an hard cttrd milk. The values 

for digestibility coefficient observed in the present 

study v,rere some~vlhat higher than 89.3 percent observed 

for homogenized CO" milk by l'etrilli and Agnese (1960). 
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Ho\"ever, these \.,rcre, by and large, in close agreement 

Wift,those repoioted for cow milk (Henry et al., 1939; 

Henry et al., 194" and Henry and Toothill, 1962). The 

relatively higher value for pasteurized non-homogenized 

milk receiving group could be attributed to the lOHer 

intal;:e of nitrogen together '1ith lO't<,er faecal excretion 

as conpared to the group receiving hot:l.oeenized milk, 
, 

.in vlhich case the intake llas more than double while 

excretion was also about 3 to 4 times hieher than the 

values found in control grou.p. This may have lowered 

the digestibility coefficients. 

As regards biological value (93.0 percent) it was 

higher for the group receivine whole milk pasteurized 

than other groups. The statistical analysis Table 11 

of the data showed thc.t pasteurized milk had significantly 

hieher (1'< 0.01) biological value in comparison crith 

other two groups which, inturn, differed significantly 

among themseives. 

The biological values observed in present study 

for the control group I and group II I were higher than 

those reported by ~etrilli and Agnese (1960) for 

homOGenized cow milk i.e. 79.4 percent. HOHever, the 

value 79.4 percent is very close to the value observed 

for milk having almost identical fat level. Similarly 

the biological value for group I, namely, buffalo milk 



105 

pasteurized ;Ias very close to that value o:f: 91.0 

reported :f:or bu1'I'alo milk (Eao, 1956). In ~ another 

study, Mitra and liiittra (1942) reported a much lower 

value of 66.7 percent :f:or buf:f:alo milk. Such kind of 

variations in the bioloeical value could be explained 

? 

in view of the fact that biological value for the same 

snmple could be different, depending upon the degree to 

'Ihich the body protein reserve$ are lowered during 

protein-free dietary regine. In the present study, all 

the groups lost about 18 to 20 percent o:f: their body 

'.-le1ght, sug{jestine the protem depletion "JaS identical. 

in all grours. The low biological value in both groups 

ad~inistered homogenized milk as compared to control 

group, seems to be due to large quantity of nitrogen 

excreted' in urine, "hich in turn differed significantly 

(p< 0.01) from the quantity excreted by the rats receiving 

pasteurized milk. The higher excretion of urinary-N 

in group II, receiving standardised homogenized milk 
• 

in comparison \fith other groups could be due to higher 

amino acid oxidation, and was probably influenced by 

higher ni trogen/ calorie ratio in standardised buffalo 

milk than whole buffalo milk as mentioned earlier. Thus 

wi th lower levels of calorie in the diet, the prote in 

\fas preferentially utilized to provide energy, ;Iith the 

consequent loss of nitrogen in the urine. 
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The differences in biological values in the present 

study could also be expla:ined on the basis of observations 

of l!'orbes et al. (195$), who showed that the b iolog ical 

value of proteins decreases ,.,ith the incre::-~se in the 

in·take of proteins. Similarly Barns et al. (1946), 

reported earlier that percentage of prote in retained 

falls, vlith incre"_'.se .in nitrogen intake. LikeVlise, 

i1Iitchell (1924) attributed a 10>1 biological value to 

higher protein intake and observed that such decrease 

was probably due to lo,;ered utilization of nitrogen 

for growth than for main tenan ce. This was probably 

due to increased use of protein fed at higher level 

for fulfilling the energy deaond of the body. 

Apart from the nitrogen balance s illdies reported 

above from <1hich NPU could as well be computed, the 

nitrogen deposited in the carcaSS of animals, maintained 

on test mP.k diets 1(as determined according to .!iller 

and Bender (1955) and data are given in Table 15. As 

observed in the previOUS feeding experiments, the milk 

consumption 1(8S significantly higher in groups receiving 

homogenized milk in comparison 1(ith that receiving 

pasteurized non-homogenized milk. It was further seen 

from the data presented as well as the statistical 

analysis of the data on II-retained in the body that the 

groups receiving homogenized milk (group III and IV) 



Groups 

Group I 

Group II 

Group III 

IIroup IV 

TeL! - 15 

Net protein util1zatioo values fer different test milk samples 

Bodr wt. (g) 

Initial After 10 days Gain 
(g) 00 respective (g) 

diet (g) 

55.94 47.70 -8.24 

55.94 74.44 18.50 

55.90 88.70 32.80 

55.72 91.00 305.28 

Total milk 
intake in 
10 days 

(m1) 

-
236.5 
;!; 8.11 

384.3 
;!;12.96 

366.4 
;!;1l.70 

N-1I1take 
through 
milk in 
10 days 

(mg) 

-
l34O.0 

2184.47 

2082.83 

Mean of 8 oils erv ations Wi th ;!; Standard error 
Group I Protein-free diet 
Grollp II - Bilftalo milk (whole) pastellriZed 

Body-N 
(mg) 

1138.77 

2209.82 

2410.08 

2583.70 

N-retained NPU 
(mg) (%) 

- -
1071.50 79.96 

+ 47.20 ;!; 1.67 -
1271.31 58.20 

+ 75.04 :! 2 '35 -
1445.00 69.38 

+ 72.80 ;!; 2.55 -

Group III _ Bllffalo milk (s tandardized), homogenized. pasteurized 
Group IV - Bilftalo milk (whole), homogeniz«hpastelll'ized. ~ 

S 
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T£LE - 16 ---
Analysis of variance - net protein utilization (NJ?U) 

--- ._-----------_._------
Source of d. f. s.s. • Ft value 

vaJ.'iation 
-- --- -- ---

H-
Between 2 1821.30 910.65 19.363 

treatment 

Between 7 163.14 26.16 0.556 
replicate 

Error 14 644044 47.03 

._------_._-_._- ._---_._-
** Significant at 1 percent level 

CD at 5 percent - 7.355 

Analysis of varian oe - ll-retained in body 

-- -_._------
Source of d. f. S.B. M.S.S. 'F' value 
variation 
--_ ..... -- --- ------
Between 2 542533.0 271278.0 8.758 ** 
treatment 

Between 7 304249.0 43464.7 1.4039 
replicate 

.i!:rror 14 433603.0 30971.6 

-------- ._-----_._-
** Significant at 1 percent level 

CD at 5 percent level - 188.74 
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retained significantly higher q1J.antity of nitrogen in 

the carcass as cohlpared to a group receiving pasteurized 

non-holilogenized milk. It viaS interesting to note that 

the nitrogen retention was significantly higher in group 

IV than in group III ..,ich excreted lareest amount of 

ni trogen in the urine (as seen earliel" in Table 14). 

HOvICver, when judged on the basis of H-consumed in 

different groups, imile calculat1ne N1'U value, it l.4a.S , 
observed that the llPU value was highest for pasteurized 

non-homogenized group_ The averaee N1?U values Here 

79.96, 58.20 and 69.38 for whole Bilk pasteurized 

(group II), standardised homogenized milk (group III) 

and homogenized Dasteurized milk (group IV), respectively. 

It was seen from the statistical analysiS (Table 17) 

of the data that'group II had significantly higher 

value (:PLQ.01) tilan group III and IV, while. group III 

had the lowest value. Very few stud ies have been reported 

on the determination of Hl'U value by carcasS analysis 

for buffalo milk. A comparison of the values showed that 

the values observed in tile present study for group II 

compared well with those reported for cow milk i. e. 

75 to 81 (Miller and ]lender. 1955; Henry and Toothill. 

1962; Myna et al •• 1964; l'arthaaarahty et al., 1964 

and Venkat:rao et al •• 1964). 
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The low Nl?U values for homogenized milk could be 

partly explained on the basis of observation by 

:Barns et al. (1946) that percentage of protein retained 

in the carcass falls with increasing consumption of 

protein in the diet. Similarly Tagle and Donoso (1967) 

observed that when protein consu.m:ption was low the free 

amino acids that enter the liver pool. are primarily 

uililized for tissue protein synthesis and may have a 

lesser chance of being channelled into the urea cyol e. 

It was further observed that the IIPU values for different 

milk samples obtained in this experiment showed identical 

trend observed in respect of biological value,. determine:! 

earlier. 

It Would appear from the data obtained on the 

utilization of protein from homogenized and non­

homogenized milk. that although homogenization did 

reduce the cuxd tension, it did not show any salutary 

effect on the protein quality. There was no change in 

the digestibility of proteins, as contemplated earlier. 

On the other hand. the growth promoting ability.(l?ERn). 

the biological value as well aa net protein utilization 

values were Significantly lower for homoF;enized milk. 

