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CHAPTER I
GENERAL INTRODUCTION

"The greatest problem facing mankind is not nuclear
warfare, pollution, taxes or inflation. Instead it is
the problem of what to eat" (Campbell and Lasley, 1977).

Malnutrition is the foremost health problem facing
nearly 641 million people of India. It adversely affects
the mental and physical development, productivity, the
span of working hours and ultimately the economic
potential of man.

India is confronted with an increasingly severe
protein shortage that threatens much of its present and
future population. The material and human resources

required to arrest this lImpending protein crisis are



indeed large. But, the current trends do not indicate

that the situation will improve in the near future,
The present population of breeding buffaloes in

the courtrv is estimated to be about 40 million which may

produce about 10 million calves each year (Ranjan, 1980).,

It is guite paradoxical that, on the one hand, we are

extremely short of animal protein in our country and on

the other hand, about five million male buffalo calves
are allowed to die without any economic contribution

thereby loosing about 6000 tonnes of valuable animal

protein every year.

With better management and feeding, this species of
farm animal can contribute much towards the increased
availability of meat in the protein deficient diets of

our countrymen. The exploitation of buffalo2s to meet

the present and long term future requirement of meat
for the rapidly growing population of our country deserves

special emphasis because of the remarkable capacity of

puffaloes to convert the poor quality feed into appreciable

+h economically under cur agro-climatic

muscle grow

conditionse.

Data pertaining to the quality of buffalo meat and



its potentiality as a source of animal protein are
scanty and scattered. This study has been undertaken

to £ind out the suitability of buffaloes as a source

of animal p»rotein.



CHAPTER II

MEAT POTENTIALITIES OF BUFFALO CALVES

Growth is characterised primarily by an increase

in the levels of protein, mineral matter and water in

tissues and necessitates the consumption of energy

producing nutrients. A nutritional regime can be

considered as optimal if it enables the organisms to

take full advantage of its heredity. It had been

established that severe and prolonged undernutrition

during infancy leads on to stunted growth.

A signifiCant portion of the nutritional intake

is utilised for the maintenance of the animal. The

ability of an animal to consume and utilise feed, over

and above its maintenance needs, decides the net. income



from feeding during growthe.

Schloss (1911) defined growth as the correlated
increase in the mass of the body in definite intervals

of time, in a way characteristic of the species.

Brody (1945) observed that each animal has an inherent

natural body size towards which it grows at a genetically
controlled rate.

In farm animals during the post-natal stages of
growth, the increase in live-weight was much more
appreciable compared to other linear body measurements
(Brody and Ragsdaie, 1924; Hammond, 1932; Sussman, 1963;

Grizzle and Allen, 1969; Kowalski and Guire, 1974;

Finney, 1978).

The values for the weighits of buffalo ~alves, from

pirth to twelve months of ade. reported by earlier

workers, have been compiled and presented in Table IL.d



Table II.1l.

Literature data for average body weights (kg)
of buffalo calves from birth to twelve months

of age

a) Indian breeds of buffalo

-—--:--p-—-s-—-—n-.a—...—-——--n--—_-n—_r_-——:-—w- e — e —

..--..-.—--—---u——-;w——-—-—-——-n-——-—u-—-—-——_-—........___._, e s

.-...n.u-.-—n-—----.n-.——-u—-—-n.—.s—_p-——————-m-u—w——"______...

