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fat remains in emulsified form which further increases

the viscosity of milk, as a result of uniform dispersion

of fat. Homogenization has been shown to alter the physical
condition of milk proteins and in the process makes it

nore readily coagulable either by heaﬁ or acid treatment,
3uch a change together with the one produced by the
reduction of fat globules, glves homogenigzed milk
characterigtics of a soft curd milk. Furthermore, this
brings about other reactions such as intéraction between
lipid and proteins of milk, the nutritional consegquence of

wnich, is far from clesr.

Pasteurized homogenized milk is a commereial product
in several countries in the world, though in India it is
being followed only in a few commercial milk plants, The
general acceptance of homogenized milk due to its superiority
over normal milk in respect of palatability, homogeneity,
stability and digestibility, has implied the product 1o be
wholesome, Furthermore, the ireatment renders the milk so
homogeneous in respect of its calorie and fat soluble
vitamins that when consumed, these nﬁtrients are

proportionately available,

Al though pasteurizetion of milk is known to affect the
stability of most of waler soluble vitamins very mildly, the
relationship between oxidative destruction of vitamin C and
gtability of vitamin 312 and folic acid during sterilization
of 1nilk in the presence of oxygen (iord, 1967), further raises
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doubts about the stability of these vitamins during
homogenization and pasteurization, when heating in the

presence of oxygen, invariably occurs,

Controversy over the use of homogenized milk in view
of its implied association wlih the development of
atherosclerosis (Oster, 1971) has mooted a question about
the desirability of its consumption, though studiss carried
out so far, have not provided any unequivocal evidence

supporting such association,

The information accrued so far mainly explores the
effect of homogenigation ireatment on cow milk, Little
igs known about the effect of such treatment on milk from
other species, In India, buffalo milk, which consiitutes
about 63 percent of the total milk production, (PA0,1974)
hag its own place in dairy industry. About 95 percent of
the to‘ha:} milk handled by the organized dairy sector is
comprizsed of buffaleo milk and 1t is utilized both for
supplying fluid milk and manufacture of milk products
(Singlm, 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 milksmia implied to improve the digestibility,
and in torn, thelr nutritive wvalue, Buffalo milk has been
used in the recent times more frequently in the preparation
of infant food in which homogenigation of milk assumes
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significance in imparting soft curd characteristics to
reconstituted milk,

I+ could thus be evident from the aforesaid that
assumption of the feasibility of utilizaition of homogenized
milk from mutritional stand point rests mainly on its
palatability, curd tension and information available from
limited in vitrg digestibility studies, rather than on the
biological availability and utilization of nutrients in the
bodye. The knowledge about such parameters would be more
meaningful , since apart from chemlical and physieal
characteristics of the food, the physiologiecal siatus
of the subject equally influences the nutritive value of
food,

The present study 1s therefore undertaken to ascertain
the effects of homogenization of milk on certain nutritional
characteristics on the following lines viz, 1o investigate

1) the effect of homogenization on the curd tension of milk
from various species namely dbuffalo, cow and goat, as well
as mixed milk having different proportion of buffalo and
cow milk,

ii) +the effect of homogenization on the protein and fat
quality in terms of their utilization by the body
using albino rats as the experimenial model,



iii) +the bilological availability of fat soluble vitanmin,

iv)

vitamin A, from homogenized milk using slbino rats
as experimental animals,

the stability of certain water soluble vitamins
during homogenization and subsequent pasteurization,
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should be within 10 percent of the fat content in the
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,
further reflecting in better homoge:flf;j’_.%y, palatability,
digestibility and reduced cwrd tension, All these factors
were subsequently implied Yo improve nutritive wvalue of

milk (Trout, 1948).

Palatgbllity and acceptability

Palatabil ity plays an lmportani role in controlling
the intake of food, Various factors such as appearance,
texture, taste and flavour are known to influence the
palatability of food (Babecock, 1939 and Trout, 1948), In
respect of homogenized milk, Trout (1943) observed that
homogeni%y and flavour retention over a prolonged period,
mainly contribute towards its palatability., It was found
that homogenized milk not only scoreé. over non=homogenized
milk in respect of distribution of fat but also regarding
significant retardation of onset of oxldised flavour,
otherwise witnessed in pasteurized milk, Similar observations
were also made earlier by different workers (Thurston et al.,

19363 Ross, 1937 and Lorsen et al., 1941), Further probe
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into oxidative reaciions producing oxidized flavour

showed the involvement of varilous factors such as
phospholipids, oxygen and copper-protein complex, While
surface of a fat globule was ldentified as the site for
oxidation, decresse in number of wvulnerable sites consequent
to homogenization resulted in the retardation of cxidation
reaction (Tarassuk and Koops, 1960),

Prucha and Tracy (1936) observed that the homogenigation
process imparted a pleasant and rich taste to the milk,
Babeock (1939) attributed increase in the consumption of
homogenized milk to iis fresh flavour., BEarlier, Trout et al.
(1935) made a comparison between flavour of pasteurized milk
and that of milk after homogenigzation, however, these
workers failed to observe any improvement in the flavour
as a result of homogenization, Doan (1943) found that
consuner preference for homogenized milk over non-hcmogenized
milk was influenced by the level of fat, when 11 was steadily
raised from 2.5 to 5,0 percent, The highest preference was
observed at 4.0 percent level, The consensus 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 coniribute to ite
more attractive appearasnce, a factor affecting the acceptabil ity



of the milk (Henderson, 1944; Stamberg and Theophilus,
1945). Such results of wniform consistency towards
palatabil ity have also been reported by Larsen et al,
(1941). Sommer (1946) attributed such improvement in the
colour characteristics 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, Wittig (1949) reported a higher viscosity, to
be the major cause for the increased initensity of the

colour of miik,

It would, thus, appear that homogenization inereases
the palatability and in turn the consumption by improving
its appearance, flavour, and consistency resulting from

miform distribution of fat.

Effect of homogenigation on fat and proiein structure °

Homogenization is often described as a mechanical
process, Apart from the degree and duration of heating,
mechanical factors such as stressés occurring while pumping,
vassing through the pipelines, valves, storing ete., involved
during this process have been reported to profoundly affect
fat globules and further produce physical as well as
chemical changes,

Bifect on fat particle sige:
Pat globules exist as emlsion in milk, with sizes

ranging between 0.1 and 10 microns with an average of
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about 4 microns, Homogenization reduces the fat globule
size to less than 2 mierong, thereby increasing the fat
surface area by 5 to 6 fold (Trout et al,, 1935 and Jenness
and Pation, 1959). Whereas Wittig (1949) observed that the
average size of the individual fat globule in homogeniged

l«l\r‘""‘ :,{.&A-ﬂ,.,.. ’(fgvv i

milk was about one micron, mueh-leoss that valuesi reported .
egrTier,

The size of the fat globules in homogenized milk
according to Walstra (1975) depends upon homogenization
pressure, temperature, kind of wvalve and proper functioning
of the homogenizer, Kazlasuskeite and Vaitkus (1974)
cbserved that homogenization of milk at different pressures
renging between 100 and 500 atm, at 60°C drastically reduced
the fat globule size, furither resulting in about 5 fold
increase in fat surface area., Likewlse, Stepanov and
Kiseleva (1970) alsc found an increased disperson of fat
with increase in temperature and homogenizatlon pressure,
Maximum disperson of fat was observed at 70 - 80°C

corresponding to that of a homogenizer valve working at
100 Yo 120 atmosphere,

Ivenov et al, (1976) studied the specific efficiencies
of homogenigzatlon at pressures ranging between 2,0 to 10 Npa
and observed decreased efficiencies in reducing fat globule
size with subsequent homogenization,
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Homogenization and protein content jin fat globule membrane:

In a freshly secreted milk, the lipoprotein complex
of a fat globule membrane represents the major proiein
1lipid interaction. Nordlund (1972) observed that the
structure of fat globule membrane is comprised of two
Giscrete lipoprotein layers differing in their structure

and phospheolipid content,

uantitative estimates of the protein componenis
in the lipoprotein complexes in non-homogenized milk were
made by various workers, It was observed that values
ranged between 0,3 1o 0.9 g per 100 g of fat in fat
globules (Palmer, 1944 ond Roland, 1956). Ihich higher
values ranging between 0.1 to 3.0 g were reported by
Mulder and Menger (1958), The level of proteins was,
however, markedly enhanced during homogenization, Tobias
and Serf (1959) reported that the membrane protein to be
around 2.3 g per 100 g of fai, almost four times higher
than protein found in non~homogenized milk membrane and
was comnensurate with the increase in the intrafacial

surface produced by homogenigation,

Trout (1950) observed that during homogenigzation a
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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in respect of protein characterisiics, He further
reported that the level of casein in nevwly formed
membrane was about 25 percent as compared to nearly

2 percent in the original membrane, Similar observation
was made earlier by Iundstedt (1936),

Noture of protein absorbed:

On the bagis of the differences in the amino acids
profile, Hare et al, (1952) considered the protein
component of fat globule membrane from non-homogenized
milk to be entirely different than other milk proteins
such a8 casein, lactalbumin and lactoglobulin, Fox et al,
(1960) studied the fat protein complex obtained on
homogenization of milk. The complex particles were
isolated from the sediment of the milk samples by
centrifugations It was observed that casein was the
principle protein moiety of the fat protein complex,
Similerly, Jackson and Brunner (1960) fractionated end
separated protein from the fat glomle membrane of
homogenized milk and observed that it contained higher
concentration of casein, on the other bhand, relatively
lesser quantities of sdrum proteins. This was further
confirmed by Itoh and Nakanishi (1974), who observed that
higher protein concentration in the fat globule menbrane
fron raw homogenized milk was due %o the presence of
different fractions of casein as compared to those of |

raw non-homogenized milk,
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Similar observation in respect of the adsorption of
casein on enhanced fat surface, was made by Henstra and
Schmidt (1970)s By estimating the percent of casein
micelles in total casein, Cerbulis (1969) reported that
commercially homogenized and pasteurized milk had only
63 4o 83 percent as compared to 93 percent in raw non=
homogenized Holstein milk,. The reduction was atiributeqd
to the adsorption of casein micelles on the fat surface,
Other groups of workers, on the other hend, observed that
proteins sbsorbed on the newely created surface were
proteins from whey. Brunner et al, (1953a) observed
differences in the amino acids profile of membrane
proteins from homogenized and non-homogenized milk. There
was an increase in the conceniration of lysine and glutanmice
acid and 2 marked decrease in trypiophan, cystine and
glycine concentratione. The differences in amino acids
composition further suggested that characteristics of fat
globule membrane protein of milk was altered as a result
of homogenization. From the elecirophoretic and ultra~
centrifugel cheracterization data, these workers identified
memhrane protein of homogenized milk ag the plasma protein
(Brunner et ale, 1953b,c)s Sasaki and Miyasawa (1959)
in an electrophoretic study of milk proteihs, observed
that whey proteins were absorbed on the increased surface
area of fat globule after homogenization. About 10 mg

new membrane material mainly proiein was adsorbed from
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milk plasma on new surface following homogenization
(Quist, 1977).

Vaitkus et al, (1973), on the contrary, failed to
observe any notable effect of homogenization on protein
characteristics except that 11 lowered the proportion of
‘high molecular weight protein component in the crean,

Pactors affecting fateprotein complex formation:

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 (1974) reporied that with 30 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 maximum pressure applied viz,3000 psi,.
Moreover, whey protelns and caseinate were not adsorbed
with the same efficiency as that of casein micelles,
<A Increase in the total solids upto 31 percent in milk
and homogenization between 1000 to 8000 psi, a significant
amount of fat binding to protein occured as the pressure
was ralsed, In am another experiment when calcinm-ion
concentration was increased by adding CaCl2. 2H20 and



15

homogenized at 800 psi, it was observed that as little

as 2.5 mil celcium caused an increase in the amount of

fat complgicffl and at concenitrations between 10 and 20 mi,
of it was ‘sufficient to complex 100 percent of the fat
(Fox et ai., 1960), Whereas Granikov et al., (1962)
reported that increased fat-protein complex was mainly due
4o increased dispersion of protein particles during
homogenization which was proporiticnal to that of the
dispersion of fat. The complex foruation was considered

to be due 1o adsorpition 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 1o the surface of the
fat globules, and thereby incressing the total casein
concentration.

Thuas apart fronr 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,

Homogenization and curd tension

Since long the curd tension has been the point of
interest both to dairy technologistis and nutritionisis,
in view of its implied association with digestibility.

However, not much notice was given %o 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

40 be one ol the important factors affec’tiﬂg the curd
tension, whereas Hill (1923) and Fao et al, (1964) failed
to find any difference in curd tension anmong various
breeds of cows Hill (1923) further stated that each cow
has an individual milk curd character which nay vary even
to the extent of 10 fold.

As regards coagnlant, using pepsin-HClL as coagulant
instead of pepsin-CaCl, as sugnested by Hill, Miller (1935)
failed to observe any difference in curd tension of
Holstein cow milke. However, a significant difference of
10 g was obtained with pepsin-HCl in comparison +o
pepsin-CaClz method in the case of 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 low in milk throughout the lactation., Riddell
et al. (1936), however, observed a sisnificant efrfect of
lactation on axrd *t.ensiori, having low values uptec 2 to 3
months of lactation, followed by tremendous increase
during later months,.

On an average curd tension for cow milk varied

between 25 and 50 g (Babeock, 1939; Hadery and Sommer, 19393
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Kelly, 1941; Wolman, 1941; Rao et al,, 1964; Jain et al,,
1974 and Parsed et al., 1974), while for goat milk it varied
between 40 to 55 g (Turner and CGarrison, 19%36-37; Rao

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

Composition of milk:

Various milk constituents have been reported to have
relationship with the curd tension. Riddell et al, (1936)
showed a significant correlation of 0,76 between milk
protein content and the curd tension, Wéisberg et al,
(1933) and Doan and Welch (1934) found that the proteinocus
ingredient in milk most closely associated with curd tension
was casein. Jein et al. (1974) observed that curd tension
increased with increase in solid-noi-fat, total protein,
casein and calciunm contents of milk, High curd tension
value for btuffalo milk was atiributed to its high calecium
content by Rao et al. (1964). In the light of this, the
low curd tension for milk with lower calcium content
observed earlier by Weisberg et al, (193%3) and Lundstedt
(1936) could be well understood.

Changes in chemical composition of milk due 4o ite
dilution with water caused & reduction in curd tension
and was found to be directly proporticnal to the degree of
dilution (Doan end Welch, 1934 and Abou-Dawocod and El-
Sawefs 1977).
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Apart from total protein content, the physical
state, of the protein has also been shown to influence
the curd tension of milk, Flora and Doan (1938) reported
a reduction in curd tension when milk was treated with
trypsin, Similar reduction was observed after homogenizetion.
as well, Similar observatior® were made by Conquest et al.
(1938) who noted a curd tension in a range of 20 to 30 g,
when milk with curd tension value of 50 g, was digested

with pancreatic juice,

Abdel-Salam et al, (1974) reported an increase in
the curd tension on defatiing buffalo milk. A4s the level
of fat in raw milk with 6,5 to 7.0 percent was gradually
reduced to 3 and O percent, the curd tension values
changed from 55.7 to 64.5 g and 76.9 g, respectively,
Conversely, when fat content of mlilk was increased from
0.02 to 5 percent, curd tension reduced from 66 to 45 g
in non~homogenized nilk (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 necessary to affect reduction in curd tension
on homogenigation, This was evident from the observation
of Anderson and Weckel (1951), who noted higher reduction
in card tension on homogenization of milk with fat level
of 145 and 1.0 percent in comparison to that with only
045 percent fat.



Effect of heat irealment:

Milk is often subjected to heat treatment of one
kind or the other, in order to ensure safety for consumption,
Thess include pasteurization either by holding or HTST methed,
UHT or sterilization. Such treatmentis have been reported
to0 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 erffect,
Parsad et al. (1974), on the other hand, falled to observe
any marked change in the curd tension due to pasteurization
either by holding or HIST 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 pasieurization 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) reporied 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. 1In
goat milk a reduction of ahout 45 percent was observed

on bolling, whereas it was 37 percent in the case of
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Holstein cow milk (Miller, 1935). Rao et als (1964),
on the other hand, found a higher degree of i‘educ't.:l.on
in the curd tension of both buffalo (79.5%) end cow milk
(78%) as & result of boiling. Similar observations in
respect of species about reduction of curd tension on
boiling, were made by Jain et al, (1974), However,
sterilization further lowered the curd tension i.e., 85.4
and 86,8 percent respeciively . It would thus appear
that the reduction in curd tension is more pronounced as

the degree of heat treatment increases,

Effect of homogenization end pasteurization:

- Homogenization was observed %o be the most efficient
treatment among all in reducing the curd tension, perhaps
without affecting iis nuiritive value, Various workers
have reported that homogenization of milk generally reduced
the curd tension by 50 to 60 percent (Theophilus et al.,
19343 Doan, 19383 Babecock, 19393 Kelly, 1941 and Parsad
et al., 1974).

The effec£ of homogenization on curd iension depends
on several factors such as pressure, temperature adopted
during homogenigzation, fat content as well as initial
curd tension of the milk,

Doan (1938) found that the maximum reduction in
curd tension was observed when the initial curd tension
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of the milk was 123 g as compared to one having curd
tension of 56 and 34 g, when the milk was homogenized

at 4000 pel, The respective values on homogenization

were 40, 17 and 12 g. It was further seen that there was
no difference in curd tension value when milk was
homogenized either at single or double stage homogenizetion.
Similer observations were alsoc made by Chambers (1935)

and Parsad et al, (1974).

As regards the influence of pressure and température
during homogenization, both exhibited pronounced effect
in reducing the curd tension, Theophilus and coworkers
(1934) showed that as the homogenizetion pressure was
increased from 500 to 2000 psi, the curd tension decreased
progressively., Berry (1936) observed that soft curd milk
could be obteined on homogenizing the milk at pressures
ranging between 3000 and 5000 psi, Simllar observationg
were made by lundstedt (1936); Tracy (1936) and Kelly (1941)
who noted & decresse in curd tension as the homogenizetion
pressure was Increased, However, several studles suggested
that homogenization pressures beyond 2000 to 2500 psi hed
little effect in further reducing the curd tension (Cauifield
and Mertin, 19%4; Doan, 1938; Iracy,1938,41 and Babcock,1942).
A% pressure 2500 psi, hard curd milk resulted in medinn
soft curd, while medium soft milk resulted in soft curd,
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The heat treatment of milk before and during
homogenization seens 10 excrecise congsiderable influence
on the curd tension, Doan (1938) observed that a greater
effect was evident when the milk was processed at high
temperature, as a result of camulative action of heat and
the homogenization, but at a still higher temperature
aboﬁe f82°0§, homogenization produced very little, rather
practically no additional reduction in the aurd tension
beyond what was accomplished by heat alone, Kelly (1941)
also reporied that as the temperature of homogenization
was ralsed from 49 to 82°C the curd tension was reduced
by about 50 percent, Babeock (1939) recorded a curd
tension of 16.7 g as compared to the initial wvalue 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°C) needed higher
pressure of homogenization to record a similar lowering
of curd tension, Similar observatiion was made by Lundstedt
(1936). Kelly (1941) further observed that pasteurization
of milk after homogenization, however, had almost similar
effect in reducing the wurd tension as compared to the
reduction effect of pasieurization on non-homogeniged
raw milk, Famsad and coworkers (1974) were not able to
demonstrate any such difference in the curd tension of

milk pesteurized either by holding or HIST 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 & maximum effect of
homogenization at a given pressure, it is essential o
heat the milk at moderate but proper temperature ag the
milk, heated at very high temperature, homogenization
produced 1ittle or no additional reduction in aurd

tension beyond what was accomplished by heat alone.