The extent of such decreases was more pronounced when 

the ratio of nitrogen to calorie was reduced as a result 
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01: standardisation 01: mUk. Though such poesibUities 

have been discussed be1:ore, the infiuenoe 01: altered 

lipid-protem complex on the nutritional value 01: 

protems caI!.~.not be ruled out. 

Apart from the reasons given above 1:or the decreased 

modified protem e!!iciancy ratio, biological value as 

well as net protein utilization value the possibUity 

01: diminished protein quality as a result 01: homogenization 

and subsequent pasteurization cannot be i8nored m view 

01: the observation that homogenization as well as heat 

trea1mente above 65 0C increase the total free SH moieties 

in treated mUk samples (Rotkiewicz and Kieza, 1971). 

The sillll.l taneous action 01: the enzYme sul1:~ryl 

oxidase resulting in the formation 01: dieulphide bonds 

(J enol ino and Sweisgood, 197 5,78) wi thin the pro te in 

molecules, oould as well result m the decreased 

biological availability of S-amino acids from mUk 

protems. Tbe limitation of mUk proteins m respect 

of s.-contaming essential amino acids is tbns likely to 

be :further compounded due to such a tres1ment. This, 

however, wUl have to be :further probed before arrivmg 

at a final conclusion. 

Fit absoz:pt!2a 

One of the basic tenets 01: pharmacology states that 

the particle size determines the rate 01: absorption of 
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a given compound in the body and its miaronization into 

particles furtr..er facilitates its entry into the blood 

stream from the intestinal lumen. In the case of milk 

fat, fat globules size markeuly varies among different 

species, ranging from 2.9 p. in the case of goat to 

about 4.0 to 4.5 IJ. in co\< and buffalo milk. AmonG 

various treatments used to micronize the milk tat 

globules t homogenization has been demonstrated to be 

most efficient one t which increases total fat surface 

area by 4 to 6 fold. ~his would further facilitate the 

absorption of fat, apart from providing increased 

sU2~face area for lipase action. 

In order to assess the effect of homogenization 

on the absorption of fat. a study was carried out using 

young maj,e albino rats according to Tomarelli et al. (1968). 

Data obtained are given in Table 18. It was observed 

that rats given standardised and homogenized (grmlp III) 

and whole homogenized milk (group IV) consuned greater 

quanti V of milk as compared to rats fed pasteurized 

milk (group II), which further reflected in the varying 

amounts of fatty acid intake in different groups. 

'l:he mean fat absorption values for groups II, III 

and IV were 78.3, 78.2 and 88.8, respectively. The 

statistical analysis of the data (Table 20) showed that 

fat absorption was significantly (1'LQ.01) higher in 



Grollps 

Groop I 

Group II 

Group III 

Groop IV 

TABLE - lS 

Effect of homogenization treatment on milk fat absorption in 
young male rats 

Total milk 
intake 
in 3 days 

(ml) 

80.3 
+ 4.94 -
134.1 
± 0.17 

139.7 
± 0.46 

Total fatty 
acids in take 

(g) 

6.lS 
t.O.~ 

6.04 
± 0.17 

10.75 
;!; 0.35 

Total fatty 
acids 
excreted 
in faeces 

(g) 

0.135 

1.474 
±O.13 

1.466 
± 0.07 

1.339 
t.O.07 

observat1ons with ± S.E. 

- Control 

Net amcuntof 
fatty ac1ds 
in faeces 
corrected for 
endoge!lOl1s 
excretion 

l'g) 

-
1.339 

1.331 

1.204 

- Bllffa10 milk(ltfldlka) pas tenr1zed 

Fat 
abS(%ftion 

-
78.3 

+ 2.08 -
78.2 

+ 1.24 -
88.8 

.:t 0.63 

Mean of 8 
Group I 
Groop II 
Groop III - Bllffalo milk (8 tandard1zed) homogenized 

and Pas tellr 1zed 
Group IV - Blltialo m1lk (whole) homogenized and pastenr1zed 

~ 

~ 

'" 
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~LE - 19. 

Analysis of variance - milk mtake. durmg fat 
absorption experihlent 

,------------------ --------------S.oll..1"'ce of 
variation 

d. f. 3.8. tFt value 

-------,------------_._----
Between 

treaUnent 
2 

7 

17243.4 

1333.1 

8621.7 58.12 ** 

191.2 1.28 

114 

Analysis of variance - milk mtake. durmg fat 
absorption experiment 

._--- ------
s'ouy'ce of d.f. 3-.8. Vr.S.8. IF' value 

variation ------------------_._----
BetT,.reen 

treaUnent 
2 

7 

17243.4 

1333.1 

8621.7 58.12 ** 

191.2 1.28 

114 

Analysis of variance - milk mtake. durmg fat 
absorption experiment 

,----------------- --------------S.Quy·ce of d.f. 3.8. 14.S.8. 'Ft value 
variation ----------------------,-------

Bet""een 
treaUnent 

2 

7 

17243.4 

1333.1 

8621.7 58.12 ** 

191.2 1.28 

114 

Analysis of variance - milk mtake. durmg fat 
absorption experiHent 
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group IV in comparison with groups II and III. However, 

fat absorption in grou:ps receiving pasteurized non­

homogenized milk end standardised homogenized milk 

(group II and III) was similar. It was seen that the 

intake of fatty acids ",as also similar in these croups, 

so "as the levels excreted :in the faeces. Apparently 

there was higher abosorption of fatty acids in group IV, 

which could be attributed to lower excretion of fatty 

acids through faeces as compared to other t\vO grou:ps 

despite of higher intake. Thus, although the net values 

for faecal fatty acids were not significantly different 

in different groups. when looked in the light of the 

total amoUllt of fatty acids ingested it "as observed that 

hardly about 11 percent of the total fatty acids insested 

werO excreted in the faeces by rats in group IV, in 

contrast to about 22 percent in groups II and III. The 

increased absorption in the eroup IV receivinG homogenized 

milk, when compared with group I could be ascribed to the 

reduction of fat globule size during homogenization, 

.5ince the level of milk fat in both the cases was identical. 

Inspi te of higher intake of fat in group IV, there was no 

increase in the faecal excretion of fatty acids. 

SimUar increaoed absorption of fat from homOGenized 

milk was reported earlier by Stejskal and Ueubm·ger (1934) 

aLlong human subjects. It was observed that the amount of 
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fat in the faeces was only oue third of that \-laS found 

when non-homogenized milk was given. It would thus appear 

that less fat was excreted by subjeots for homogenized milk 

than rather non-hotIogenized. However, these workerS 

attributed this to the kind of curd formed. 

A lower deGree of fat absorption in group III as 

compared to group IV could be partly explained on the 

basis of observation of Zoula et al. (1966). ;rho reported 

that infants fed partially skimmed milk absorbed minimum 

fat. The ratios for protein to enert~, in the present 

study was distinctly lo;rer in group III than that in 

group IV due to possibly a change in ratio of fat to prote in 

in such preparation. On the other llana. ]"omon et al. (1970) 

observed hiGher fat excretion among infants fed homogenized 

COw milk in comparison to those fed human milk. This;ras 

over-come \vhen sucrose was added in the homogenized milk, 

which suggents that if milk of' low fat is to be homogenized, 

it llIUst have same energy value to that of the control grOUp. 

S.tanciardised homogenized milk, clearly had lower c:llorific 

content than homogenized whole milk. 

The greater fat absorption in the case of homogenized 

milk preparations aTe in conformity with observations 

made by several other worlcers ,.,ho aac:eibed the reduction 

of fat partiole size to be responsible for enhanced 
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fat absorption (Ilgller and Thurau, 1951,52 and Ewerback 

and Jaeger, 1954). On the other hand, nevens and She>r 

(193~); Holt et al. (1933) and Sager (1952), ho>rever, 

failed to observe any s:l,gnificant incre2"ed absorption 

of rat due to reduction in fat particle size. 

Fat absorption values obtained in the present 

study are lligher tban those reported by Agness (1959), 

who observed a value 0 f 71.8 percent for homogenized 

milk and 42.3 percent inllDl1-homogenized milk. Absorption 

to similar extent was observed by lilorales et al. (1950), 

>rho observed only 40 percent when normal fat waa given, 

"hile on administration of hOL1ogenized milk fat during 

,.,hich fat globules were reduced to a diameter of lesser 

than 2 IJ., the absorption was enhanced to 71.5 percent. 

Data obtained in this study tbus clearly demonstrated 

that the homo:;enization treatment distinctly improved 

the process of fat absorption. 

