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INTRODUCTION

Livestock forms an integral part of our
agricultural economy. India is a reservoir of vast and
varied types of animal genetic resources. In terms
of genetic diversity there are 27 breeds of
cattle, 8 breeds of buffaloes, 42 breeds of sheep,
22 breeds of goats, 8 breeds of camels, 6 breeds of
horses and 17 breeds of poultry. Thus India is the
repository of 1/9th germplasm of cattle breeds of the
world and almost all breeds of the riverine buffalo.
The farm animals of India have unique characteristics of
adaptations to withstand hostile c¢limate, common
epidermic pests and diseases of tropics. They can
survive on inadequate quantities of feed, fodder and
water. It is logical to assume that the genetic drift
and natural selection, in isolated population of animals
led to the evolution of different breeds which were
given different names based on place of origin and on
some well marked specific phenotypic characters. The
discovery of artificial insemination in middle twentieth
century opened new technologies of improvement. 1In
India, crossbreeding was used as a tool to increase milk
production by introducing exotic germplasm. However the
process had other side effects, viz. loosing the

distinctions of many breeds and over all reduction of
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genetic variation in the species. It simultaneously
placed some of the breeds with lower productivity at
risk. In this way some of native breeds eventually faced
extinction prior to the thorough evaluation of their

genetic potential.

The native cattle of Kerala have been evolved
through several generations of natural selection against
high humidity, heavy rainfall and hot climate. They
have been considered as non-descript animals, but there
has been a variety with characters distinguishing from
others and known as "Vechur Cattle". The Vechur cattle
had their origin in Vechur, a small place by the side of
Vembanad lake near Vailkom in Kottayam district of
Kerala. They were very popular four decades back. They
had relatively higher milk production compared to other
local cows (Velu Pillai, 1940). The extremely small
size of the cow, low feed requirement, good adaptation
and high disease resistance are the traits very much
favoured by the Tfarmers. Farmers preferred Vechur
cattle for ploughing in marshy land because of the small
size and weight. Kerala Agricultural University has
succeeded in conserving this unique genetic resource
with the financial aid from 1Indian Council of
Agricultural Research. Genetic characterisation 8 in

progress.



The present study has been taken up with the

following objectives:

1. Identification of certaln genetic markers in Vechur

cattle

2. To study the milk components like fat, total solids,
solids not fat as a part of characterisation of the

breed

3. Tc study the fat globule size, distribution and

Iodine value of milk fat

The studies on milk protein polymorphism play an
important role in understanding the genetic characteri-
stics of Vechur breed. The estimation of milk components
is of high economic importance. It is useful to know the
effect of crossbreeding on fat and solids not fat (SNF)
content of milk which form the basis for the present
pricing system in dairy industry. The size of fat
globules is considered to be a breed characteristic and
lodine value gives a measure of unsaturated fatty acids

in the milk fat.



There 1s a belief that the Vechur cow milk has high
thickness and medicinal value, so it was used to prepare
medicated oils and ayurvedic medicines. This belief can
not be set aside as baseless. The present studies play
a vital role to characterise the Vechur cattle and help
to find out the scientific basis behind the beliefs
which were nurtured by the local people for several

generation.
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REVIEW OF LITERATURE

2.1 Milk protein polymorphism

2.1.1 Casein

Cow’s milk contains approximately 3.5 per cent
protein and distributed as 2.9 per cent casein and 0.6
per cent whey proteins. The casein in milk exists in the
form of a complex or micelle consisting of calcium
caseinate plus phosphate, magnesium and citrate. The
principal milk protein casein comprising of a-, B- and
k-casein with notable difference in the mobility in an
electric field which enables the identification of these

proteins by an electrophoretic procedure.

2111 «ag - Casein

Kiddy et al. (1964) observed six casein phenotypes
among 1378 cows. The distribution of phenotypes were 98
Ayrshires (all BB), 203 Brown Swiss (192BB and 11BC),
400 Guernseys (188 BB, 32 CC and 44 BC), 542 Holsteins
(2 CC, 410 BB, 5 AC and 125BC), 68 Jerseys (44 BB, 2 CC
and 21 BC) and 68 crossbred (67 BC and 1 BC). The reason

for predominant of B was not apparent.
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Aschaffenburg (1968) reported that the A variant of
a,~casein was very rare and appeared to be confined to
single blood line of Holstein originating in the state
of Michigan. "B" variant of «a,,-casein predominated 1in
Western breeds of cattle and frequency was lower in some
of the African zebu breeds. The gene frequency of
a,,-casein B variant was exceeding 0.90 in many breeds

and reached 1.00 in some breeds like Ayrshire.

The existence of polymorphism in the casein
fractions of Indian cattle was first demonstrated by
Aschaffenburg (1968). Milk samples from five breeds viz.
Hariana, Desi, Sahiwal, Tharparkar and Red Sindhi were
tested. Most of the variants were identical to those of
Western breeds. Zebu breeds had very high gene frequency
of a,, casein C unlike predominance of B variant in

Western breeds.

Juneja and Chaudhary (1973) observed that the gene
frequency of a_.~casein C was 0.9 in Sahiwal and Rathi

breeds.

Hussain (1974) reported that the a,,-casein B allele
predominated in all European breeds of cattle. African
breeds 1like Boran (0.39) and BAnkoli (0.40) had

moderately high frequencies and some other African
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breeds like Neguni(0.86) and Pedi (0.92) had much higher

frequency of B allele than that in Indian cattle.

Jairam and Nair (1983a) identified three types
of a,,-casein BB, CC and BC. The gene frequency of B
allele of a_..-casein was 0.09 in Sahiwal, 0.09 1in
Tharparkar, 0.03 in Red Sindhi and 0.51 in Brown Swiss

X Sahiwal cross.

Ng-Kwai-Hang et al. (1984) phenotyped casein for
2045 Holstein COWS by poly acrylamide gel
electrophoresis. Gene frequencies observed were
a,,-casein A 0.003, B 0.970 and C 0.027. 94 percentage
of animals were homozygous for «,,_casein B variant. The
A and C variants were rare and appeared only as
heterozygous AB and BC.

| Mclean et al. (1984) reported genetic variants at
the a_,-casein locus in Jersey and Holstein breeds. The
gene frequency for a,,-casein was 0.628 for B and 0.372
for C in Jersey cows and 0.963 and 0.037 for B and C

variant in Friesian cows.

Lin et al. (1986) and Eenemaan et al. (1991)
reported that the locus a,-casein was dcminated by
allele B (95.5 percentage) in Holstein Friesian,

Ayrshire and Holstein Friesian/Ayrshire crossbred lines.
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Madhavan (1995) observed that a,,-casein locus
consisted three phenotypes with two alleles B and C. The
BC and BB phenotypes were higher in Jersey crossbred.
The B allele had the highest frequency in all three
genetic groups viz. Jersey crossbred (0.63), Brown Swiss

crossbred (0.61) and Holstein Friesian crossbred (0.63).

21.1.2 [(}-casein

Genetic variants of B-casein was first reported by
Aaschaffenburg (1961) by using paper electrophoresis.
The three variants B-casein A, B and C with different
electrophoretic mobilities were detected in British
breeds either singly (A, B or C) or in pairs (AB, BC

and AC).

Thompson and Pepper (1964) reported that the
occurrence of pB-casein variant was breed specific, the
B-casein A, B allele occur in Jersey and Holstein, A,
B and C allele in Guernsey and Brown Swiss breeds and

only A allele in Ayrshire breed.

Aschaffenburg (1968) reported a rare @B-casein D
variant in Indian desi and African Boran cows indicating
link between Indian and African =zebu cattle. The g-

casein B variant in Indian cattle differs in its amino



acid composition from Western breeds. The further
electrophoresis of A variant of B-casein resolved into
Al, A2 and A3. A3 allele was found to be rare in
Holstein Friesian and Normande breeds. Frequency of A2
was found to be higher in Ayrshires and Guernseys and
also in certain Indian breeds like Sahiwal, Tharparkar,
Hariana, Red sindhi and Desi. The frequency B variant of
B-casein was very low in majority of the breeds. C
variant of g-casein was not found in Jerseys but
observed in Guernsey. C allele was found to be
characteristic of Brown Swiss and other mountain breeds
of cattle. The C variant was very low in Holstein

Friesian cows.

Singh and Khanna (1972) reported B-casein variants
in two Hariana populations maintained at Izatnagar and
Haringhatta. They observed five phenotypes viz. Alal,
A2A2, BB, AlA2, AlB and A2B controlled by three alleles
B-casein Al, A2 and B. The phenotype A2A2 was
predominant in both populations. AlB was observed only
in Izatnagar population and the frequency of B-casein
Al, A2 and B were 0.051, 0.838 and 0.11 in Izatnagar and
that for Haringhatta animals were 0.040, 0.804 and 0.156

respectively.
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Juneja and Chaudhary (1973) observed two
phenotypes at pQB-casein locus in Sahiwal, Rathi and
Jersey X Sahiwal viz. AA, AB. The predominant phenotype
was AA, though the frequency of heterozygotes AB was
higher in Jersey X Sahiwal crossbred. The frequency of
B-casein A allele was 0.94 in Sahiwal, 0.95 in Rathi and
C.81 in Jersey X Sahiwal. A new rare phenotype B-casein
AD were observed in one of the Rathi cows. The casein D

had slower mobility than that of B-casein B.

Frequency of B allele of B-casein was reported to be
low in Indian zebu cattle (Jairam and Nair, 1983 b). The
highly significant differences ©between the gene
frequencies in zebu cattle (0.04- 0.07) and Brown Swiss
X Sahiwal (0.16) indicated that gene frequency in exotic
breed might be quite different from that in 1Indian
cattle.

Ng-Kwai-Hang et al. (1984) observed that the gene
frequency of B-casein Al 0.561, A2 0.421, A3 0.011 and
B-casein B 0.007 in Holstein cows. The rare B gene was

only in heterozygous combination with Al, A2 and A3.

Mclean et al. (1984) observed gene frequency of
0.074, 0.564 and 0.362 respectively for B-casein A, A2
and B in Jersey cows and 0.074, 0.564 and 0.362 for B-

casein Al, A2 and B respectively in Friesian cows.



11

Lin et al. (1986) observed a gene frequency of
0.440 0.450, 0.07 and 0.04 for Al, A2, A3 and B allele

in Ayrshire cattle.

Madhavan (1995) observed three phenotypes viz. AA,
AB and BB at pB-casein locus. The frequency of A allele
was 0.81 1in Brown Swiss crossbred, 0.75 in Jersey
crossbred and 0.71 in Holstein crossbred. frequency of
AA phenotype was highest in Brown Swiss crossbred (0.67)

and AB was highest in Jersey crossbred.

2.1.1.3 k-casein

Aschaffenburg (1968) observed two variants of
k-casein A and B. The A allele predominated in majority
of cattle breeds except Jersey, Normande and some

African zebu cattle.

Two phenotypes k-casein AA and AB were reported by
Majumder and Ganguli (1970). The gene frequency of
k-casein A was 0.63, 0.78 and 0.62 in Tharparkar,
Sahiwal and Red Sindhi respectively. All the zebu breeds

were predominantly of AA phenotype.
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Juneja and Chaudhary (1973) reported two phenotypes

AA and AB in zebu and three phenotypes AA, AB and BB in
crossbred. The frequency of k-casein A was 0.92 in

Sahiwal, 0.83 in Rathi and 0.54 in Jersey X Sahiwal.

Jairam and Nair (1983b) observed that the
significantly higher gene frequency of 0.69 for B allele
in crossbred cows while it was 0.26 in Sahiwal and Red

sindhi and 0.13 in Tharparkar breed.

Ng-Kwai-Hang et al. (1984) reported that the gene
frequency of k-casein A and B were 0.744 and 0.256 in
Holstein cows with 53 percent, four percent homozygous

for A, B and 43 percent heterozygous for AB.

Lin et al. (1986) found three genotypes of k-casein
AA, AB and BB in Holstein Friesian and Holstein Friesian
X Ayrshire lines. k-casein locus was dominated by allele

A (65.6%).

Madhavan (1995) observed two alleles A and B and
three phenotypes viz. AA, AB, BB at k-casein locus. The
frequency of AA was highest in Jersey crossbred (0.52)
and AB phenotype in Brown Swiss crossbred (0.51). Allele

A was predominant in all the populations.
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2.1.2 Whey proteins

The proteins remaining after casein in the skim milk
is known as whey protein which consists of mainly

alpha-lactalbumin and B-lactoglobulin.

2.1.2.1 «-lactalbumin

Bhattacharya et al. (1963) found the frequency of
a-lactalbumin A allele varying from 0.20 in crossbred to

0.37 in Sahiwal cows.

Mawal (1967) reported low frequency of A allele as

0.38 in Gir and 0.40 in Gavathi cows.

Aschaffenburg (1968) observed low gene frequency in
some of the African breeds like Boran and Ankole, but

other showed similar frequency as in Russian breeds.

Jairam and Nair (1983b) reported the frequency of
A allele 1in sahiwal, Tharparkar, Red Sindhi and Brown
Swiss x Sahiwal crossbred cows as 0.18, 0.17, 0.16 and

0.08 respectively.
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2.1.2.2 [3- lactoglobulin

Aschaffenburg and Drewry (1955) observed -
lactoglobulin A and B variants in short horn, Friesian,

Ayrshire and Guernsey breeds.