Gurd tepsion eand digestibility

Irrespective of various factors responsivle to
influence curd tension, this characteristic is generally
considered in the light of digestibility of milk, Espe
and Dye (1932) studled different types of soft curd milks
produced elither by dilution, boiling or sodium citrate
addition and observed that for milk having higher curd
tension, the digestion period was longer by 30 to 65
p‘ercent. "Doan and Welch (1934) concluded that soft curd
was broken comsiderably faster then 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, KXelly (1939-} : further
confirmed during in vitro studies, that gsoft curd milk was
digested more rapidly than hard curd milk, During en
in vitre study, Turner (1945) found that when digestion



25

coefficient of milk from various species was calculated
on the basis of conversion of acid insoluble to acid
soluble proiein, the digestibility coefficient was

fairly high for human milk having low curd tension as
compared with milk from cow, goat or mere, Further,

in yitro experiments conducted by Doan (1938) and
Conguest et al, (1938) on cow milk showsd that engymic
treatment was found 1o be more effective in enhancing

the digestibility then pasteurization or boiling., Likewise,
Ilgner and Thurau (1951,52) demonstrated higher protein
digestibility for homogenized cow milk during jin yitre
experiment than the non~homogenized one, It was observed
that peptic and dryptic degradation of milk proteinswas
rapid and complete in the case of homogenized milk and
was comparable with human milk (Ewerbeck and Jaeger,1954).

Babeock (1939) observed that soft curd formation
during liomogeniza‘oion provided larger surface area to
combine with the digestive engzymes, thereby making milk
more rapidly digestible rather than non~homogenized milk,

It was seen that within first 15 minutes of digestion,
boiled and homogenized milk showed 76,5 and 56,5 percent

higher degradation than raw milk, However, when considered
at the end of 5 hours period, apparently there was no
difference between the boiled and homogenized milk,
Similar observations were made by Flora and Doan (1938)

and Kelly (1939),
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Hall (1938), on the other hand, observed superiority
of heat treatment but not of homogenization on proteoclytic
digestibility of milk, It was observed that the pH at
which curd was formed and sige of the curd particles were
interrel ated ithdigestibility, Doan and Flora (1939)
further reported that particle size was the betier
indicator of digestibility then curd tension, as the
digestibility of natureal pasteurized milk was only roughly
proportional to curd tension., Though, homogenization
reduces the curd tension snd decreases the particle size,
it has no effect on digestibility. Similarly, Doan and
Dizikes (1942), too, were unable to demonstrate any
correlation bvetween digestibility and curd tension for
different types of milk, 1t was observed that houmogenized
milk was inferior 1o acidified, superheated, evaporated
and boiled milk,

in vivo experiment

Doan and Welch (1934), while conducting studies on
hnan subjects as well as on calves and ra‘ts, observed
that in most cases of mman subjects, milk of low curd
tension formed smaller curd mass, During animal studies,
it was found 1o be assimilated faster in the intestine
than herd ourd milk, On distribution of fat in skim milk
by viscolization, Espe and Cannon {1935) demonstrated that
the milk with 6 percent fai left the calf stomach faster
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than skimmed milk due to the difference in the texture
of curd formed., lortenson 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 vhich was
1 to 10 minutes in the case of boiled milk, and 8 to 15

minutes in the case of raw milk,

Adam and Czech (195%) observed that infants fed
homogenized milk required less amount of gasiric juice
for complete digestion, RPurther, Czech (1957) showed
that when fed to fasted children for two successive days,
homogenized milk left stomach more rapidly than non-
homogenized one, with the mean difference of 80 ninuites,
In nine out of ten children, the amount of gastric juice
secreted was much less when homogenized milk was given

than when non-~homogenized milk was givene

On {the basis of nitrogen-balance study on rats
Petrilli and Agnese (1960) were able to show that though
digestion was alrost similar viz, 89,3 percent with
homogenized as well as non-homogenized milk, sbsorption
was higher i.e. 79.4 perceni in the case of homogenigzed
milk. Iikewise, the feed efficiancy too, was better for

homogenized milk,

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

any superiority of soft curd milk over hard curd milk
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ei'bhef in respect of gain in body weight or stomach
enptying peried in infanis. The curd formed in the
stomach was, however, softer than that formed from
unboiled certified milk and the auré particles were
larger as well as tougher than those obtained when
evaporated or breast milk was given. OSimilarly, Hadary
et al. (1943) failed %o observe any faster siomach or
colonic emptying in children fed soft curd milk produced
by treating with barium salt, After examining the stomach
content of infants fed raw and boiled milk, Ogilvie and
Peden (1934) concluded that there was no difference between
both types of milk in respect of gastric digestion.
Assessment of the toughness and texture of curd formed
in stomach of.: babies fed soft and hard curd formulae done by
Wolman (1941) failed to show any significant difference,
A mean curve drawn for growth, too, wés found to be
identical with all types of milk, Similarly, Ebel (1953)
found slmost similer tiwe by which the homogenized and
non-homogenized milk left the stomach of infants and
children.

It could thus be seen from the evidence available
so far that undoubtedly homogenization carried out at
appropriate temperature and pressure does lower the curd
tension., However, additional in vivo studies, are warranted

to substantiate observations made during in vitro studies,
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Biological evaluation of milk proteins from different species

As seen in the earlier section, in viiro studies
conduected so far failed to demonsirate a definite relation-
ship between curd tension of milk and its digestibility,
Chenical constituents of milk, the fat content, in
particular, was seen to affeet the curd tension of milk,
Singe, buifalo miik differed marXkedly in this regord
from milk of other sypecies, it couwld possibly behave
in different wanner as regards its digestion. Dfao (1956)
found PiR values for bulfalo, cow and goat milk to be 2.4,
2.6 and 2.5, respectively, showing that proieins from
different types of nmilk were identical in promoting growth,
Chandrasekhara et al., (1959) observed that when infants
were fed formulae prepared from buffalo milk, the growth
rate was comparable to that for norwal,

Hitrogen balance studies:

in a comparative study on utiligation of milk proteins
from various species, Rao (7956) noted almost identical
v;alues when milk protein from bufialo, cow and goat was
fed to albino rats at 10 percent level, the B.,V, was
9149, B848 and 94.4, respectively.,

Though homogenization is one of the essential steps
in the preparation of number of milk produvets, little
is kmown whether it has any effect on ntilization of milk,
Using albine rais as experimental animals, Henry et al(1942)

reported a litile higher value of digestibility coefficients
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for sweetened condensed nilk (98,8) than raw (94.2)
ang evaporated milk (93.7). However biclogical velues
were ildentical, which could be seen to be 84,1, 85,6 and

84+1 for condensed, raw and evaporated milk, respectively.

Therefore \it would be seen that irrespective of
variation in chemical composition, buffalo milk is
utilized equally good as cow milk and even heat treatment
‘did not alter its absorption and utilization.

Homogenized milk and fat uwiilization:

Milk fat is known to be digested almost completely
with normal quantity of lipase secreted, The transport
of lipid material in the body is favoured if it is
present in dispersed: stste in biological fluid and its
associatign with proteins. As seen earlier, during
honogenization fat is maintained in a fine dispersion
due to'reduced size and uniform distribution of fait
globules throughout the milke. This may help in enhanced
utilization of milk fat. It would therefore be of
great interest to know how efficiently the modifieg
milk fat will be utilized in the body.

Bffect of particle size:

Marriott and Schoenthal (1929) hypothesized that during
homogéniza‘bioz: process, before the preparation of

evaporated milk, fat globules are brokendown into fine
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particles. This results in the repid digestion of
honogenized fat due to larger surface ares exposed for
lipase action. Subsequent studies by Stejskal and
Neuburger (1934) showed that size of fat globules influenced
its utilization by adult human subjecis, It was observed
that the amount of fat excreted in faeces was only one
third of that present in faeces Ifrom subjects fed non-
honogenized milk, However, such absorption of fat was
attrivuted to the type of the curd formed. Ilgner and
Tharan (1§51)@*} observed >during in vitro stady, a greater
breakdown ofrfat fron homogenized milk than from normal
nilk, It was further seen that pancreatic digestion of
butter fat was almost double in the case of homogenized
milk in comparison with normal milk, used in the preparation
of vitamin D enriched milk, BEwerbeck and Jaeger (1954)
demons trated the superiority of homogenized milk over
boiled or raw milk, in respect of breakdown of fat and
liveration of fatty acids. Though, Agnese (1959) did
not find any difference in the digesiion coefficient of
fat in homogenized and non-homogenigzed 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-homogeniged milk,
reppectively.

Contrary 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 fatl of reduced particle

sige on fat absorption, ILikewise, Nevens and Shaw (1933)
could not find any difference in the digestibility of

fat when rats were fed either fresh whole wilk, dried

milk or evaporated milk. Purther, Sager (1952) observed
that it was emnuwlsification in the digestive tract, affecting
the optimum surface activity that enhanced the fat absorpiion
rather than homnogenization, since the particle size was
siniler in all the thre: types of milk viz, non-homogenized,
homogenized cow and mman milk, Secondly, honogenized

milk also had logt its ability to form a creanmy layer,
suggesting that physical assinilation of cow milk to

hunman milk was not affected by homogenigation, It would
thus appear doubitful whether homogenization produced any
beneficial effect on fat u’c.iliza'tion. The hypothesis
formulated by Zwerbeck 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 in non~homogenized milk.

Considering faecal excreticn of fat in infants as
a measure of fat metabolism, Fomon et al., (1970) observed
that infanis fed homogenized cow milk excreted maximmn
fat ag compared to those fed either human milk or infant

Tormulae,
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. Yiteming_in milk

Hilk is recognized as a good source of vitamin j
and rivoflavin, while it is the sole source of vitanin
1312 in the wvegetarian diet, However, it is found to be
a poor source for boih ascorbic and folic acid. Potential
of milk in supplying both macro and micro nuirients nakes
its inclusion necessary in the dists In view of this,
an allovance of 200 ml of milk in a balenced diet is
often recomzended (Srilakshmi et a@l., 1970), which would
neet about 25 percent requirements for rivoeflavin, 10 to

15 percent for each of vitanin BS and B about 5 to 10

12?
percent for thiamine and 1 to 2 percent of folic acid
(NRC, 197%#). The capacity of milk to meet the nuiriiional
requirements could become:. still more limited due to
deleterious effects of various processing treatments on

the retention of vitanming in milk,

Fat soluble vitanin:

The content of vitamin A in milk has Been reported
to range between 100 to 225 I.U. per 100 g and is kmowm
to depend on various factors suegh as the level of feeding
(Anentharamiah et al.,,1950?/}ea~sons (Badr, 1954;

Sampath et al., 1955 and Sirry and EL-Said Saleh, 1962) ;
being highest during the pasture season and lowest during
dry feeding of the animals,
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Though the values reporied so far were for natural
milk, lactation has been shown to influence the level
of vitamin - in milk (Narayanan and Anantakrishnan, 1959;
Blmoty and El-Malla, 1967)s It was observed that vitemin A
in colostrum of cow and buffalo decreases as the lactation
advanced, Vitamin A in buffaloe colostrum was lower than

that in the cow colostirun,

Effect of processing ireaiments:

T —

Several situdies reported so far indicated that heat
treatnents such as pasteurigzation, either by holding or
HIST methods, steriligation, drying or evaporation of
milk caused l1ittle or no loss of vitamin & (Krauss et al,,
19333 Gillam et al., 19%8; Henry et al., 1939; Mattick
et al., 1945-46 and Ford et al., 1969), However, Davidov
et als. (1962) reported that the process of pasteurization
and evaporation involved in the preparation of condensed
miltk b%'ought about a 20 percent reduction in vitamin A,

In i‘lgn;’ g{her study, ‘agner (1957) reported that pasteuri-
za’c-ion louered both vitamin A as well as carotene content
by ovexr 20 percent, whereas sterilization destroyed
between 30 4o 100 percent of the vitamin, The extent

of destruction was much less, in milk sterilized by flash
method at 145°c for 3 to 4 seconds (Rossihina et al.,1969).

Ag stated earlier, it would appear that fat and to

certain extent proteins undergo some interaction during -
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homogenization treatment, It was further evident that
during such ireaiuent, even subsequent pasteurization did
not significanily affect the vitamin content, Although |
stidies conducted showed that the larger fat globules

are broken down still to smaller ones which are reported
10 be utilized in a manner different than the original one,
lit1le is known in respect of the utilization of fat
soluble nutrients in milk, partienlarly vitamin A for

which milk has been recognized to be a good source,

Barlier studies have established the role of vitamin A
in growth and its association with vision in preventing
xerosis, membrane structure, and deformity of bones, etc.
Thus deficiency of vitamin A woudd not only affect the
growth and vitamin A status of the individual, but also
couse damage 1o other membrane in eyes leading to conditions
such as xerophthalmia, keraiomalacia and in extreme cases,

extruction of lens,

Vitamin A and groyth:

As early in 1934, Coward demonstrated that with
vitanin A deficient animals, the growth response on
vitailin A supplementation was a true measure of the
vitamin activity. Several workers reported that though
the growth of rats could be restored with the intake at
a lo_w level but for proper growth and storage, s higher
anmount of vitamin was required. With a dose equivalent
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to 10 to 20 percent of the daily regquirement when given
to vitamin A deficient rats, resulted in gain in body
weighte The growth observed under such condition was
only about 70 percent of the normal growth (Brauwde et al,,
1941; Tewis et al., 1942; Sherman and Campbell, 1945;
Paul and Pavl, 1946; Brown andg Sturtevant, 1949 and
Moore, 1957). Thus in order o achieve the normal
growth and subsequent adequate storage, and further
al.levia.'i;e the deficiency symptoms in the eyes, & higher
dose ranging between 20 to 50 I,U. was recommended by
several workers (Lewis et al., 1942; Taul and Yaul, 1946;
Sherman and Trupp, 1949; Brown and Sturtevant, 1949 and
iloore, 1957),

Hepatic yitomin A content:

Vitamin A is remarkable for its preference to liver
as its site of storage., Over 80 percent of the totial
deposits of vitamin A in the body was reporied to be
present in the liver (Hoore, 1957). This apart, relatively
smaller reserves were reported to be present in lungs as
well as in kidneys (Davies and Moore, 19%4; Hoore and
Bharian, 1950 and iloore et al., 1951). This storage of
vitamin A in liver depends on the amount of the vitanin
ingested and has been reported to increase with an increase
in the level of the dietary vitemin A (McCoord and Ince=-

Clavsen, 1934 and Davies and licore, 1948).
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Purthermore, it was shown that a minimum dose of
10 to 50 IU/day/rat is needed for the storage of vitemin A
in the liver of rats. However, below the intake of 10 IU/day,
‘no storage could be observed (Baumann et al,, 1934; Lewis
et al,, 1942; Little e{ al., 1943 and Vedrova et al,, 1970).

As regards the vitamin level in the bPlood, studies
conducted failed 1o show any correlation between the bhlood
serum level and vitamin A deficiency, wntil reserves were
completely depleted (McCoord and Luce-Clausen, 1934 and
Ple-Galke, 1947), The plasma level was shown 1o be
independent at higher level of vitamin A intake, however,
a minimun quantity of 25 1o 50 IU daily was reguired to
restore serum vitamin A level to that of normal level of
80 T vitamin A (Josephs, 1942; Tewis et al., 1942; Yoore
and Sharman, 1950; Yoore, 1957 and Bring et al., 1965),

Availability of vitamin A from the dietary items:

Green vegetables contain sizeable amounts of
carotene having provitamin 4 activity. On the other
hand, food items of animal origin contain chiefly vitamin A,
A study conducted on young men maintained on vitamin A
deficient diet for 2 years and later given P~carotene
or vegetables as a source of vitamin (Hume and Krebs,
1949), showed that feeding vegetiables gave better response
" than feeding equivalent amount of p-carotene in oil, },,ab”
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It was further observed that an intake 4 mg of
Pecarotene per day was essential for young adultse.
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 P-carotene in oil

was given,

On the other hand, Chari (1967) observed that
synthetic vitamin A acetate was absorbed bettr::r than
rats fed green vegetables as a source of P-caroiene or
vitamin & acelate at the rate of 150 %o 200 pg/100 g
diet for the period of six weeks, Similarly, Murthy
(1973) reported an increase in serum level of vitamin A
(8.1 pg/100 ml) in young women given 425 pg of retinol
for 20 days in comparison to those given 1980 pg of
B-carotene from carrois (3.0 yg/100 ml),

In a comparative study on utilization of P-caroiene,
from different vegetables, Rajalakshmi et al, (1975)
observed that availability of P~carotene from vegetables
wags better in the case of vitamin A deficient rats than
normal rats. The magnitude of absorption was atiributed
4o the extent of depletion of their reserves,
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Availability of yitemin & from milk:

It has been well estabilished that vitamin A is
better absorbed in the body from an agueous medium than
m}hen it is provided in faity csrrier, particle sigze
apparently being the most imporiant 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
vitamin was relatively poorly absorbed when administered
through liquified butter fat (lewis et al., 1950), Purther,
Iewis and Cohlan (1950) reported a larsge variation in
serum and liver vitamin 4 levels in rats when vitamin A
was supplemented in agueous and oily preparation,
respectively., Moraies 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 having a maximum diameter of 2 n,
retained 63 percent of vitamin A, as against 43 percent
when fat{ was supplied by gavage in slx separate doses,

The increased absorption was atiributed 1o the reduced

fat globule particle size, Although a minimunm 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-nilk than from a starch diet containing 5 percent fat
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(Resmussen et al., 1964). This was in conformity with

7 the earlier observation of Vavich et al. (1955)," that
milk as such contains certain constituents which helped
in increased storage of wvitamin A in liver, Vitamin A
deficient rats when given carotene (56 pg) emulsified
in fresh non~-fat milk and homogenized, had an average
of 63,5 ng vitemin A per liver es against those received- if"’
the supplement emilsified in water i.e. 42,3 mg/liver,
However, at lower inteke of 32 ng, 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 was dboutl € percent in the case
of casein conrplex‘ while it was only 40 percent from the
oil solution. Similarly, Figueira et al. (1969) also
observed better utilization of vitamin A by infants from
vitamin A fortified non-fat dry milk,

Water soluble vitaping
Ascorbic acid in milk:

Ascorbic acid (vitamin C) is usually present in its
reduced form in milk (Kon and Watson, 19363 Hand, 1943),
However, it undergoes gradually oxidaiion to dehydroascorbic
acid (Lecbhner and Kiermeier, 1969), Thus, depending on
conditions and temperature during storage, market milk often
contains vitemin C in reduced as well as oxidised form.
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By and large, buffalo milk 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
‘buffalo milk reported by £Kothavalla and ¢i11,{19473;
Varma and Paul,G 94?); Tordanov and Boev.(ﬁ_‘l956_)and Barakat
and Adel-idahab,(‘i%ﬂ and the range of 14 to!20 ng for
cow milk reportéd by.4Varma and Faul, :‘;"’_1947; Tord et ale,
(_1959# EL-fafey, {’1962"; Dluzewska and Bilinska, (1966 ang
‘Burton et al., (1970). Bye and goat milk were, however,
reported to have ascorbic acid content identical to
those in buffalo milk (Iordanov and Boev, 1956 and
Barakat and Adel-Wahab, 1961)

Losges during processing treatuenis:

Although milk is not considered as a potential
source of vitamin C in term of meeting the mman dietary
requirement, itg destruction during various processing
treatments assumes gpecial significance in the light of
interaction with other nutrients, ultimately altering
their levels, Tosses 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 reportied
grajdual decrecse in the vitanmin C content of milk from
the stag%it was received from the milch animal and
processed at dairy plant, wntil it was transported and
deiivered. 2imilar observation was made by Lechner and

Kiermeier (1969), who studied vitamin C at dirfferent
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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 vitanin C content of midk
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, 4 comparison of milk
pasteurized by holding method, with thet pasteurized by
HTST method, showed that vitamin C was found to be more
stable at higher temperature, Holmes et al, (1945) and
Dluzewska and Bilinska (1966) on the other hand, found
no loss of vitamin € in milk pasteurized by HIST 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
in the course of pasteurization (Woessner et al,, 1940
and Hand, 1943)e Thus, Ford et al, (1969) and Durton
et al, (1970) observed that after pasteurization, milk
contained no dehydroascorbice acld or at the most only a
small smount formed at the end of the process. However,

Lechner 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 Bilinske (1966)
that as the temperature for flash sterilization was raised
from 85° +o 1450_9;? for 3 or 4 sec, the desiruction of
vitamin C progreséively increased from & to 44 percent,
Ford et 21, (1969) found about 20 percent destiruction of
vitamin C content in milk during UHT processing. However,
Burton et 21, (1970) observed a smaller reduction of only
8 percent by both direct and indirect UHT processing,

Adoption of temperatures betwsen 40 and 1?000 considerably
lower than UHT or sterilization, however, during longer
d ra’eg}on upto 20 or 30 minutes was reported to cause still
1_pnger destruction i.e., upto 50 percent (Ford et al,,1957,59).