BIOLOGICAL AVAILABILITY OF VITAMIN A FROM HOMOGENIZED 1!ILK 

It "as seen in the earlier section that the utilization 

of fat was markedly improved "hen the milk was subjected 

to homogenization treatment. Though several studies 

reported so far, amply demonstrated that fat serves as 

a carrier for various fat soluble nutrients, little is 

known whether the distribution of these fat soluble 
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nutrients in lipid phase undergoes aJ1y chaJ1ge during 

homogenization and "hether their biological availability 

is, in any waY, altered in this process. Keeping in 

mind the nutritional importan ce of milk in meeting the 

body requirements for vitamin A. a study was conducted 

to find its utilization from the homogenized milk, in 

comparison \.[ith the non-homogenized one, using vitamin A 

deficient albino rats as experimental taodel. to "hom 

different test milk samples wore given as the only 

source of vitamin A. The degree of utilization was 

determined by recording gains in body we:ight as "ell 

as levels of the vitamin A in serum and in liver of 

rats given different dietary treatments. Results are 

presented in this section. 

It "as seen from the contents of vitamin A in milk 

before and after homogenization (125 IU and 123 IU, 

respectively) that there was virtually no chaJ1ge in 

the same. This is to be expected since vitamin A is 

fairly stable during heating at 600 0 (the temperature 

adopted for preheating the milk before homogenization). 

However, sllch data do not indicate if there is aJ1y 

chaJ1ge in the biological availability of vitamin A. Tn 

the present study vitamin A deficient male rats were 
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preferred over normal rats, to ascertain biological 

availability, with the view that animals sensitized 

in this manner, would respond better than normal ones, 

to the doss of vitamin A. Further, although it was 

observed earlier by;{Lewis et al., '1942; Paul and :Paul, 

1946 and :Brown and Stultevant, ,1949) that the intake 

2 to 4 IU of vitamin A was adequate to support the growth, 

the dose of 25 IU of vitamin A was chosen in this study, 

in the light of its capacity to restore not only growth 

rate but also vitamin reserves in the body. 

Date on the gain in body weight as well levels of 

vitamin A in blood serum and liver from rate in different 

experimental groups are presented in Table 21. 

:Body weigh!!! 

It was seen from the data given in Table 21 that 

during vitamin A deficient dietary regime, rats chosen 

at weanling stages gained about 110 g body weight during 

the period 0 f 8 to 9 weeks. It could be f.'u.rther seen 

from (Ulustration 7A) that the growth rate (about 2 g/day) 

was normal upto 40 days, on vitamin A deficient diet. 
> Thereafter the growth retarded and in the later stage 

i.e. after 56 days, the weighte tend to decline. At the 

end of this period, apart from cessation of growth animals 

showed characteristic syndroms of vitamin A deficiency 

viZ. appearance of xerophthalmia, paralysis 



TABLE - 2! 

Effect of vitamin A 8upplemeRt £'rom homogenized milk on growth and vitamin A activity 
in blood and liver of rats 

Diet 

Group I 

Group II 

Group III 

Group IV 

1l!>Ji'[ "t. W 
Ini tiaJ. At the time 

of milk 
feedlJ8 

,:l.7 146.3 
% 1.89 % 9.<6 

37.5 148.2 
%0.93 % 10.10 

,:l.7 145.7 
%1.94 ±14.2O 

,:l.6 150.6 
± 1.58 ± 5.81 

On feee\­
ing test 
milk 

samples 

Gain 

275.5 127.3 
% 11.40 t 5.31 

259.7 11401 
± 12.86 ± 9.65 

262.2 111.6 
% 8.55 % 5.71 

TotaJ. wt. 
a! liver 

(g) 

4042 
:!j).31 

8.54 
:!j).41 

8,65 
:!j).66 

8,02 
«l.15 

Vitamin A 
IU/1iver 

Traces 

200.9 
% 9.81 

223.1 
± 12.11 

2240 1 
± 9.59 

VitBlllin A 
IU/g 

liver 

Traces 

23.5 
± 2.25 

25.8 
± 1.20 

28.0 
± 1.26 

Mean of six observations with ± s.~ 
Group I Control 

Group II 
Group III 

Group IV 

Buff.lo milk (Whole) pasteurized. 

'Buffalo milk (standerdized) homogenized and pasteurized 

Buffalo milk(whole) homogenized and pasteurized 

Blood serum 
vlteroln A 

IU/1°O ml 

Traces 

43.1 
% 3.18 

36.1 
% 2.51 

42.0 
±4020 

~ 

~ 
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Analysis of variance - weight gain in rats 

._----------_._-----_._--
i:)ource of 

variation 
d. f. 3.S. 

.----------------------.----
Eet1tleen 

trea1ment 

:Between 
replicate 

• 

Error 

2 874.78 

5 2251.60 

10 2409.90 

M.S.~ • tF' value 

._----------

437.39 

241.99 

._-------_.-._----_._---------

NS - Non significant 



TABLE _ 23 

Analysis of variance - growth and vitamin A in blood and liver of rats 

Source of d.f. Vitamin A lU/100 ml Blood serum Vitamin A IU/g liVer Liver vitamin A (IU..l. 
variation B.S. M.S.S. ,IF- SIS. M,S.S, IF' S.s, N.S.S. IF' 

•• 
Between 3 7418.8 2472.9 75.39" 3064.4 1021.5 79.81 72.7 24.23 28.28" 
treatment 

Between 5 538.9 107.8 3.28" 50.8 10.1 0.78 8.8 1.76 2.053 
replicate 

Error 15 492.0 32.8 192.6 12.9 0.860 

., Significant at 1 percent level 

CD at 5 percent - Serum vitamin A - 7.046 
Vitamin/g liver - 4.401 
Vitamin A/1iver -12.13 

to 
'" 
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FIG· ':A. GROWTH CURVE-RATS FED VITAMIN A 
DEFICIENT DIET 
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of hind limbs etc. (Illustration C). In the pr es en t 

s1udy the initial body weights of experimental animalS 

were about 38 g whereas Underwood (1979) used rats with 

somewhat hiGher body weights. Such differences in the 

ini tial weights would have pronoWlced influence on the 

vitamin A reserves in the body. 

On feeding test milk samples as the sole source of 

vi tamin A animals gained an average of 127.3, 114.1 and 

111.6 g in body weight when buffalo milk (whole) 

pasteurized (group II), standardised and homogenized 

milk (group III) and buffalo milk (whole) homogenized 

(group IV), respectively, were given. The statistical 

analysis (Table 22) did not show any difference in body 

weight gain to be significant during the experimental 

period. However, it would appear from the illustration II 

that during the early stage after the conll""ncement of milk 

feeding the gain in body weight was hieher in group IV 

as compared to group II, thereaftsr it sho"ed a tsndency 

for smaller gain. On an average rate gained 3.6, 3.3 

and 3.2 g/day in group II, III and IV, respectively. 

Vi tamin A deficient rats fed 25 W/da,y of synthetic 

vitamin A (Let<is et al., 1942) found to gain about 

131 g during an experimental period of six weeks 

with an average gain of 3.1 g/da,y. On the other hand, 

Rajalakshmi et al. (1975), failed to observe any 

significant difference in growth rate in vitamin A 



FIGE. GROWTH CURVES IN VITAMIN A OEFICIENT RATS 
FED VITAMIN A FROM DIFFERENT MILKS 
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Illustration C. Iht.s shoHinc; vi t8.);ljll A 
d efi cien.eys y:0.(l:t'oms. 
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deticient rate ted vitamin A either trom vegetables, 

pure jl-carotene or vitamin A acetates. The dosage 

adopted in these studies, were much longer. .(;., '/, 

It is possible that the amount of vitamin A 

required tor growth 1s much less viz. 2 to 4 m/day 

(Braude et al., 1941; Lewis et al., 1942; l'aul and 

l'aul, 1946; Bro"" and S-w.tevant, 1949) than supplementation 

of vitamin A 25 IU done in thie study. TWa the 

cons\llllption ot the vitamin dose at this level apparently 

had no etfect on growth rate, irrespective of the torm 

in which it is present in the diet. 