Aschaffenburg (1968) reported that the zebu breeds
had very low frequency of A variant compared to Western
breeds. B allele was predominant in most cases and C
variant was found only in South African Neguni cattle in

heterozygous form.

Singh and Khanna (1972) observed g-lactoglobulin A,
B and C variants in Hariana cattle. The gene frequency
of B variant was reported to be 0.831 and 0.921 for

Izatnagar and Haringhatta population.

Juneja and Chaudhary (1973) reported three
phenotypes viz. BAA, AB and BB at B-lactoglobulin locus
in Sahiwal, Rathi and Jersey X Sahiwal cattle. The
homozygous BB was predominant in all the genetic groups.
The frequency of B-lactoglobulin A was 0.18, 0.21 and

0.32 in Sahiwal, Rathi and Jersey X Sahiwal crossbred.

Singh and Bhat (1980) phenotyped milk samples for

B-lactoglobulin locus from cows of Hariana, Sahiwal,
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Kankrej, ongole, Red Sindhi, Kangayam, Gir, Tharparkar,
Holstein Friesian, crossbred of Holstein Friesian with
Hariana and Sahiwal. Holstein cows exhibited A and B
variant. Indigenous and crossbred cattle had three
alleles Lg -A, Lg-B and Lg-C. Lg-B was the most common
allele among indigenous breeds (0.44 to 0.94), Lg-A had

relatively high frequency among Holsteins (0.57).

Jairam and Nair (1983 b) reported significant
differences between Tharparkar and Sahiwal or Red Sindhi
in the B-Lg. A gene frequencies. The gene frequency of
A allele in Sahiwal, Tharparkar, Red Sindhi and Brown
Swiss x Sahiwal crossbred cows were 0.23, 0.13, 0.23 and

0.31 respectively.

Ng-Kwai-Hang et al. (1984) observed gene frequency
of B-lactoglobulin A 0.387 and B-Lg B 0.613 in Holstein
cows. The phenotypic frequencies were 0.135, 0.505 and

0.360 for AA, AB and BB.

Lin et al. (1986) observed AA, AB or BB variant in
B-Lg locus was dominated by allele B (78.4 per cent).
Madhavan (1995) observed A and B allele at B-Lg locus.
The frequency of A allele was 0.46 in Holstein Friesian
crossbred, 0.40 in Brown Swiss crossbred and 0.43 in

Jersey crossbred.
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2.2 Milk composition

The milk yield and milk composition in the cow are
influenced by many environmental and hereditary factors.
This may vary between individuals, herds and breeds.
Indian breeds of cattle in contrast to exotic dairy
breeds yield lower quantity of milk, but with higher

percentage of fat and solids not fat.(Singh et al,1961).

2.2.1 Milk fat percentage

2.2.1.1 Eftect of species

The effect due to species on milk fat percentage
was found to be statistically significant by different
authors, Byron et al. (1972); Singh et al. 1961;
Balwant Rai Puri et al. 1961; Ghosh and Anantakrishnan

(1963).

2.2.1.2 Eftect ot breed

Several breeds of cattle, as a result of long
continued segregation and inbreeding had characteristic
differences in the composition of milk they produce. The
fat percentage of recognised Indian breeds of cattle and
thelr crosses reported by several workers given in

Table 2.1.
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Table 2.1 Average milk fat percentage of recognised
Indian breeds of cattle and their crosses
~ Author(s) Breeds of Fat
cattle percentage
Anhﬁaimﬁeport NDﬁi_ . SiﬁdhiWW” e éjéoww i
(1948)
Gir 4.73
Tharparkar 4.55
" sahiwal 4.55
Balwant Rai Puri et al. Fed Sindhi 4.50
(1961)
Tharparkar 4.70
Kohli et agal. (1961) Hariana 4.40
Singh et al. (1961) Sahiwal 5.30
Harians 5.90
Local 4.30
Ghosh and Sindhi 5.15
Ananthakrishnan (1963)
Gir 5.10
Crossbred 4.83
Arora and Gupta (1969) Nimari 4.43
Tilakaratne et al. Jersey X 5.51
(1975) Sindhi
Babu Rao and Brown Swiss x 4.19
Jayaramakrishna (1983) Ongole
HF x Ongole 3.66
Ongole 5.20
Naikare et al. (1992) Friesian x Gir 3.93
Jersey x Gir 4.36
Brown Swiss x 3.94
Gir
Iype et al. (1994) Crossbred

.40
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Among exotic cattle Jersey was found to be having
a high fat percentage (5.05) compared to Brown Swiss,
Holstein Friesian, Guernsey, Ayrshire and Simmental
breeds of cattle (Byron et al., 1972; Belyaev and
Kislewa, 1966; Tilakaratne et al., 1975). Meat breeds
like Angus, Hereford and Charolais had milk fat

percentage of less than three (Melton et al., 1967).

2.2.1.3 Effect of stage of lactation

Various workers reported that the significant
effect of stage of lactation on the fat percentage of
cow milk. The major constituents tended to decline
nearly in the fourth week of lactation after which there
was a significant increase as lactation advanced
(Bayoumi, 1959; Singh et al., 1961; Ghosh and
Anantakrishnan, 1964; Arora and Gupta, 1969; Sadana et

al., 1978).

Iype et al. (1994) observed a significant
difference in fat percentage of early, middle and late

lactaticn 1in crossbred cows of Kerala.
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2.2.1.4 Season

Bayoumi (195%9); Ghosh and Ananthakrishnan (1963);
sommerfeldt et al. (1985); Mohran and Fahmy (1992)
observed a significant effect of season on fat
percentage of both cow and buffalo. It was higher during

monsoon seasons.

Arora and Gupta (1969) revealed that the fat
percentage of cow was not influenced by season and they
explained that the slight <changes was due to
availability of fodder and high temperature stress in

summer months.

2.21.5 Parity

Though changes were erratic)the effect of lactation
number was significant on fat percentage (Sadana et al.,

1978; Naikare et al., 1992).

2.2.1.6 Pregnancy

Parekh and Gangwar (1968) observed an increase and
decrease trend in fat percentage during mid and late
pregnancy. Sharma et al. (1990) noticed significant

variation in milk constituent due to stage of pregnancy.
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2.2.1.7 Ration

several authors reported that significant effect of
ration on fat percentage of cows (Taparia, 1969;

- Sathian, 1992).

2.2.2 Total solids percentage

2.2.2.1 Species

The total solids content of the milk varies depends
upon the species. Singh et al. (1961); Ghosh and
Anantakrishnan (1963); _Mohran and Fahmy (1992)
observed a significant difference in total solids

content of cow and buffalo milk.

2.2.2.2 Breed

The variation in total solids content of milk due to
breeds was significant. The breed wise total solids
content reported by various authors is given in Table
2.2. Exotic breeds showed the trend of total solids
same as that of fat percentage. Guernsey and Jersey had
total solids percentage of above 14 compared to other
breeds like Brown Swiss, Ayrshire, Holstein Friesian,

Short horn, Red Danish and Simmental.



Table 2.2 Average total soilds

21

percentage of milk in

recognised Indian breeds of cattle and their

crosses
Breeds of Total
Author (s) cattle solids
percentage
Annual Report NDRI Sindhi 13.93
(1948)
Gir 13.56
Tharparkar 13.42
Sahiwal 13.58
Balwant Rail Puri et al. Red Sindhi 13.11
(1961)
Tharparkar 13.00
Arora and Gupta (1969) Nimari 13.69
Tilakaratne et al. Jersey Xx 14.55
(1975) Sindhi
Babu Rao and Ongole 14.51
Jayaramakrishna (1983) )
Ongole X Brown 13.29
Swiss
Ongole x HF 12.26
Johnson (1995) Crossbred 12.99

2.22.3 Stage of lactation

. 'Darshanlal and Narayanan (1991) reported that the

total solids content of the milk was significantly

affected by the stages of lactation, ( Bayoumi, 1959;

~Mohran and Fahmy, 1992) but not by the lactation numbers
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in cows. But in buffaloes both number and lactation

stage had significant effect on total solids content.

- Ghosh and Anantakrishnan (1963) observed a period of
decline for nearly in. the fourth week of lactation in
cows and seventh week in buffaloes (Parekh and Gangwar
1968) after which there was a significant rise as

lactation advanced.

2.2.2.4 Season

Ghosh and Anantakrishnan (1963) as well as
Sommerfeldt (1985) observed significant effect of
season on total solids content of milk.

Barbano and Dellavalle (1985) studied biweekly
variation of total solids content of pooled cow milk
samples and reported the non significant effect of

sSeason.

2.2.2.5 Pregnancy

Parekh and Gangwar (1968) reported an increase and
decrease trend in total solids percentage during mid and

late stage of pregnancy in cow.
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Sharma et al. (1990) reported that the stage of
pregnancy accounted for a significant effect on total

solids content of milk.

2.2.3 Solids Not Fat percentage

2.2.3.1 Species

The solids not fat content differed significantly
due to species. Ghosh and Anantakrishnan (1964): Mohran
and Fahmy (1992) found significant difference in solids

not fat content of cow and buffalo milk.

2.2.3.2 Breed

[y

The difference in solids not fat percentage due to

breed is given in Table 2.3.

Solids not fat percentage of exotic breeds of
cattle showed lesser variation compared to fat and total
solids percentage. Byron et al. (1972) reported solids
not fat content of above nine percent in Guernsey,

Jersey, Brown Swiss, Ayrshire breeds of cattle.
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Table 2.3 Average soilds not fat percentage of milk
in recognised Indian breeds of cattle and

their crosses

Solids not

Author(s) Breeds of cattle fat
percentage
Annual Report Sindhi 9.03
NDRI (1948) ,
Gir 8.83
Tharparkar 8.87
Sahiwal 9.03
Ghosh and Sindhi 8.86
Ananthakrishnan .
(1963) Gir 8.91
Crossbred 8.78
Arora and Gupta Nimari 9.26
(1969)
Babu Rao and ongole 9.30
Jayaramakrishna
(1983) Ongole x Brown 9.09
Swiss
Ongole x HF 8.68

2.2.3.3 Stage of lactation

The stage of lactation and age of the cow had a
significant effect on solids not fat content of the milk

(Bayoumi, 1959); Singh et al., 1961)
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‘Ghosh and Anantakrishnan (1964); Arora and Gupta
(1969) observed no definite trend and concluded that the
stage éf lactation was not having significant effect on

SNF content of the milk in cows.

2.2.3.4 Season

Several authors reported that the significant
effect of season on the SNF content of the milk of
cattle (Ghésh and Anantakrishnan, 1964; Arora and Gupta,

1969; Sommerfeldt et al., 1985; Mohran and Fahmy, 1992).

2.2.4 Correlation among constituents

Non-significant correlations between fat and SNF
percentages were reported by Bayoumi (1959); Arora and
Gupta (1972). Babu Rao and Jayaramakrishna (1983) found
significant correlation between fat and SNF percentages
in Ongole and their crosses and Sommerfeldt et al.

(1985) observed positive significant correlation.

~Significant correlation values (Babu Rao and
Jayaramakrishna, 1983) were obtained between fat and
total solids percentages among Ongole and their
crossbred cows and by Belyaev and Kiseleva (1966) in

Black Pied and Simmental cows.
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Babu Rao and Jayaramakrishna (1983) reported
significant positive correlation between SNF and Total

solids percentages in Ongole and their crossbred cows.

2.3 Fat globule

The lipids exist in milk in the form of spherical
droplets or globules (Jenness and Patton 1959). They are
very small, but vary considerably in size (2 to 20u).
The milk phospholipids are present in the fat globule
membrane and found to be an important factor in the
development of brain and nervous tissues and also paly
a vital role in the fat digestion and absorption due to
its emulsifying action (Norman, 1978). An increase in
the number of smaller size of fat globule is always
associated with greater surface area and higher
phospholipid content (Kuchroo and Narayanan, 1977a & b).
The small size fat globules are digested more readily by
lipases because of the greater surface exposed (Jenness,
1980). The size of fat globule influenced by species,
breed, stage of lactation, but the influence of
environmental factors such as feed, climate were less

definitive (Jenness and Patton, 1959).
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2.3.1 Effect of species

" Fahmi et al. (1956) reported that the average size
of fat globules were 3.30u, 3.49u, 4.55p and 5.92p for

sheep, goat, cow and buffalo milk.

_Balwant Rai Puri et al. (1961) observed a range in
the size of fat globules in different samples of goat,
cow and buffalo milk as 2.06 to 3.53u, 3.26 to 3.99u

and 3.68 to 5.05u respectively.

Kuchroo and Narayanan (1977b) reported the average
size of fat globule in cow and buffalo milk were 3.5u,

4.6u.

George (1981) studied size of fat globules
in Alpine X Malabari and Saanan X Malabari crossbred
goats as 2.56y and 2.70u respectively. The size was
found to be decreasing with the advancement of

lactation.

2.3.2 Etfect of Breed

The distribution of fat globule size was influenced
by breed, the cows of Channel Island breeds produce

milk containing more of larger globules than those of
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other breeds. The fat globule size distribution for four
breeds of cattle (Jenness and Patton, 1959) is given in

Table 2.4.