Indian
Age in buffalo
months average
value
1 2
at birth 31 1%
1 35+8%
2 o
3 5c
4 ol
5 oo
6 48, 2%
7 oo
8 o
9 o’s
10 o
11 o
12 23k
Reference Tomar and

: e
s e B e 3 SR TS o e T i 8 B
e

*converted

Desai
(1965)

Kotayya
and Rao
(1972)

—— ———

Indian
buffalo Murrah
average Murceh graded
value
4 5 6
26,1 29.4 29,3
47.8 a0 LA
93.2 o 76.7
144.5 4.2k 125.4
224,1 212,6 21151
Rathi Johiri Johiri
et al.
oga) L (1976) (1976)



Table II.1l. (continued)
a) Indian breeds of buffalo

e s S Y AES €8 T S 5 g2 Y 4 .u.,-._.-—.-._nm—-—u--u-na—-—-v--'-""—-'\—--—-——D-l--"——----—--——--“—-..p.-._,___

Indian
! sl cEn
agetn g ML BEENS sera e
value
e 2 77 8 9 10 aLak
at birth 3045 2959 29,4 26,3 N2
AL oo co . 35,2 44 .4
2, .o «e oo 46 .8 63.4
3 85.9 8152 71.1 5987 86,3
4 .o oo "o 63.8 oo
5 oo o oo 67.9 50
6 141.7 131.6 .o 7250 123.4
7 oo oo oo 77.0 fa5
8 o o o 8l.4 "
9 176.9 166.8 .o 86.4 171.8
10 30 i oe 96." i
11 % o o 103,2 s
12 219,3 205,6 .o 11220 21749
Reference Johiri Johiri Nautiyal Basaviah Nagarcenkar
and Bhatt
(1976) (1976) (1977) (1977) (1978)

._.-...-...--——g--.-—.——-—-——:-—-—-———.———-——-—.—p——n“——-
P
o . S



(continued)

a) Indian breeds of buffalo

A e e S S R S e — T — N - —

Indian
buffalo

> i T £ T S S 3 T S e S 2 e s

Reference Bhatt

Indian
Murrah surti buffalo
average
value
13 14 15
32.2 271 38.4
40.8 .e oo
Sle 2 - °a
60.6 .o 67.0
75.7 n g L
88,7 it i
107.9 81.8 115,.9
131.8 oo oy
170.1 v .o
Balla et al. Venkateswar Deshmukh
and Sampath and Gill
(1978) (1978) (1980)

o o e e S VP N o S S S NS NP o M S s e e s s, o e P B s s
i
el Ll

(1978)




Table IT.l. (continued)

b) Exotic breeds of buffaloes

Age in Bufgzloes Bufé;loes EEfEZtgis Buffaloes Buffaloes
months Trinidad Near East America ©OFf Italy of Egypt
Rl 2 3 4- g e R
at birth .o ve 33.6 47,4 40,9
il S .e os “le oe
5 g 74.0 e 97.8 s
3 e “s 53 oo 121,.6
4 oe .o .o .o oo
5 .e . . ole oo
6 195.0 157,0 o 178.5 155.5
9 W e 55 ote e
8 oo .o .o e e
9 253,0 2 e 23706 I
10 A e .o 50 .o
11 b 50 oo .o oo
12 299.0 230.3 181.0 297.1 221,6

- — e
o T T s " G S e e S . S S S

s £ S e D L T S S

Benet Mullick  Cockrill Salerno Ragab
(1964) (1964) (1974) (1974) (1978)
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The rate at which an animal grows to attain the
mature size is of great economic importance to the
1ivestock owner. A close correlation between rapid

growth and good life-time performance had been reported

by Hammond (1955).

Tncrease in the mass of the body as a whole can
be expressed in absolute terms as grammes per day or
as a percentage of original mass at the start of the
experiment. The rate and character of body mass increase
vary with age and with species,

The ratc of growth of buffaloes reported by

earlier workers has been presented in Table II.2,



131

Table I1.2. Average daily gain and total gain up to
€-12 months of age in male buffalo calves