Blood serw» leyel Vitamin A 

It was seen from the data on serum vitamin A levels 

in differen t exper !men tal groups, the levels were extremely 

low (traces) when animals were maintained on vitamin A 

deficient diet for a period of 8 to 9 weeks. The 

subsequent supplementation ot vi temin A at the dosage ot 

25 IUI day, through tes t mUk samples markedly enhan oed the 

levels in blood serum and were 43.1, 36.1 and 42.0 

IU/100 ml in groups receiving buttalo milk (whole) 

pasteurized(group II), standardized and homogenized 

(group III) and buffalo milk (whole) homogenized (group IV), 

respectively. Although supplemen tstion through all 

test milk samples resu! ted in an increase in the blood 

vitamin A levels in groups II, III and IV, there were 
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no significant differences amongs1.'them::selves (Table 

Such non-significant differences, suggest that the 

availability of vitamin A from milk was not affected 

) 
23 ). 

due to homogenization. However, "hen these '<I<'re examined 

on the basis of observations made by Le"ris ,et al. (1942), 

"ho showed that the intake of vitamin A as low as 1 rol 

day waS adeq:uate to produce measuxable increases in 

blood vit~"in A level, it appeared that probably 

because of administration of a larger dose of 25 IU/d~, 

the efficiency of different milk samples to produce 

effect on blood vita;!lin A level \'las subdued. Observations 

made in the present study vrere, ho·wever, in ecneral 

agreement \"rith those made in different studi~s in 

Hhich animals were given more than 20 ro/d~, "lhich 

failed to Sho\f differences in the serum vitamin A level 

(Uoore and Sharman, 1950). 

It coU:Ld be seen from the afOTesaid that though a 

mini.mu.ln amoWlt of vitamin A is essential to produce a 

visible level of vitamin A in blood, however, it is not 

linear ,:lith the dose Given or source of vitamin A .in the 

diet. 

Data presented on vitamin A content in liver as well 

as "eight of liver for rats from different experimental 

groups showed tbat there "as significant difference (p <: 0.01) 
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in regeneration of liver vitamin A when animals were given 

experimental milk samples. The statistical analysis of the 

data, however. failed to show any significant difference in 

the weight of liver when given milk either standardized 

homogenized or buffalo milk homogenized or buffalo milk 

pasteurized. 

As regards hepatic contents of vitamin A, maintenance 

of rats on vitamin A deficient dietary regime till the visible 

vitamin A deficiency symptoms were eviden t as seen in the 

Illustration A. drastically depleted vitamin A stores of the 

liver with the resUlt that there was practically no vitamin 

A content in the liver after animals ,;ere kept on deficient 

diet for a period of 8 to 9 weeks. On supplemen ting diets 

wi th test Bilk samples to proville 25 W/day (the body 

requirement to support normal growth) it was seen that the 

livers from the group receiving buffalo milk (whole) 

pasteurized (group II) had 23.5 IU/g concentration whereas 

those receiving homogenized pasteurized milk showed the level 

of 28.0 IU/g of liver. The difference in hepatic levels of 

these two groups was found to be significant. The deposi te 

of vitamin A computed. on the basis of the total liver 

weight further confortaed the observation that vitamin A 

content in liver for groups receiving homogenized milk 

was significantly higher than those receiving non-homogenized 

milk as a Solll' ce 0 f vitamin A. 



127 

The extent of depletion-repletion of liver in 

respeot of vitamin A witnessed in the present invest1gaUon 

was 1dentical to those reported by several workers in 

difi'erent s1udies (Lewis et al., 1942; Glover et al., 

1948; Chari, 1967 and Re.jalaksbmi et al •• 1975). It 

would appear trom the observations made in the present 

invesUgation that animals receiving homogenized milk 

had better reserves of vitamin A in the liver than the 

one reoeiving non-homogen1zed milk, indioating that 

vitamin A trom homogen1zed milk was better util1zed than 

the vitamin pres en t in non-homogenized milk. This could 
----;--

be att.'r1bu ted to the raduoe part1cle size of fat globule 

during homogenizaUon and elllllsificaUon (Levis et al., 
-~-

1950). Similar observations were made ear11er by 

Iiorales et ale (1950) who administered vitamin A either 

trom butter fat or fish liver oil, ei ther through 

homogenbad or non-homogen1zad fat and showad that 

v1tamin A was better absorbad trom homogenized preparat10n 

in which the parUcle size of fat globule was markadly 

reduoed, apart trom better elllllsif1cation of v1talJlin A 

in l1quid phase. Seoondly, the oont.'ribut1olLof certain 

un1dentif1ed faotors present in .~ilk. towards better 
, .-.-.. 

absorption of v1tamin A oan:not be ruled out in the 

l1ght of observations made by Vav1ch et ale (1955) on 
\ 

exper1men tal v1 tamin A def1c1en t rate, <10m( were prov1ded 

v1tamin A through d1fferant sources. It was shown that 
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incorporation of skinnned milk along with vitamin A resulted 

better absorpUon of vitamin A than ",hen the polysorbic 

acid or aqueous solution of vitaBin A ,·,rare administered. 

It would be interesting to mention the possible involvement 

of vi te,min A- cQsein complex in the better absorption of 

vitamin A was indicated by the observation of Eerger 

et ala (1966) "ho sho;red that rats given vitamin A-casein 

complex sho;red better hepatic reserves of vitamin A than 

those receiving only vitamin A and casein. It is 

possible that the process of homogenization fUrther 
,-

brings about the complex formation between vitamin A and 

casein. Such a possibility appeaJ.'s fe..""ible in view of 

the observation that the extent of absorption of casein 

in the lipid phase enhanced markedly as a result of 
- -

homogenization, "hich could be seen from the finding ,-
that 25 percent casein component in fat globule membrane 

in the homogenized milk preparation in contrast to 

hardly 2 percent in the case of unhomogenized milk 

(Lundstedt, 1')36). 

:;;TABILITY OF Cl>'RTAIN ':TATj;'E SOIlJllLE VITA1ArnS nl HOMOGEHIZED 
MILK 

The ability of milk to fUlfill the body req)J.irement 

for vitamins is generally, ascertained on the basis of 

their contents, often stated in food tables. However, 

these values usually indicate levels ocouring in the 

unprocessed prOduct. Apart from being thermolabile, 
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qui te a few of "lhese vitamins exist in ,;[ree as well as in 

bound form in milk. and have been shown to be susceptible 

for destruction during heat processing ClIousten at aJ. •• 1940; 

Hassinen et aJ. •• 1954; l'arkhim et al •• 1965; I<;arlin. 1969 

and webb et al .. 1976). Though pasteurization of raw 

milk has been shown to result losses of certain ll-group , 
vitamins ranging between negligible and moderate. very 

few studies have been carried out so far to find the effect 

of such treatment on vitamin levels in milk after homogenization 

Whether the altered distribution of milk proteins between 

fat globule membrane lipids and the aq)leous phase. also 

changes the ratio of bound to free vitamins. ultimately 

affecting their stability during pasteurization. remains 

far ;[rom clear. Experiments were therefore conducted to 

study how far the levels of certain vitamins of B-group 

in the buffalo milk are affected during homogenization 

and subseq)lent pasteurization. Further, in the light of the 

influence of oxidative destruction of aacorbic acld on the 

stability of vitamin B12 and folic acld contents in milk. 

ascorbio acid content was also determined in the present 

study. Data obtained are presented in this section, 

~!l1.Qf !Jgmogenmtion !!Il.d ,pasteurization on tMII"lJ.!!.2. 
ribgflMin. n:i,Mi.!h vantothenic J>9id and. Vi talllinJ4; gontsnt. 

Data on the levels of different B-group vitamins 

in the untreated buffalo milk. as well as in 
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(1) pasteurized, (11) homogenized aJld (ii1) homogenized 

and pasteurized milk samples are given in Tables 24 and 27. 

It was observed that the fresh buffalo milk con tained on 

an average of 51.6 jlg of thiamine; 196.0 Ilg of riboflavin; 

88.6 JlS of niacin; 352.4 p.g of pantothenic acid and 3.8 f g 

of vitamin ll6 when expressed on 100 mJ. basis. 

The mean values obnerved for these vitamins in 

general, were in close agreGlilent with those reported by 

several wcrlters for buffalo milk (Hao and Baau, 1951; , 

lloman, 1953; Contini and Damiano, 1959 and Sirry and 

BL-Said Saleh, 1962). However, slight variations in 

the contents were seen in comparison with those observed 

in the present study in respect of riboflavin, nicotinic 

acid, pantothenic acid and vitamin ll6 (Rao and Basu, 1951; 

lloman, 1953 and Faolis and Gregory, 1963). These 

va:riations could be well unuerstcod in the light of 

several. factors, such as environment.al; genetic, 

physiological, stage of lactation and nutrition etc, 

on the vitamin content. This apart, methodologies adopted 

for sampling, liberation of the vitamins in the free form 

and their determination, in addition to conditions during 

storage (especially in the case of riboflavin) markedly 

reflect on the absolute values reported in different 

studies. 