Table 2.4 ©Per cent distribution and mean size of fat

globules in milk of Four breeds of cattle

Breed Range in microns

0-2.4 2.4-4.8 4.8-7.2 7.2-9.6 9.6-12 12-14.4 Mean

Jersey 8.1 38.3 32.1 18.1 5.3 1.1 5.48
Gurnsey 6.5 38.9 35.0 14.4 4.4 0.7 5.36
Ayrshire 14.6 54.0 23.4 6.2 1.6 0.2 4.24
Holstein 14.5 54.6 24.5 5.1 1.1 0.2 4.18

2.3.3 Effect of stage of lactation

The size of fat globules was affected by stage of
lactation. It was reported byjapadhyaya et al. (1973) in
buffaloes: Katiyar et al. (1973) in Sahiwal cows.
Kuchroo and Narayanan (1977b) observed an increase in
the proportion of smaller size fat globules and
decrease in bigger size fat globules as the lactation

progressed.
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2.3.4 Effect of milking interval

The relative size of fat globules in the morning
and evening milk were not similar (Byron et al., 1972)

unless the milking intervals were equal.

2.3.5 Effect ot tractional milking

Whittlestone (1958) observed no difference in size
of fat globules between middle milk and strippings.
Kuchroo and Narayanan (1977a) reported that the size of
fat globules have a negative trend towards the
termination of milking corresponding to increase in the

fat content of milk.

2.3.6 Correlation coefficient between fat globule size and fat

percentage

Kuchroo and Narayanan reported {1977a) significant
negative correlation of fat globule size with fat
percentage as -0.7056 ip buffalo and -0.8648 in cow
milk. The correlation coefficient for early, middle and
late lactation was - 0.0963, - 0.1666 and + 0.4033 in
buffalo and - 0.4236, -0.0984 and - 0.1373 in cow's milk

respectively.
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-~ Kuchroo and Narayanan (1977b) observed significant
negative correlation coefficient between fat globule
size and phospholipid content in fore milk and

strippings of cow and buffalo.

2.4 lodine Value

Iodine value gives a measure of the unsaturated
fatty acids present in the fat (Jenness and Patton,
1959). The saturated fatty acids are digested easily
by B-oxidation than unsaturated fatty acids and found to
be very useful in malabsoption syndromes (Vasudevan and

Sreekumari,1995).

Basu (1962) reported that the iodine value for
milk fat from different breeds of goats and cows varied
from 32.8 to 33.9, while buffalo milk fat showed a lower

value of 2%6.4.

Fahmi and Fahmy (1972) found that with advancing
stage of lactation iodine value of both cows and
buffaloes tended to decrease. Iodine value at the
beginning of lactation and the relative rates of
increase during the lactation period were higher in cows
than in buffaloes. They reported that iodine value were

not affected by change in ration.
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- Ramamurthy et al. (1978) reported variation in

iodine number from 21.6 to 31.6 in cow’s milk fat.

George (1981) reported iodine number for the milk
fat of Alpine x Malabari and Saanen x Malabari goats as
24.95, 25.09 respectively and found that it was
increased with the advancement of lactation in crossbred
goats. Henry and Newlander (1987) reported a range in
the 1lodine number of cow milk fat as 30 to 34. They
observed a sharp increase during pasture season and when
oily feeds were fed. It also increased during last few
weeks of lactation period and to some extent during

fasting.
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MATERIALS AND METHODS

Fourteen Vechur cows maintained under ICAR Scheme
on "Conservation of Germplasm of Vechur cattle of the
coastal area and other dwarf cattle of high ranges of

Kerala" were used for this study (Fig. 1).

Collection of milk samples

Milk samples of 50 ml from individual cows were
collected mixing at weekly intervals in the morning and
evening for one lactation. Samples were analysed for
percentage of fat, total solids, solids not fat and fat
globule size. The sample for milk protein polymorphism
were collected in a sterile plastic tube directly from
the teats. Half 1litre of milk was used for the
estimation of iodine number at fortnightly intervals for

four months.

Management of cows in the farm

The cows in milk in the farm were fed with
adlibitum roughage and one kg. of concentrate mixture

having following composition.



Fig.1 Vechur cattle of Kerala



Yellow maize

Ground nut oil cake
Wheat bran
Rice polish

Mineral mixture

salt

..
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20 parts
28 parts
17 parfs
32 parts
1.5 parts

1.5 parts

The animals were vaccinated against foot and mouth

and Haemorrhagic septicemia as routine.

Weaning is not practised and letting down of milk is

done by suckling of calves.

Samples were collected

from individual cows in the morning and evening.

The traits studied were:

Milk protein polymorphism:

Percentage of fat, total solids and solids not

fat in milk

Fat globules size and distribution

Icdine value
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3.1 Milk protein polymorphism

3.1.1 Procedure of Separation of casein

Fractionation of casein was started within an hour
of sample collection by using the method suggested by

Thompson and Kiddy (1964) with slight modifjcation.

Five ml of milk sample was centrifuged for 15
minutes at 3000 rpm. The skim milk under the fat layer
was aspirated with a long hypodermic needle and syringe
to fresh centrifuge tubes. 1N hydrochloric acid were
added to the skim milk samples till the pH was adjusted
to 4.6. The samples were again centrifuged at 3000 rpm
for 15 minutes and the whey portion was removed. The
casein obtained in the tubes were washed for four to

five times with distilled water.

3.1.2 Separation of Genetic variants of Casein

The variants of casein were separated by poly
acrylamide gel electrophoresis. The genetic variants
were identified by their electrophoretic mobility as per
the nomenclature of major and minor milk proteins of

cow’s milk established by’éigel et al. (1984).
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3.1.3 Buffers and solutions: Electrophoretic bufter

Tris - 12 g
Glycerine - 57.6 g
Distilled water - 2.0°1
pH - 8.3

Acrylamide stock solution (A)
Acrylamide (Sisco) - 32 g

N, N, Methylene Bisacrylamide - 0.8 g

The two reagents were dissolved in 100 ml distilled

water and filtered.

Gel buffer (B)

Tris : 9 g
Urea : 24.4 g
Citric acid : 0.9 g
Distilled water : 100 ml
Beta Mercapto Ethanol : 4 drops

Ammonium persulphate (C)

50 mg of ammonium persulphate was freshly

dissolved in 50 ml distilled water and used.



Working gel solution

Composition for the 8 % acrylamide gel

Acrylamide (A)
Gel buffer (B)
Distilled water
TEMED

Ammonium persulphate (C)

Staining solution

amido black 10 B
Distilled water
Acetlic acid

Destaining solution

Methanol

Glacial acetic acid

Distilled water

Preserving solution

Acetic acid

Distilled water

e

6.25 ml

2.75 ml

0.03 ml

930 ml

70 ml

2500 ml
500 ml

2500 ml

70 ml

930 ml

36
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3.1.4 Procedure

3.1.4.1 Preparation of gel

A continuous buffer system of 8 per cent acrylamide

solution at pH 8.3 was used.

Two plates of equal size, one made up of acrylic
sheet and the other one the glass plate was used for the
preparation of gel. The acrylic sheet was having 1.5 mm
high frame on three sides which formed the thickness of
the gel. On the free side without the frame the acrylic
sheet was having projection to form well on the gel. The
glass plate was kept in opposition by an application of
vacuum grease on the frame. Paper clips were applied on
all sides. Freshly prepared working gel solution was
filled into the gap between the plates. Care was taken
to avoid the formation of air bubbles in the gel.

Polymerisation was completed within 20 minutes.

Preparation of casein sample for electrophoresis

The casein was dissolved in 6M urea solution for the

application of the samples for electrophoresis.
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3.1.42 Electrophoresis

Acrylic sheet was carefully removed and gel with
glass plate was gently placed in the electrophoretic
chamber containing the electrode buffer. Whatman filter
paper No.l was used as the wick for the completion of
circuit connecting the gel and electrode buffer. Enough
numbers of filter papers of equal sizes and same level
at the edges were used for uniform voltage gradient.
The wicks were wetted well and placed gently on either

side of the gel.

Twenty microlitres of casein sample dissolved in
6 M urea solution was charged 1into the wells.
Bromophenol blue was used as marker on two wells as
indicator. An initial current of 200 Vv at 10 MA for 10
minutes followed by 200 VvV at 25 MA for 5 Hours was

applied.

3.1.4.3 Staining, destaining and preservation

The gel was removed from the glass plate and put in
destaining solution for 2 hours. Excess stain was
removed by keeping the gel in destaining solution for 12

hours. Then it was preserved in the preserving solution.
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The genetic variants were identified by their relative

mobility on the gel.

3.1.2 Whey proteins

Whey protein variants was separated by the method
of Ng-Kwai-Hang et al. (1984). The same method for
casein with the following modifications was applied for
whey proteins. Gel buffer (B) devoid of urea with same
composition was used. Crystaline urea 0.4 g/ml was
added to the supernatant left after casein
precipitation, twenty microlitres of the samples were
applied to the wells. Twelve percentage acrylamide gel

was used.

3.1.3 Analysis of data

The gene frequencies at different loci were
calculated by the direct counting method and expressed

in percentage.

3.2 Milk composition

3.2.1 Fat percentage

Fat percentage of milk was estimated by Gerber's
method as per the procedure described in IS : 1224

Part I (1977).
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3.2.2 Total solids percentage

Total solids percentage cof milk was estimated by

gravimetric method (IS : 1479 - Part II 1961).

3.2.3 Sclids not fat percentage

Solids not fat (SNF) content of milk was determined
by finding the difference between toctal sclids content

and fat content of milk.

3.2.4 Statistical Analysis

Mean, Standard error and coefficiert of variation
were estimated for each parameter. Correlation between
traits was estimated by the method described by Snedecor

and Cochren (1967).

The influence of stage of lactation ie weeks 1-44
and time of milking were worked out using least squares
analysis of variance as described by Harvey (1986) for

non orthogonal data. Model used was:
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Yijk = u + Ti + 87 + eijk

where,
Yijk = k" observation of 3" week (stage) of
the i1i"" time milking
u = General mean
Ti = Effect of i*" time of milking
(t =1 -2 )
S = Effect of j"" stage of lactation
(S = 1 - 44)
eijk = Random error

3.3 Fat globule

3.3.1 Measuring the size of fat globules

The technique of'ﬁangappa (1964) with modifications
in dilution of milk was used to estimate the size of fat
globules. One ml of milk sample was made up to 10 ml
with water. The microscopic examination was carried out
by placing one drop of diluted sample on a slide on to
which a cover slip was placed. The diameter of the fat
globules were then measured under the microscope by
fitting an eye piece micrometer to the eye piece of the
microscope, the scale of which being previously

determined by a 1/100 stage micrometer.



42

Milk samples were taken from cows individually. The
size of atleast 100 fat globules were measured in each
sample. To ensure that all the globules viewed in the
field were recorded, the microscopic field was divided
into sections by full rotation of the eye piece. The
diameter of every fat globule present in the circular
space made by rotating half of the graduation of the eye
piece a full rotation were noted. In this way repeated

measurements of the same fat globules were avoided.

3.3.2 Method of analysis

Fat globule size was determined by the method of
Kuchroo and Narayanan (1977a). To estimate the average
diameter, the fat globules measured were grouped
according to their diameter. The average diameter was
then obtained by multiplying the number of globules in
each group by its average diameter, summing the products
and dividing i% by the total number of globules in all
groups. Pooled samples of milk from goats, crossbred
cattle and buffaloes were taken as controls and also for
comparison as against individual samples from Vechur

animals.
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3.4 lodine value

The iodine value is the number of grams of iodine
absorbed by 100 g of oil or fat. The softness of fat is
directly related to iodine number. iodine number was

estimated by Wiji’s method (IS : 3508-1966 part I 1980)

3.4.1 Procedure

Weighed accurately 0.40 - 0.45g of the clean ghee
from individual cows in a dry iodine value flask. The
fat was dissolved in 15 ml of carbon tetrachloride and
by means of a burette exactly 25 ml of Wijis reagents
(Iodine mono cnloride 5ml; Glacial acetic acid 500 ml)
was added. The flask was closed well and mixed carefully
and left for one hour in the dark. Then 20 ml of 10
percentage potassium iodide solution and approximately
150 ml of distilled water were added and mixed well. The
contents were titrated with 0.1 N sodium thiosulphate
solution swirling the liquid constantly. Shortly
before the end of the titration 2 ml of the starch
solution was added and the contents were shaken
vigorously. A blank test was carried out by using the
same quantity of the reagents. Then number was

calculated as follows.



Where

12.69 (B - S) N

Iodine value =

W

B - Volume in ml of standard sodium
thiosulphate required for the blank

s - volume in ml of standard sodium
thiosulphate required for the sample

N - Normality of the standard sodium
thiosulphate solution

w o o- Weight in gram of the material taken for

the test

The iodine value is expressed as a number.

44
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RESULTS

4.1 Milk protein polymorphism

Fourteen animals were typed for milk protein
variants such as ag-casein, B-casein, x~-casein and whey
proteins a-lactalbumin and  B-lactoglobulin. The

phenotype and gene frequency are presented in Table 4.1.