Bffect of homogenization and pasteurization:

Bell and ganders (1945) studied the vitamin C losses
in nilk fortified with 25 mg/quart after pasteurization
and homogeniza‘hlon; f;u.nd on an average loss of about
13 percent, Kyla-Siurols and pntila (1972) fafled to
observe any losses of vitamin C either during pasteurizetion
elone or in homogenized milk and subsequently pasteurized.
Further, they reported that about half of the original
vitamin C content was desiroyed in twice pasteurized and

homogenized where milk was stored between the treatment 5
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for 3 days at 4°C, Data, however, did not indicate the
stage at which the activity was chiefly lost., Steriligzation
,and homogenization too, did not show any effect on lowering
the vitamin C content, However, Woessner et al, (1939)
observed a 50 percent reduction in vitamin C content in
pasteurized and homogenized milk,

B-group vitaming:

Levels of B-group vitamins in milk have been observed
Y0 vary considerably among species, This was evident from
the wide range between 0,45 and 0.81 pg/ml in buffalo milk
for thiamine (Rao and Basu, 1951; Bomen, 1953; El-Rafey,
1962 and Paolis and Gregory, 1963)., Cow milk was also
found to have similar wvalues, Interestingly sheep milk
was found to be richest In thiamine content with the
average value of 0,97 pg/ml (Rao and Basu, 1951 and
EL-Rafey, 1962).

As regards riboflavin content, the levels in buffalo
milk varied between 1,02 to 2,48 pg/ml (Rac and Basu,
1951; Boman, 19533 EL-Rafey, 1962; Sirry and EL-Said
Saleh, 1962 and Faolis and Gregory, 1963). Cow and sheep
. milk was also found to be identical ﬁg;iboﬂavm con‘tent
a8 of buffalo milk (Rao and Basu, 1951; Sirry and El-Said
Saleh, 1962), however, goat milk showed distinctly lower
value (Rao and Bast, 1951).

Nicotinic acid content in milk from different

gpecies such as cow, sheep and goat were found to be
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almost similar (Fao and Basu, 1951 and Paolis and

Gregory, 1963), Ihowever, significantly higher concentrations
between 1,71 and 2,60 pg/ml were observed by Boman (1953)
and Bl-Rafey (1962) in buffalo milk,

Pantothenic acid and follc acid concentrations in
buffalo milk, too, 4id not vary much, with the average
values ranging between 1.50 1o 2.02 pg/ml and 5.50 pg/ml,
respectively, in different studies (Boman, 1953; El-Rafey,
1962 and Paolis and Gregory, 1963). Cow milk also 4id not
differ from buffalo milk (Boman, 195% and Burton et al.,
1970},

As regards vitenin B., buffalo milk showed an average
hed a concentration of 0,525 pg/md (Boman, 19533 and El-
Rafey, 1962), however, Faolis and CGregory (196%) found still
lower conceniration of 0.25 png/ml. Cow milk showed
someyhat lower levels ranging between 0.1 to 0,22 pg/ml
with regards to vitamin By (Chapman et al., ®957; Ford
et al,, 1959:; and Dluzewska and Bilinska, 1966),

As regerds vitemin B, content, El-Rafey (1962)

end Paoclis and Gregory (1963) reported buffalo milk to
contain 4.0 o 4.32 mpg/ml. liowvever, in ’:i; earliey

study, Sreenivesamurthy et al. (1953) found a lower range
of 2,8 0 4.0 mpg/ml for vitamin Bype dehriev and

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

mean value of vitamin 2812 in buffale, cow and ewe milk
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as 5,77, 6.14 and 9,09 mpg/ml, respectively.

Effect of different processing treatmenis:

Losges of B-groupf:}}?mins in milk during various
processing treatmn'ts_f,?: accompanied increased shelf life,
During the preparation of various by-products, such
losses have been shown to be influenced by the duration
and severity of heat treatment, Houston et a1, (1940)
observed that commercial pasteurization of milk caused
20 and 10 percent reduction in free and total thiamine
content, respectively, whereas sterilization resulted over
53 percent loss of total thiamine as compared to 26 to 45
percent of free . thiamine., Tibvoflavin has been reported
to be heat stable and was not affecied during commercial
sterilization. Holmes et al, (1943,45) observed that
HIST pasteurization reduced thiamine content by about 10
percent, while it did not show any effect on riboflavin
content, Values before and after pasteurization were 1,50
and 1.48 mg/litre, Clemow (1951) reporied, margingl
losgses between 4.9 to 9.5 percent of riboflavin during

pasteurization,

As regards vitemin B, Debrit (1952) studied losses
during pasteurization at 63°C for 30 minutes or at 72°%C

for 15 seconds with imnmediate cooling or sterilization
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et 115°C in an autoclave for 20 minutes, While
pasteurization did not resul't.;;ny significant loss
of vitamin, sterilization caused only marginal
destruction of 4.7 to 6 percent,

Pord (1957) and Chapman et al. (1957) observed that
pasteurization, sterilization, UHT treatment and UHT
treatment with subseguent sterilization of milk, did not
cange any appreclable reduction in rivoflavin, pantothenic
scid, nicotinic acid, vitamin By end biotin content as
evident from negligible losses ranging bvetween O and
2,6 percent, losses in respect of thiamine were, hovever,
higher and ranged between 10 and 50 percent depending
upon the severity of heat treatment used in sterilization
of milk,

Dlugewska and Bilinska (1966) found that flesh
pasteurization has no influence on riboflavin and
pantothenic acid oconteni, however, vitamin B, and 312
contents decreased by 7 and 10 percent, respectively,
Logses in respect of all vitamins were mich less during
HBIST pasteurization as compared to flash pasteurization,

In ef another study Kruglove amd Gulko (1966) reported that
thianine losses dui‘ing pasteurization by holding method

and sterilization (115°C for 15 minutes) smounted to 30 and
50 percent, respectively, however, pasteurization at 95°C
had negligidble effect, Riboflavin and pantothenic acig
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were found to be stable against these heat treatmentis,
Vitanin 312 was found to be stable to heat at pasteurization
temperatare, but at sterilization temperatures the vitamin
activity was reduced by 80 percent, Flash sterilization

of milk at 85°C, 125°C, 135°C and 145°C for 3 or 4 sec
showed negligible destruction of thiamine agnd ribvoflavin,

On other hand, losa of vitamin 312 increased with the

rise in temperature (Rossihina et al,, 1969), Similarly,
Burton et al, (1970) failed to observe any losses of
thiamine during UHT sterilization of milk, Losses for folic
acid were found to be gbout 10 percent in an indirect and
about 4 percent in the direct UHT method? xﬂ's regards
vitamin Bs,loases were 10 and 6 percent, respectively,
Reduction in vitanin 131 5 content was higher in direct

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

Using microbiological method Xarlin (1969) estimated
the levels of folic acid, vitamin }36 and 1312 in milkx
subjected to various heai treatments, namely, (i) pasteuri-
zation at 91 to 92°C for 2 seconds, (ii) boiling for 2
to 5 minutes, (iii) homogenization and sterilization in
bottle at 119-120°C for 13 minutes and (iv) homogenization
and sterilization at 140°C for 3 +t 4 seconds. The mean
values for total folate and free folate activities were
68 and 44.8 pg/litre in untreated milk, Iosses of total and
free folic acid under these treatmenta were (i) 12 a:}d 23, (11)
17 end 71, (iii) 39 and 90, (iv) 8 and 92 percenty Jiosses in
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vitamin B and B,, were (i) 3 and 8, (ii) 3 and 31,

(iii) 16 and 73 and (iv) O and 100 percent, respectively,
It was evident that the degree of desitruction of vitamins
‘increased with the extent of healt applied. I{ 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, Xarlin et al. (1969)
found that by heating the nilk at 62°C for 3 to 4 seconds
most of the vitamins were retained without any significant
loss, The mean losses expressed as percent were 2.6 for
®|hiamine, 7.8 for riboflavin, 0.5 for nicotinic acid, 0,5
for pantothenic acid, 1.0 for vitamin 56’ 10,5 for
vitanin B12, 4,7 for biotin and 7.5 for folacin,

respectively,

Ghitis and Candanosa (1966) found that where boiling
of milk for 5 seconds caused a severe reduction of folic
? acid from 55/Mg to 30 mg/litre, pasteurization at 50°¢
had 1little effeet in respect of folic acid, Earlier,
Knaut (1955) studied the effect of boiling on thiamine
and ridboflavin content in milk., After boiling for 3
minutes, the mean losses in percent for thiamine and

riboflavin were 7.43 and 2.5, respectively,

Theophilus and Stamberg (1945) failed to observe

any effect of pasteurization, homogenization or storage
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for 24 hours at 0°C on riboflavin content, Similarly
Hassinen et al, (1954) did not observe any loss for vitamin
Bg in milk after pasteurization and homogenization,
Sp-Pierre et al. (1963), on the other hand, observed a
significant loss of vitamin 312 when homogenized milk

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

73°C for 15 seconds,

Relationship belyeen ascorbic acid, folic acid and
vitanin 'Bm_guring heat procesging:

A ————— p—

A study of factors which influence the thermal
destruction of vitamin 3312 in milk indicated that such
pyocess was essentially an oxidative in nature and wes
related directily/indirectly with the oxidative degradation
of ascorbic acid affected by the presence of dissolved
oxygen (Kon and Watson, 1936 and Rossenberg 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 B12 and
ascorbic acid, whereas prior thorough aeration by
flushing with nitrogen, reduced such destyuction. The
efficiency of such deaeration in stabilizing vitamin 312
to range between O and 50 percent., Ford (1967) further
reported thal removal of oxygen by nitrogen flushing and
sterilization of milk either at 110°C for 20 minutes or
at 120°C for 30 minutes, did not affect vitamin B,, and
ascorbic acid sctiviiy. The mean concentration of vitamin

312 in deaerated milk was decreased from 4.2 to 3,8 p&/litre
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and respective reduction in ascorbic acid was from 30

to 29 'P-g/mlo

Conditions during storage too, seem Yo be equally
important in the retention of these vitamins, During
direct heat processing and subsequent storage for longer
periods, losses of ascorbic acld and folic acid were
markedly influenced by residual oxygen level in the milk
(ford et al., 1968)s It was observed that during
processing about 20 percent of folic acid as well as
ascorbic acid were destroyed, The remaining ascorbic
\acid disappeared 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 wvitanmin
286 and vitamin 312 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,
nilk from three different plants was stored at 60 to 65°¢
for 0, 2, 7 and 14 days. Folic acid was found fo be
completely destroyed from all milk samples by 14 days
of storage and ascorbic acld, vitamin 136 and 312 also
dec.feased by 20 percents In the earlier study, Ford (1967)
reported that if dissolved oxygen was excluded fron 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 1o sunlight, Burton et al,
(1967) also reported relatively lesser losses of folie

acid opcﬁied in ‘the presence of ascorbic acide.

When tﬁé milk was heated at high tempersture (UHT)
in the presence of air or when oxygen was removed
partially or totally, ‘he ascorbic acid losses were
about 20 percent, During storage in the absence of
oxygen, no further destruction occured, However, at
a conceniration of 1 ppm oxygen, vitamin was completely
lost in 14 days. About 20 percenti 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
founnd to be stable (Ford et al,, 1969 and Burton et al.,
1970),

Though, most of water soluble vitamins except
ascorbic acid and thiamine are stableat - pasteurization
temperatures, these are more susceptible to destruction
to exposure at higher temperailure and prolonged storage

in the presence of dissolved oxygen.
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MATERIALS AND METHODS

Collection of milk samples

Buffalo, cow and goat milk samples were collected
from the herd of respective species from cattle section
of Hational Dairy Research Institute, Karnal at agbout
6.00 A.M. Keeping in mind the experimental design, the
miltk was divided into three lots and given following
treatments,
Lot I : Buffalo milk (whole) was pasteurized by

holding method {63°C for 30 minutes),

Lot II1 Buffalo milk was standardised to a fat
level of 4.5 percent by mixing it wi‘bhl

L 1)

skimned puffalo milk, followed by
homozenization as described in the later
section, The homogenized milk was
pasteurized by holding method.

Lot IiII

Buffalo milk (whole) wes homogenized and
pasteurized by holding method,
Homogenization of milk

Before homogenization milk was heated to 60°C to
inactivate the engyme, lipase, The heated milk was
passed through a Gaulin piston type honogenigzer at a
standard pressure of 2500 psi in a double stage. The
presgures in first and second stages were 2000 and
500 psi, respeciively.
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Determination of homogenization efficiency

The fat content in raw and homogenizged milk was
estimated according to Gerber method., On homogenization
50 ml portion of the homogenized milk was centrifuged at
1500 rpm for 30 minutes. 4An aliquot of 11 ml was removed
fron the botiom seetion vsing 11 ml pipeite and fat content
was estimated as mentioned above,

Homogenization efficiency was calculated according

to the procedure described by Ridgway (1957) as descrived

below:?
Fy
Homogenization efficiency = x 100
By
F‘l = the fat content of milk in bottom 11 mi of the
centrifuge tube
F2 = the initial fat content of milk bvefore

centrifugation.

Easteurization of milk

I ol Bt ‘i

Whole milk or homogenized milk was pasteurized
elther according to Holding method ox by high tenmperature
short time (HIST) method as required in different experiments,

Pasteurigzation by holding method:

Presh or homogenized milk taken in a clean container
was placed in a water bath maintained at 64 to 65°C 1o
attain temperature of 63°C at which the milk was maintained
for 30 minutes with intermitient stirring to ensure the

uniform temperature,
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Pasteurigation by HIST method:

fresh or homogenized milk in a clean container was
placed in water bath maintained at 74 1o 75°C. As the
milk attained a temperature of 71 to 72°C, was maintained
for 15 seconds,

On cooling to room temperature, the homogenized and
vasteurized milk samples were filled in cleaned and dried
plastic bottles and kept in refrigerator at 5°C until
used in feeding experimenis,

Eyalugtion of protein guality

Keeping in view the limitations of various procedures
adopted to assess the protein qualiiy the experiments were
conducted %o study growth promoting ability as well as

nitrogen balance, on giving test milk samples,
Modified protein efficiency ratio determination

Male weanling albino rats weighing between 35 1o 40 g
were obtained from small animal house of the institute.
These were mgintained on a protein-free diet (Table A)
for a period of 10 days. During this period they lost
aiough op percent of their body weighis. At this siage
the animals were weighed and divided into three groups in
randonized fashion, Each group consisted of 8 animals
and had identical body weights. These were maintained

on the following dietary regimes for another 10 days.
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Group I : BXffalo milk (whole) pasteurized.

Group II : Buffalo milk (standardized) homogenized
and pasteurized.

Group III :  Buffalo milk (whole) homogenized and

pasteurized (pasteurization was done

using holding method in this experiment),

Animals were maintained individually in anodised
aluminiunm cages, with free access to water, test milk

samples were given ad libitum,

Milk was offered three time a day, i.e. in the morning
at 6,00 AJM,., 12 noon and 7.00 P.li, and residuval nmilk was
recorded,‘to calenlate the daily intake., After completion
of the experimental period the animals were welighed to
record the gain in their body weighte. The modified protein
efficlency ratio (PER;) was calculated according to
Venkatrao et al, (1964).

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

PERD =
Protein intake (g) during the period
of 10 days

Nitrogen estimstion:

The nitrogen conient in test milk samples was
determined according to microkjeldhal method described
in AOAC (1970) and the protein content was calculated by
mltiplying the nitrogen content by the facltor 6.38,
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Nitrozen balance studies

Determination of biological value and dimestibility
coefficients:

Male weanling albino rats weighing between 40 to 45 g
were obtained from the small animal house of National
Dairy Research Institute, Karnale. These were divided
into three groups of eight animals each in randomized
fashion so that the average body weights (g) for a1l groups,
were ldenticale Ratls were housed Individually in metabolic
cages and were fed ad lib. protein-free diet (Table A) for
the period of 10 days. During this period animals had
free assesslto water. Daily collections of urine and
facces were made, Urine was collected in bottles containing
a few mi of 10 percent H2304, while faeces were collected
daily and dried in an oven maintained at 100 + 1°C. Samples
of urine and faeces were pooled and stored appropriately in
the refrigerator until taken for analysis for anitrogen
contents On the eleventh day animals were switched over
to feeding on test milk samples for a period of 10 days
ag given below:
Group I : Buffalo milk (whole) pasteurized,
Group II : Buffalo milk {standardized), homogenized

and pasteurized.

Group III Buffalo mitk (whole) homogenized and

pasteuriged,
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The milk was offered three times a day as described
earlier, The daily intake of milk was recorded indivi-
dually by measuring the residual leftover milk, The
daily collection of urine and faeces was done ag described
earlier and nitrogen content in these samples was
deternined,

Lalgulationg:

Biological value and digestibillity coefficients were

calculated according to Hitchell (1924).

Digestibility coefficient (0.0,) =
‘ Nitrogen digested
= ew x 100
Nitrogen intake

In = (Fn = Fep )

= x 100
I,
In ~ ( By = Pgy) ~ (U, = Tep)
Biological value = ' ot e x 100

E“(Fn‘Fen)

Where

L = Nitrogen intake on test protein dist

B, = Faecal nitrogen, onh test protein diet.