TA!3LE - 24 

Effect of homogen1zat1m and pas tellr1zat1m m the s tab111 ty of 
certain water sollIble v1tamins 1n blIffal0 m1lk 

V1tamin/Treatments 

Th1amine 

R1boflavin 

N1acin 

P antothen1c ae1d 

Vitam1n B6 

Untreated Pas tellr ized 

Holding HTSf 
Me thod Me thod 

5.1.6 49.1 48.7 
± 2.03 + 1.96 - ± 2.11 

196.0 186.2 190.8 
± 7.07 ± 6.54 ± 6.28 

88.6 82.4 85.2 
± ~4.15 ± 2.14 ± 3.88 

352.4 332.4 334.5 
,;!;13.60 ±14.10 ±15.60 

3.8 3.6 3.7 
± 0.13 + 0.16 - ± 0.15 

VallIes expressed as pg/lOO ml 

Mean of s1x observat1ons .± S.E. 

Homogenized 

48.0 
+ 2.12 -
188.2 
± 6.77 

82.6 
+ 2.50 -
320.6 
±15.20 

3.6 
+ 0.15 -

lIanogen1zed + 
_ P as tellr 1z ed 

Hold:l.l1g . -HTST 
Method Method 

43.6 44.0 
± 2.22 ± 2.91 

176.2 178.6 
± 6.07 ± 6.92 

78.6 79.7 
± 2.61 ± 3.18 

309.8 313.9 
±15.01 ±13.60 

3.5 3.5 
+ 0.14 - + 0.14 -

... 
'" ... 



TJ\i3LE _ <l:;; 

Percent reduction in certain water soluble vitamin during homogenization 
and pasteurization in buffalo milk 

Vitamin/treatments 

Thiamine 

Riboflavin 

Niacin 

Pan tothen1cacid 

Vi tam1n B6 

Untreated Pasteljr!zi 
HOlding H T 
method method 

- 4.8 5.6 

5.0 2.6 

6.9 3.7 - ~ 

B.5 5.1 -
3.9 3.1 

Homo_ Homogenized + 
genized Pasteurized 

Holding HTST 
method method 

6.9 15.5 14.7 

3.7 10.0 B.B 

6.7 11.2 9.9 

9.0 12.3 10.9 

4.9 7.8 8.0 

~ 



Source of dot. 
veriatioll 

BetVJeeJl 5 
treatment 

Between 5 
replicate 

EIrror 25 

TABLE - 2tl 

Analysis of variance- water soluble vi tam1ns 

~iami.e Ri!l!!!lavin N!ootlJlic "oid PM:m:lihen;l.;c aQid VitamiR B~ 

S.S. l<{. s. s. 'F' 5.S.· u.s.s. ,. s.s. M.S.S. 'F' s.S. M. s. s. 'F' s.s. M. S. S. ']l\o 

"* ** - ** .... 
301.52 6O.~ ~1.00 72J'1.2 1440.2 51.64 395.60 79.16 7.66 7599.0 1519.6 19.89 0.40 0.00 40.00 

** 775.39 1 ~.1 69.02 1673.1 ** ** ** *. ~~4.6 12.04 1676.60 ~~.~2 ~2.~ ~62J'1.9 7240.4 94.79 4.10 -0.82410.00 

46.61 1.9 694.1 27.78 

** Signitioan t at 1 % level. 

CD at 5% lavel 
'llliam iRe 1. 65 6 
Riboflavia 6.262 
lIicotinic ac 1d 3. 7 69 
Pantothem1c 10.382 

acid 
Vitamin B6 0.05~ 

251.8 10.07 19CY:J.6 76.4 0.05 

-~ 
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It could be further seen ±rom the data given in 

Table 24. 25 and 26. that there was slight but significant 

decrease (FLQ.01) in thiamine content of milk on 

pasteurization either by holding (4.8 percent) or by HTST 

method (:5.6 percent). Values. observed ,,,ere. by and 

large, lOVler than the losses of 10 to 20 percent during 

pas teurization by holding me tilOd reported in different 

studies (lloustc>Il_'Ot al •• 1940; Hoessner et al •• 1940; 

Kruglova and Gulko. 1966 and Fossihina et al .. 1969). 
---'-

However, these were in agreement with those reported by 

Karlin et al. (1969). 

Losses of thiamine dUl~ing HTST pasteurization, 

observed in this study were identical to those reported by 

Holmes et al. (1945); Chapman et al. (1957) and Dluzewska 

and :Elilinska (1966). Lower losses wi messed during nCST 

pasteurization could be attributed to the relat.ively milder 

" heat treatment for ;JJ1e shorter duration, during which the 

vi tamin is known to be stable. 

Riboflavin, nicotinic acid and pantothenic acid 

are known to be fairly heat stable at neutral as "",11 as 

acidic pH of the medium. These vitamins appeared to 

renain stable at temperatures meted during pasteurization. 

In the presen t study decreases were very small but 

significant (FLQ.01) when the milk was pasteurized by 
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hold.ll1g method. These losses 'dere 5.0, 6.9 and 8.5 

percent for riboflavin, nicotinic acid and pantothenic 

acid, respectively. It ",as further seen that the losses 

\.Jere Lluch smaller during HJ.18T treatment. 

Losses in ribofiav:in, nicotinic and pantothenic acid 

contents were seen to exhi-oi t a similar trend, being 

lO\<8r m HTST method (2.6, 3.7 aJ:1d 5.1 percent) th8l1 the 

one observed during holding method of pasteurization. 

The statisticel analysis of the data (Table 26) sho\{ed 

that the losses observed durlng holdmg methods "ere small 

but significant (1'.<0.01). 

The trend observed m the present study was identical 

to that reported earlier for riboflavm (Houston et al •• 

1940; Holmes et al •• 1943.45; "ord. 1957; Chapman et al •• 

1957; Dluzewska and Bilmslm. 1966 and Karlm et al .. 1969),/ 

for nicotmic acid (ClelDow, 1951 and Karlm et al., 1969) l 
and m the case oJ: pantothenic acid (Chapman et al., 1957). 

Decreases in vitamin 'B6 content durine pasteurization 

by holdmg and HTST method, though swall viz. 3.9 and 3.1 

percent, were significant (J?< 0.01). Similar observations 

were made ill different studies (Debl> it, 1952; Chapmnn 

et al .. 1957 and Dluzewska and Bilmska, 1966). 

Eff§.Qi.Qf hO"lQ£eniw,tion: 

As described in the earlier section, homogenization 

,;as performed by hea"tms the milk to 60°C and then subsequent 



trea1ment at 2500 psi in a double stege homogenizer. 

The cllanges in the level ot vi t ... 1as woul.d tbtls be the 

oombined ettect ot initial heat1Jlg tollowed by homogenizaUon. 

It was seen trom Table 25 that the decreases in 

the ll-group vi t8lllins ranged between .,.7 percent in the 

cass ct riboflavin to 9.0 percent in the case ot 

pantothenic acid. The magnitude ot losses vas ot the 

same order observed during pasteurization by either method, 

and oould be attributed to the heat trea1ment prior to 

homogenization (60°0) end to the increase .in temperature 

b,. 4.5 to 9 • .,°0 depend.ing upon the pressure applied 

dnr.ing homogenization. Relativel,. 11 ttle has been 

reported about the losses ot vitamins oontent .in milk 

as a result ot homogenization. However, Theophilus and 

St8lllberg (1945) failed to observe an,. loss in riboflavin 

oontent atter homogenization at 1500 psi pressure and 

subsequent pasteurization by holding method. The marginal 

difterences in the losses in both studies oould be due 

to different pressures employed. Similar observations ot 

non-al<9!1ticent destruction tor vitamin:B6 in IIIilk atter 

homogenization and pasteurization by hold lug method or 

.. sterilization during evaporation ot milk hiWealso been 

made by Debrit (1952); Hassinen et al. (1954) and Chapman 

et 81. (1957). 
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!l.fi!>ct o£past~izatiQn on llQ!lloi;.enj,zed milk: 

When milk was pasteurized either by holding or 

HTS·T method after homogenization, it was observed that 

in respect of almost every vitamin, the degree of destruction 

was higher in comparison with that observed after 

pasteurization of raw milk.. The overall reductions in , 

thiamine content were 15.5 and 14.7 percent (Table 25) 

dur:lng holding and HTST methods, respectively., after 

homogenization. Eell and Sanders (1945) observed an identical 

loss of thiamine i. e. 12 percen t, when cow milk fortified 

with thiamine and vitamin C was homogenized and pas teurized. 

Similarly Chapman et al. (1957) reported only 10 percen t 

destruction of thiamine in homogenized and sterilized milk. 