41.1 Casein

4.1.1.1 ag,-casein

Three phenotypes (Fig.2) were observed in ag -casein
locus viz., BB, BC and CC with alleles B and C. The
Phenotype BB was fast moving and CC slow moving. The

diagrammatic representation is given in Fig. 3.
4.1.1.2 f-casein
Two phenotypes AA and AB with two alleles A and B

were observed at fB-casein locus (Fig. 2). The

diagrammatic representation 1is given in Fig. 3.
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Table 4.1 Phenctype and gene frequency of ag,-, B and
k-caseins, a-Lactalbumin and @B-Lactoglobulin
types in Vechur cattle.

variant Phenotype frequencies Gene frequency
a-casein BB BC cc B C
0.14 0.22 0.64 0.25 0.75
(2) (3) (9)
B-casein AA AB BB A B
0.29 0.57 0.14 0.58 0.42
(4) (8) (2)
k-casein AA AB A B
0.17 0.83 0.59 0.41
(1) (3)
a-lactalbumin AA AB A B
0.57 0.43 , 0.78 0.22
(4) (3)
B-lactoglobulin AA AB BB A B
0.57 0.29 0.14 0.71 0.29

(8) (4) (2)

* Numbers in parenthesis denotes number of observation
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4.1.1.3 k-casein

Two phenotypes (Fig.2) AA, AB were observed in
k-casein locus. The diagrammatic representation is
given in Fig.3. The phenotype AA was fast moving in

pB-casein and k-casein.

4.1.2 Whey proteins

41.2.1 a-Lactalbumin

Two phenotypes AA (Fig. 4) and AB with two allele A
and B were observed at a-Lactalbumin locus. The AA was
fast moving. The diagrammatic representation is given

in Fig. 5.

4.1.2.2 f-Lactoglobulin

B-Lactogleobulin had three phenotypes viz., AA, AB
and BB. The AA was the fast moving (Fig.4). The

diagrammatic representation is shown in Fig.5.

4.2 Milk Composition

4.2.1 Milk tat percentage

The milk fat percentage of the morning and evening
milk samples was estimated at weekly intervals. The

mean fat percentage with standard error and coefficient



Fig.2 Phenotypes ofdS,, B and K-casein

¢, - casein
B - casein

K = casein

1
CC

AB
AA

2
BC

BB
AB

3
cC

AB
AB

4
BB

AB
AB

5
cC

AB
AB



1 2 3

—1 %~ Casein BB BC CC

p— Casein AA AB BB

W- Casein AA AB BB
l

Fig.3 Diagramatic representation of 0(51, B and

K-casein phenotypes




Fig.4 Phenotypes of o -lactalbumin
1 2 3

o -lactalbumin AB AB BAA
B -lactoglobulin AB AB AA

and B-lactoglobulin
4 5 6 7

AA AB AA AA

AA BB AA AA
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o ~-Lactalbumin AB AA BB

B-Lactoglobulin AB AA BB

Serum Protein

I
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L

Proteose Peptoime

h S
4

Immunoglobulin

Fig.5 Diagrammatic representation of o -lactalbumin
and B-lactoglobulin phenotypes
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of variation are given in Table 4.2. The average of
milk fat percentage from weeks 1 to 44 was 5.95 ¢ 0.12
and 6.62 * 0.13 for morning and evening milk. The
average of morning and evening fat percentage was 6.23.
The mean fat percentage at first week was 4.05 t 0.19,
4.65 t 0.17 and by 20" week of lactation 5.92 + 0.08,
6.55 * 0.07 in the morning and evening milk
respectively. The increasing trend continued thereafter
The effect of stage of lactation is given in Fig.6.
Least squares analysis of variance showed that
differences (Table 4.3) in fat percentage for different
weeks from 1 to 44 were highly significant. so also the
difference between morning and evening milk. The
least square mean for 1 to 44 weeks (Table 4.4)
varied from 4.43 t 0.12 to 7.52 % 0.20. The overall
mean was 6.13 t 0.04 and for morning and evening

5.99 t 0.03 and 6.62 * 0.03 respectively.

4.2.2 Total solids percentage

The total solids in the morning and evening
estimated by gravimetric method at weekly intervals.
The mean total solids percentage with standard error and
coefficient of variation are presented in Table 4.5.
The average tot.al solids percentage was 14.79 * 0.13 in

the morning and 15.53 + 0.12 in the evening for 1 - 44
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Table 4.2 Average fat percentage of milk at weekly
intervals in Vechur cattle
Morning Evening
Week

seks Mean Ccve Mean CV¢

1 4,05%0.19 12.72 4.65%0.17 12.61
(9) (9)

2 4.33%0.19 11.60 4.82+t0.14 9.55
(9) (9)

3 4.59+0.20 13.39 '5.11%0.21 12.97
(9) (9)

4 4.75%0.16 10.27 5.3120.16 9.42
(9) (2)

5 4.82+0.23 12.77 5.34%0.20 12.42
(9) (2)

6 5.10+0.26 13.87 5.67t0.21 12.23
(9) (9)

7 5.261£0.20 9.87 5.79%0.18 9.89
(9) (9)

8 5.2910.18 9.05 5.86+t0.19 9.94
(9) (9)

9 5.34+0.13 6.33 5.93%0.15 8.01
(9) (9)

10 5.441%0.15 7.18 5.95%0.16 8.47
(9) (9)

11 5.53%0.16 7.32 6.03%0.16 8.27
(9) (9)

12 5.5610.10 4.37 6.0410.11 5.00

(7)

(7)

Contd....
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13

14

15

16

17

18

19

20

21

22

23

24

25

5.57£0.11
(7)

5.66%0.12
(8)

5.68+0.12
(7)

5.67£0.09
(8)

5.68£0.11
(8)

5.73%0.09
(8)

5.7610.11
(8)

5.92+0.08
(6)

5.93%0.07
(6)

5.93+0.18
(8)

5.94%0.19
(10)

5.94%0.18
(10)

6.02£0.19
(10)

4.78

8.08

8.62

6.090.12
(7)

6.11#0.16
(8)

6.20%0.09
(8)

6.2610.12
(8)

6.33%0.08
(8)

6.46%0.06
(8)

6.53t0.11
(8)

6.55%0.07
(6)

6.57£0.08
(6)

6.60%0.14
(8)

6.62%0.15
(10)

6.64%0.14
(10)

6.73%0.13
(10)

Contd....
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26 6.10+0.15 6.42 6.80+x0.12 5.41
(8) (8)
27 6.1520.16 6.39 6.8410.12 5.34
(8) (8)
28 6.20x0.17 6.21 6.93%0.10 3.84
(8) (8)
29 6.3010.22 7.02 7.100.10 3.95
(3) (3)
30 6.4220.25 7.24 7.22%0.07 2.32
(3) (5)
31 6.50+0.25 7.18 7.28+0.09 2.80
(4) (4)
32 6.56+0.20 5.80 7.32%x0.15 4.74
(4) (4)
33 6.68+0.19 5.36 7.34%+0.15 4.42
(4) (4)
34 6.68+0.23 6.20 7.3510.14 4.29
(4) (4)
35 6.73+x0.28 7.40 7.53%0.10 3.04
(4) (4)
36 6.83+0.27 7.42 7.55%0.13 3.78
(4) (4)
37 6.8410.24 7.18 7.68%0.24 7.93
(3) (5)
38 6.88+0.23 6.42 7.7820.25 8.13

(5)

(3)

Contd....
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39

40

41

42

43

44

6.83+0.12
(3)

6.97+0.12
(3)

7.03%0.11
(3)

2.80

7.84%0.15
(3)

7.80%0.15
(3)

7.63%0.15
(3)

7.66%0.09
(3)

7.69%0.09
(3)

7.87t0.10
(3)

3.80

3.79

3.79

* Numbers in carenthesis denotes number of observation
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Table 4.3 Least-squares analysis of variance of milk fat

percentage in Vechur cattle

Source D.F. Sum of Mean F value
squares squares
Total 550 449 .56
Total 45 327.89 7.29 30.25
reduction
MU-YM 1 15.15 15.15 62.90
Stage ‘ 43 274.04 6.37 26.45*x
Time 1 53.85 53.85 223.53%*
Remainder 505 121.66 | 0.24
Mean = 6.13 Error standard deviation = 0.49
Cv(g) = 8.01 R squared = 0.729 R = 0.854

** Significant at 2 per cent level



Table 4.4 Least squares means and standard errors for fat
and total solids percentage of milk at weekly
intervals in Vechur cattle

Least squares means (%)

Weeks Fat Total solids
1 4.43t0.12 13.07£0.19
2 4.84%0.12 13.75%0.19
3 5.02t0.12 13.80£0.19
4 5.1420.12 13.77£0.19
5 5.33:0.12 14.17£0.19
6 5.584£0.12 14.3140.19
7 5.56%0.13 14.53%0.19
8 5.62£0.13 14.55%0.20
9 5.27t0.13 14.67+0.20
10 5.72+0.13 14.62+0.20
11 5.81t0.13 14.67+0.20
12 5.82+0.13 14.74%0.20
13 5.77+0.13 14.78%0.19
14 5.9140.12 14.79%0.19
15 5.99t0.12 14.89+0.19
16 6.08£0.12 14.97£0.18
17 6.00£0.12 14.96t0.18
18 6.07£0.12 14.95%0.19
19 6.13£0.14 14.94%0.22
20 6.23t0.14 15.03%0.22
21 6.25%0.14 15.1540.22
22 6.39%0.13 15.26%0.20
23 6.3330.12 15.4540.18
24 6.36t0.12 15.32£0.18
25 6.43+0.12 15.43%0.18
26 6.44%0.12 15.43+0.19

Contd....
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
Morning
Evening

Overail

6.41+0.13
6.5810.14
6.81+0.16
56.86+0.1¢
65.86+0.16
6.20C.17
€.98+C.17
7.0110.17
7.1140.17

~d

7.1810.

[

7.23%x0.16
7.46%20.16
7.1620.20
7.08+0.20
7.23%0.20
7.30120.20
7.30%0.20
7.52+0.20
5.9920.03

15.45+0.20
15.61+0.22
15.70+0.23
15.74120.24
15.7810.24
15.4910.26
15.8310.26
15.86+0.26
15.8720.26
16.01x0.26
15.97120.24
15.9810.24
15.85%20.31
16.11+0.31
16.27£0.31
16.32+0.31
16.4910.31
16.6120.31
14.85%0.05
15.56%0.05
15.02%0.05
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Table 4.5 Average total solids percentage in milk at weekly
intervals in Vechur cattle

Morning Evening
Week -
Mean CVg Mean CvVg
1 12.64%0.17 3.94 13.5740.19 4.39
(9) (9)
2 13.25%0.10 2.40 14.0320.17 3.82
(9) (9)
3 13.5410.14 3.25 14.11+0.27 5.88
(2) (9)
4 13.35+0.19 4.30 14.24+0.28 5.99
(92) (9)
5 13.63+20.19 4.23 14.44%20.25 5.40
(9) (9)
6 13.74%0.20 4.48 14.57+0.27 5.75
(9) (9)
7 14.0320.19 4.01 14.72+0.24 4.72
(8) (8)
8 14.04%0.19 3.98 14.74+0.27 5.26
(8) (8)
9 14.11120.24 4.76 14.82%0.24 4.59
(8) (8)
10 14.14120.25 4.94 14.83%£0.35 6.52
(8) (8)
11 14.2320.21 4.18 14.86+0.37 7.08
(8) (8)
12 14.26+£0.26 4.90 14.91+0.33 5.88

(7)

(7)

Contd....
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Table 4.5 contd....

13 14.26%0.26 4.48 15.02120.20 3.51
(7) (7)

14 14.27%0.12 2.40 15.10%0.13 2.51
(8) (8)

15 14.43%0.18 3.57 15.12%0.19 3.53
(8) (8)

16 14.44120.22 4.49 15.140.19 3.96
(8) (8)

17 14.51%0.19 3.70 15.18%0.23 4.24
(8) (8)

18 14.53%0.29 5.26 15.19%0.28 4.99
(7) (7)

19 14.6010.31 5.10 15.27+0.28 4.51
(6) (6)

20 14.75%20.13 2.12 15.31%0.18 2.85
(6) (6)

21 14.54+0.18 2.99 15.34+0.22 3.53
{6) (6)

22 15.00%0.16 3.07 15.39+0.19 3.61
(8) (8)

23 15.01%0.16 2.13 15.40%0.15 3.18
(10) (10)

24 15.C4+0.11 2.23 15.56+0.15 2.88
(9) (9)

25 15.10£0.16 3.22 15.64%0.19 3.86

(9)
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Table 4.5 contd....