Fen = Indogenous faecal nitrogen on protein-
free diet,

U, = Urinary nitrogen, on test protein diet,

U en = Endogenous urinary niitrogen ¢gn proiein-

free diet.
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TABLE 4

Conyposition of protein~-fLree diet

Ingredient Percent added
Starch (maize) 735
Sucrosse 9
Refined Groundnut oil 8
Cellulose 5
Salt mix¥* A
Vitamin mix*¥* 1

p WE W WS et AW w W s A ek wa Mk B MR e EF OGE W e S e W oo R o R e

* Composition of salt mix (AOAC, 1970)
Weigh 70 g of Nall and grind 0.5 g. KI with a

portion of NaCl, Similarly grind together remainer of
the NaCl with 194.5 g KH,P0,, 5845 g 11gS0, (anhydrous),
1405 g CaCOB, 135 & FeS-Oq_.'?HaO, 28 I#hSO4, 0.2744 g
ZnS_,O4.7H20, 0.2%80 g 01.1.304.51{20 and 0.,0115 g 00012, finally
adding the NaCl-KI mixture. Reduce entire mixture to
fine powder.
** Composition of vitamin mixture (A0AC, 1970)

Weigh 50 mg thiamine hydrochloride, 400 mg riboflavin,
50 mg pyridoxine hydrochloride, 400 mg nicotinic acigd,
400 mg Ca~panitoithenate, 20 mg folic acid, 4 mg biotin,
0,3 mg vitamin B, 10 mg inositol, 10 mg para-amino~
benzoic acid and 99.6 g of starch to mix these well,
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Pat gsoluble vitaming/100 g diet:

Vitemin A 2,000 IO
Vitanin D 200 IU
Vitamin E 10 IU
Choline chloride 200 mg

Determination of net protein utilization NPU):
Vet protein utiligation was determined according

1o the method of Miller and Bender (1955).

Young mele albino rats weighing between 50 to 60 g
were taken for this study. These were grouped according
to randomized design into 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 : Protein~free diet
Group IT ¢ Buffalo milk (whole) pasteurized
Group II1

ol

Buffalo milk (stendardized), homogeniged
and pasteurized.

Group IV

»y

Buffalo milk (whole) homogenized and

pasteuriged.

Bach 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 yere

sacrificed znd the carcass was dried in an oven maintained
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at 95°C + 1°C till it attained a constant weight,

These were then uniformly powdered., Nitrogen conitent in
the carcass as well as test milk samples wag determined
according to microkjeldahl procedure described earlier,

The net protein utilization value was calculated as given

below:
Body-N content in - body-N content in
test protein protein-free
group group
NPU (%) = X 100
Nitrogen intske
Fat_absorplion

The absorption of milk fat from different test milk
gsamples was de_termined according to the procedure of

Tomarelli et al. (1968).

Toung male albino rats weighing between 80 to 100 g
vere taken in this experiment, They were maintained on
a fat-free diet (Table B) for the period of three days,
for acclimatisation, These raits were then divided into
four groups of eight animals each, according to randomized
design. The average body weight (g) for all groups were
ldentical. 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 ¢ TFatefree diet (control)

The conitrol group was kept on fat-free
diet for the period of six days.
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Group II : Buffalo milk (whole) pasteurized

Group IIT :  Buffalo milk (stendardized), homogenized
and pasteurized.

Group IV : Buffalo milk (whole) homogenized and

pasteuriged,

The test milk samples were offered three times every
day and the dally intake was recorded, During this period
faeces in all the four groups were collected daily. These
were weighed and preserved in 95 percent ethanol, unitil
taken for total fatty acid analysis according to Van de
Kamer et al. (1949),.

The absorption of total fatty acids was calaulated
from the ratio of the amount in faeces (corrected for

endogenous excretion) to the amount ingested,

The test milk samples were offered -three times every
day and the daily intake was recorded. During this period
faeces in z1)1 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. (1349),

The absorption of total fatly acids was calculated
from the ratio of the amount in faeces (corrected for

endogenous excretion) to the amoun‘t ingested,

The test milk samples were offered three times every
lay and the daily intake was recorded. During this period
‘aeces in 2l1)1 the four groups were collected daily. These
vere weighed and preserved in 95 percent ethanol, uniil

L

Hedden mndd enalvain amcovrdinge to Van de
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Composition of salt mixture and vitamin mixiure
is similar to that given under Table A (AOAC, 1970).

In addition, fat soluble vitaming were also added
at the rate of 20,000 IU of vitamin A, 2,000 IU of
vitamin D and 100 IU of vitamin E per kg of the diei,

Determination of curd tension

Six different trials were conducted to d etermine the
curd tension of milk from different species, namely, buffalo,
cow and goat. As regards mixed milk samples were made using
whole milk from buffalo and cow in the ratios of 90:10, 50:50
and 10:90. A1l these samples were homogenized and pasteurized
as described earlier,

The cuxd tension in milk was determined by adopting
the procedure of Chandrasekhara et al, (1357).

Pifty ml milk ssmples 1o be tested were taken in
100 ml beakers and wermed to 37°C., To this 2 ml of 0.1
percent rennet solution (Hensen's ) was added rapidly into
the beaker and ithe milk was thoroughly mixed using the knife,
The beaker was then placed in a thermostatically conirolled
water bath at 37°C and allowed to stand for a period of 3 hours,
The pan was loaded with lead shois 1111 the curd tension
knife cuts its way through the curd. The weigzht of the lead
gshots expressed in gramas was taken as a measure of curd
tension,

Determination of teoital solids

Total s0lid content in test milk samples before

homogenization was estimaied gravemetrically according



64

to AOAC (1970). Milk samples of known weight were
dried to a constant weight in a moisture dish in an
oven maintained at 95% + 19, Total solids content was
calculated as

Weight of dried nmilk

Total solid (%) = X 100
Weight of sample itaken

Biological gvailability of vitemin A
Bxperiments] animels: |
Weanling male rats of 24 to 27 days old weighing
between 35awd 48 g were made deficient in vitamin A by
maintaining on vitemin A deficient diet (Table €¢) till
the cessation ~r.af growth was evident and characieristic
gsymptons of vitamin A deficiency were shown by the rats
as illustrated in (Illusiration I), At this stege, the
gain in body weisght during the pericd of one ﬁeek was not
more than one gram. Some of the snimale exhibited Loos
in body weight, Body weight of rats was recorded on every
3rd day of the experimental period. Vitamin A deficient
animgls were divided into four groups in randomized
fashion with six animgls in each group and were given

the following dietary treatunent,

Group I : Control

Group II : Buffalo milk (whole) pasteurized, (20 ml).

Group IIT @ Buffalo milk (standerdized), homogenized
and pasteurized milk (30 ml),

Group IV : Buffale milk (whole) homogenized and

pasteurized (20 nl).
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Twenty five IU of vitemin A was provided to the
animgls in group II, III and IV, from test milks, The
animals had free assess to vitamin A deficient diet as
well 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

gacrificed, blood and liver were analysed for vitamin A

contente
TABLE G
Composition of vitanin A deficient diet

Ingredient (g)
Casein (vitemin free) 180
Starch (maize) 650
Groundnut 0il 50
(vitamin A free)

Yeast dried povder 80
Salt mix* 4Q
Total 1000

To every kg of diet was added vitamin D 2000 IU,
vitamin E 500 IU and vitamin X 50 mg, respectively.
* Salt mix was of the same composition used in earlier

experinents (Table 4).
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Estimation of wvitamin A in blood serum :

Vitamin A in blood serum was estimated according +to
Yudkin (1941)s To 1 to 2 ml of blood serum taken in a
stoppered centrifuge tube were added equal volunmes of
95 percent ethancl with constant stirring. This was
followed by the addition of double the volume of diethyl
e'ther._ Tubes were stoprered and shaken vigorously for
10 minmites, Later these were centrifuged at 2000 rpm 1o
separate the aqueous and etherizl layers. The etherial
layer was collecied and a suitable aliguot was evaporated
in a water bath maintained at 35°C and the residuel ether
was eliminated in the stream of 002. The residue was
taken in 1 ml .of choloroform in a cuvette, The colour
was developed according to Carr and Price (1926) by
adding 9 ml of 20 percent antimony irichloride with a
drop of acetic anhydride to remove moisture and the
colour density was measured at 620 m1 using Spectronic-20,
The vitamin concentration was calculated from the standard
curve obtained.

Vitamin A in iiver:

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 ¢t 6 in a pestle
mortore. The ground sample was extracted with 100 ml of
diethyl ether in a stoppered flask under inert atmosphe~
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(nitrogen gas) for 24 hours at 0°C, PFollowing extraction,
the diethyl ether was decanted, the residue was reextracted
with 50 ml of diethyl ether and shaken gently for 15 %o
20 minutes on a mechanical shaker, DBoth the etherial
layers were pooled and an aligquot of 75 ml of the
etherial extract was passed through column containing
anhydrous sodium sulphate. The ether was evaporated,
dissolved in chloroform and volume was made to 10 nl.
The vitamin A was determined as described earlier,
Detexmination of vitamin A_in milk:

Vitanin A in milk was estimated according to the
method proposed by Kochen (1944), One hundred ml of
test milk sample was saponified with alceocholic KOH for
10 minutes, On cooling, it was exiracted with diethyl
ether, Subsequent steps were similar 1o those followed

for vitanin A determingtion in serum, as described earlier.

=t et P~y

The protein content in liver homogenate was
estimated according to Richlerich (1969) using biuret
reagent, |
Determination of water goluble viteming

Certain water soluble vitamins were estimated in
untreated, pasteurized milk, homogenized, homogenized
and pasteurized by holding and HIST method according to

the standard procedures,



Asgorbic acid:

Preparation of sample: 15 ml of 6 percent TCA was
added in a dropwise fashion io 5 ml of milk with inter-
mittent mixing, Afier keeping for 5 minutes 1t was
centrifuged at 6000 rpm for 10 minutes and supernatant
collected. It was mixed with about 0.5 g of acld washed
activated charcoal and shaken well ard later filtered
after 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 mp in Kleii Summerson photoelectric
colorimeter, Total ascorbic acid in milk samples wes
exiracted from the standard curve.

Total ascorbic acid in different milks was estimated
as dehydroascorbic acid accordiryg to the procedure of
Roe and Kuether (1943).

Determination of B-group vitamins

Milk samples were defatied according to the method

of Rose Gottlieb (1959).

Bstimetion of thiamine:

Preparation of sampies fopr assay: The vitamin fron
the defatled material was liberated enzymetically. Twenty
ml of milk sample was heated with 25 ml of 0.1 N HQSO4

for 30 minutes in a boiling water bath. On cooling, the
pH was adjusted +to 4.5 with 2.5 M sodium acetate. Twenty
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mill igram each of papain (Biochemicals Unit, V,P.Chest
Inst, Delhi) and takediastase (Park-Davis) were added.
This was incubated for 24 hours at 37°C under a thin
layer of toluene, At the end of incubation the engymes
were inactivated by heating the reagction mixture for
30 minutes in a boiling water bath and the mixture was
later filtered through whatman filier paper No,1e The

filtrate was saved for further determination.

Total thiamine content of milk samples was
determined according to ithe method of Pitzgerald and
‘Hoghes (1949) described by Barton-Wright (1952) using
Lactobacillus fermenti - 36 as the test organism.

Determination of riboflavin

reparation of sample:

Extraction and hydroiysis: Defatted milk samples were

hydrolysed with 30 ml of O.1 N HCL and 5 ml of 2,5 U

sodium acetate by autoclaving at 15 1bs pressure for

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

0,1 ¥ NaOH ang filtered through whatman filter paper No.1.

The filirate 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-

gicelly using Lactobacillus casei -ATCC~T469 as the test

organism according to Snell and Strong (1939) as described

in Methods of vitemin assay by Freed (1966).
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Determination of niacin

Ereparation of sampies To 10 ml of defatted milk was
added 50 ml of 1 N H2504 in 250 ml conicel flask. The

nixture was autoclaved at 15 1lbs pressure for 30 ninuies,
After antoclaving,the samples were cooled and pH vas
adjusted to 6.8 with 1 N NaOH and the volume was made,
The solution was filtered through Whatman filter paper
No.1 and filtrate was used for the estimation,.

The basal medium for nicotinic acid estimation was
obtained from Hindustan Dehydrated Media and used at 7.3
percent concentration.

Niacin in milk was determined microbviologically
using Lacgtobacillus plantrum ATCC 8014 according to the
method of Snell and Wright (1941) described in methods
of vitamin assay by Freed (1966).

Determination of pantothenic acigd
Liberation of bound pantothenic acid: An a2liquot of

1.5 ml of defatted milk was incubated at 37°C for 4 hours
with 0:‘2_ ml of phosphatase, 0e05 1l of chicken liver
extract and 0.05 mi of O.1 M NaHGO3. The volume was
made to 5.0 ml with water, of this 2 ml was pipetied
into 50 ml c¢ylinder, pH adjusted 1o 4.5 and volume made
to 40 ml with water. This was filtered through Yhatman
filter paper No.40, The filtrate was used for further

estimation.
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Chigcken liver extract: Liver from freshly killed
one month old chicken was quickely chilled to approximately
to 4°C, minced and homogenized with 20 volumes of cold
acetone inh a waring blender for 1 nminute. The precipitate
was washed with ether and dried in a vacuum desiccator.
The resultant powder was stored in a deep freegzer at
-4%¢,

The powier was extracted with 10 times its veight
with cold, freshly prepared 0.02 M NaHCO3 and was
centrifuged. The supernatant was subsequently used as
chlcken liver extract.

Basa),_medinm for pantothenic acid:

Dehydx:a“hea bagal mediun for pantothenic acid assay
was obtained from Hindusten Dehydrated Hedia.

Pantothenic acid was estimated microbiologically
using Lactobagillus plantyum ATCC 8014 ag the test
organism according to Hoag et al, (1943) as described
in methods of vitamin assay by Freed (1966).

Deternination of folic acid
Breparation of sample using conjugase: To 5 ml of

defatted milk, 5 ml of 0.2 ¥ sodium acetate buffer was
addeds This wes heated at 100°C for 5 minutes in a water
bath. On cooling to room temperature, 20 mg of dry

chicken pancreas powder was added, incubated at 37°C 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 W
NaOH solution, This was suitably diluted to give a
final solution having a concentration of 0.2 mpg/ml of
folic acids The sclution was filtered through Whatman
filter paper 0.40,
Chicken pancreas extract: The pancreas 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 freeger,

Polic acid content in milk was determined micro-

bioclogically using Streptococcus faecalis ATCC 8043-R

as the test organism according to the method Teply and
Elvehjem (1945) ag described by Freed (1966), using
bagal medivm obtained from Hindustan Dehydrated Hedia
was used at 7.5 percent level,

Determination of total vitamin 3. _
Preparation of sample: To 10 ml of defatted milk
sample 180 mwl of water containing 1 a2l of 10 N HCL was

added and autoclaved at 15 lbs for 4 hours, On cooling,
the pH was adjusted 1o 4.5wi'bh 15 percent Ma0OH, The
solution was diluted 1o give an approximate concentration
of 0,01 pg vitemin B /ml, This was filtered and later
used for microbiological assay. The basal medium for
vitamin Be obtained from Hindustan Dehydrated ledia, was

used at 7.3 percent concentration.
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Vitemin B, content was estimated microbiologically

using Saccharomyces carlsberensis 4288 as the test

organism according to the procedure of Atkin et al, (1943)
ag described in methods of vitamin assay by Freed (1966).

Deternination of vitemin B,
Extraction of sample: Vitanin '.B12 from milk was

liberated according to Gregory (1954),

To 1 ml. of milk sample, 1 ml of 0.1 H sodium aceiate
buifer was added, warmed to 60°C and 50 mg of papain
..,(‘?Biochemicals Unit) and one drop of sodium cysnide was
addeds It was Incubated for 1 hour and then steamed for
10 minutes to inactivate the engyme. The soluition was
diluted, filtered to obtain a clear solution and pH
adjusted to 6.0,

The basal medimm obtained Ifrom Hindustan Dehydrated
lledla was used at 8.5 percenti concentration,

Vitanin B,, was determined microbiologically using
Lactobaciliug leichmannii ATCC 7830 according 1o Skeggs
et al, (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 Snedecor and Cochran
(1967).
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RE AND_DISCUSSION

EFFBCT OF HOMOGENIZATION AND PASTEURIZATION ON CURD
TENS.ION OF MILKS FROM DIFFERENT SI’ECIES

An effecient homoge:niza‘tioi of milk has been
recognised to lower the curd tension which intum, is
considered as en index of betier digestivility., However,
certein gross chemical constituents of milk are known 4o
influence the curd temsion, Farthemore, homogenization
is seldom adopted without subsequent heat treatment
such as pasteurigation, sterilization etc, Keeping in
nind the differences in curd tenslon of different milks,
it becomes necessary 1o ascertain whether the fat component
has any role in determining the card tension of milk
samples, E:@eriinmta were therefore condwcted to study
the homogenization efficiency for milks from different
species as well as the effect of homogenizatlon and
pasteurization on the curd tension, ZXeeping in ming
the overall significance of total solids content in
respect of curd temnsion, these too have been determined
and data aie'presented in this section,

Bomogenization efflciency

Al though the homogenlization treatment could be
~ described as the one In which large fat globules are

b . 8plit into smaller ones, the process, is somewhat complex
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with many faceits yet not clearly understood, During
homogenization, fat globules get evenly dispersed in the
nilk, no cream line formed on standing, In other words,

fat globules form a stable emulsion,

Data on the fat content of milk before and afier
homogeniz;a'tion and homogenization efficiency for milk
from different speciss as well as mlxed milk, are presented
in Table 1, It was seen that despite ’o-ft'"‘i;ide variation
in the fat content in different milks gamples used in
this stydy, the homogenization efficiency varied within
a narrow range of 83,68 and 90,62 percent, The maximum
value observed in the case of buffalo milk was, however,
not significantly higher than the minimam value for mixed
pilk (buffalo : cow 10 : 90), It was tims apparent from
the statistical analysis (Table 1A) that 211 milks could
be homogenized with same degree of efficlency, irrespective
of the level of fat, Values observed in the present study
compared well with those reported by Ridgway (1957), who
reported maximum efficlency of 87.5 percent for milk
homogenized at the pressure 2500 psi with subsequent
centrifugation at 1100 rpm for 30 minutes, These wvalues
correlated well =n 01 with those of USPH index of 1.4
and burrette method value of 96,6,
Surd tension

As mentioned earlier, apart from homogenization,

the extent of heat treatment, as well as difference in the
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Homogenization Efficlency for Milk from Different

specles and Mixed Milk

Average fat gggg%gt (%) Averagse
Milk Before ' After efficiency

homogenization :homog enization (%)
Buffalo 7.78 7.05 20,62
+0.35 +0.34 + 1,15
Cow ' 3.36 3.00 89,29
0,13 +0.10 X 1,26
Goat 3.79 3.40 89071
30,12 F0.09 * 1,09
s
Mixed
(BuffaloiCow)
o0 s 10 6,98 6.25 89.54
.42 *0.34 + 1.89
50 t 50 8§.,23 4,72 90.25
$0.35 X0,35 * 1,02
10 $ 90 3.80 3.37 28.68
0,18 30,17 X 1,31

Mean of six observations with + S.E,
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Analysis of varlance for homogenlzation efficiency

Source d.f. S.5. M.,S5.5, 'F' value
' N.S.
Between milk S 14.41 2,882 1,815
| N.S.
Betwean replicatk .. 5 1.87 0.374 0.197
Error 25 38,05 1.902

N.S. = Non Significant
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Effect of homogenization and pasteurization on curd tension

of different types of milk

Treatment Milks
Goat Buffalo Cow B s C B :C B s C
90:10 50350 10:90
Untreated 21.4 42,8 19,7 37.8 28,9 20,3
+ 0,07 T 6,69 * 0.25 + 4,38 + 1,49 X 1,21
Pagsteurized 18.4 39.8 16,7 33.5 25,7 17.8
* 0,23 x 4,57 X 0,02 + 1,91 X 0,79 + 1,18
Homogenized 12,0 16.6 9. 6 16.1 13.1 13.2
+ 0.84 + 2.22 + 0,32 + 1,13 + 0,76 + 0.35
Homogenized Ged 10,1 6.1 8.7 8.8 7.9
and F 0,91 + 1,04 X 0,69 * 1,03 + 1,01 + 0.82
Pasteurized

Values are expressed as gram
Mean of six observations with + S,E,

B:C Proportion of buffalo(B) and cow(e) milk,

6L
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Analysis of variance . curd tension of different

types of milk

Source of d.f. SeSe M.5.8, 'Ft value
variation

Between treatment 3 10137,.,07 3379.02 . 499,27**
Between replicates 5 189,93 37.98 5.61%*
Types of milk 5 4013,05 802,61 118,59+*
Interaction 15 1900.59 126,71 18,77%*
Error 1i5 778,30 6.76 -

** Significant at 1% level,

CD at 5% - freatment - 3,6055
Replicates = 2.4939
Types of milk = 2.4939

08
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10 influence the curd tension, A mixed milk sample with
predominance of buffalo milk (90 parts buffalo milk
and 10 paris of cow milk) showed the curd tension of
37.8 g whereas that having only 10 parts of buffalo

nilk showed a low curd tension of 20.% g.