,fuile riboflavin content decreaeed by 10.0 and 8.8 percent in 

hor;lOgenized and pasteurized milk, in the present study 

Theophilus and Stamberg (1945) failed to observe any signifi­

cant 10s8 in riboflavin content in milk after homogenization 

at 1500 psi pressure and pasteurization by holding method. 

This could be attributed to the (1) differences in free and 

bound form of vitamin present and/or (ii) the efficiency of 

homogenization at lower pressure to liberate botUld vi "tamin 

in the free form.. , 
The reduction in nicotinic and pantothenic acid 

contents too, was higher in hoLlogenized and pasteurized 
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milk, when compared with the losses when raw milk was 

pasteUl'ized. These values are almost similar to those 

observed earlier by Chapman et al. (1957) "ho re:ported 

a loss of about 10 percent of' these vitamins in homogenized 

and sterilized milk. 

Vi tamin B6 losses were almost of equal or'der when 

homogenized milk was pasteurized by e1 ther method and 

were 7.8 and 8.0 percent, respectively. Chapman et al. 

(1957), on the other hand, failed to observe any significant 

differences in homogenized sterilized milk in comparison 

to untreated milk. 

It was evident from the data presented in this 

section that pasteurization of buffalo milk resulted .&>' 

mild des:truction in respect of all the water solubl e 

vitamins studied. The observations, were by and large, 

in conformity with the those made by earlier workers in 

respect of COIl milk. The lo"",ring of vitamin con tents 

due to homogenization process too, was not any manner 

larger than that observed during pasteu:eization by either 

method. 11'he destruction ",raS hO~'lever, greater, during 

subsequent pasteurization. Although the form of vitamin 

was not determined in this study, it has been reported 

that barring nicotinic acid, about 5 to 25 percent of 

these vi tam ins , exist in the bound form (Hartman and 

Dryden, 1965). It is possible that hOlllob"'nization of milk 
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could lead to liberation of vitamins from protein 

binding, when adsorption of protein on fat globule 

membrane increases. These liberated vitamins could be 

su~ceptible for destruction during pasteurizat~on. 

In the light of the reported interaction bet"een 

oxidative destruction of ascorbic acid and contents of 

vitamin :8 12 and folic acid, these "lere determined in milk 

during different treatments and data presented in Tables 

27, 28 and 29. The average content of ascorbic acid~ 

folic acid and vitamin :8 12 ,[Ore found to be 3.3 mg/l00 !!ll, 

5.8 ~/100 ml and 373 mpg/l00 !!ll, respectively, in buffalo 

milk. 

The value obsdrv"d for total ascorbic acid in buffalo 

mill, in the present stJdy "ras slightly higher than those 

reported by other workers (Kothavalla and Gill, 1943; 

Varma a..'1d :Paul, 1947; Iordanov and lloev, 1956 and EL-P~fey. 

1962). "hich ranged bet>lOen 2.57 and 2.97 mg/l00 !!ll. 

However. yet larger variation bet"een 1.95 to 4.0 mg/l00 !!ll 

was reported by llarakat and Abdel-Habab (1961) and EI~ 

r:afey (1962). These reported variations/in the values 
J 

could be attributed to die'ferences in methods employed 

in the estimation of ascorbic acid" \vhereas Kothavalla and 

Gill (1943)and Varma and:Panl (1947) determined the vitamin 

titrimetrically using 2 : 6 dicblorophenol indophenol. 
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Effect of homogenization and pas teurization on stability of 
ascorbic acid, fo11c acid and vitamio B12 in buffalo milk 

Vitamio/Treatments Untreated f iii! telOrnzed 
Holdiog TST 

liQmQg miz§!g 

method method 

-' 
Ascorbic acid 3.3 3.0 3.1 3.1 

mg/lOO ml ± 0.14 .± 0.15 ± 0.15 ± 0.l2 

Folic acid 5.8 5.2 5.3 5.0 
)1g/100 ml ± 0.25 ± 0.23 ± 0.24 ± 0.22 

Vi tamio Bl2 373.0 359.0 359.0 344.0 
mjlg/lOOml ±22.6 ±21.3 ±22.3 ±19.3 

Mean of six observations with ± S.B. 

Homog enizeq + 
Pas t!!!l,r!zed 

Holding HTST 
method method 

2.7 2.8 
± 0.11 ± 0.18 

4.4 4.6 
± 0.28 .± 0.18 

344.0 331.0 
,:!;18 .3 ±19.7 

t 



TABLE _ 28 

, 
Percent reduction in total content of ascorbic acid, folic acid and 
vitamin B12 during llOmogenization and pasteurization in buffalo milk 

Vitamin/treatment Raw 

Ascorbic acid 11.3 7.6 

Folic acid 8.6 8.0 

----
Vitamin B12 3.8 3.8 

Homogenized Homogenized and 
pasteurl~eil 

HOliling HTST 
method method 

6.9 19.2 15.5 

10.8 22.3 19.5 

8.0 10.5 U.3 

1: .... 



Source of 
variation 

Between 
treatment 

Between 
replicate 

Error 

TABLE - 29 

Analysis of variance _ Ascorbic acid, Folic acid and Vitamin B12 

Ascorbic acid Folic acid Vitamin B12 

d.i. S.S. M.S.S. IF'value S.S~----M.S.S. fF'va],ue S.S. M.S.S. 'F'-value 

5 1.59 0.138 32.83·* 10.90 2.18 118.48'. 8078.50 1615.7 20.44*· 

5 2.97 0.594 61.36" 10.72 2.14 116.30*·75518.30 15012.7 191.09*' 

25 0.242 0.0097 0.46 0.0189 1975.90 79.04 

•• Significant at 1% level 

CD at 5); level" Ascorbic acid 
Folic acid 
Vitamin B12 

- 0.117 
- 0.161 
-10.568 

-... /I) 
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!,' !." :-. '/- ,-
;Jre method tha:t accounts only for reduced form of 

ascorbic acid, rather than total ascorbic acid content. 

In the present study the total ascorbic acid content)inclu­

sive of reduced and oxidized forms; waS estimated us ing 

2,4 dini trophenylahydrazine accordhlg to the method 

described by Roe and Kuether (1943). This apart, the 

condi tiona and the period for which the milk is held 

during storage would equally reflect in the differences 

in various reported values. 

Aa regards the content of folic acid, the value 

witnessed in the present investigation compared "ell with 

those (5.51 1lg/100 ml) reported hi earlier studies (P,oman, 

1953; and EL-l<afey, 1962). The me"" concentration for 

vitamin 13 12 "as somewhat lower than the wide range b~een ' 

(400 to 577 mp.g/100 ml) reported by Zreenivasamurthy et al. 

(1953); EL-Rafey (1962); Paolis and Gregory (1963). However, 

Zahriev and Kaloianov (1965) observed much hiGher value. 

Such a large variation could be partly attr ibu ted to the 

genetic factors as ",ell as the d ifferen ces in the test 

organisms used for estimations e.g. );,act"baciJ.lus l",,1;is 

Dorner 1IB 367 by Sreenivasamurthy et al. (1953),whereas 
'""', 

in,' present study Lactob<j&ill1!§. le:i,jlhmlll1!1,j,! ATCC 7830 was 

used as the test organism. 

Effegt o£-lli!i!te'<l:!l@tion: 

The effe ct of pas teurization of milk either by hold ing 

or !ITST method on the ascorbic acid con'oent could be further 
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seen from Tables 28 and 29. There was a decrease of 

11.3 and 7.6 percent, respectively. Stasticel anelysis 

,of the data (Table 29) showed that pasteurization by 

holding method produced more deleterious effect on 

ascorbic acid level than HTST treatment. Similarly, 

Dluzewska and Bilinska (1966) reported a reduction of 

similar magnitude in ascorbic acid on pasteurization of 

buffelo milk by mST method, as observed in the present 

study. Ifhe extent of reduction obtained in the present 

study by either method was much less than the losses of 

about (20 percent) reported for buffelo milk by Kothavalla 

and Gill (1943) and for cow milk (Kon and ;latson, 193&; 

Holmes et al., 1943 and Hand, 1943) during pasteurization 

by holding method. Here at~ain, the losses reported by 

these workers were only in respect of reduced form of 

the vitamin and not for total vitamin as determined in 

the present study. The loss of only 6 percent was also 

comparable to that observed by Rossihina et al. (1969) 

during flash pasteurization (85 to 90 0 0 for few seconds). 