26 15.21%0.17 3.28 15.701£0.15 2.78
(8) (8)

27 15.31+0.21 3.67 15.78+0.18 3.10
{7) (7)

28 15.3620.17 2.87 15.87%x0.11 2.18
(6) (6)

29 15.4010.19 2.84 15.98120.20 2.86
(5) (5)

30 15.4020.24 3.09 16.03x0.33 4.31
(95) (35)

31 15.47x0.27 3.62 16.17+£0.22 2.76
(4) (4)

32 15.46+0.22 2.95 16.16120.21 2.70
(4) (4)

33 15.46+0.23 2.98 16.17+0.34 4.21
(4) (4)

34 15.54+£0.20 2.63 16.27+0.25 3.14
(4) (4)

35 15.55+0.16 2.12 16.2810.17 2.16
(4) (4)

36 15.59+0.23 2.95 16.41+0.19 2.38
(4) (4)

37 15.55+0.26 3.85 16.4810.26 3.54
(5) (5)

38 15.56+0.31 4.58 16.56+0.25 3.46
r5) (5)

Contd....
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39

40

41

42

43

44

15.59+0.52
(3)

15.72%0.26
(3)

15.7520.27
i 3)

15.75%0.25
(3)

16.0910.14
(3)

A}

5.78

2.93

2.77

1.49

16.55+0.12
(3)

16.70t0.15
(3)

16.86%0.37
(3)

16.89+0.31
(3)

16.94+0.15
(3)

17.14+0.34
(3)

1.58

* Numbers in parenthesis denotes number of observation
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weeks of lactation. The average of morning and evening
was 15.16 percent. The mean total solids percentage at
first week was 12.64 * 0.17 and 13.57 t£ 0.19 in the
morning and evening milk and it steadily increased to
14.75 + 0.13 and 15.31 t 0.18 in the morning and evening
milk by 20" week of lactation. The effect of stage of
lactation on total solids percentage is given in Fig.6.
Least squares analysis of variance (Table 4.6) showed
that differences 1in total solids percentage for
different weeks from 1 to 44 were highly significant.
So also the differences between morning and evening
milk. The least squares means for 1 to 44 weeks
(Table 4.4) varied from 13.07 * 0.19 to 16.61 * 0.31.
The overall mean was 15.02 t 0.05 per cent and for
morning and evening was 14.85 t 0.05 and 15.55 % 0.05

per cent respectively.

4.2.3 Solids not fat percentage

The average solids not fat percentage for 1 to 44
weeks of lactation in the morning and evening milk is
presented in “Table 4.7. The average solids not fat
percentage was 8.84 t 0.12 in the morning and 8.92 #
0.14 in the evening from 1 to 44 weeks. The average of

morning and evening was 8.88 t 0.13 and least squares

mean was 8.90 t 0.12 per cent. The mean sclids not fat
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Table 4.6 Least-squares analysis of variance of total
solids percentage of milk in Vechur cattle
Source D.F Sum of Mean F value
squares squares
Total 550 657.72
Total 45 375.29 8.34 14.91
reduction
MU-YM 1 15.91 15.91 28.45
Stage 43 307.53 7.15 12.79**
Time 1 67.75 67.75 121.15%*
Remainder 505 282.44 0.56
Mean = 15.02 Error standard deviation = 0.75
CV(’) = 4.98 R squared = 0.571 R = 0.755

** Significant at 2 per cent level



Table 4.7 Average solids not fat percentage of milk at

weekly intervals in Vechur cattle

Weeks Morning Evening

Mean Ccvs Mean CV%

1 8.6010.24 8.39 8.93+0.22 7.45
(9) (9)

2 8.75%0.20 6.98 9.0810.16 5.60
(9) (9)

3 8.75%t0.23 71.92 9.01x0.27 9.24
(9) (9)

4 8.6210.22 7.65 8.94+0.25 8.51
(9) (2)

5 8.81+0.21 7.13 9.0310.24 8.42
(9) (9)

6 8.6510.20 7.01 8.91+0.1¢& 6.28
(9 (9)

7 8.77+0.24 8.50 8.82+0.23 7.51
(81} (8)

8 8.761x0.20 6.38 8.88+0.25 8.01
(8) (8)

9 8.78+0.23 7.43 8.90%0.24 7.36
(8 (8)

10 8.71t0.24 7.79 8.88+x0.27 8.39
(8, (8)

11 8.700.26 8.44 8.841x0.26 7.80
(8, (8)

12 8.71+0.31 9.48 8.87+0.25 8.99

(7

(7)

Contd....
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13

14

15

16

17

18

19

20

21

22

23

24

25

8.70%0.24
(7)

8.61%0.12
(8)

8.76+0.19
(8)

8.78t0.24
(8)

8.84%0.14
(8)

8.83%0.25
(7)

8.82%0.23
(6)

8.83%0.11
(6)

9.08+0.09
(2)

9.0713.09
(&)

8.20

2.90

8.94%0.23
(7)

8.99+0.23
(8)

8.92%0.22
(8)

8.89%0.12
(8)

8.8610.15
(8)

8.78%0.22
(7)

8.81%0.19
(6)

8.7610.15
(6)

8.81+0.18
(6)

8.76%0.18
(8)

8.78%0.16
(10)

8.87£0.17
(9)

8.8910.16
(9)

5.75

Contd....
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26

27

28

29

30

31

32

33

34

35

36

37

38

64

9.05%C.12
(8)

9.11£0.17
(7)

9.17+0.15
(6)

9.16x0.12

(3)

9.12+0.21
(2)

8.98%0.29
(4)

8.97%0.25
(4)

8.9620.10
(4)

8.79t0.13
(4)

8.87+0.09
(4

8.8410.15
(4)

8.7710.21
(3)

8.72+0.22
(37

2.13

5.42

5.82

8.84+0.15
(8)

8.91%0.11
(7

8.94t0.18
(6)

8.95%0.16
(3)

8.88%0.15
()

8.82+0.15
(4)

8.90%t0.24
(4)

8.9110.34
(4)

8.85t0.17
(4)

8.89%0.33
(4)

8.76+0.23
(4)

8.86%0.24
(5)

8.80£0.27
(3)

5.19

4.09

-----
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Table 4.7 2ontd....

39 8.71x0.32 6.36 8.71x0.20 3.97
(3) (3)

40 8.76%x0.18 5.60 8.90x0.15 2.92
(3) (3)

41 8.79+0.21 4.09 9.23%0.31 5.88
(3) (3)

42 8.82+0.17 3.42 9.23+0.25 4.83
(3) (3)

43 8.78+0.15 3.04 9.25%0.18 3.44
(3) (3)

44 9.06%0.13 2.48 9.2710.33 6.23
(3) (3)

* Numbers in parenthesis denotes number of observation
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percentage at first week was 8.60 * 0.24 and 8.93 t 0.22
in the morning and evening milk. It was 8.83 * 0.11 and
8.76 + 0.15 at‘2Oth week of lactation in the morning and
evening milk respectively. The total solids percentage
was not having any trend during the stage of lactation

as seen Fig.6.

Least square analysis of variance (Table 4.8) showed
that stage of lactation as well as time of milking did

not exhibit significant effect on the character.

4.2.4 Inter-relationship among constituents

The correlation coefficient values between fat
percentage, total solids percentage and solids not fat
percentage at third, 13" and 23"' weeks of lactation are
presented 1in Table 4.6. Positive correlation was
observed between fat and total solids content, as well
as total solids and solids not fat content but mostly
non-significant. Negative correlation values were
observed between fat and solids not fat percentage at
third, 13" and 23" week of lactation but mostly
non-significant both in the morning and evening milk.

Significant correlation values were observed between fat
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Table 4.8 Least-squares analysis of variance of solids

not fat percentage of milk in Vechur cattle

Source D.F. sum of Mean F value
squares squares
Total 550 294.54
Total 45 8.96 0.20 0.35
reduction '
MU-YM 1 0.04 0.04 0.06
Stage 43 7.70 0.18 0.32%
Time 1 1.23 1.26 2.23"%¢
Remainder 505 285.58 0.57
Mean = 8.90 Error standard deviation = 0.75
CV(%) = 8.45 R squared = 0.030 R = 0.174
NS - Not significant
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Table 4.9 Correlation coeffecient values between fat,
total solids and solids not fat percentage at
different stages of lactation in Vechur cattle

Stages of Fat and TS Fat and SNF TS and SKNF

lactation Morning Evening Morning Evening Morning Evening

3rd week 0.148 0.397 - 0.791~* -0.376 0.482 0.693

13th week 0.587 0.540 -0.456 -0.412 0.902* 0.890*

23rd week 0.435 0.531 -0.792% -0.623 0.205 0.332
* Significant at 5 per cent level
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and solids nou fat percentage in the morning milk at
third and 23" week of lactation. The total solids and
solids not fat percentage had significant correlation
coefficient values in the morning milk at 13" week and

in the evening milk at third and 23™ week of lactation.

4.3.4 Fat globule size

The per cent distribution of number of fat
globules of different size groups in the morning and
evening milk is given in Table 4.10 and Fig.7, 8. The
fat globules 3ize varied from 1 to 12 w«. The mean
diameter of fat globules is 3.02 u in the morning and
3.40 ;» in the evening and the average of morning and
evening is 3.21 u. The average size of fat globules in
the morning and evening milk are presented in
Table 4;11 and Fig.9. The average fat globules size
ranged from 2.54 to 3.73 i in the morning and 2.75 to
4.07 « in the evening milk. A comparison of the fat
globule size of Vechur cow with the crossbred cow of
Kerala, goats and Murrah buffaloes was done. In the
case of crossbred, goats and buffaloes pooled samples
were taken and the results are based on four pooled
samples. The pooled samples were from 60 crossbred cows,
10 goats and 12 buffaloes. The results are given in

Table 4.12.
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Table 4.10 Per c«ent distribution of fat globules in the
morning and evening milk at weekly intervals in
Vechur cattle
wWeek Morning Evening

0-3u 3-6u 6-9u 9-124 0-3u 3-6u 6-9u 9-12u
1 50.08 36.49 13.44 37.92 46.20 12.33  4.33
2 50.42 35.57 10.91 3.12 37.29 45.71 12.06 5.85
3 52.07 33.54 10.62 3.79 39.88 47.50 12.60
4 52.41 33.69 10.24 3.89 39.94 47.55 9.72  3.55
5 54.56 34.43 11.06 40.78 46.96 9.40  3.26
6 55.09 33.05 9.91 2.81 40.11 47.88 11.99
7 55.11 33.46 10.90  40.23 48.00 11.76
8 54.84 33.01 8.69 42.23 47.37 10.56
9 55.40 33.19 11.29 42.23 44.90 9.45  3.90
10 55.63 34.10 10.50 42.96 45.05 9.41 3.16
11 55.45 35.39 9.15 42.93 46.63 10.43
12 55.68 34.96 8.05 1.82 43.96 46.62 9.40
13 56.06 34.15 8.15 2.06 44.57 46.84 9.36
14 56.44 35.42 6.18 2.83 43,57 45.31 8.56  2.92
15 56.52 34.26 5.32 4.29 44.00 44.57 8.84  3.36
16 56.55 36.15 5.92 1.85 44.27 45.14 10.58
17 56.91 35.20 8.88 44.88 45.14 9.99
18 57.43 35.70 6.85 44.48 43.42 9.51  3.41
19 57.18 35.07 6.02 2.03 44.09 43.42 10.40 3.06
20 57.60 35.73 7.25 44.92 43.58 9.65 2.62
21 57.37 33.83 6.83 2.02 44.41 43.64 9.75 2.22
22 59.03 33.30 6.43 1.86 45.69 42.54 8.29  3.65
23 59.04 31.19 6.18 4.47 45.04 43.09 8.63  3.81
24 59.61 29.41 8.63 2.38 45.57 42.16 8.92 3.08

-----
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Table 4.11 Mean size of fat globule in the morning and
evening milk at weekly intervals in Vechur

cattle
Week Number of Morning Evening
observation
1 9 3.73 4.07
2 9 3.67 3.85
3 9 3.49 3.79
4 9 3.45 3.74
5 9 3.36 3.65
6 9 3.38 3.64
7 9 3.27 3.63
8 9 3.19 3.57
9 9 3.12 3.73
10 9 3.10 3.71
11 8 3.07 3.55
12 8 3.09 3.56
13 8 3.17 3.65
14 8 3.16 3.66
15 8 3.06 3.52
16 8 3.00 3.52
17 8 3.00 3.62
18 8 3.01 3.56
19 8 2.93 3.60
20 8 2.88 3.55
21 8 3.02 3.52
22 11 2.91 3.42
23 11 3.06 3.42
24 11 2.89 3.33
25 11 3.05 3.29
26 11 3.07 3.25
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27
28
29
30
31
32
33
34
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36
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3.15
3.13
2.98
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3.05

3.17
3.15
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3.13
3.07
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3.05
3.02
3.10
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2.92
2.90
2.81
3.40
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Table 4.12 The average size of milk fat globules in
goat, Vechur cattle, crossbred cattle and

tuffalo
Species 0-3 3-6 6-9 9-i2 12-15 Total sSize
() () (w) (u) () ()

Goat 68 29 4 - - 101 2.60
(Malabari
and their
crosses)
Vechur 57 37 8 3 - 105 3.21
cattle
Crossbred 39 39 18 9 2 98 4.87
cattle '
Murrah 20 28 33 10 3 94 5.85

buffalo
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4.3.1 Correlation coefficient between fat globule size and milk fat

percentage at 3, 13" and 23" week of lactation

A significant positive correlation obtained between
fat globule size and fat percentage in the morning milk
at 3rd week of lactation. The inter-relationship between
fat globules size and fat percentage at various stages

of lactation are given in Table 4.13.