The walues observed for curd tension of buffalo milk
in the ﬁresent study compared well with those reported
earlier (Chandrasekhara et al,, 1957 and Jain 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~Dewood and Bl=Sawaf (1977). The differences
observed could be due to 'hhe’_difference in the breed of
buffaloes, because the type of the coagulant used in most

of these smdieé was similar,

The higher curd tension for buffalo milk as compared
tc other species could be attributed to its chemical
composition, This could be well conceived in the 1ight
of an established correlation between curd tension and
the chemical composition particularly its totz2l soligs,
totael protein, casein and calcium content (Weisberg et 2l.,
1933; Doan and Welch, 19543 Riddell et al,, 1936; Jain et =al,,
1974 and Abou=~Dawood snd El~Sawaf, 1977). In the present
study totel solids (Table 5) were also highest in buffalo
milk, Interestingly, these values were almos+t similar

for cow and goat milk,
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The curd tension values viz. 19.7 and 2144 g
observed for cow and goat milk, respectively, were
markedly lower than the values ranging between 25 to 56
for cow milk and 40 to 55 for goatl milk reported by
various workers (XKelly, 1941; Twrner and Garrison, 1936+37;
Rao et 8l,,19643 Jain et al., 1974 and Abou~Dawood and
£L-Sawaf, 1977)e Such large variation could either be
due 1o difference in the breed of milch animals or due to
difference in the type of coagulent used in these studles.
Such a possibility would seem plausible in the light of
The gheervaiion by diffavent workera wha showed significantly
gifferent curd tension wvalues when pepsin-0a012 and pepsin-

HCL were used as coagulent (Miller, 1935 and Kelly, 1939).

The low curd tension in both cow and goat milk as
compared to buifalo milk may be due 1to the species
differences which reflected in lower totel sollds, total
protein, casein and calciunm qontent (Doan and Welch, 1934
and Abou-Dawood and ElL-Sawaf, 1977).

As regards mixed milks, higher curd tension for the
nixed sample with higher proporiion of buffalo milk as
compared to those with lesser quantities could be
attributed to differences in chemical composition
contributed proportionately by buifalo and cow milk,

The statistical analysis of the data given in Table
showed that different types of milk differed significantly
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(P £0,01) in respect of curd temsion; with buffalo milk
showing distinct superiority over other types of milk,
Effect of pesteurization

As regards the effect of pasteurization, it was
further seen that pasteurization of milk at 62°C for
30 minutes reduced the curd tension only moderately, as
evident from 7.0 to 15,0 percent reduction in different
milk samples in comparison with that for raw milk samples
(Table 4), The reduction was somewhat higher in the case
of goat and cow milk than buffalo milk. In general, the
decreases observed were significant (P<£0.01),

These results are in close agreememt with those
reported by Abou-Dawood and El~-Sawaf (1977) who found
relatively lesser reduction in curd tension in dufrfaleo
and ewe milk as compared to cow and goat milk when
pasteurized at 62°C for 30 minutes, This could be
partially attributed to the betiter heat stability of
buffalo milk than other milks as reported by Weisberg
et al. (1933) and Abou-Dawood et al, (1976),

The resulis observed as regards to reduction in
cord tension in the present study were in agreement in
respect of lowering the curd tension on pasteurization
with those reported earlier (Mortenson et al,, 1935;
Berry, 1936; Chandrasekhara et al., 19573 Rao et al., 1064
and Jain et al., 1974). |



IABLE - g

Percent reduction in curd tension of different types of milk due
to homogenization and pasteurization

Treatment : Milka

Goat Buffalo Cow B s C BsC B:C

. 20310 50150 10:90

‘Untreated - - - - - -
Pasteurized 14,1 7.0 15,0 11,3 10.9 12,1
Homogenized 44.0 61.0 51,0 57.4 54,6 34.6
Homogenized and 7001 76.3 68.8 6808 69.3 60.7-"
Pasteurized '
Pasteurization 26,0 15,2 17.8 19.3 14,7 26,1
alone after
homogenizatim

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

¥8
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The decrease in cuxrd tension due to heat treatment
could be due to (i) lower calcium ion concentration and
inoreasse in the electrostatic charges carried dy ihe
casein micelles as reported by Richardson and Palmer (1929),
(i1) denaturation of whey proteins, rendering these
insoluble, (111) decrease in the degree of hydration of
casein and (iv) preparation as the degree of heal treatment
increases (Rao et al., 1964).

Bffect of homozenization

On homogenization the maximm reduction of 61.0 percent
in the curd tension was observed in the case of buffalo
milk, and minimoum was found for goat miik i.e, 44,0 percent,
The greater reduction in the case of buffalo milk was in
co:irormity with the observation made earlier by Doan (1938)
who reporied that reduction was maximum in the case of milk
with initial high curd tension. <The percent reduction
observed in the case of cow and goat milk wore identical
with the wvalues observed earlier by different workers
(Theophilus et al., 1934; Doan, 1958 and Kelly, 1941), The
maximum goftening effect of homogenization in buffale milk
could be partly attriduted to the higher fat level which
absorbed higher quantity of protein due to its increased
surface area afier homogenization, Similar observaiims
were made earlisr by Doan (1938); Keliy (1941) and
webb et al, (1978), who noted greater reduction in curd
tension in milk with higher fat level in comparison with
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a lower fat content, The increased nuuber of fat
globules during homogenization would serve as the point

of weakness in %the coagulum {(Sommer, 1946).

Bffect of homomenization and pasteurization

The eombined effect of homogenization and the
subsequent pasteurization was found to be yet more
pronounced on the curd tension, BSuch effect was maximum
in the case of buffalo milk i.e, 76,3 percent followed by
‘goat 70.1 percent and cow milk 68,8 percent., Mixed milks
0o showed similar effects, Under identical conditions
Parsad et al, (1974) observed a similar reducition in the

curd tension by T4 percent in the case of buffalo milk

after homogenigzation 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
attrivuted to the changes in the heat stability of milk
proteins during such treatment, Such a possibility would
appear fairly distincet in view of various observations
wade in different studies, indicating that homogenization
lowers the heat stability of milk proteins and so also
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at higher pressures (Somser, 19343 Doan, 19%8; Alfonsus,
1949; Hollender and Weckel, 1941 and Carr and Trout, 1942).
The adsorption of plasma proieins on the fat globule
gsurface seeuns 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 aggregaiion of protein coated
fat globules into larger ones is thus promoted. Heating
of such destabilised proteins could result in the product
with a lower curd tension,

Re tionship belween different milk constituents angd
tension

Data on total solid, fat and SNF content in milk from
different species and mixed milk as well as curd tension,
are presented in 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 iIn
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§, . '; Paul and
Malhan, 1962; Ghosh and Anantakrishnan, 1964,65 and Jumg
and Alsafar, 1970).
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IPLE = 8

ir curd tension
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Milk Fat S.N.F, Total Card
(%) (%) solids tension
(£) ()
Buffalo 7478 9.50 17,28 42.8
+0.35 F0.20 + 0.46 X 6,69
Cow 3,36 8.07 11.43 1.7
+0.13 +0.15 X 0,27 + 0.25
Goat 30?9 7.99 11.78 21l.4
+0,12 +0,08 + 0.10 + 0,07
BsC 6,98 3.27 18.25 37.8
903 10 +0.42 0,10 + 0,53 + 4,38
Bs C 5,23 8.71 13,94 28.8
50350 0,35 0417 + 0,50 + 1,49
B 31 &G 3.80 B8.26 12,06 20.3
10190 +0,16 +0.10 + 0,25 + 1,21

B:C Proportion of buffalo (B) ané cow(C) milk

Mean of six obgervations with + S.E,
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TABLE = 6
Analysis of variance table for total solids

]

Source def. Sed, Mab,5, PP value
Between 1 0.8844 0.8844 2,0459
treatments

Between 5 36,0388 72077 16,6737 %%
replicates

Types of milk 5 363.8747 727749 16.8350%*

Inheraction 5 001516 0.0303 010702
(types of milk
and treatment)

grror 55 23,7756 4.3228

Total 71 424,7251

** Gignificant at 1 percent level

D at 5 percent = replicate - 4,691.
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Total solids as well as fat content in three types
of mixed milk increased as the proportion of buffalo milk
inereasges i.e, highest in milk having B:C, 90:10 followed
by 50:50 and 10:90,

Though total solids, fat, protein, ash ete. 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 between curd Tengion
and total solid (r = 0,82) and curd tension and SN? (r =0,71).
These obsgervations are in close agreenent to those made
earlier by Jain et al., (1974) and Abou~Dawood and LI~-Sawaf
(1977), who reported that curd tension increased as SHF,
total casein and total solids increases in the milk,
However, no sucﬁ correlation was observed between fat and

curd tension in different types of milk,

It was seen from the results presented in this
section thalt, irrespective of marked variations in their
total solid and fat contents, milks from different species
as well as mixed milks could be homogenized equally
gfficiently. This, further produced a distinct reduction
in the curd tension of nilk, Although heat treatment
such as pasteurization does lower the curd tension, the
homogenized milk showed greater reduction than non-homogenized

one on pasteurization, It was further seen that both total
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solids and SNT content of milk were highly correlated
with the curd tension. The extent to which this would
influence the utilization of milk nutrients by the body,

however, cen not be ascertained from these observations,

BIOLOGICAT EVALUATION OF PROTEIN #ROM HOWMOGEHIZED MILK

Although homogenization of milk does not appreciably
alter the distribution of nitrogen among various nitrogenous
constituents such as nonprotein, noncasein, casein, globulin,
albumin and proteose fractions it enhances the absorptilon
of casein on fat globules, eventually altering the aming
acid profile of the fat globule membrane proteins (Brunner
et 214,1953¢c)e In the 1ight of the observation that
homogenization drastically reduced the curd tension of milk,
as evident from the data presented in the earlier section,
the Influence of homogenization on the uwtilization of
proteins would appeer possible. Though, it is largely
assumed that a decrease in ithe curd ténsion of milk reflects
in improved digestibility, relatively wvery 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
nilk proteins, except certiain degree of denaturation of
whey proteing (Henry et al., 1937 and Henry, 1957)., TLittle

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 proiein-lipid interactions
mentioned earlier, In the light of the aforesaid,
experiments were conducted to find the utiligzation 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.

Modified protein efficiency ratio (PER,)

Under defined conditions, the growth rate of animals
is related to the dietary proitein quelity and therefore
congidered as an index of protein quality. Furthermore,
the eval'ua't.ion of protein quality on the basis oi growth
is based upon the assumption that the optimum of a given
proiein 1s determined not merely by the absolute gquantity
furnished but rather by its quality (Osborne et al., 1919).
Later, Cannon and coworkers (1944) observed that animals
nade protein sengitive by maintaining on protein-free diet
respond more effectively to differences in protein qualities

than a normal ones, since growth and nitrogen retention

are higher under these conditionse

In the present study growth promoting ability of
proteins from different preparations of homogenized and
non~homogenized buifalo milk, was ascertained using protein
depleted weanling male albino rats as the experimental
animals and the results are presented in Table 7. It was
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Modified protem efficlency ratio (PHRp) in rats fed different
test mllk samples

Dietary No,of Body wt. (8) Total milk Total protein PIR p)
treatment  animals Initial After 10 Gain on intake intake Val\Se
days on tegt diet (ml1) (2)
protein- ter 10

free dlet ays

Group 1 8 37.4 30,8 29,1 142,9 6.73 4,31
+ 0.59 + 0,61 2,18 + 6,82 £ 0,15 + 0.25
Group II 8 36 .6 30.1 351 249.6 11,75 2,98
+ 0.54 + 1,16 £ 1,79 +10.49  + 0,52 + 0,32
Group IIL 8 36.8 30.1 37.9 226.3 10066 3.53
* 0,52 + 0,68  + 2,45 + 9,18  + 0.43 + 0,11
Mean of eight observations+ S,E,
Group I - Buffalo milk (whole) pasteurized
Group II1 - Buffalo milk (Standardized) homogenized and

pasteurized
Group III = Buffalo milk (whole) homogenized and pasteurized

<6



TABIE = 8

Analysis of variance - ?ERD

Source of variation dl.f. S MeSalde 'P* yalue
Between treatment ) Te11 3456 15,021*%
Between replicate 7 1440 0420 0.843
Error 14 3432 0237

Significant at 1 percent level

TARIE =9

Analysis of variance - nilk intake
Source of variation d.f, D., HeSa0 ‘P value
Between treatuent 2 507714 2538457  4.3658"
Between replicate 7 5351.90 764455 143 148
Error 14 8140.60 581.47

* significent at 5 percent level
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seen from the data that the group I receiving non-
homogenized pasteurized whole milk showed higher average
PiR,, value of 4,31 in comparison with those receiving
homogenized milk either whole (Group III) or standerdized
(Group II), The differences observed were found to be
statistically significant ( P< 0,01., Table 84 This is
interesting particilarly because the total milk iantake
for the group I and consequently the protein intake, was
mich lower then other two groups. The higher consumption
of milk in groups II and III could be a reflection of
improved palatability of milk due ‘o homogenization
(Babeock, 1939 and Trout, 1943).

Though the protein efficiency raitlo detsrmined by
rat depletion-repletion method, would depend on the extent
to which the protein reserves are depleted during protein-
free dietary regime, the differences observed could not be
atiributed to this, ag it was observed that animals in all
groups, were 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
earlisr for bufialo milk by Rao (1956) and Daniel et al,.
(1968), who observed the value to range between 2.6 1o 3.3.

The modified PER wvalue for group II was however, lower
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than the reported one. The higher wvalue observed in
‘the present stﬁdy was similar to that reported by Deodhar
and Srivastava (1977) for cow milk., The higher wvalue
for PER observed could be due to the higher retention of
nitrogen since protein depleted animals were used, This
cotld Dbe well conceived in the 1light of thezobservation
of Venkatoa et al, (1964), who reported a higher PER;
value of 4,15, when protein ‘depleted rats were fed skim
milk based diets The significantly low PERD value obtained
for the groups II and II1I, receiving homogeniged nilk 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 protein gquality as a result of
- homogenigation,
(c) quicker passage through the alimentary canal,thereby
incomplete digestion of proteins from honogenized 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£0.01, Table 9)
than other two groups receiving homogeniged milk, The
lower value ior ?ERD for group III could be partly explained
on the basis of the observation of Allison (1964) that the
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relationship betyeen the gain in body weight and protein
intake is linear only at lower levels of protein intake,
Further, as reporied earlier by Pizsen et 4l., (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), A%t the higher level, when the protein intake

exceeds the need for the growth, the excess quantity would
be channeled to catabolic degradation,

The possibility of changes In protein quality resulting
during homogenization and subsequent pasteurization
treatments, reflecting in the differences in PER, values
between non~homogenized and homogenigzed milks, cag:pot
be easily ruled out, However, as pointed out by Venicatrao
et al, (1964) the eveluation of protein gquality on the basis
of gain in body weight, has several limitations., The
increase in body weight could as well be due to inecrease
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 homogenigzed milk is digested more easily butl less
completely as reported by Adam and Czech (1955), It is
possible that the period for empiying of stomach could be
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shorier in the case of homogenized nmilk as compared 1o
that required for non-homogenized nmilk as reported by
several workers (Doan and Welch, 19343 Flora and Doan,

1958:; Babcock, 1939 and Adam and Czech, 1955).

Observations made while asgessing the growih
promoting ability of different test milk samples,
.however, do not pemi‘“b to conclude in respect of
digestion or metabolic breakdown of proteins, Studies
were therefore carried out on the nitrogen balance by

maintaining experimental rats on test milk samples,

Furthermore, just as the growth response, nitrogen
balance too, has been shown to depend on the quality
as well as quantity of the dietary protein (MacLaughlan,
1972) when other experimental conditions are normal, The
major limitation of protein quality evaluation by PER
method mentioned ahove, could be overcome by conducting
nitrogen balance studies. In view of this, the biological
value, digestibility coefficient, net protein utiligzation
} values as well as test proiein from experimental milk
smles, were determined, taking into consideration the
intake and excretion of nitrogen, as proposed by Mitchell

(1924) and data are given in the next section,

Biological volue and digestibility coeffigient

Data on protein intake as well as faecal and urinary

nitrogen 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 average 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 excreted, showed
that there was relatively lesser excretion of faecal
nitrogen in the group 1 as compared to groups Il and III
receiving homogenized milk, The magnitude of faecal
excretion as well as the differences between these values
were markedly significent (2/0.01) (Table 13), This
obgervation supports the hypothesis that prolteins from
honnogenized milks are digested in shorter durations but
relatively less compleiely as compared to non~honogenized
millk as suggested by Doan and Weleh (1934); Doan and

fMlora (1939); Babeock (1939) and Adem and Czech (1955),

. Similar scrutiny of the data on urinary excretion
auggested that about 6,8 percent of the total niirogen
intake was excreted by animals given non-homogenized 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), ‘
Someyhat higher excretion of urinary nitrogen cbserved in
group II1 as compared to group I suggests that consideraple

amount of protein nitrogen in group III was excreted as a res
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rd

Biological value, digestibility coefficient of different test milks

Groups Total milk Total-N Faecal-N Endogenous Total=N  Urinary-N  Endogemous Total~N  Diges$ibility Biologi~
intake in intake in excretion Faecal-N  excreted excretion urinary-N excretion coefficient cal value

10 days 10 days in 10 days ex?re;ion in faeces inm 10 days excz:et)ion in uriue (%) (%)
on the test ng F~F on test ng U=U
(m1) ) (meg) diet (mg) » (:;) diet(mg) n(m;l)'
Group I 177&2 1121¢5 81053 43-{B 3%50 165.06 89-21 75&79 96056 93;%
* 24,95 + 3.96 ' * 0,62 *0,7] + 0,68
Group IT 370,5 2344,53 216,63 50,83 165.80 593, 25 86, 27 506,98 32,93 76,73
* 16,16 1,28 2,50 40,90 + 3.65
Group III 359,4 2274.13 173,53 47,64 125,89 343,16 91.49 252,17 94, 46 88, 26
+ 11,64 + 8,13 +26,T0 + 0,32 1.0

Hean of 8 observations with + S K

Group T  Buffalo milk (whole) pasteurized
Group LI Buffalo milk {Standordized) homogenized and pasteurized