SiI,Uar type of reduction was observed for cow milk by 

Burton et el. (1970). 1!0Hever, Kyla-Siurela and Antila 

(1972) failed to observe any sit;nificant loss in ascorbic 

acid content during WiST pasteurization when total vitamin 

content was estimated usine 2,4 dini trophenylbydrizme 

method. 
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At the stage of its extraction from the udder, milk 

is known to contain vitamin C in the reduced form. It 

should be mentioned that dehydroascorbic acid has been 

reported to contribute about 2) percent of the total. 

vitamin content present in raw untreated COw milk (Burton 

et al., 1970). However, subseq)lently it slowly gets 

oxidized to deh;ydroascorbic acid and process is often 

accelerated by the factors such as metallic contacts, 

exposure to light, OxYgen, rise in temperature etc. The 

amount of dehydroascorbic acid present in milk, would thus 

depend on several aforesaid factors. 

The higher losses observed in the ascorbic acid 

content in pasteurized milk by holding method could 

primarily be due to losses of dehydroascorbic acid present 

in milk, since this form of asoorbic acid has been reported 

to be more heat labile than 1 ts reduced form (Hand, 1943; 

Pord et al., 1968,69; Lechner and Kiermeier, 1'369 and 

Burton et al., 1970). All these studies were carried 

out on cow milk. The differences in the extent of losses 

in ascorbic acid during pasteurization reported in different 

smd1es would appear plausible in the light of the 

aforesaid. On the other hand, during pasteurization of 

milk by HTST method, ascorbic acid was more stable and 

could be partly ascribed to relatively very short duration 
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\ 
I 

of heat treat.lent. Further, liberation of sulp~.ydryl 

groups dlU"ing heatin& at 73°C and by their virtue of 

beine reducing agents; these could have resulted in 

lOlJcred oxidation-red J.ction potential of milk and 

alJparently protectrdascQrbic acid from oxidation during 
~-" 

HT'lT pasteurization. Such phenomenon may not be effective 

in holding method since the optilllUm temperature for 

production of these sulp~ydryl compounds is reported to 

be 73 0 C (Burg,,,,lii and Josephson, 1947). 

As regards folic acid end vitamin ]312' these yrere 
• 

found to be decreased by 8.6 and 8.0, and 3.8 and 3.8 

percent during pasteurization by holc.ing and HT8T method, 

respectiyelyo The extent of reduction in folic acid 

l(;lvels v.!as similar to that reported earlier by Karlin 

(1969) and Ke;l'lin et a1. (1969), during flash pasteurization 

ei tller at 92°0 for 3 to 4 secondS or by heatinG the milk 

at 62°C for 3 to 4 seconds. Ghitis and Candanosa (1966) 

on the other hand, failed to observe any 100s of folic 

acid on mj~k pssteurization at 50°C. The failure of these 

workers to ooserve any laos of folic acid, could be the 

relatively 10vJ€r terJperature adopted for p8steurization • 

. The reduction in folic acid content during pastelJ_ri­

zation could be attributed to the destruction of free fom, 

of the vitamin, "hich is more heat labile than the bound 

form.. It l;Jef3 observed th8.t at higher temperature, viz. 
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boiling at 100°C for 2 to 3 minutes, to'~al folacin 

ac-tivi ty 1;/aS reduced by 40 percent, ~,!hile free folacin 

'·las Ciestroyed completelyo :3ven at pasteurization 

temperatures loss of free form of the vitamin Has 

double than the reductiou in total activity (Karlin,1969). 

A decre2"se in vi ta.rain 13 12 contents during 

pRsteuri7..ation using either l,lethod HaS fotUld to be 

only very small (3.8 percent). The loss of vitamin ]12 

content obsel~ved in the present study \.fas identical to 
• 

that reported by several workers (Charm3!l et al., 1957; 

Ford et al., 1959; Kruglova 3!ld Gulko, 1966 and Bli2,ton 

et al., 1967). Houever, these losses v,rere comp8.l~atively 

much 10'der than 7 to 10 percent reported by other 

workers (Dluze"ska and BUinska, 1966; Karlin, 1959 and 

Karlin et al., 1969). 

The stability of vitamin B12 at lOHer temperatu.re 

could be attributed to the fact that most of the vitamin 

is present in the bound form (cobalamin) and accOllllted i" 
about 95 percent of the total vitamin B12 percent in milk 

(Parkhill! et al., 1965). 

As regards the effect of homog~nization on the 

contents of these vitamins, it could be seen (Table 28) 

-that the 108s of ascorbic acid vras 6.9 percent and was 

comparatively less than that seen during pasteurization. 
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This cO\J~u possibly be due to heat:ing of milk at relatively 

10Her temperatures of 60°C before homogenization. :Burther 

increase of temperatu:r:e by 4.4 to 9.20 C apparently did 

not result :in additional destruction of vitam:in C. On 

the other hand; the destruction of folic acid as well 

as vitamin :8 12 durme homogenization ... .,as markedly higher, 

viz. 10.8 and 8.0 percent, respectivcly. It is possible 

that dur:ing homoGenization treatDent, :increased adsorption 

of prote:ins on the rat globule mel'lbrane resul ted :in the 

liberation of these vitamins into free form, which ~re 

susceptible ror thermal destruction. Apart :from this, 

the :influence or oxidative destruction of vitam:in C on 

the degradation of folic acid and vit2lil:in 13 12 , can not be 

ruled out. 

The effect of pasteurization done after homogenization 

was almost similar to those observed on untreated milk for 

ascorbic add and vitamin 13 12 content. ho,.,ever, it was 

somewhat higher for folic acid. Total losses in percent 

due to homogenization and pasteurization were almost 

double the extent noted due to pasteu~ization in the case 

o! ascorbic acid, however, these were still higher in rest 

of the two vitamins. 

The statistical analysis of data (~aHe 29) showed 

that pasteurization by either Iilethod significantly (1' ".0.01) 

decreased vitaJilin C and folic acid in homogenized milk, 



149 

whereas :in respect of vitamin ll12' it was only HTST 

treatment. 

Losses of vitalllln C observed :in the present study 

were markedly lower than tr~se reported by Kyla-Siurola 

and Antila (1972) who reported about 50 percent decrease 

in vitamin 0 content :in milk pasteurized and homogenized, 

second time after a stor?,£e period of 3 days at 4 0 0, 

after pasteurization and homogenization. HigheT losses 

in their study, could be due to oxidation of ascorbic 

acid by dissolved o:<;ygen to its oxidised form dllring 

storF..ge. i:iimil8,r type of reduction was also observed 

when milk was pasteurized and homogenized (I,oesscuer 

et al •• 1939). However, this decrease could be 

attributed to methodology llSed for determ:ination)the 

:indophenol dye llSed ill this study pf would only estimate 

reduced form of vitamin C. On the other hand, lle11 and 

~anders (1945) reported a loss of 12 percent in vitamin C 

in milk (fortified with 25 mg/quart) after homogenization 

and pastenrization. 

more destruction O:L folic acid and vitamin ll12 

content could also be attributed to the :increased 

destruction of ascorbic acid. The losses observed in 

the case of :Lolic acid welt similar to those observed 

earlier :in milk heated (URT) :in the presence O:L air 
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(Ford at al., 1969 and ~urton et al., 1970). However, 

the losses observed :in the present study were much 

lo,;er :in comparison with those fOWld by Karl:in (1969). 

As regards vitam:in B12, losses observed :in the 

present study were identical to those reported by 

Chapuan at ale (1957) who recorded less than 10 percent 

reduction :in vitam:in B12 during sterilization of homogenized 

milk. However, Karl:in (1969) observed a 73 percent decrease 

in vitamin B12 :in homogenized milk followed by sterilization 

at 1200 0 for 13 m:inutes. Pasteurization by hold:ing method 

louered vitam:in B12 significantly greater than those 

observed :in HTST pasteurization. This observation was 

in close agreement of ST-Pierre et ale (1963) who observed 

a significantly hl.[;her 10ss,/" of vitamin B12 in homogenized 

milk.J pasteurized by hold:ing method in comparison to those 

o bs erved :in HTS T me thod. 

Nutritional consequen£!~ 

Though milk exhib its wide range 0 f water solubl e 

as well as fat soluble vitamins in it, their contents in 

milk do not adeqUately fulfil the nutritional requirements 

for most of these vitamins. While contents of vitamins ~2 

and vitamin A have been knO;al to be adequate to meet the 
c~ ... 

nutri tional requirements to I' large extent, it is not 

so in respect of other vitamins. Ccmputation of indices 
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TABLE - 30 

Effect of homogenization and pasteurization on index 
of nutritional quali W (1NQ)* of butralo milk 

---------- --
Vitamin 

--
Ascorbic acid 

Thiamine 

Riboflavin 

Nicotinic acid 

l'antothenic acid 

Folic acid 

Vi tamin 116 

Vitamin 1112 

* 1NQ = 
(Lofgren and 
Speckmann, 1979) 

1NQ for 1NQ for homogenized 
untreated milk and pasteurized milk 

1.10 0.91 

0.80 0.70 

2.50 2.30 

0.10 0.09 

0.75 0.65 

0.30 0.23 

0.04- 0.04 

2.70 2.40 

._----_.----------
~2f..l!~m:Lallowange 
,. of energy allowance 



of nutritional quality done by Lofgren end Speckmenn (1979) 

showed that on the basis of nutrient density, whole milk 

could hardly be considered as a good source in respect of 

ascorbic acid, vitamin B1 end nicotinic acid in the normal 

lru.men diet. Further computation on similar basis suggested 

that milk do not appear to be important dietary source for 

folic acid, pantothenic acid and vitamin B6 as well (Table 30). 