4.4 lodine value

Iodine number was estimated from milk of 15 Vechur
cows. The mean iodine value was 29.60 * 2.20. It ranged
from 28.61 to 30.26. The average iodine number for nine

fortnights are presented in the Table 4.14.
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Table 4.13 Correlation coefficient values between milk fat

percentage and fat glouble size at different

stages of lactation in Vechur cattle

Stage of lactation Morning Evening

Third week 0.706* -0.231

Thirteenth week 0.063 -0.532

Twentythird week 0.004 -0.120
* Significant at 5 per cent level
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Table 4.14 Mean iodine value at fortnightly intervals
in Vechur cattle
Fortnights Mean CV (%)
1 25.5910.19 2.46
(15)
2 30.29+0.21 2.67
(15)
3 29.5710.22 2.86
(15)
4 30.14%0.20 2.42
(14)
5 30.26120.20 2.35
(13)
6 29.16%0.19 2.24
(12)
7 29.8210.06 0.64
(11)
8 28.93%0.10 1.23
(11)
9 28.61%0.12 1.40
(11)
* Numbers in the parenthesis denotes number of observation
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DISCUSSION

5.1 Milk Protein polymorphism
5.1.1 Casein

51.1.1 «a-casein

Three phenotypes viz., BB, BC and CC (Table 4.1
and Fig. 2) were observed at a«a,-casein locus, with
frequency of 0.14, 0.22 and 0.64 respectively. The gene
frequency was 0.25 and 0.75 for B and C allele. Several
authors (Kiddy et al., 1964; Juneja and Chaudhary,
1973; Jairarm and Nair, 1983 b; Mclean et al, 1984;
Madhavan, 19:5) reported only B and C allele at
a,.-casein locus. But Aschaffenburg (1968); Ng-Kwai-Hang
et al. (.984) reported three alleles A, B and C at
a,.-casein locus in Holstein population. Kiddy et al.
(1964) Aschaftenburg (1968); Hussain {1974); Mclean et
al. (1984); Lin et al. (1986); Eenémaan (1991) reported
very high gene frequency of aﬂ—caseinr B variant in
western breeds (Ayrshire, Holstein Friesian Brown Swiss,
Guernsey). Aschaffenburg (1968); Juneja and Chaudhary
(1973); Jairam and Nair (1983b) reported the
predominance of C wvariant (0.90) in Indian breeds
like Hariana, Sahiwal, Tharparkar, Red Sindhi and

Desi cows. I'requency of B allele reported to be 0.59
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in Jersey X Sariwal (Juneja and Choudhary 1973) and 0.51
in Brown sSwiss X Sahiwal crosses (Jairam and Nair,
1983b). Madhavan (1995) reported that the frequency of
C allele as 0.63, 0.61 and 0.63 in Jersey, Brown Swiss
and Holstein crossbred cattle of Kerala. In the present
study the fregiency of C allele was 0.75 which probably
indicates that the local cattle of Kerala had separate

line of inheritance.

5.1.1.2 f-casein

Two variants A and B Qith phenotypic combinations
AA AB and BB were observed (Table 4.1 and Fig. 2). The
frequency of AB phenotype was the highest (0.57) and
the frequency of A and B allele were 0.58 and 0.42

respectively. Though several B-casein variants viz., Al,

-

A2, A3, B, C, D and E were reported in cattle (ﬁigel et
al., 1984) pnly A and B could be observed in the
present study. The frequency of B allele was reported
to be very low in Indian breeds. Aschaffenburg (1968)
reported that the frequency of B allele in Sahiwal,
Tharparkar and Red Sindhi as 0.05, 0.07 and 0.10. Juneja
and Chaudhary (1970); Jairam and Nair (1983b) also
reported a very low frequency of B allele for Indian

breeds at g-casein locus! Ng-Kwai-Hang et al. (1984)
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reported a high frequency of A allele in Holstein
population. Madhavan (1995) reported a high frequency of
A allele as 0.81, 0.75 and 0.71 in Brown Swiss, Jersey
and Holstein Friesians crossbreds. This again support
the probability that the Vechur cattle has a probably
different B allele frequency at B-casein locus compared
to the other Indian cattle. Crossbreds formed ag a
result of the introduction of exotic bulls show a
halving of B allele and a proportionate increase of A

allele.

5.1.1.3 k-casein

Two phenotypes AA (0.17) and AB (0.83) controlled by
two alleles A and B were observed at k-casein locus
(Table 4.1 and Fig.2). The frequency of A was 0.59 and
B 0.41. Several authors -Aschaffenburg (1968); Juneja
and Choudhary (1973); ‘Jairam -and Nair (1983b);
Ng-Kwai-Hang et al. (1984) have reported only two
allele in the k-casein locus. Aschaffenburg (1968)
observed low frequency of B allele in Sahiwal (0.30),
Tharparkar (0.26) and Red sindhi (0.30) breeds. Majumdar
and Ganguly (1970); Juneja and Choudhary (1970); Jairam
and Nair (1983b) also reported very low frequency of B

allele 1in Indian breeds. Jairam and Nair (1983b);
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Madhavan (1995) reported a significantly higher
frequency of B allele in crossbred cows of India. It
appears that in Vechur cattle of Kerala, the indication
is that A allsle has predominance but a conclusion can

not be drawn due tc the low number of observations.

5.1.2. Whey proteins

5.1.2.1 «a-lactalbumin

Two Phenotypes AA and AB were observed at a-
lactalbumin locus with the frequency of 0.57 and 0.43
(Table 4.1 and Fig. 4). The frequency of A allele was
0.78 and B allele 0.22. éﬁattacharya et al. (1963)
observed a frequency of A allele as 0.20 in crossbreds
and 0.37 in Sahiwal cows.v"Mawal (1967) reported
frequency of » allele as 0.38 in Gir and 0.40 in Gavathi
cows. Aschaffenburg (1968) reported the frequency of A
allele as 0.40 in Desl cows and 0.05 in African breeds
like Ankole and Boran. Jairam and Nair (1983b) reported
a low frequency of A allele as 0.16 in Red Sindhi,
0.17 in Tharparkar, 0.18 in Sahiwal and 0.06 in Brown
Swiss X Sahiwal crossbred. The frequency of A allele in
Vechur cattle was quite higher compared to the reports
on other zebu breeds probably indicative of separate

line of inheritance.
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5.1.2.2 fB-Lactog:obulin

Three phenotypes of pB-lactoglobulin viz., AA, AB
and BB with the frequency of 0.57, 0.29 and 0.14 were
observed (Table 4.1 and Fig.4). The frequency of A
allele was 0.71 and B allele O.29.“Aschaffenburg and
Drewry (1955) observed two alleles A and B at
B-lactoglobulin locus. Singh and Khanna (1972) observed
three alleles A, B and C in Hariana cattle. Several
authors Bhattacharya et al. (1963); Aschaffenburg
(1968); Juneja and cChoudhary (1970) reported the low
frequency of B allele (0.05 - 0.21) in Indian breeds
like sSahiwal, Gir and Desi cows. Singh and Bhat (1980)
reported that the B-lactoglobulin B was the most common
allele among indigenous breeds. B-lactoglobulin “A’ had
highest frequency in crossbred Holstein Friesian cattle.
Jairam and Nair (1983b) reported very low (0.23)
frequency of A allele in Sahiwal, Tharparkar and Red
sindhi breeds. Madhavan (1995) reported the presence of
A and B allele and the frequency of A allele as 0.46 in
Holstein, 0.43 in Jersey and 0.40 in Brown Swiss
crossbreds, which comes to about half of that of Vechur
cattle. The results are indicative of a separate line of
inheritance from other breeds of cattle. Any inheritance
from foreign breeds would have probably reduced the

frequency of A allele.
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The study was based on samples ccllected from 14
animals only. The number of observations are small but
these can be considered indicative of the trend of

Vechur breed.

5.2 Milk Composition

5.2.1 Milk fat percentage

The milk fat percentage from weeks 1 -~ 44 ranged
from 4.05 to 7.03 and 4.65 to 7.87 in the morning and
evening milk respectively and the range was higher for
evening milk. The mean milk fat percentage at mid
lactation ie 20th week of lactation was 5.92 t 0.08 in
the morning and 6.55 * 0.07 in the evening. The average
for milk fat percent from weeks 1 - 44 was 5.95 + 0.12
and 6.62 * 0.13 for morning and evening which was quite
comparable to the mid-lactation fat percentage. The
average morning and evening together is 6.18 percent.
The milk fat percentage is was found to be higher than
exotic breeds 1like Ayrshire, Brown Swiss, Guernsey,
Holstein Friesian and Jersey as reported by Byron et al.
(1972) and Indian breeds like Gir, Ongole, Sahiwal,
Sindhi, Tharparkar and their crossbreds (Ghosh énd

Anantakrishnan, 1963).
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Fat content of the milk increased uniformly as the
lactation advanced as can be seen from the results given
in Table 4.2 =znd Fig.6. These findings concur with the
results of Bayoumi (l959); Sinéﬁ et al. (1961); Gosh
and Anantakrishnan (1964); Aréra and Gupta (1969);
sadana et al. (1978); Iype €t al. (1994). The evening
milk fat percentage was uniformly higher during all
stages of lactation than morning milk fat percentage.
This finding was in close agreement with the reports
made by Iype et al. (19%4@ in crossbred cattle of
Kerala. This higher milk fat in evening milk is
probably due to lesser milking interval ie. only
nine and half hours between morning and evening
milking. Least squares analysis of variance showed
highly significant differences between morning and
evening milk (Table 4.3). Least sqQuares mean was
5.99 t 0.03 and 6.62 t 0.03 for morning and evening
respectively with a difference of 0.63. and the overall

mean was 6.13 + 0.04.

Increase .n fat percentage between weeks was more in
initial stages of lactation. But there was a gradual
increase at a lesser rate between subsequent weeks upto
44 weeks of lactation. The increase in fat percentage
was 1.39% in the morning and 1.3% in the evening from

first to 10th week of lactation. Then the rate of
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increase in fat percentage was found to be almost
consistent both in the morning (0.39%, 0.49% & 0.33%)
and evening (0.52%, 0.65% & 0.52%) milk from 11 to 20
weeks, 21 to 30 weeks and 31 to 40 weeks of lactation.
The increase in fat percentage from one to seven month
of lactation was more than 2% as against 1.49%
percentage reported by Afbra and Gupta (1969). The
coefficient of variation (Table 4.2 ) of weekly milk fat
percentage was around 8 percent. Least squares analysis
of variance (Table 4.3) revealed highly significant
differences between fat percentage at weekly intervals.
The least squares means (Table 4.4) which ranged from
4.43 * 0.12 to 7.52 + 0.20 showed a gradual increase in
percentage from the beginning till the end of the
lactation. These findings were in agreement with the
reports of Ggésh and Anantakrishnan (1964)}>Arora and

Gupta (1969) and Sadana et al. (1978).

5.2.2 Total solids percentage

The total solids percentage for weeks 1 - 44
ranged from 12.64 to 16.09 and 13.57 to 17.14 in the
morning and evening milk respectivély and the range was
higher for 2vening milk. The mean total solids
percentage at mid lactation ie 20th week of lactation

was 14.75 t 0.13 in the morning and 15.31 * 0.12 in the
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evening. The average for total solids per cent from
weeks 1 - 44 was 14.79 * 0.13 and 15.53 % 0.12 for
morning and evening which 1s quite comparable to the
mid-lactation total solids pércentage. The average
morning and evening total solids was 15.16 * 0.05 per
cent. The lezst squares means for 1 - 44 (Table 4.4)
weeks varied from 13.07 £ 0.19 to 16.61 * 0.31 and the
overall mean was 15.02 + 0.05 per cent. Least squares
means for morning (14.85 *0.05) and evening (15.56 *
0.05) showed a difference of 0.70 which was similar to
that of fat percentage. The total solids content was
found to be ligher than the other Indian breeds (Gir,
Ongole, Tharparkar, Sahiwal, Sindhi and their
crossbreds) reported in Annual Report National Dairy
Research Institute (1948), by Balwant Rai Puri et al.
(1963); Tilakaratnae et al. (1975); ggbu Rao and
Jayaramakrishna (1983) and exotic breeds (Jersey,
Guernsey, Brown Swiss, Ayrshire, Short horn and Holstein

Friesian) of -attle reported by éyron et al. (1972).

The total solids percentage showed an increasing
trend (Table 4.5 and Fig. 6) with the progress of
lactation. Therefore the findings in the present study
are in close agreement with reports made earlier by

Bayoumi (1959); Gosh and Anantakrishnan (1963); Parekh
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and G;£qwar (1968); Darshanlaffand Narayanan (1991);
Mohran and Fahmy (1992). But there was no decline in
total solids content at fourth week of lactation as
reported by Ghosh and Anantakrishnan (1963); Pafekh and
Gangwar (1968) in sSindhi, Gir and crossbred. The total
solids percentage was uniformly higher in the evening
than morning milk, which may be due to lesser milking
interval. The maximum increase was noticed from first to
second week of lactation (0.44% in morning and 0.33% in
evening). Then there was a constant increase of about
0.1% or lesser between subsequent weeks of lactation.
Least squares analysis of variance (Table 4.6) revealed

highly significant differences between morning and

evening milk.