0ot

Group III Buffalo milk (whole) homogenized and pasteuriged
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TABLE - 11
Analysis of varisnce for biological value

Source of wvariation defo 3030 Iﬂ.S.S. '"B' value
Between treatment 2 1049.20 524,60 27,11
.Between replicate 7 24 .48 3e21 0.165
Brror 14 271,02 19435
¥
Significent at 1 percent level
CD at 5 percent =~ 4,717
TABLE - 12
Analysis of varience - milk intake for biological
value
Sourceof d.fo S.S. 'MQSQSQ g value
variation
Betyeen 2 188195.3  94297.6 274556
treatnent
Between 7 3730,7 532.9 0.1558™
replicate
Error 14 44462. 2 3420.2

** Significant at 1 percent level

WS Won significant
@3 at 5 percent - 62,72
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Analysis of variance = total faecal-N

excretion (Fy = Pon)

e ¥
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Source of d.f. 5.8, M.S.8. *F' value
variation
Between 2 67813,67  33906.8 550444
treatment
Between 7 3389, 1 48416 Te931
replicate
Error 14 8546,1 610.4
* Significant at 1 percent level
D at 5 percent - 26,49
TABLE -~ 14
Analysis of variance - total urinary-N
excretion (U, - Ugy
Source of Qe Lo S.5, M,3,5, 'F* value
variation
- *%
Between 2 739965, 6 369982,.8 13999
treatment
replicate
Error 14 183216,3 13086,9

*%

Significant at 1 percent level

(D at 5 percent « 122,69
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of higher catabolic degradation, Significantly ( ¥<0.01,
Table 14) larger excretion of nitrogen by animels fed
standardized homogenized milk (Group II) as compared

to group 11l reeceiving homogeniged milk could e attributed
to distinctly lower ratio of nitrogen to total dietary
.calories in group Il. It is possible that this factor
might have adversely influenced the protein efficlency
ratios for animals given homogenized milks,

It was seen from the digestibility coefficient for
milks caloldated 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
was simiiar to that one reported earlier by several
workers, who reporied that though honogenigzation reduced
the curd tension as-well ag particle size of the curd,
it had no effect on its digestibility (Doan and lora,
16393 Doan and Dizikes, 1942 =nd Petr2dlli and Agnese,
1960)s On the other hand, Doan and Welch (1934)s
Kelly (1939) and Ilgner and Thureu (1951,52) found
during in wvitro studies, soft curd nilk to be digested
better and completely tian hard curd nmilk. The values
for digestibil ity coefficient observed in the present
study were somerwhat hisher than 89,3 percent observed

for homogenized cow milk by Petrilii and Agnese (1960).
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However, these wore, by and large, in close agreenment
Wihthose reported for cow nilk (Henry et al., 1939;
Henry et al., 1942 and Henry and Toothill, 1962), The
relatively higher value for pasteurized non-homogenigzed
milk receiving group could be atitribuied to the lowver
intake of nitrogen together with lower faecal excretion
as compared to the group recelving homogenized milk,

in which case the intake was more than double while
excretion was also about 3 to 4 times higher than the
values found in control groups. This may have lowered

the digestibility coeifficients.

As regerds biologicel value (9%,0 percent) it was
higher foxr the group receiving whole milk pasteurized
tThan other groupss The statisiical analysis Table 11
of the data showed that pasteurized milk had significantly
higher (¥< 0,01) biological vealue in comparison with
other two groups which, inturn, differed significantly

among themselves.

The biological values observed in present study
for the control grouy I and group III were higher than
those reported by Petralli and Agnese (1960) for
homogen ized cow milk i.e. 79.4 perceni. However, the
value 79.4 percent is very close to the value observed
for milk having almost identicel fat level, Similarly
the biological vzlue for group I, namely, buifalo nilk



105

pasteurized was very close to that value of 91,0 )
reported for bufrfalo milk (Rao, 1956). In /az( another /
‘study, Mitra and Mittra (1942) reported a much lower
value of 66,7 percent for buffalo milk. Such kind of
variations in the bioclogical value could be explained
in view of the fect tlat biologicel valve for the same
somple could be different, depending upon the degree to
which the body proiein reserved§ are lowered during
protein-free dietary regime, In the present study, all
the groups lost z2bout 18 to 20 percent of their body
weight, sugsesting the protein depletion was identical

in all groupse. 9%he low biclogical value in both groups
adminis-tered homogenized milk as compared to control
group, seenms to be due to large quantity of nitrogen
excreted in urine, which in turn differed significantly
(P< 0.01) from the quantity excreited by the rats receiving
pasteurigzed milk, The higher excreiion of urinary-N

in group II, receiving standardised homogenized milk

in comparis_o;l with other groups could be due to higher
amino acid oxidation, and was probably influenced by
higher nitrogen/calorie ratio in standardised buffalo

milk than whole buffalo milk as mentioned earlier., Thus
with lower levels of calorie in the diet, the protein

was preferentially utilized 1o provide energy, with the

consequent loss of nitrogen in the urine,
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The differencegs in biologiecal values in the present
study could also be explained on the basis of observations
of Porbes et al, (1958), who showed that the biological
value of proteins decresses with the incresse in the
intake of proteins, Similarly Barns et al, (1946),
reported earlier that percentasge of protein retained
falls, with incre=zse in nitrogen intake, ILikevise,
“ilitchell (1924) attributed 2 low biologicel value to
higher protein intake and observed that such decrease
was probably due to lowered utilization of nitrogen
for growth than for maintenance, This was probably
gue to increased use of protein fed at hizher level

for fulfilling the energy demand of the body.

Net protein utiligation (NPU)

Apa:c:'t from the nitrogen balance studies reported
above from which NPU could as well be computed, the
ni-brogen deposited in the carcass of animals, maintained
on test milk diets was determined according to Miller
and Bender (1955) and data are given in Table 15, 4s
observed in the previous feeding experiments, the milk
consulmption was significantly higher in groups receiving
homogenized milk in compariéon with that receiving
pasteurized non-honogenigzed milk, It was furthsr seen
from the data presented as well as the statistical
analysis of the date on Ne-retained in the body that the
groups receiving homogenized milk (group III and IV)



THELE - 15
Net protein utilization values fo different test milk samples

s Body wt, (g) Total milk N-intake Body-N N-retained NPU
Groap L T intake in  through (mg) {mg) (®
- (g) on respective  (g) ( J 10 days
diet (g) (mg)
Group 1 55.94 - 47 470 =8 .24 - - 1138.,77 - -
Group II 55,94 T4.44 18,50 236.5 1340.0 2209,82 71,50 79.96
& 8,11 + 47.20 11,
Group III 55,20 88,70 32.80 384,3 2184.,47 2410.08 1271,.31 68,
+12,96 + 75,04 X 2
Broup 1V 65,72 91.00 35.28 366 .4 2082.83 2583.70 1445.00 69.38
+11,70 X 72,80 + 2,55
Mean of 8 observations with  Standard error
Group I = Protein-free diet
Group II - Buffalo milkk (whole) pasteurized
Group III - Buffalo mlilk (standardized), homogenized«pasteurized

Group IV = Buffalo milk (whole), homogenizedspasteurized.

Lot
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Analysis of variance - net protein wtilization (WEU)

Source O.f do f. Sos. M.S.SO 'F' va.lu.e
variation
E
treatment
Between 7 163.14 26,16 0.556
replicate
Srroxr 14 644,44 47 .0%

*x Significant at 1 percent level
D at 5 percent - 7.355

TABLE - 17
- Analysis of variance - H;retained in body
Source of defe D5, M,5,8, *FY value
variation _
Between 2 542533.0  271278.0  8.758 "
treatment
Between 7 304249,0 43464,.7 1.4039
replicate
Srror 14 433603 ,0 3007 1.6

** Significant at 1 percent level

M st 5 percent level = 188.74
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retained significantly higher quantity of nitrogen in

the carcass as coumpared to a group receiving pasteurized
non-honogenized milk. It was iateresting to note that
the nitrbgen retention was significantly higher in group
IV than in group III which exereied largest amount of
nitrogen in the urine {as seen earlier in Table 14),
However, when judged on the Dasis of H-consumed in
different groups, while calenlating NIPU value, it was
observed‘that the NIU value was highest for pasteurized
non-homogenized group. The average NFU values were
79.96, 58,20 and 69,38 for whole nilk pasteuriged

{group II), standardised homogenigzed milk (group III)

and homogenized pasteurized milk (group IV), respectively,
It was seen from the statistical analysis (Table 17)

of the data that group II had significantly higher

value (P/0.01) than Zroup ILI and IV, while, group III
had the lowes®t value, Very few stud ies have been reported
on the determination of NrU value by carcass analysis
for buffalo milk, A comparison of the values showed that
the values observed in the present study for group II
conpared well with those reported for cow milk i,e,

75 4o 81 (liller and Bender, 19%53; Henry and Toothill,
1962; llyna et al.,, 13643 Parthasarahty et al,, 1964

and Venkatrao et al,, 1964),
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The low NFU wvalues for homogenized milk couwld bhe
partly explained on the basis of observation by
Bams et al. (1946) that percentage of protein retained
in the carcass falls with increasing consumpiion of
protein in the diet, Similarly Togle and Donoso (1967)
observed that when protein consumption was low the free
amino acids ‘that enter the liver pool, are primerily
utilized for tissue protein synthesis and may have a
lesser chance of being channelled into the urea cycle,
It was further observed that the HPU wvalues for different
nilk samples obtained in this experiment showed identical ,
trend observed in respect of biologicsl value, determine:/

garlier,

It would appear from the dalta obtained on the
utilization of protein from homogenized and non-
homogenized milk, that al-though homogenization did
reduce the curd tension, it did not show any salutary
effect on the protein quality. There was no change in
the digestibility of proieins, as contemplated earlier.
On the other hand, the growth promoting ability, (PER;),
the biologlecal value as well as net protein utilization
values were significantly lower for homogenized milk,
The extent of such decreases was more pronounced when

the ratio of nitrog_en % calorie was reduced a8 a result
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of standardisation of milk, Though such possibilities
have been discussed before, the influence of altered
lipid-protein complex on the mutritional value of
proteins can hot be ruled out, |

Apart from the reasons given above for the decreased
modified protein efficiency ratio, blological value as
well as net protein utilizatlion value the possibvility
of diminished proiein gquality as a result of homogenization
and Bubsequent pasteurigzetion can not be ignored in viey
of the observation that homogenigation as well as heat
treatments above 65°C increase the total free SH moieties
in treated milk samples (Rotkiewlcz and Kisza, 1971).

The simltaneous action of the engyme sulfahydryl
oxidase resulting in the formation of disulphide bonds
(Janolino and Swaisgood, 1975,78) within the protein
molecules, could as well result in the decreased
biological availability of S~amino acids from milk
proteins. The limitation of milk proteins in respect
of S~containing essentlial amino aclds is tms likely to
be further compounded due to such a trestment, This,
however, will have to be further probed before arriving
at a final conclusion,

Fat sbsorption

Cne of the basic tenets of pharmacology states that

the particle size determines ihe rate of absorption of
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a given compound in the body and its micronization into
particles further facilitates its entry into the blood
stream from the intestinal lumen., In the case of milk
fat, fat globules size markedly varies among different
species, ranging from 2.9 m in the case of goat to
about 4.0 to 4.5 1 in cow and buffale milk, Anong
~various treaiments used to micronize the milk fat
globules, homogenization has been demonstrated to be
most efficient one, which increases total fat surface
area by 4 to 6 fold., “his would further facilitate the
absorption of fat, apart from providing increased
surface area for lipase action,

In order 1o assess the effect of homogenigation
on ‘the absorption of fat, a study was carried out using
young male albino rats according to Tomarelli et al, (1968).
Data obtained are given in Table 18, It was observed
that rats given standardised and homogenized (group IIT)
and whole homogenized milk (group IV) consuned greater
auantity of milk as compared 1o rails fed pasteurized
milk (group II), which further reflected in the varying
amounts of fatty acid intake in different groups,

The mean fat absorpiion values for groups I1I, 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 significanily (P/0.01) higher in



young male rats

ILLE - A8
Effect of homogenization treatment on milk fat absorption in

Groups Total milk Total fatty Total fatty Net amountof Fat
intake acids intake acids fatty acids abso;;:tion
in 8 days (g) exereted in faeces (

(ml) > in faeces corrected for
(g) arx ogenons
excretion
y:)
Group 1 - - 0.135 - -
Group Il 80,3 6,18 1.474 1,339 78.3
T 4,94 +0.37 +0.13 + 2,08
Groap IIX 13,1 6.04 1,466 1,331 78.2
* 0,17 + 0.17 X 0,07 + 1,24
Group 1V 139.7 10,75 1,339 1,204 88,8
X 0,46 I 0435 H0,07 + 0.63

Mean of 8 observations with + 5,E,

Control
Buffalo milk(wpeko) pasteurized

Buffalo milk (standardized) homogenized
and Pasteurized
Bufralo milk (whole) homogenized and pasteurized

Group 1 -
Group II -
Group III =

Group v -

et
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TABIE = 19

Analysis of variance = milk intake, during fat
absorption experiuent

Source of defe Sebe S5, tP yalue
variation
Letween 2 17243.4 8621.7 58.12**
treatment
Between N 7 133341 191.,2 128
114
TABIE ~ 19

Analysis of variance - milk intake, during fat
absorption experiument

S—O‘ll‘.r'ce Of dofo S"QSO LII.S.S. .F' value
variation
Between 2 17243 .4 8621.7 58,12
treateent
Between T 133341 19142 1.28
114
TABLE ~ 19

Analysis of varisnce - milk intake, during fat
absorption experiment

Source of defe Deide ,8,5, '®Y yalue
variation
E % ]
Between 2 17243.4 8621.7 58.12
trestnent
Be‘bw?{en L T 1333.1 19102 128
114
TABIE = 19

Analysis of variance - unilk intake, during fail
absorption experiuent
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group IV in comparison with groups II and III., However,
fat absorpition in groups recelving pasteurized non=-
homogenized milk and siandardised homogenized milk

(group II and III) was sinmiler, It was seen that the
intake of fatiy acids was also similar in these groups,
so was the levels excreted in the faeces. Apparently
there was higher abosorption of fatly acids in group IV,
which could be attributed to lower excretion of fatty
acids through faeces as compared 10 other tﬁo grouns
despite of higher intaeke. Thus, although the net values
for faecal fatty acids were not significantly different
in different groups, when looked in the light of the
total amount of fatty acids ingested it was observed that
hardly aboulb 11 percent of the total faliy acids ingested
were excreted in the faeces by rats in group IV, in
contrast to about 22 percent in groups Il and III, The
increased absorpiion in the group IV recelving homogeniged
nilk, when compared with group I could be ascribed to the
reduction of fat globule size during homogenization,
Bince the level of milk fat in both the cases was identical.
Inspite of higher intake of fat in group IV, there was no

increase in the faecal excretion of fatiy acids.

Similar increased absorpiion of fat from homogenirzed
nilk was reported earlier by Siejskal and Weuburger (1934)
anong humen subjects. It was observed that the amount of



116

fat in the faeces was only one third of that was found
'when non-homogenized milk was given, It would thus appear
that less fat was excreted by subjects for homogenized milk
than rather non-homogenized. 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), who reported
that infants fed par.'bially skimmed milk absorbed minimum
fat., The ratiocs for prolein to energy, in the present
study was distinctly lower in group III than that in
group IV due 1o possidbly a change in ratio of fat to protein
in such preparation., On the other hand, Fomon et al, (1970)
observed higher fatl excretion among infants fed homogenigzed
cow milk in comparison to ‘those fed Imman milk, This was
pver-come when sucrose was added in the homogenized milik,
which suggests that if milk of low f£al is %o be homogenized,
114 mgt have same energy value to that of ths conirol sroup.
Standardised homogenized milk, clearly had lower calorific

content than homogenized whole milk,

The greater fat absorption in the case of homogeniged
milk preparations are in conformity with observations
made by several olther workers who ascribed the reduction

of fat particle size to b& responsible for enhanced
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fat absorption (Ilgner and Thurau, 1951,52 and Ewerback
and Jaeger, 1954)., On the other hand, Wevens and Shaw
(1933); Holt et al. (1933) and Sager (1952), however,

failed to obgerve any significent increased absorption

of fat due 1o reduction in fat particle sige,.

Fat absorption values obitained in the present
study are higher than those reported by Agnese (1959),
who observed a value of 71.8 percent for homogenized
milk and 42,3 percent inwon-homogenized milk, Absorption
to similar extent was observed by lorales et 21. (1950),
who observed only 40 percent when normal fat was given,
vhile on zdministration of howogenized milk fat during
which fat globules were zreduced to a diameter of lesser

than 2 pn, the absorption was enhanced to 71.5 percent.,

Data obtained in this stady thius clearly demonstrated
that the homozenization treatment distinctly improved

the process of fat absorption.
BIOLOGICAT AVAILABILITY OF VITANIN A FROM HOUQOGENWIZED MIIK

It was seen in the earlier seciion that the wtilization
of fat was markedly improved when 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 nuitrients, little is

lmom_whe'bher the distribution of these fat soluble
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nutrients in lipid phase undergoes any change during
homogenization and whether their biologicel availsbility
ig, in any way, altered in this process, Keeping in
mind the nutriticnal importance of milk in meeting the
body requirements for vitamin A, a study was conducted
to find its utilization from the homogenized milk, in
comparison with the non-homogenized one, using vitamin A
deficient albino rats as experinmental model, to whom
different test milk samples were given as the only
source of vitamin A, The degree of ntilization was
determined by recording gains in body weisht as well

as levelg of the vitamin A in serum and in liver of
rats given different dietary treatments, Results are

presented in this section.

Vitamin A in homogzeniged nilk

It was seen from the contenits of vitamin A in milk
before and after homogenization (125 IU and 123 IU,
respectively) that there was viritually no change in
the same, This is to be expected since vitanin A is
fairly stable during heating at 60°C (the temperature
adopted for preheating the milk before homogenization).
However, such data do not indicate if there is any
change in the biological availlsbility of vitamin A, In
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 doge of vitamin A. Further, although it wes
observed earlier by {Lewis et al., '1942; Panl and Paul,

' 1946 and Brown and Stutevant,:1949) that the intake

2 Yo 4 IU of vitamin A was adequate 1o support the growth,
the doge of 25 IU of vitamin A was chosen in this study,
in the light of iis capacity to restore not only growth
rate but also vitamin reserves in the body.