Average Average
Tatal daily daily

Breed gain gain up gain up Reference
up to to 6 to 12
12 months months
months
______,__,___,,.,.n“g_,.#-_.._.slsgl_.-.._-(_?..).__...,__(f.i __________________
a) Indian breeds
Indian buffalo 207 .4 102 568 Tomar and
Desai (1965)
Murrah 112.5 307 308 Xotayya and
Rao (1972)
Indian buffalo 195,0 641 534 Rathi et al.
' (1973)
Murrah gl aL 543 502 Johiri (1976)
Murrah graded 181.8 534 49¢ Johiri (1976)
Nili 188.7 618 517 Johiri (1976)
Nili graded 175+ 6 565 418 Johiri (1976)
Indian buffalo 185.8 o 509 Nautiyal and
Bhatt (1977)
surti 85.6 253 234 Basaviah (1977)
Murrah 190.5 533 522 Nagarcenkar
(1978)
Murrah 183.3 532 502 Bhatt (1978)
Murrah 152,2 358 417 Ranjan (1980)
85.5 252 234 Ranjan (1980)

surti

o e B
o i



Table II.2. (continued)

Total Average

gain daily
& up to gain ug
Breed 12 to 6
months months
” .
(kg) &)

. e o T £ S8 3 S S S A s 115 % R AN S S S A

b) Exotic breeds of buffaloes

Latin American 147.4 oo
Italian 255, 761

Egyptian 180.7 436

o e S G o S o S S A ) g 7 A8 €4 S e s it D LSS S S S e e S S St S e S S e S

12

T —— T ——— — —— —
—— o ——

403 Cockrill (1974)
700 Salerno (1974)

367 Ragab (1978)

——— T T e W S W S | ST o S S50 E O S T e S ——
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Body size measurements can also be employed to

study the growth of the body as a whole. Body measure-

ments reported in literature for adult female buffaloes

are tabulated in Table II.3.

Table II.3. Body measurements of adult female buffaloes

_—.—o-—-——-—.—-—-u-u--—n—o——-m—.———-o--—---—n-—-u—--.—-————-_——_.._-.____, —

S e — . ——————— -

o S e R R [ SN S — - -

Yugoslavian Rumanian Italian Bulgarian

_.--._"--—-—-a—--——---a--.—._—u_—-—-u--.-——-——_u-—.-.——.—.--—.__-.—_..._.__,.. s gt
——— -

Height at
withers (cm) 120 134 136 130
Body length (cm) 126 143 150 150
Girth (cm) 175 189 208 190
: popovic Rosa and Ferrara Ivanov and
Reference Rusu Zachariew
(1949) (1958) (1964) (1963)

In the present work an attempt has been made to

css the growth of buffaloes by periodically recording
ass

pody weight as well as the body measurements.
the



MATERIALS AND METHODS

Growth studies were carried out on eleven male
buffalo calves born and brought up at the Kerala

Agricultural University buffalo project.

These animals were housed in conventional
well-ventilated and lighted cattle sheds with cement

concrete flooring and tile roofs.

Calves were given complete milk féed up to 3 months
of age, the gquantity being gradually reduced with
concentrate supplementation and totally stopped by
fourth month of age. and thereafter switched over

completely to @ commercial concentrate mixture, and

green grass Or silage according to availability. The

concentrate ration was fixed in excess of requirements,
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based on Morrison standards (Morrison, 1954). Fodder

and water were given ad libitum.

The animals were weighed at birth and thereafter
at monthly intervals in a platform balance (sensitivity
+ 200 g). Linear measurements, as described by Brody

(1945), were taken at birth and thereafter at monthly

intervals.



RESULTS

The values for mean monthly body weights of male
buffalo calves up to 12 months of age are presented in.

Table II.4.