The rate of increase was high in the morning (1.5%,
0.52%) than in the evening milk (1.26% & 0.45%) from 1
to 10 and 10 to 20 weeks of lactation. From 20 to 30
weeks and 30 to 40 weeks the rate of increase was high
in the even:ng milk (0.69% & 0.53%) as compared to
morning milk (0.46% & 0.12%). The coefficient of
variation was around 5 per cent. These findings were in
agreement with the reports qf Bayoumi (1959); Gho;L and

Anantakrishnan (1964) and Pareknh and Gangwar (1968).
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From this study it can be concluded that in Vechur
cattle the irncreasing trend with advancing stage of
lactation in *the total solids percentage followed that
of the milk ¥at percentage. Least squares analysis of
variance showed highly significant differences between

weekly total solids percentage (Table 4.6).

5.2.3 Solids not fat percentage

The solids not fat percentage from weeks 1 - 44
ranged from 8.60 to 9.17 and 8.71 to 9.27 in the morning
and evening milk respectively and the range was higher
for morning milk. The mean solids not fat percentage at
mid lactation ie. 20th week of lactation was 8.83 + 0.11
in the morning and 8.76 + 0.15 in the evening. The
average for sclids not fat percentage from weeks 1 - 44
was 8.84 + 0.03 and 8.92 + 0.04 for morning and evening
milk respectively. The average of morning and evening
is 8.88 per c=nt and least squares mean was 8.90 +0.04.
This was found to be similar to the other Indian breeds
like sindhi, Gir, Tharparkar, Sahiwal, oOngole and
crossbred cattle reported by Ghosh and Anantakrishnan
(1963); Babu Rao and - Jayaramakrishna (1983) and some
breeds like Ayrshire, brown Swiss, Guernsey and Jersey

as reported by Byron et al. (1972).
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From the Table 4.7 and Fig.6, it can be seen that

no definite trend was visible in the solids not fat
percentage iﬁ relation to stage of lactation. The
differences .n solids not fat percentage was not
significant for stage (weekly) as in the case of time of
milking. This results was in close agreement with the
findings made earlier by Ghosh and Anantakrishnan
(1964); Parexh and Gangwar (1968); Arora and Gupta
(1969). But it was in disagreement with the reports made
by Bayouml (1959); Singh et al. (1961) as they observed
an increasing trend in the solids not fat content with
the progress of lactation. The coefficient of variation
(Table 4.7) was around 9 per cent. The least squares
analysis of variance (Table 4.8) showed no significant
differences between the morning and evening solids not
fat percentage. It was inferred that solids not fat
percentage increased or decreased more or less in
similar pattern at every stage of lactation as well as

in the morning and evening milk.

5.2.4 Inter-relaticnship among constituents

No significant correlation was observed between
(Table 4.9) fat and total solids percentage both in the
morning and evening milk at 3rd, 13 th and 23 rd weeks

of lactation. Total solids percentage had positive
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correlation with solids not fat percentage and
significant at 13 th week of lactation. Generally
negative correlation coefficient was noticed between fat

and solids not fat percentage.

5.3 Fat globule size

The fat globules size varied from 1 to 12u. The
observation on the distribution of fat globules 1in
different classes of 0-3u, 3-6u, 6-9u and 9-12u revealed
that 50 - 70 per cent of globules were in the 0-3u
class in the morning milk (Table 4.10) and 38 - 59 per

cent in the evening milk at different weekly intervals.

The overall average size irrespective of stage of
lactation and time of milking was found to be 3.21 +
0.10p. The mean diameter of fat globules (Table 4.11)
irrespective of stage of lactation was 3.02 + 0.05u and
3.40+0.05y in the morning and evening milk respectively.
A study made :or comparison of Vechur milk fat globules
with goat, «crossbred cattle and buffalo milk fat
globules. The average size of fat globule (Table 4.12)
were found to be 2.60u, 4.87u and 5.85y in goat
(Malabari and their crosses), Crossbred cow and buffalo
(Murrah) respectively. The average size for Vechur cows

was found to be higher than that of gocat but much lower
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than crossbred cow and buffalo. The fat globule size
in this study tended towards that of the size of fat
globules of goat. The average of 3.214 for Vechur cow
in this study was lower than the average size of
buffalo, cow, gcat and sheep fat globules reported by
Fahmi et al. (1956) and 0.29G and 1.394 lower than the
report made by Kuchroo and Narayanan (1977b) in cow
and buffalos milk. .The size was found to be higher
than the fat globules in goat reported by Balwant Rai

Puri et al. (1960); George (1981).

The average size was uniformly higher in the
evening milk from 1 to 40 veeks of lactation than in the
morning. It may be due to lesser milking interval as
reported by Byron et al. (1972). A general decreasing
trend was observed in fat globule size (Table 4.11 and
Fig. 9) as lactation advanced. This finding was in close
agreement with the earlier :eports made by Upadhyaya
et al. (1973) in buffalos; Katiyar et al. (1973) in
Sahiwal cows; Kuchroo and Narayanan (1977b) in cows and

buffalos and George (1981) in goats.

The average fat globule size ranged from 2.54 to
3.730 in the morning and 2.75 to 4.07% in the evening
milk for different weeks. The evening milk had higher

range (1.26u) than mornihg (1.194) milk. The average
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size was attained by mid lactation in morning and
evening milk. From Table 4.0 and Fig. 7,8 it was
clear that the fat globules below 34 in diameter
showed an increasing trend and decreased trend was
observed in the proportion of larger size fat
globules. The morning milk uniformly had higher
proportion of smaller size fat globules compared to
the evening milk. The proportion of smaller size fat
globules increased at accelerated rate during 30 to 40
weeks of lactation. The finding of this study was in
close agreement with the reports made c¢arlier by
Upadhyaya et al. (1973) in buffaloes; Katiyar et al.
(1973) in Sahiwal cows; Kuchroo and Narayanan (1977b)
in cows and buffalos and George (1981) in goats. The
proportion of small size fat globules was found to be
higher than the exotic breeds like Jersey, Guernsey,
Ayrshire and Holstein as reported by Jenness and

Patton (1959).

The 1lower size of fat globules in the milk is
associated with greater surface area and higher
phospholipid content (Kuchroo and Narayanan, 1977b).
The smaller size fat globules are easily digested due to
greater surface area exposed to lipases action (Jenness,

1980). Phospholipids are an important factor in the
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development <f brain and nervous tissues and play a
vital role in the fat absorption and digestion
(Norman, 1974). 1In general it was seen that the fat
globule size in Vechur cow was much lower than other
Indian breeds and exotic breeds of cattle and buffaloes,
but higher than the goats. The general trend of increase
in percentage of smaller size fat globules and decrease
in percentage of larger size of fat globules in Vechur
cow milk waz similar to other‘ breeds of cattle,
buffaloes and goats. The lower size of fat globules in
milk probably indicates a better digestibility and

higher phospholipid content.

5.3.1 Correlation coefficient between fat globule size and fat

percentage at different stages of lactation

A significant positive correlation (0.702) was
noticed between the fat globule size and fat percentage
in the morning milk at 3 rd week of lactation.
Correlation at 13 th and 23 rd week were not
significant. Milk fat percentage and fat globule
size did not show a positive association in general
(Table 4.13). This findings was in agreement with the

P
reports made earlier by Kuchroo and Narayanan (1977a&b).
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5.4 lodine value

The average iodine value was 29.60 + 2.20 and it
varied from 28.61 to 30.29 (Table 4.14). The findings
of the present study though falls in range reported by
Ramamurthy et al. (1978) in cow milk fat, it was lower
than 32.8 to 33.9 reported by Basu (196&) and 30 to 34
reported by Henry and Newlaﬁaer (19875. It was higher
than the value of 24.95 and 25.05 reported in the milk
of Alpine Malabari and Saanen Malabari crossbred goat by
George (1981) and similar to that in buffalo milk
(29.40) reported by Basu. As the iodine value indicates
the degree of unsaturation, a lower iodine value for
milk fat from Vechur cow would be probably indicative of
more saturated fatty acids. The saturated fatty acids
are digested easily by pB-oxidation than unsaturated
fatty acids and found to be therapeutically useful in
malabsorption syndromes (Vasudevan and Sreekumari,
1995). The iodine number did not show any increasing or
decreasing trend in relation to stagf of lactation.
Similar trend reported by Bgéu (19523; George (1981);

Fahmi and Fahmy (1972).
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Conclusion

In the case of casein the frequency of C allele at
a, -casein locus, A allele at B- and k-casein locus were
lower than other Indian breeds like Sahiwal, Tharparkar,
Red sindhi and Rathi. But in the case of whey proteins
at a~lactalbumin and B-lactoglobulin locus Vechur cattle

had much higher frequency for A variant.

Compared to the results reported by Médhavan (1995)
in crossbred cattle of Kerala, Vechur cows had
higher frequency of C allele at a,,-casein locus and
lower frequency of A allele at B- casein and k-casein
locus, but higher frequency of a-lactalbumin and

B-lactoglobulin A allele.

The fat percentage and total solids percentage were
higher than other breeds of cattle, but lower to
buffalo. These results scientifically support the belief
of the people that the Vechur cow milk is thicker than

general cow’s milk.

The mean size of fat globules (3.21u) was higher

than the goat and lower to the other breeds of cattle
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and buffalo. An increase in the number of small size
fat globule is always associated with greater surface
area and high phospholipid content. So the fat is
digested readily because of greater surface exposed to
lipases acticn. Phospholipids are an important factor
in the development of brain and nervous tissues in
babies and play a vital role in the fat absorption and
digestion. The iodine value (29.60) indicates higher
proportion of saturated fatty acids in the milk fat. The
saturated fatty acids are digested easily by pB-oxidation
than unsaturated fatty acids. Since the milk fat has
smaller size of fat globules and more proportion of
saturated fatty acids, it would be therapeutically
useful in malabsorption syndromes due to its easy
digestibility. This results pinpoint the need for more
detailed study into the suitability of Vechur cow milk
for patients with cardiac problems. The high fat
content of milk can act as a regulator of infants
appetite because of its satiating effect. Thus Vechur
cow milk appears to be more suitable for infants due to
its high fat content and low fat globule size. It is to
be thought t=:at it is more advantageous for adult also

due to lower unsaturated fatty acids content.
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The scisntific studies on milk composition and
looking into the size of fat globule and level of
saturated fatty acids revealed that the popular beliefs
has been with adequate basis though the scientific

secrets behind were not fully known earlier.

It can be concluded that the Vechur cattle of
Kerala has unique characteristics of its own and have
separate identity from other breeds of cattle not only
by its diminutive size, but also due to its milk protein
variants, composition of milk, size of fat globules and

level of saturated fatty acids in milk fat.
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SUMMARY

Milk samples from individual Vechur cows were
collected to study biochemical polymorphism of milk
proteins, milk components such as fat, total
solids and solids not fat, fat globule size and

iodine value as a part of characterisation.

Fourteen Vechur cows available at ICAR Scheme on
"Conservation of germplasm of Vechur cattle" were

used for this study.

At a,.-casein locus three phenotypes viz. BB, BC and
CC determined by two allele B and C were observed.
Frequency of CC phenotype (0.64) was highest a
followed by BC (0.22) and BB (0.14). Frequency of

B and C allele were 0.25 and 0.75.

At pB-casein locus three phenotypes viz. AA, AB and
BB with A and B allele were observed. The frequency
of AB phenotype was highest (0.57) followed by AA
(0.29) and BB (0.14). Frequency of A allele was
0.57. C allele which was specific for Brown Swiss

was not identified.
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At k-casein locus two phenotypes AA and AB with A
and B allele were identified. The frequency of AB

was (0.83). The frequency of A allele was 0.59.

Two phenotypes AA and AB with two allele A and B
were identified at a-lactalbumin locus. The
frequency of AA and AB phenotypes were 0.57 and
0.43. The frequency of A and E allele were 0.78 and

0.22 respectively.

At pB-lactoglobulin locus congisted of three
phenotypes viz. AA, AB and BB with A and B allele
with frequency of 0.57, 0.29 and 0.14 respectively
were identified. The frequency of A allele was

0.71.

The frequency of C allele at o, ,-casein locus was
lower than the other Indian breeds like Sahiwal,
Tharparkar, Red Sindhi and Rathi, but higher than
exotic breeds like Jersey and Holstein and
crossbred cattle of Kerala. The A variant at g and
k-casein locus had frequency lower to other 1Indian
breeds, exotic breeds of cattle and crossbred

cattle of Kerala.
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The A variant at a lactalbumin and 8- lactoglobulin
locus had much higher frequency than other Indian,
exotic breeds of cattle and crossbred cattle of
Kerala. B variant in Vechur cattle was lower in

frequency compared to other Indian breeds.

The average milk fat percentage was 6.23 & 0.19.
Average for the morning was 5.95 * 0.12 percent and

for the evening 6.62 + 0.13 percent.

The mean milk fat percentage for the morning and
evening at first week was 4.05 £ 0.19, 4.65 * 0.17
and by 20th week of lactation was 5.92 * 0.08, 6.55

t 0.07

The evening milk had uniformly higher fat
percentage than morning milk The fat percentage
showed an increasing trend with advancing stage
of lactation. Increase in fat percentage was more
in the initial stages of lactation, by 10 th week
there was an increase of 1.39 per cent in the
morning and 1.30 per cent in the evening. Least
squares analysis of variance for effects of weeks
and time of milking showed highly significant

differences for both. The least squares means for
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morning and evening milk were 5.99 * 0.03 and 6.62
+ 0.03 respectively. The least squares means for 44
weeks ranged from 4.43 * 0.12 at weeek to 7.52 %

0.20 at 44 weeks and overall mean was 6.13 + 0.04.