Data on the gain in body weight as well levels of |
vitamin A in blood serum and liver from rats in different
experimental groups are presented in Table 21,

Body weighis

It was seen from the data given in Table 21 that
during vitamin A deficient dietary regime, rats chosen
at weanling siages gained about 110 g body weighi during
the period of 8 to 9 weeks. It could be further seen
from (Illustration 7A) that the growth rate (about 2 g/day)
was normal upio 40 days, on vitamin A deficient diet,
Thereafter the growth re't.a.rdéd and in the later siage
i.e. after 56 days, the weights tend to decline. At the
end of this period,apart from cessation of growih animals
showed characteristic syndroms of vitamin A deficiency

viz, appearance of xerophthalmia, paralysis



TABLE - 2

Effect of vitamin A supplemert from homogenized milk on growth and vitamin A activity
in Plood and liver of rats

Diet Body wt, (&) Total wt, Vitamin A Vitemin A Blood serum
Initial At the time On feed~ Gain of liver 1U/1iver IU/g vitemin A
of milk ing test (&) liver IU/100 m}
feeding milk
sammles
Group I BT 146, 3 - - 4. 42 Traces Traces Traces
+1.89 * 9,86 0.5
Group II 35 148, 2 215.5 121.3 8,54 20,9 23,5 431
+ 0,93 * 10,10 1,40 $5.5 0, 41 £ 9.81 +2,5 * %18
Group II1 BT 145.7 259,7 1141 8,65 223,1 25.8 36,1
.94 H4.,2 £12,86 £ 9,65 30,66 + 12,11 £1.20 % 2,51
Group IV 23,6 150, 6 262,2 111,6 8,02 224,1 28,0 32,0
+ 1,58 + 5,81 + 8,5 2 5.M 20,15 * 9,59 £1,2 * 4.0

Mean of six observations with + S, E,

Group I - Control
Group II - Buffalo milk (whole) pasteurized
Group III - Buffzlo milk (standardized) homogenized and pasteurized

Group IV - Buffalo milk(whole) homogenized snd pasteurized

ool
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IABLE - 22

Analysis of variance - weight gain in rats

Source of defe SeS, U, S,.5, P value
variation
5NS
Between 2 874.778 437329 1481
treatnent
Between 5 2251,60 450431 1.8695°
‘replicate
Error 10 2409,90 241,99

N5 - Non significant



TABLE . 23

Analysis of variance - growth and vitamin A in blood and liver of rats

Source of d.f, Yitamin A JU/J00 p) Blood serum Vitgmin 4 IU/g liver Liver vitamin A (IU)
Variation &-S. MOS.S' \ 'F' S'S' M‘S.S. 'F’ SQS. h’iaStSo F

* %
Between 3 7418.8 2472.9 T5.30%% 3064.4 1021.5 79.81 72,7 24,23 2B8,28%*
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 3248 192 .6

12,9 0.860

** Significant at 1 percent level

GD at 5 percent - Serum vitamin A - 7,046

Vitamin/g liver - 4,401
Vitamin A/liver 12,13

GGl



FIG. :A. GROWTH CURVE-RATS FED VITAMIN A
DEFICIENT DIET
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of hind limbs ete. (Illustration C). In the present
stady the initisl body weights of experimental animals
were about 38 g whereas Underwood (1979) used rats with
somewhat higher body weights, BSuch differences in the
initial weights would have pronounced influence on the

vitamin A reserves in the body.

On feeding test milk samples as the sole source of
vitanin A animals gained an average of 127.3, 114.1 and
111.6 g in body weight when buffalo milk (whole)
.pasteurized (grovp II), stsnderdised and homogenized
nilk {(group 1III) and buffalo milk (whole) homogenized
(group IV), respectively, were given. The statistical
analysis (Table 22) did not show any difference in body
weight gain 1o be significant during the experimental
perlod. However, it would appear from the illusiration B
Yhat during the early stage after the commencement of milk
feeding the gain in body weight was higher in group IV
as compared to group 11, thereafter it showed a tendency
for smaller gain, On an average rats gained 3.5, 3.3
and 3.2 g/day in group 11, I1I and 1V, respectively,
Vitamin A deficient rats fed 25 IU/day of synthetie
vifamin A (Lewis et al., 1942) found to gain about
131 g during an experimental period of six weeks
with an average gain of 3.1 g/day. On ithe other hand,
Rajalaksimi et al. (1975), failed to obgerve any

significant difference in growih rate in wvitamin A



FIG.B. GROWTH CURVES IN VITAMIN A DEFICIENT RATS
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deficient rats fed vitamin A either from vegetlables,
pure p-caroiene or vitemin A acetates. The dosage

) )
adopted in these studies, were much longer, (,‘

It is poassible that the amount of vitamin A
reguired for growth is much less viz, 2 to 4 IU/day
(Braude et al., 1941; Lewis et al., 1942; Faul and
Paul, 19463 Brown and Stwtevent, 1949) then supplementation
of vitamin & 25 IU done in this study. Thus the
consumption of the vitamin dose at this level apparently
=_hé£if? no effect on growth rate, irrespective of the form
in which it is present in the diet,

Blood serum level yitamin 4

It was seen from the data on serum vitamin A levels
in different experimental groups, the levels were extremely
low (traces) when animals were maintained on vitamin A
deficient diet for a periocd of 8 to 9 weeks., The
subsequent supplenentation of vitamin A at the dosage of

25 IU/day, through test milk samples markedly enhanced the
levels in blood serum and were 43,1, 36,1 and 42,0

IU/100 ml in groups receiving buffalo milk (whole)
pasteurized (group 1I), standardized and homogenized

(group II1) and buffalo milk (whole) homogenized (group IV),
respectively., Although supplementation through all

test milk samples resulied in an increase in the blood
vitamin A levels in groups II, III and IV, there were
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no significent differences amongsl_:{;hem:_selves (Tavle 23). |
Such non~significant differences, suggest that the
availability of vitamin 4 from milk was not affected

due to homogenization., However, when these were examined
on the basis of observations made by i:ewis et al, (1942),
who showed that the intake of vitamin A as low as 1 ITU/
day was adegquate to produce measurable increases in

blood vitamin A level, it appeared that probably

because of administration of a larger dose of 25 IU/day,
the efficiency of different milk samples to produce
effect on Plood vitamin A& level was subdued, Observations
made in the present study were, however, in general
agreement with those made in different studies in

which animals were given wore than 20 IU/day, which
failed to show differences in the serum vitamin 4 level

(iloore and Sharman, 1950),.

It couid be seen ifrom the aforesaid that though a
minimom amount of vitamin A is essential to produce a
visible level of wvitamin A in Yloed, however, it is not
linear with the dose given or source of vitamin A in the

diet.

Hepatic wvitamin A levels

Data presented on vitamin A content in liver as well
as welght of liver for rats from different experimental

groups showed that there was significant difference (P < 0,01)
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in regeneration of liver vitamin A when animals were given
experimental milk semples. The statistical analysis of the
data, however, failed to show any significant difference in
the weight of liver when given milk elther standardized
homogenized or buffalo milk homogenized or buffale milk

pasteurized.

As regards hepatic contenis of vitamin A, maintenance
of rats on vitamin A deficient dietary regime till the visible
vitamin A deficiency symptoms were evidenti as seen in the
Illustration A, drastically depleted vitamin A siores of the
liver with the result that there was practically no vitamin
A content in the liver after animals were kept on deficient
diet for a period of 8 to 9 weeks, On supplementing diets
with test milk samples to provide 25 IU/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 deposits
of vitamin A computed, on the basis of the total liver
weight further conformed the observation that vitamin A
content in liver for groups receiving homogenized milk
was significantly higher than those receiving non-howmogenized

milk as a source of vitamin A,
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The extent of depletion-repletion of liver in _
respect of vitamin A witnessed in the present investigation
was identical to those reported by several workers in
different studies (Lewis et 21,, 1942; Glover et al,,
19483 Chari, 1967 and Rajalakslmi et al., 1975), It
would appear from the observations made in the present
investigation that ahimals receiving homogenized milk
had betier reserves of vitamin A in the liver than the
one receiving non~homogenigzed milk, indicating that
vitamin A from homogenized milk was better utilized than
the vitamin present in non~homogenized milk, This could
be atiributed Yo the reduce particle size of fat globule

—————

during hosogenigzation and emlsification (Tewis et al,,

1950), smﬁu observations were made earlier by

Horales et al, (1950) who administered vitamin A either
from butter fat or fish liver oil,either ihrough
homogeniged or non~homogenized fat eand showed that
vitanin A was better absorbed from homogenized preparation
in which the particle size of fat globule was markedly
reduoed, apart from better emmlsiflcation of witamin

in liquid phase, Secondly, the contribution.of certain
unidentified factors present in milk, towa:z:ds better
absorption of vitamin A can not be ruled out in the
1light of observatlons made by Vavich et al, {(1955) on
experimental vitamin A deficient rats, ayd were provided
vitamin A through different sources, It was shown that
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By

incorporation of skimmed milk along with vitamin A resulted

better absorption of vitamin A than when the polysorbiec
acid or agqueous solution of vitamin 4 were administered.
It would be interesting to mention the possible involvement
of vitamin A-casein complex in the beitter absorption of
vitamin A was indicated by the observation of Berger

et al. (1966) who showed that rates given vitamin A-casein
complex showed better hepatic reserves of vitamin A than
those receiving only vitanin £ and casein, It is '
possible that the process of homogenigzation _further
brings about the complex formation between ‘vi'hamin A and
casein, OSuch a possibility appears feasible in ;i—.;.r of
the observation that the extent of absorption of casein
in the 11p3.d phase enhanced mquedly as a r;gul't of
homogenlza‘tion, wh:z.ch could be seen from the finding
that 25 percent casein component in fat globule membrane
in +the homogeniged milk preparation in contrast to ’
hardly 2 percent in the case of unhonogenized milk

(Tundstedt, 1936).

STABILITY OF CERTAIN WATER SOIUBLE VITAMING IN HOWOGEH IZED
HILK

The ability of milk to fulfill the body requirement
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

wprocessed product. Apart from being thermolabile,



129

guite a few of these vitamins exist in free as well as in
bound form in milk, and have been shown to be susceptible

. for destruction during heat processing (Housten et al,, 19403
Hassinen et al., 1954; Parkhim et al., 1965; Karlin, 1969
and Webb et al., 1978). Though vasteurization of raw

nilk has been shown to resultjiosses of certain B-group
vitamins ranging between negligible and moderate, very

few stadies 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 vetween
fat globule membrane liplids and the agueous phase, also
changes the ratio of bound 1o free vitamins, ultimately
affecting their stability during pasieurization, remains

far from clear. BExperiments were therefore conducted to
study how far the levels of certain vitamins of B-group

in the btuffalo milk are affecited during homogenization

and subsequent pasteurization. Murther, in the light of the
influence of oxidative destruction of ascorbilic acid on the
stability of vitamin Bis and folic acid contents in milk,
ascorbic acid conteni was also determined in the present

study. Data obtained are presented in this section,

¢t of homogenizgtion and pasteurizagtion on tg;gm;g
niacil, pantothenic geid ang vitamin B, content

Data on the levels of different B-~group vitamins
in the unireated buffalo nmilk, as well as in
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(i) pasteurized, (ii) homogenized and (iii) homogenized

and pasteurized milk samples are given in Tables 24 and 27 o
It was observed that the fresh buffalo milk contained on

an average of 51.6 pg of thiamine; 196,06 pg of ribvoflaving

8846 pg of niacing 352.4 pg of pantothenic acid and 3.8 pg

of vitamin B, when expressed on 100 ml basis,

The mean wvalues obgerved for these vitamins in
general, were in close agreecment with those reported by
geveral workers for buffelo milk (Rac and Basu, 1951;
Boman, 1953; Contini and Damiano, 1959 and Sirry end
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, nicotinie
acid, pantothenic acid and vitamin By (Rao and Basu, 1951;
Boman, 1953 and Paolis and CGregory, 1963). These
variations could be well understood in the light of
several flactors, such as environmentasl; genetic,
physiologicel, stage of lactation and nutrition etc,
on the vitamin content, Thisapart, methodologies adopted
for sampling, liberation of the vitanins 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,



TABLE = 24

Effect of homogenization and pasteurization on the stability of
certain water soluble vitamins in buffalo milk

Vitamin/Ireatments Untréated Pasteurized Homogenized Homogenized +

Holding HIST Holding HTST
Method Method Method Method

Thiamine _52-.6 49,1 4807 4800 43.6 44,0
+ 2,03 + 1,96 + 2,11 + 2,12 + 2,22 + 2.91

Riboflavin ) 196,90 186,2 190.8 188,.2 176.2 178,.6
X 707 6,54 + 6,28 F 6,77 * 6,07 + 6,92

Niaecin 88,6 82,4 85,2 82.6 78.6 79.7
+ 4,15 2,14 = 3.88 X 2,50 X 2,61 + 3,18

Pantothenic aeid 352,.4 332.4 33445 320,6 309.8 313.9
+13.60 X14,10 #15,60 *15,20 15,01 +13.60

Vitamin B6 3.8 3.6 Se7? 3.6 3¢5 3.5
* 0,13 X 0,18 £ 0,15 X 0,15 0,14 + 0,14

Values expressed as jg/l00 ml
Mean of six observations + S.E,

iel



THBLE - 25

Percent reduction in certain water soluble vitamin during homogenization
and pasteurization in buffalo milk

Vitamin/treatments Untreated teuriz Homom Homogenized +

_Ho].E ding H%T genized _ _Pasteurized

method method Holding HIST

method method

Thiamine - 4,8 5,6 6,8 15,5 14,7
Ribofla\?in - 5.0 2.6 3.7 10.0 808
i\IiaCin - 6.9 §_!;? 6.7 1102 9'9
Pantothenic acid - 8.5 5,1 9,0 12,3 10,9
Vitaﬂlin B6 - 3.9 3.1 409 7.8 8.0

geT



TABLE = 26

#Analysis of variance~ water soluble vitamins

Source of d,f, ___ Miamine Riboflavin Nicotinic pcid Pantothenic geid Vitanin B6
variation $,8 M8,8 '® 5.8,- M, 5,8 ™ 5,5, M8,8, ‘W 8,8, M85 W 8,8, M8,8, '®
) *n % ) #k
Be‘bween 5 301.52 60-3 31tm 7&1.2 14‘40.2 51‘84 395.30 79016 7:86 7599-0 151903 19389 0-40 Oow 40000
treatment
e % % o -
Between 5 775.39 13,1 69.02 16731 3346 12,04 1676,60 335,32 32,30 36201.9 7240.4 94.79 4,10 «0,82 410,00
replicate
Error 5 48,61 1.9 694.1 21,18 51,8 10,07 19096 76,4 0.05

#* Sisnificant at 1% level,

CD at 5% level
Thiamine 1,656
Riboflavin 6,262
Micotinic acid 3,769
Pantotheric 10,382
acid
Vitamin B 0,053

¢l
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Effect of pasteurization:

It could be further seen from the data given in
Table 24, 25 and 26, that there was slight but significant
decrease (2/0,01) in thiamine content of milk on
pasteurization either by holding (4.8 percent ) or by HIST
method (:5,6 percent). Values, obsérved were, by and
large, lower than the losses of 10 to 20 percent during
pasteurization by holding method reported in different
studies (Houston et al., 1940; YWoessner et al,, 1940;
Kruglova and Gulko, 1966 and Fossihina et al., 1969).

However, these were in agreement with those reporied by

Karlin et al. (1969),

Losses of thiamine during HIST pasteurigzation,
observed in this study were iftentical to those reported by
Holmes et a1, (1945); Chapman et al. (1957) and Diugzewska
and Bilinska (1966). Lower losses witnessed during HIST
pasteurization could De atiributed to the relatively milder

2]

heat treatment for ihe shorter duration, during which the
vitamin is known to be stable,

tiboflavin, nicotinic acid and pantothenic acig
are known to be fairly bheat stable at neutral as well as
acidic pH of the medium. These vitamins appeared to
renain stable at temperaitures meted during pasteurization.
In the present study decreases were very small but

significant (P/0.01) when the milk was pasteurized by
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holding method. These losses were 5,0, 6.9 and 845
percent for riboflavin, nicotinic acid and pantothenic
acid, respectively. It was further seen that the losses

were much smaller during HYST treatmente.

Losses in ribofiavin, nicotinic and pantotihenic acid
contents were seen to exhibit a similar trend, being
lower in HIST method (2,6, 3.7 and 5.1 percent) than the
one observed during holding method of pasteurization.

The statisticel analysis of the data (Table 26) showed
that the losses observed during holding methods were small
but significant ( P4L0,01).

The trend observed in the present study was identical
to that reported esrlier for riboflavin (Houston et al.,
19403 Holmes et 21,, 1943,45; rord, 1957; Chapman et al.,
1957; Dluzewska and Bilinska, 1966 and Karlin et al,, 1969),;
for nicotinie acid {(Clemow, 1951 and Karlin et al., 1969)

and in the case of pantethenic acid (Chapman et al., 1957).

Decreases in vitamin B6 content during pasteurization
by holding and HIS® method, though small vig. 3.9 and 3,1
percent, were significant (< 0,01), Similar observations
were made in different studies (Debvit, 1952; Chapman
et ale, 1957 and Dluzewska end Bilinska, 1966),

Effect of homogenization:

As descriped in the earlier section, homogenization

was performed by heating the nilk to 60°C and then subsequeny
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treatment at 2500 'psi in a double stege homogenisger,
The changes in the level of vitamins would tims be the
combined effect of initial heating followsed by homogenizatlon.
I%{ was seen from Table 25 ithai the decreases iIn
the B-group vitamins ranged between 3,7 percent in the
case of riboflavin %o 9.0 percent in the case of
pantothenic acid, The magnitude of losses was of the
game order observed during pasteurization by elther method,
and could be atiributed to the heat treatment prior %o
homogenization (60°C) and %o the increase in temperature
by 4.5 to 9.3°G depending upon the pressure applied
during homogenization, Relatively 1ittle has been
reporied about ithe losses of vitamins content in milk
as a result of homogenization, However, Theephilus and
Stemberg (1945) failed to observe any loss in riboflavin
content after homogenization at 1500 psi pressure and
subsequent pasteurization by holding method, The marginal
differences in the losses in both studies could be due
1o differant pressures employed, Similar observations of
non-gignificant destruetion for vitamin 286 in milk after
homogenization and pasteurigzation dby hold ing method or
sterilization during evaporation of milk havealso been
made by Debrit (1952); Hassinen et al. (1954) and Chapman
et al. (1957).
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Effect of pasteurization on homogenized milks

When milk was pasteurized either by holding or
HTST method after homogenization, it was observed that
in respect of almost every vitemin, the degree of destruction
wag 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)
during holding and HEST methods, respectively, after
homogenization, FBell and Sanders (1945) observed an identical
loss of thiamine i.e. 12 pércent, when cow milk fortified
with thismine and vitamin C was homogenized and pasteurized.
Similarly Chapman et al. (1957) reported only 10 percent
degstruction of thiamine in homogenized and sterilized milk.
While riboflavin content decreased by 10.0 and 8.8 percent in
honogenized and pasteurized milk, in the present study
Theophilus and Stamberg (1945) failed to observe any signifi-
cant loss in riboflavin content in milk after homogenization
at 1500 psi pressure and pasieurization by holding method.
This could be atiributed to the (i) differences in free and
bound form of vitamin present and/or (ii) the efficiency of

homogenization at lower pressure to liberate bound wvitanmin

in the free form,
The reduction in nicoiinic and pantothenic acid

contents tooc, was higher in homogenized and pasteurized
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milk, when compared with the losses when ray milk was
pasteurized, These values are almost similar to those
observed eariier by Chapman et al. (1957) who reported
a loss of about 10 percent of these vitamins in homogenized

and sterilized milk,

Vitamin By losses were almost of equal order when
homogenigzed milk was pasteuriged by either method and
were 7,8 and 8,0 percent, respectively. Chapman et al,
(1957), on the other hand, failed ito observe any significent
differences in homogenized sterilized milk in comparison

to unireated milk,

It was evideni from the data presented in this
section that pasteurization of buffalo milk resulied o '
- mild deztruciion in respect of all the water soluble
vitamins studied, The observations, were by and large,
in conformity with the those made by eariier workers in
respect of cow milk, The lowering of vitamin contents
due to homogenization process too, was not any manner
larger than that observed during pasteurization by either
method. The desiruction was however, greater, during
subsequent pasteurization. Although the form of vitamin
was not determined in this stady, it has been reported
that barring nicotinic acid, about 5 to 25 percent of
these vitamins, exist in the bound form (Hartmen and

Uryden, 1965), It is possible that homogenization of milk
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could lesd to liberation of vitamins from protein
binding, when adsorption of protein on fat globule
membrene increases. These liberated vitaning could be

sugceptible for desiruction during pasteurization,.