Table II.4,.. Mean monthly body weight of male buffalo
calves from birth to 12 months of age

—-qu—-n—-n--am-n--———-:-——mm-—n-————--——_-———_—q—_—_.._._“___.___.__ —

Age in months Average weight (kg) SE CV %
at birth 28.6 2.9 26.6
42,0 0.9 9.1
2 52,5 1.7 15.9
3 63.6 1.6 17.8
4 70.6 1.7 18,2
5 79.0 1.3 15.5
6 89.9 1.5 17.4
7 99,5 1.6 18.2
8 110.4 1.0 11.4
9 122,5 15 16,9
10 136,5 l.4 15.8
11 152.5 1,3 1831
169.1 1,9 22.0

12

e o e B ST 5 et S e 0 R €T SR ST n S E S R
s 0




16 b

Fig. ITI.ls Cumulative growth curve of

male bwffalo calves
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The values for the mean body weight of male
buffalo calves are plotted against age in months to

give the cumulative growth curve CESceTT olal)ie

The mean monthly rate of growth of male buffalo
calves cbhserved during the present study is presented
in Table II.5. and Fig. II.2,

Table II.5. Mean monthly rate of growth of male

buffalo calves

e o o e i e e S S TS G 2 S 7 S S 1 e . e S e S S e G e S S B S
o ——— = =
RS ————

v s o —

. e e S S e e e — e
- S s e . —— — S S

—-—l—-_'—'- =

- e s = ==
i 4 S e e = e —
] B g e e — e e o —— . S o =
s e e s =
e - -
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Fig. II.2. Mean monthly growth rate of

male buffalo calves
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The absolute gain in weight during different
months from birth tc 1z months of age was calculated
and presented in Table I1.6.

Table IL.6, Absolute daily gain in weight in male

puffalo calves

— e S S S S i S S A W S W S S S 5.7 S 8 5 ————pepee P Pt e b

Age in months absolute gain (g)
1 443
2 345
z 370
A 230
5 2890
6 383
71 315
8 363
9. 403

10 476
slal 520
2 550

..-——.——-—_—g——-——m——u—-—-—-——-_—#—-.—.—

. o S G W = —— e -

- T - U e S S - S £ S ——— s o i S S o S — 5 g [
—-—.n—l—-—---""‘-"""""' 34
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The growth rate of male buffalo calves expressed
as percentage of the previovs month's weight 1is

presented in Table II1.7,
Table II.7. Growth rate of male buffalo calves

s v S i S U T g S S D G P S G S e S S S M G GO S B S S G e S R S it S S . S48 S B s S e S 4 e
—— e

Age in months Percentage growth rate

4647

2 24,
3 21,1
A 10.¢
5 11.9
5 13.€
7 1045
8 10.0
9 110 58
10 11.4
11 1B LS

—— i —— i —— — T —— T {0 £ M — W
—— i T
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Mean monthly girth measurements of male buffalo
calves from birth to 12 months of age are presented
in Table II.8.

Table IT.0. Average monthly increase in girth of

male buffalo calves

Monthly rate

....,..,_..-_.-.—-.—.a.“-u—..-—-_p—.——-u—n—m—--———p-—u—a--n-.-—_.n—

Age in  GIEER  gn.. cU%  of chanse of

at birth 719 0. 53 S
1 79.5 : 12.2 -
2 8742 .6 11,1 1)
3 95.1 1.1 11730 7.9
4 98,0 1e2 15.4 2.9
5 101.5 . 17.1 3a5
6 10543 . 288 3.8
7 110.1 0 15.2 4.8
a8 117.8 2 13.9 Te7
9 125.5 2 1L Ch ] 77
10 133.6 . 20,0 8.0
11 142.6 é 24.7 ‘ 9.0
12 153.1 2492 24.8 UG5

- =
e 4 % % s e ot it s e e ____._._.--..._.-..-—.——-_.—_—_.—-n———--._--_-—n.——-

The mean monthly values for the girth measurements

of the animals are plotted against the age in months

(Fig. II.B.).
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Fig. II.3., Monthly girth measurement of

male buffalo calves
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Average wnthly incrzase in length of male
buffalo calves recorded from birth to 12 months of
age is presented in Table II.9.