The morning and evening milk averages of 14.79 t
0.13 and 15.53 t 0.13 respectively. The average
total solids percentage in milk was 15.16 = 0.11

per cent.

The mean total solids percentage of milk at first
week was 12.64 * 0.17 and 13.57 * 0.19 in the
morning and evening milk and it steadily increased
to 14.75 t 0.13 and 15.31 * 0.18 in the morning and

evening milk by 20th week of lactation .

An increasing trend was noticed in total solids
percentage as the lactation advanced. The evening
milk showed uniformly higher total solids
percentage compared to morning. Least sqguares
analysis of variance showed a significant effect on
time of milking and stage of lactation. The
overall squares mean was 15.02 % 0.05 and the
adjusted mean for morning and evening was 14.85 t

0.05 and 15.55 £ 0.05 per cent.
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The average solids not fat percentage was 8.88 &
0.13 and for morning 8.84 t 0.12 percent and for

evening 8.92 + 0.14 per cent respectively.

The mean solids not fat percentage of milk at first
weék was 8.60 * 0.24 and 8.93 * 0.22. It was 8.83
t+ 0.11 and 8.76 t 0.15 per cent at 20th week of
lactation in the morning and evening milk

respectively.

No trend of increase was noticed in the solids
not fat percentage in relation to the stage of
lactation as in the case of fat and total solids
percentage. Least square analysis of variance
showed non-significant effect of time of milking
and stage of lactation on solids not fat

percentage.

Total solids and solids not fat did not have strong
association in general. .The positive correlation
between total solids and fat percentage were not
significant. The negative correlation between fat

and solids not fat percentage were also not

significant.
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The milk fat and total solids percentage were
higher than those of other Indian breeds of cattle,
but lower to buffalo. The solids not fat percentage
of milk was similar to other Indian breeds of

cattle.

The mean size of fat globule was 3.21 u and the
range was 2.54 to 4.07 u. The mean diameter of fat
globules was found to be 3.02 + 0.05 u in the
morning and 3.40 * 0.05 u in the evening milk. The
mean size of fat globules estimated in goats
(Malabari and their crosses), crossbred cattle and
Murrah buffalo were 2.60 ., 4.87 4 and 5.81 .

respectively for the comparison.

The average fat globule size was found to be
decreasing as the lactation advanced. The
proportion of small size fat globules were found to
be increased and the larger size of fat globules

decreased towards the end of lactation.

No correlation was noticed between fat globules

size and fat percentage.
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24. The iodine value ranged from 28.61 to 30.29 and the
average lodine value was 29.60 * 2.20. Based on
available reports this appeared to be similar to
buffalo, higher than goat and lower than cows. The
iodine value indicates the level of unsaturated
fatty acids and it appears that Vechur cow milk has

less unsaturated fatty acids compared to other

cattle breeds.

The larger proportion of small size fat globule is
associated with greater surface area and high
phospholipid content. So the fat is digested more
readily because of greater surface exposed to lipases
action. Phospholipids are important in the development
of brain and nervous tissues and also play avital role
in the. fat absorption and digestion. The saturated
fatty acids are easily digested by beta oxidation than
unsaturated fatty acids. Since the milk fat has higher
proportion of smaller size fat globules and saturated
fatty acids, it would be therapeutically useful in
malabsorption syndromes due to its easy digestability.
Thus Vechur cow milk appear to be suitable for infants
and even sick. Studies on more number of cows are

required for confirmation of results.
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It can be concluded that Vechur cattle of Kerala
has unique characteristics of its own and have separate
identity from other breeds of cattle not only by its
diminutive size but also due to its milk protein
variants, composition of milk, size of fat globules and

level of saturated fatty acids.
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ABSTRACT

Tﬂe native cattle of Kerala have been evolved
through several generations of natural selection
against high numidity, heavy rainfall and hot climate.
They have been considered as non-descript animals, but
there has been variety with.characters distinguishing
from others and known as Vechur cattle of Kerala. The
Vechur cattle had their origin in Vechur near Vaikom
of Kottayam district of Kerala. They were very popular
four decades back for their relatively higher milk
production compared to other local cows. The extremely
small size of the cow, good adaptation and high
disease resistance are the traits very much favoured
by the farmers. Farmers prefered Vechur cattle for
ploughing in marshy lands Dbecause of the small size
and light wexjht. The emergence of crossbreeding led
to the gradual reduction 1in tradaticnally reared
Vechur cattle. Under this circumstances, the present

work was undertaken to characterise the Vechur cattle

of Kerala by studying (a) certain genetic markers in
milk (b) milk components like fat, total solids and
solids not fat percentage (c) fat globule size and

distribution and (d) iodine value.



The Vechur cows maintained under the scheme on
"Conservation of germplasm of Vechur cattle" formed the
material for the study. Milk proteins such as casein
and whey proteins were studied by polyacrylamide gel
electrophores.s in horizontal dimension (Thompson and
Kiddy, 1963). The fat, total solids, solids not fat
percentage of milk and iodine value of milk fat were
estimated as prescribed by Indian Institution
Standards. The fat globule size was measured under
microscope by fitting an eye piece micrometer to the eye
piece of the microscope. The statistical analysis were
done as suggested by Snedecor and Cochran (1967). The
influence of stage and time of milking were worked out
using least sc¢uares analysis of variance as described by

Harvey (1986).

Three proteins a, B and k-casein were identified
in casein system. At o, -casein locus three phenotypes
viz. BB, BC ar‘l CC determined by two allele B and C were
oObserved. Frequency of CC phenotype (0.64) was highest
a followed by BC (0.22) and BB (0.14). Frequency of B
and C allele were 0.25 and 0.75. The gB-casein locus
consisted three phenotypes viz. AA, AB and BB with A and
B allele. The frequency of AB phenotype was highest
(0.57) followed by AA (0.29) and BB (0.14). Frequency

of A allele was 0.57. At k-casein locus two phenotypes



AA and AB wita A and B allele were identified. The
frequency of AB was (0.83) and frequency of A

allele was 0.59.

TWO whey proteins a-lactalbumin and B-
lactoglobulin were identified. At a-lactalbumin locus
two phenotypes AA and AB with two allele A and B were
observed. The frequency of AA and AB phenotypes were
0.57 and 0.43. The frequency of A and B allele were
0.78 and 0.22 respectively. The @-lactoglobulin locus
consisted of three phenotypes viz. AA, AB and BB with A
and B allele with frequency of 0.57, 0.29 and 0.14
respectively were identified. The frequency of A allele

was 0.71.

The frequency of C allele at a,,~casein locus was
lower than the other Indian breeds 1like Sahiwal,
Tharparkar, Red Sindhi and Rathi, but higher than exotic
breeds like Jersey and Holstein and crossbred cattle of
Kerala. The A variant at B and k-casein locus had
frequency lower to other Indian breeds, exotic breeds of
cattle and crossbred cattle of Kerala. The A variant at
a-lactalbumin and gB-lactoglobulin locus had much higher
frequency than other Indian, exotic breeds of cattle of
cattle and crossbred cattle of Kerala. B variant in
Vechur cattle was lower in frequency compared to other

Indian breeds.



The aver:ge milk fat percentage for 1 - 44 weeks of
lactation was 5.95 #0.12, 6.62 * 0.13 in the morning and
evening respectively and the mean milk fat percentage
for morning and evening milk was 6.23 t 0.19. The mean
milk fat percentage at first week was 4.05 £ 0.19, 4.65
+ 0.17 and by 20 th week of lactation was 5.92 + 0.08,
6.55 * 0.07 in the morning and evening milk
respectively. The evening milk had uniformly higher fat
percentage than morning milk. The fat percentage
showed an increasing trend with advancing stage of
lactation. The least squares means for morning and
evening mllk were 5.99 + 0.03 and 6.62 + 0.03

respectively and overall mean was 6.13 * 0.04.

The mean total solids percentage of milk at first
week was 12.64 t 0.17 and 13.57 £ 0.19 in the morning
and evening milk and it steadily increased to 14.75 ¢
0.13 and 15.31 t+ 0.18 in the morning and evening milk by
20 th week of lactation. The average total solids
percentage in milk from 1 - 44 weeks of lactation was
14.79 2 0.13 &a1d 15.53 ¢+ 0.13 in the morning and evening
respectively and the average for morning and evening
together was 15.16 * 0.l11 per cent. An increasing
trend was noticed in total solids percentage as the
lactation adv:nced. The evening milk showed uniformly

higher total sulids percentage compared to morning. The



least squares mean was 15.02 and the adjusted mean for
morning and evening was 14.85 % 0.05 and 15.55 % 0.05

per cent.

Léast squares analysis of variance showed a
significant effect of time of milking and stage of
lactation on milk fat and total solids percentage of
milk.

The average solids not fat percentage from
1 - 44 weeks »f lactation was 8.84 * 0.12 and 8.92 ¢
0.14 in the morning and evening milk respectively. The
average for morning and evening milk was 8.88 + 0.13 and
least squares mean was 8.90. The mean solids not fat
percentage of milk at first week was 8.60 % 0.24 and
8.93 + 0.22. I:- was 8.83 * 0.11 and 8.76 * 0.15 percent
at 20 th week of lactation in the morning and evening
milk respectively. No trend of increase was noticed in
the solids not fat percentage in relation to the stage
of lactation. The least squares analysis of variance
showed no significant effect of time of miling and stage

of lactation ¢a solids not fat percentage.

Total solids and solids not fat did not have
strong association in general. The positive correlation
between total solids and fat percentage were not
significant. The negative correlation between fat and

solids not fat percentage were also not significant.



The milk fat and total solids percentage were
higher than other Indian breeds of cattle, but lower to
buffalo. The solids not fat percentage of milk was

similar to other Indian breeds of cattle.

The mean size of fat globule was 3.21 x and the
range was 2.54 to 4.07 u. The mean diameter of fat
globules was found to be 3.02 + 0.05 u in the morning
and 3.40 + 0.05 . in the evening milk. The mean size of
fat globules estimated in goat (Malabari and their
crosses), crossbred cattle and Murrah buffalo were
2.60 ., 4.87 . and 5.81 . respectively. The average fat
globule size was found to be decreasing as the lactation
advanced. The proportion of small size fat globules
were found to be increased and the larger size of fat
globules decreased towards the end of lactation. No
correlation wzs noticed between fat globules size and

fat percentage:.

The iodine value ranged from 28.61 to 30.29 and the
average 1lodin= value was 29.60 * 2.20. Based on
available reports this appeared to be similar to

buffalo, higher than goat and lower than cows.

The size of fat globule (3.21 u) was higher than
the goat and lower to the other breeds of cattle and

buffalo. Since the milk fat has higher proportion of



smaller size fat globules and saturated fatty acids, it
would be therapeutically wuseful in malabsorption
syndromes due to its easy digestability. The larger
proportion of small size fat globule is associated with
high phospholipid content because of greater surface
area. Phospholipids are important in the development of
nervous system in babies. Thus Vechur cow milk appear to
be suitable for infants and even sick. Studies on more

number of cows are required for confirmation of results.

It can be concluded that Vechur cattle of Kerala
has unique characteristics of its owr and have separate
identity from other breeds of cattle nct only by its
small size but also due to its milk prctein variants,
composition of milk, size of fat globules and level of

saturated fattv acids.



	image21335
	image21336
	image21337
	image21338
	image21339
	image21340
	image21341
	image21342
	image21343
	image21344
	image21345
	image21346
	image21347
	image21348
	image21349
	image21350
	image21351
	image21352
	image21353
	image21354
	image21355
	image21356
	image21357
	image21358
	image21359
	image21360
	image21361
	image21362
	image21363
	image21364
	image21365
	image21366
	image21367
	image21368
	image21369
	image21370
	image21371
	image21372
	image21373
	image21374
	image21375
	image21376
	image21377
	image21378
	image21379
	image21380
	image21381
	image21382
	image21383
	image21384
	image21385
	image21386
	image21387
	image21388
	image21389
	image21390
	image21391
	image21392
	image21393
	image21394
	image21395
	image21396
	image21397
	image21398
	image21399
	image21400
	image21401
	image21402
	image21403
	image21404
	image21405
	image21406
	image21407
	image21408
	image21409
	image21410
	image21411
	image21412
	image21413
	image21414
	image21415
	image21416
	image21417
	image21418
	image21419
	image21420
	image21421
	image21422
	image21423
	image21424
	image21425
	image21426
	image21427
	image21428
	image21429
	image21430
	image21431
	image21432
	image21433
	image21434
	image21435
	image21436
	image21437
	image21438
	image21439
	image21440
	image21441
	image21442
	image21443
	image21444
	image21445
	image21446
	image21447
	image21448
	image21449
	image21450
	image21451
	image21452
	image21453
	image21454
	image21455
	image21456
	image21457
	image21458
	image21459
	image21460
	image21461
	image21462
	image21463
	image21464
	image21465
	image21466
	image21467
	image21468
	image21469
	image21470
	image21471
	image21472
	image21473
	image21474
	image21475
	image21476
	image21477
	image21478
	image21479
	image21480
	image21481
	image21482
	image21483
	image21484
	image21485