Ascorbic acid, folic acid and vitamin B, stability:

In the light of the reported interaction between
oxidative destruction of ascorbic acid and contents of
vitamin 312 and folic acid, these were determined in milk
during different treatments and data presented in Tables
27, 28 and 29, The avérage content of ascorbie acid,
folic acid and vitanin 312 were found to be 3,3 mg/100 mi,
5.8 pg/100 nl and 373 mag/100 ml, respectively, in buffalo
milk,

The value obscrved for total ascorbic acid in buffalo
milk in the present study was slightly higher than those
reported by other workers (Kothavalls and Gill, 1943;
-Vérma and Paul, 1947; Ioxrdanov and Toev, 1956 and EL-Rafey,
1962), which ranged between 2,57 and 2,97 mg/100 mi,
However, yet larger variation between 1.95 to 4.0 mg/100 ml
was reported by Darakat and Abdel-Wahab (1961) and El-
Fafey (1962)e These reported Variationgﬁn the values
could be attributed to differences in me%hods employed
in the estimation of ascorbic acid. wpereés Kothavalla and
Gill (1943)and Varme end Paul (1947) determined the vitamin
titrimetrically using 2 ¢ 6 dichlorophenol indophenol,
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Effect of homozenization and pastearization on stability of
ascorbic acid, folic acld and vitamin By, in buffalo milk

Vitamin/Ireatments Untreated P ggtegr%zed Homogenized Homogenized +
Holding

Pasteurized
method method Holding HIS

methogd method

ASCOI‘bic acid 303 300 301 3.1 2.7 2'8

me/100 ml +£0,14 +0.15 0,15 £ 0.12 £0.11 +0.18
Folic aeid 5.8 5,2 5.3 5.0 4.4 06
Vitanin BJ.Z 373.0 369,0 359.0 344,0 344.0 331.0
mpe/ 100m1  322.6  +21.3  +22.3 £10.3 ¥18.3  +19.7

Mean of six observations with * S5,E,

0¥%1
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Percent reduction in total contemt of ascorbic aclid, folic acld and
vitamin Byo during homogenization and pasteurization in buffalo milk

Vitamin/treatment Raw Pasteurized Homogenized Homogenized and
Holding ATST pagteurized
method method olding HTST

method method

Ascorbiec acid - 11.3 7.6 6,9 19.2 15.5

_.--""I ot
Vitamin Byo - 3.8 3.8 8.0 10,5 11,3

ive



IABLE - 29

Analysis of variance - Ascorblc acld, Folic acid and Vitamin Bjp

Ascorbie acid

Folic acid Vitemin Byo
Source of _
variation d.fa S.S. M.S.S. 'F'valu.e Sede Mososo 'F'Value S.0. M.SOS. 'F'value
Between 5 1.59 0.138 32,83*%% 10,90 2,18 118,48*%* 8078.50 1615,7 20,44*%
treatment . .
Between 5 2,97 0,504 61,36** 10,72 2.14 116,30**75518,30 15013,7 191.,09**
replicate _
Error 25 0.242 0,0097 0.46 0.0189 1975.,90 79,04

** Significant at 1% 1level

CD at 5% level =

Ascorbice acid - 0,117
Folle acid - 0,161
Vitamin Blz =10,.568

el
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the methbéﬁ¥£;%.accounts only for reduced form of
ascorbic acid, rather than fotal ascorbic acid content,
. In the present study the total ascorble acid content,inclu-~
sive of redﬁced and oxidized forms, was estimated us ing
2,4 dinitrophenylahydrazine according to the method
described by Roe and Kuether (1943). This apart, the
conditions and the period for which the milk is held
during storage would equally reflect in the differences

in various reported values,

As regards the content of folie acid, the wvalue
withessed in the present investigation compared well with
those (5,51 pg/100 ml) reported in earlier studies (Foman,
1953; and El=Rafey, 1962)e The mean concentration for
vitamin B12 was somewhat lower than the wide range b;ﬁﬁéen k
(400 %o 577 mpz/100 ml) reported by Sreenivasamurthy et al.
(1953); El~Rafey (1962); Faolis and Gregory (1963). However,
Zahriev and Kaloianov (1965) observed much higher value.
Such a large variation could be partly attributed to the
genetic factors as well as the differences in the test
organismsg used for estimations e.g. Lactobacillus lactis
Dorner IB 367 by Sreenivasemurthy et al. (1953), whereas
in]present study Lactobecillus leichnanaii ATCC 7830 wes
used as the test organisn,

Bffect of pasteurization:

The effect of pasteurization of milk either by holding

or HIST method on the ascorbic acid content couvld be further
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seen from Tables 28 and 29, There was a decrease of

11.3 and 7.6 percent, respectively, Stastical analysis
of the data (Table 29) showed that pasteurization by
holding method produced more deleterious effect on
ascorbic acid level than HIST treatment. Similarly,
Dluzewska and Bilinska (1966) reported a reductiocn of
sinilar magnitude in ascorbic acid on pasteurization of
buffale milk by HIST method, as observed in the present
studye The exient of reduction obtained in the present
study by either method was much less than the losses of
about (20 percent) reported for buffalc milk by Kothavalla
and Gill (1943) and for cow milk (Kon and Watson, 193%;
Holmes et al., 1943 and Hand, 1943) during pasteurization
by holding method. IHere again, 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°C for few seconds).
Sinilar type of reduction was observed for cow milk by
Burton et al. (1970), However, Kyla-Siurela and Antila
(1972) failed to observe any sismifican+t loss in ascorbic
acid content during HIST pasteurization when total vitamin
content wag estimated using 2,4 dinitrophenylhydrizine

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 20 percent of the total
viteamin content present in raw untreated cow milk (Burton
et al., 1970). However, subsequently it slowly gets
oxidized to dehydroascorbic 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 pregent
in milk; since this form of ascorbic acid has been reported
t0 be more heat labile than its reduced form (Hand, 1943:
Ford et al,, 1968,69; lLechner and Kiermeier, 1369 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 pasieurization reported in different
studies . would appear plausible in the light of the
aforesald, On the other hand, during pasteurization of
milk by HTST method, ascorbic acid was more sitable and
could be partly ascribed to relatively wvery short duration
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of heat treaitment, Purth:r, liberation of sulyhydryl :
groups during heating at 73°C and by their virtue of

being reducing agentq,theae could have resulted in

e —

lowered oxidation-redaction potential of milk and
apparently protecielascorblic acid from oxidation during
HIST pasteurization, Such phenomenon may not be effecti;;
in holding method since the optimum temperature for
production of these sulphydryl compounds 1is reported to

be 7300 (Burgwald and Josephson, 1947).

As regade'folic acid and vitamin 312, these were
found to be decreased by 8.6 and 8,0, 2nd 3.8 and 3.8
percent during pasteurization by holding and HIST method,
respectively. The extent of reduction In folic acid
levels was similar to that reporied earlier by Karlin
(1969) ang Karlin et al. (1969), during flash pesteurization
either at 92°C for 3 to 4 seconds or by heating the milk
at 62°C for 3 to 4 seconds, Ghitis and Cendanosa (1966)
on the other hand, failed to obzerve any loss of folic
acid on milk pasteurization at 50°C, The failure of these
workers to observe any loss of folic acid, could be the

relatively lower temperature adopted for pasteurization,.

The reduction in folic acld conteni during pesteuri-
zation could be attributed %o the destruction of free form
of the vitamin, which iIs mnore heat labile than the bound

forme. It was observed that at higher temperatuvre, viz.
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boiling at 100°C for 2 to 3 minutes, tolial Ffolacin
activity was reduced by 40 percent, while free folacin
wag Gestroyed completely. Zven at pasteurization
temperatures loss of free form of the vitamin was

double than the reduction in ftotsl activity (Karlin,1969),

A decresse in vitamin B contents during

12
pasteurization using either nethod was found to bve
only very smzll (3,8 percent), The loss of vitemin Byo
content observed in the present study was identical o
that ;eporﬁed by several workers (Chapman et al.,1957:
Pord et al., 1959; Kruglova and Gulko, 1966 and Iwaton
et al., 1967). Houever, these losses were comparatively
much lower than 7 to 10 percent reported by other
workers (Dluzewska and Pilinska, 19663 Kariin, 1939 and

Karlin et 8-109 1969).

The stability of vitenin B, at lower temperature

12
covdd be attrivuted to the fact that most of the vitamin
ig present in the bound form (cobalamin) end accounted .
about 95 percent of the total vitemin 312 perceat in milk
(Parkhim et al.,, 1965).

affect of homogenigation:

As regards the effect of homogenization on the
contents of these vitamins, it could be seen (Table 28)
-that the loss of ascorbic acid was 6.9 percent and was

comparatively less than that seen during paesteurization.
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This could possibly be due to heating of milk at relatively
lower temperatures of 60°C before homogenigzation, Huriher
increase of temperature by 4.4 to 9,2°C apparently did
not result in additional destruction of vitanin C, On

the other hsnd; the destruction of folic acid as well

as vitamin }312 during homogenization was markedly higher,
viz. 108 and 8.0 percent, respectively. It is possible
that during homogenization treatient, increased adsorption
of proteins on the fat globule membrane resulied in the
liberation of these vitamins into free form, which were
susceptible for thermal destruction. Apart from this,
the influence of oxidative destruction of vitamin C on
the degradation of folic acid and vitemin '.812, can not be
ruled out,

Effect of homogenization and pasteurization:

e

The effect of pasteurization done after homogenization
was almost similar to those observed on untreated milk for
ascorbic acid and vitamin B12 conient, however, it was
somewhat higher for folic acid. Total losses in percent
due to homogenization and'pasteurization were almeost
double the extent noted due 1o pagteurization in the case
of ascorbic acid, however, these were still higher in rest

of the two vitemins,

The statistical analysis of data (Patle 29) showed
that pasteurization by either method significantly (P £0.01)

decreased vitamin C and folic acld in homogenized milk,
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whereas in vespect of vitanmin }312, it was only HIST

treastment,

Losses of vitamin C observed in the present study
were markedly lower then thiose reporited by Kyla-Siurola
and Antila (1972) who reported about 50 percent decrease
in vitamin C content in milk pasfeurized and homogenized,
second time after a storage period of 3 days at 490,
after pasteurization and homogenization, Higher losses
in their study, could be due to oxidation of ascorbie
acid by dissolved oxygen to its oxidised form during
storage, Similer type of reduction was also observed
when milk was pasteurized and honogenigzed (Woessiner
et al., 1939), However, this decrease could be
attribuited t methodology used for determmation)‘the
indophenol dye used in this study }s/ would only estimate
reduced form of vitamin C, On the other hand, Eell and
Sanders (1945) reported a loss of 12 percent in vitamin €
in milk (fortified with 25 mg/quart) after homogenization

and pasteurigation,

Hore destruction of folic acid and vitamin B1 o
content could also be atiributed 1o the inereased

destruction of ascorbic acid, The losses observed in
the case of folic acid wepesimilar 1o those observed

earlier in milk heated (UHL') in the presence of air
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(FPord et al., 1969 and Burton et al., 1970)., However,
the losses observed in the present study were much

lower in comparison with those found by Karlin (1969).

As regards vitamin 312, losses observed in the
present study were identical to those reported by
Chapuan ¢t al. (1957) who recorded less than 10 percent
reduction in vitamin 312 during sterilization of homogenized
milk, However, Karlin (1969) observed a T3 percent decrease
in vitanin ZB12 in homogenized milk followed by sterilization
at 120°C for 13 minutes, Fasteurization by holding method
lowered vitamin B1 > significanitly greater than those
observed in HIST pasteurigation, This observation was
in close agreement of Sq~Pierre et al. (1963) who observed
a significantly higher lossgg of vitemin B,, in homogenized
milk; pagteurized by holding method in comparison to those
obsérved in HIST method.

Nutritional consequences

Thovgh milk exhibits wide range' of water soluble
as well ag fat soluble vitamins in it, their contents in
pilk do not adequately fulfil the nutritiocnal requirenenis
for most of these vitamins, While contents of vitamins 282
and vitamin A have been known to be adegquate to meet the
nutritional requiremenis to {:“ large extent, it is not

so in respect of other vitamins, Computation of indices
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TABLE - 30

Effect of homogenigation and pasteurization on index
of nmutritional quality (INQ)* of buffalo milk

Vitamin WNQ for 1NQ for homogenized
- untreated milk and pasteurized milk

Ascorbic acid 1410 0.91
Thiamine 0.80 0.70
Ribofiavin 2.50 2430
Nicotinic acid 0.10 0.09
Pantothenic acid 0.75 0.65
Folic acid 0.30 0.2%
Vitamin B, 0,04 0,04
Vitemin B,, 2,70 2.40

* INQ = of nutrieni allowanhce
(Lofgren and %of energy allowance
Speckmann, 1979)
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of nutritional quality done by Lofgren and Speckmann (1979)
showed that on the basis of nuirient density, whole milk

could hardly be considered as a good source in respect of
ascorble acid, vitemin B, and nicoiinic acid in the normal
humen diet, Further computation on similar basis suggested
that milk do not appear 1o be imporitant dietary source for
folic acid, pentothenic acid and vitamin B, as well (Teble 30),
Even, teking into account the losses ranging between 10-11%

in regpect of vitamin Ez and ¥itamin 312 during homogenization
and subsequent pasfeurization of buffalo milk, the dietary
gsignificance of milk in respect of these vitamine. appears

10 be only marginally minimised, as a result of such treatment,
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SUMMARY__AND _CONCLUS IOK

Though homogenizgtion is practised in fluid milk
processing to improve the palatability as well as in the
nanufacture of several dairy products, the effect of
such treatment on nutritional characteristies of milk has
been largely implied on the basis of improved palatability
and change in ourd tenslion, Xeeping in view the paucity
of systematic information on this aspect, the present study
was undertsken to find the effect of homogenization on
certain nutritional quslities of milk,

In this study, the milk was homogenized in a double
stage Ganlin piston type homogenizer, at a standard
pressure of 2500 psi. It was subsequently pasteurized
either by holding nethod (63°C for 30 minutes) or HIST
method at 72°C for 15 seconds according to the experimental

requirements,

Experiments on the effect of variation in total
solids contents in milk on (i) the homogenization
efficiency, (ii) curd tension and (iii) relationship
between certain chemical constitients and curd tension,
were carried 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

experimenis,
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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, I1 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-
cantly higher (2/0,01) curd tension (42.8 g) than goat nilk
(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

tengion value,

¢} TPasteurization by either holding or HIST +treatment
resulited 7 to 15 percent reduction in the curd tension.

Decreases observed were, however, non significant,

d) As regards homogenization treatment, there was
significant decrease (B/0.01) in curd tension in all types
of milk samples, The maximum reduciion was witnessed in

the case of buffalo milk whereas minimim was seen in the
case of goat milk, It was further observed that predominance
of buffaleo milk in the mixed milk samples infiluenced the

reduction in ocurd tension.

e) As regards the effect of pasteurization subsequent to
homogenization of milk, it was seen that the reduction in
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curd tension was significant in all cases and with |
pasteurization with either method, The overall reduciion
of 76.3 percent in curd tension was observed in dbuffalo
wilk as against i.e, 68.8 and T0.1 percent in cow and

goat milk, respectively.

£) There was a definite positive relationship between
the total solids content and the curd tension of milk
(r = 0.82 ) and also between SNP and the curd tension
0.71)

(r

g) In a stady on the effect of homogenization on the
protein quality, the growth promoiling abllily assessed
by determining modified protein efficiency ratio (PEBD)
and the N-balance in experimenial rats maintained on
test milk samples, were determined., It was observed that
PER; was significantly higher (F/Q.01) in the group of
rats receiving non-homogenized buffalo milk than those
receiving either standardised or whole homogenized milk,

n) 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 (¥/0.01) for the group receiving
non-homogenized whole buffalo milk (93,0) than the group
receiving either standardised homogenized (76.7) and in
whole milk homogenized (88.2), It was further observed
that there was significantly higher excretion of urinary
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nitrogen 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 (NFU = 79.9) over other groups fed
homogenized milk (NPU = 58,2 and 69,3), respectively.

—I LS

j)fiv\:Experimen’c. 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. 78.3%.

2

/k) Attempts to study the biological availability of
vitamin A from buffalo milk homogenized as wll from
non-homogenized, were made using vitamin A deficient maje
rats, By providing vitemin A at a dose of 25 IU per day
fron these milk ssmples, it was observed that vitamin A
deficiency symptoms disappeared by 30 to 33 days of feeding
these milk samples as the source of vitamin A, This was
evident from restoration of growith rate and serum vitamin A
levels, However, it was observed that the groups receiving
houogenlized buffalo milk either standardized or whole milk
had significently higher (2/0.01) levels of vitamin A in
the liver +than those receiving non-homogenized milk,

1) As regards the stability of certain water soluble
vitamins such as, ascorbic acid, thiamine, rivoflavin,
nicotinic acid, pantothenic acid, folic acid, vitamin B6

and B12 on homogeniza't_ion and also after subsequent
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pasteurization, JIt was observed that pasteurization of

untreated milk by either method, lowered the levels of
these vitamins by 2.6 10 11.3 percent,

m) Homogenization treatment of the untreated milk showed
reduction in respect of these vitamins identical +to

pasteurization, which ranged between 3.7 to 10.8 percent.

n) Pasteurization of homogenized milk either by holding
or HIST method reduced regpective vitamins with equal
degree, The overall reduction due to homogenization gnd
pasteurization as regards to these vitamins ranged bvetween
8 to 22 percent, being minimum in vitamin BG and maximm
in folic acid.

CON CIUS ION

Experiments conducted in the course of this
investigation showed that at a standard pressure of
2,500'£§i, milk from different species as well as mixed
milk could be homogenized with equal degree of efficiency,
irrespective of their fat contenti, Such treatment

produced milk with soft curd characteristics.,

As regards the utilization of nutrients it was
observed that fat as well as fal soluble vitamin A from
homogenizea milk, were utilized much hetter than none
homogenized milk. Though homogenization and subsequent
pasteurization of buffale 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, can_not be considered

t0 be of that magnitude so as to suggest homogenization
treatunent undesirable, The improvement in the palatability
of milk decisively increased the net protein intake in

the groups receiving homogenized milk, resulting in maximam
average gain in bvody weights. This could parilally counter
the l1imited adverse effecit homogenigzation may have on the
quality of milk proteins,

The extent of losses in B-group vitamnins studied
were higher when the milk was homogenized and subsequently
pasteurized, However, milk is hardly congidered as a good
source of ascorbic acid as well as most of B-group vitamins
except vitenin B2 and vitamin B1Z.Ahovera11 reduction in
the levels of these vitanins due to homogenization and
subgequent pasteurization thus do not appear to be that
large, so as t warrant the exclusion of homogenized

milk in the bglanced diet,
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FIGI. STANDARD CURVE FOR ASCORBIC ACID
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FiG-2. STANDARD CURVE FOR FOLIC ACID
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FIG.3. STANDARD CURVE FOR RIBOFLAVIN
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FIG.4. STANDARD CURVE FOR NICOTINIC ACID
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FIG.5.STANDARD CURVE FOR PANTOTHENIC ACIO
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FIG.6. STANDARD CURVE FOR VITAMIN A
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