Even, taking into account the losses renging between 10-11% 

in respect of vitamin B2 and 'Vitamin B12 during homogenization 

and subsequent pasteurization of buffalo milk, the dietary 

significance of milk in respect of these vi tamine, appears 

to be only marginally minimised, as a result of such treatment. 
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Though homogenization is practised in fluid milk 

processing te improve the pal atall ili ty as well as in the 

manufacture of several dairy products, the effect of 

such treatment on nutritional characteristics of milk has 

been largely implied on the basis of improved palatability 

and change in curd tension. Keeping in view the paucity 

of syst.ematic inform.ation on this aspect, the present slndy 

was undertaken te find the effect of homogenization on 

certain nu tri tional qualities of milk. 

In this study, the milk was hol!lOgenized in a double 

stage Gaulin pisten type homogenizer, at a standard 

pressure of 2500 ,lsi. It was subsequently pasteurized 

ei ther by holding "ethod (63 0 0 for 30 minutes) or HTST 

method at 720 0 for 15 seconds according to the experimental 

requirements. 

Experimen ts on ,the effect of variation in total 

solids contsnts in milk on (i) the homogenization 

efficiency, (ii) curd tension and (iii) relationship 

between certain chemical. coneti. menta and curd tension, 

were cacried out. Milk samples from different species 

viz. buffalo, cow and goat and mixture of buffalo and 

cow milk in different proportions were used in these 

experiments. 
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a) It was observed that the homogenization efficiency 

for different milk samples varied in the narrow range 

between 88.8 to 90.6 percent. It was maximum in the case 

of buffalo milk and minimum in the case of mixed milk 

having least proportion of buffalo milk. Differences 

observed were, however, non significant. 

b) As regards curd tension, buffalo milk showed signifi­

can"Uy higher (:PLQ.o1) curd tension (42.8 g) than goat milk 

(21.4 g) and cow (19:7 g). It was fUrther seen that as the 

proportion of buffalo milk in the mixed milk samples 

decreased, there was a progressive decrease in the curd 

tension value. 

0) :Pasteurization by either holding or H~'ST treatment 

resul ted 7 to 15 percent reduction in the curd tension. 

Decreases observed were, however, non significant. 

d) As regards homogenization trea1lnent, there was 

significant decrease (:pLQ.o1) in curd tension in all types 

of milk samples. The maximum reduction was wi messed in 

the case of buffalo milk whereas minilllll!!l was seen in the 

case of goat milk. It was fUrther observed that predominance 

of buffalo milk in the mixed milk samples influenced the 

reduction in curd tension. 

e) As regards the effect of pasteurization subsequent to 

homogenization of milk, it was seE<! that the reduction in 
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curd tension was significant in 03.1 cases and with 

pasteurization with either method. The overall reduction 

of 16.3 percent in curd tension was observed in buffalo 

milk as against i.e. 68.8 and 10.1 percent in cow and 

goat milk. respectively. 

f) There was a definite positive relationship between 

the total SOlids content and the curd tension of milk 

(1' = 0.82 ) and also between SNF and the curd tension 

(r = 0.11). 

g) In a silldy on the effect of homogenization on the 

protein quality. the growth promoting ability assessed 

by determining modified protein efficiency ratio (PEED) 

and the N-balance in experimental rats maintained on 

test milk samples. were determined. It was observed that 

PEP']) was significantly higher (PLQ.01) in the group of 

rats receiving non-homogenized buffalo milk than those 

receiving either standardised or whole homogenized milk. 

h) It was observed in the N-balance studies that though 

there were no differences in the digestibility coefficients 

for test milk protein samples, the biological value was 

significantly higher (PLQ.01) for the group receiVing 

non-homogenized whole buffalo milk (93.0) than the group 

receiving either standardised homogenized (16.7) and in 

whole milk homogenized (88.2). It was further observed 

that there was Significantly higher excretion of urinary 
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ni trogen in animals receiving homogenized milk than other 

group. 

i) As regards the deposition of dietary-N in the body 

carcass, the group receiving non-homogenized milk showed 

distinct superiority (1'Il'lJ = 79.9) over other groups fed 

homogenized milk (NFU = 58.2 and 69.3), respectively. 

j) 'J,<txperiment on the effect of homogenization on the 

absorption of fat, it was observed that the group maintained 

on whole homogenized buffalo milk showed significantly 

higher fat absorption (88.8%) than the group receiving 

non-homogenized milk i.e. 78.39;. 
I 

Ik) Attempts to study the biological availability of 
, , 

vitamin A from buffalo milk homogenized as well from 

non-homogenized, were made using vitamin A deficient male 

rats. By providing vitamin A at a dose of 25 IU per day 

from these milk ssmples, it was observed that vitamin A 

deficiency symp.toms disappeared by 30 to 33 days of feeding 

these milk ssmples as the source of vitamin A. This was 

evident from restoration of growth rate and serum vitamin A 

levels. However, it was observed that the groups receiving 

homogenized buffalo milk either standardized or ",hole milk 

had significantly higher (PLQ.01) levels of vitamin A in 

the liver than those receiving non-homogenized milk. 

1) As regards the stability of certain water soluble 

vi tamins such as, ascorbic acid, thiamine, riboflavin, 

nicotinic acid, pantotheniC acid, folic acid, vitamin B6 

and B12 on homogeniZation and also after SUbsequent 
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pasteurization, Xt was observed that pasteurization of 

un treated milk by either method, lowered the 1 evel s of 

these vitamins by 2.6 to 11.3 percent. 

m) Homogenization treatment of the untreated milk showed 

reduction in respect of these vitamins identical to 

pasteurization, which ranged bet,,,,en 3.7 to 10.8 percent. 

n) Pasteurization of homogenized milk ai ther by holding 

or HTaT method reduced respective vitamins with equal 

degree. The overall reduction due to homogenization and 

pasteurization as regards to these vitamins ranged between 

8 to 22 percent, being minimum in vitamin ll6 and maximum 

in folic acid. 

CON CLU§lQ!i 

Experiments conducted in the cours e 0 f thiS 

investigation showed that at a standard pressure of 

2,500 psi, milk from different species as well as mixed 
-"""-----

milk could be homogenized wi~~ equal degree of efficiency, 

irrespective of their fat content. Such treatment 

produced milk with soft curd characteristics. 

As regards the utilization of nutrients it was 

observed that fat as well as fat soluble vitamin A from 

homogenized milk, were utilized much better than non­

homogenized milk. Though homogenization and subsequent 

pasteurization of buffalo milk significantly lowered the 

modified protein efficiency ratio, biological value as 
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well as net protein utilization, the decreases witnessed 

in respect of these parameters, cazCnot be considered 

to be of that magni -tude so as to suggest homogenization 

treatment undesirable. The improvement in the palatability 

of milk decisively increased the net protein intake in 

the groups receiving homogenized milk, resulting in maximum 

average gain in body weighte. This could partially counter 

the limited adverse effect homogenization may have on the 

quality of milk proteins. 

The extent of losses in B-group vitamins studied 

were higher when the milk was homogenized and subsequently 

pasteurized. However, milk is hardly considered as a good 

source of ascorbic acid as well as most of B-group vitamins 

except vitamin B2 and vitamin B12.Ahoverall reduction in 

the levels of these vitamins due to homogenization and 

subsequent pasteurization thus do not appear to be that 

large, So as to warrant the exclusion of homogenized 

milk in the balanced diet. 
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FIG.I. STANDARD CURVE fOR ASCOR&IC ACID 
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FIG·2. STANDARD CURVE FOR FOLIC ACiD 
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FIG. J. STANDARD CURVE FOR RleoFLAVIN 
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FIG."'. STAMlARO CURVE FOR NICOTINIC ACID 
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FIG.5.STANDARO CURVE FOR PANTOTHENIC ACtO 
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FIO.I. STANDARD CURVE FOR VITAMIN A 
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