Table II.9. Average monthly measurements of length

of male buffalo calves

— e — —— i — - Lamme

P ————— A P et e Rl

Rate of
Age in Length ; monthly
months in cm BF S change in

length (cm)

at birth 64.0 -] 8.7 oo
1 6847 (O S 4.7
2 74.0 0,8 8.8 5.3
3 79.6 0.2 8.4 5.6
4 80,8 15-(0) 11.6 152
5 82,3 0.9 10.5 1¢S5
6 85.2 0.9 10.9 2.9
7 87.6 1.0 L) 2.4
8 91.8 Tigtl 12.9 4.2
9 96,2 ikl 12.6 4,4

10 100,8 1.0 L2 4,6
Ll 1072 0.8 9,0 6,4
12 115.8 A 16.0 8.6

The mean monthly vaiues £or lengch of male

buffalo calves are plotted against the age in months

(Fig. II.4.)e
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Fig. II.4. Mean monthly length of male

buffalo claves
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Mean monthly values for height of male buffalo

calves from birth to 12 months of age are presented

in Table I1.10.

Table 11,10, Average monthly measurements for height
of male buffalo calves

---————l-u-——-—-—--o—-'-—-————-—n-n-— —— _—
e
——— —

g e e oV % S
_____________________ height (cm)
at birth  68.1 053 il o
1 73.1 0.5 4.6 5.0
78.6 0.8 7.6 5.5
3 83.7 1.0 10.5 5.1
4 84,1 0.5 6.1 o
5 85.4 0.5 57 1.3
6 87.8 0.3 An| 2.4
7 91.9 0.4 4.7 4.1
8 96.6 0.6 73 4.7
9 101.3 0.9 10.0 4.7
10 107.3 1.8 15,8 . o
11 113.5 1.6 gl 6.2
12 120.5 1.0 11.5 7.0

- .__-...-.—-.—-——--—--——-————

The values obtained for average monthly

measurements for height of animals are plotted against

the age in months (Fig. TTe 52
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Fig. II.5, Mean monthly height of

male buffalo calves
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DISCUSSION

In livestock production physiology, growth is very
important since it is the basis on which other forms
of production like meat, milk ctc. rest. Growth,
represented by an increase in size and weight with age

and development, is thus of great economic significance,

Male buffalo calves born in tne farm during the

course of the study recorded an average birth weight

of 28.6 kg The subsequent monthly weights progress—
ively increased and the animals attained an average
weight of 169.1 kg at the end of one year (Table II.4;
Fig. II.l.). The rate of growth is related to a certain
extent on the final mature weight of the animal., The
animals studied in the experiment were all Su;ti
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cross=pbreds and so the low birth weight and rate of
gain observed in this investigation could be attributed

to the reduced mature weight of the Surti breed,

The birth weight cbserved during this study is
in agreement with the revort of Kotayya and Rao (1972)
in Murrah buffaloes. However, Basaviah (1977) had

observed a lower birth weight (26.3 kg) and weight at

one year (112,0 kg) in Surti breed of buffaloes.

The birth weight as well as the subsequent weights
up to 12 months of age and the twelfth month weight -
recorded in the Present study are lower than those
recorded by Johiri (1976), Nagarcenkar (1978), Bhatt
(1978) and Balla et al. (1978) in Indian breeds of
buffaloes and by Benet (1964), Mullick (1964), Cockrill

(1974), Salerno (1974) and Ragab (1978) in exctic

buffaloes,
As had been stated before, the lower birth weight
and the weight at twelfth month recorded in the present

study may be due tO the predominant Surti blood of

the foundation stocke.
During the first month, the animals recorded a

gain of 13.4 kg. The rate of growth thereafter
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recorded a declining trend to 8,4 kg in the fifth month
and later gradually increased to 16.6 kg in the twelfth
month, thereby giving an overall average of 11.70 + 0.8

kg up to 12 months of age (Table II.5.; Fige. TEe2e) s

Similarly., the absolute gain also showed a declin-
ing trend from 443 g in the first month to 280 g in the
£ifth month and thereafter gradually increased to 550 g

't the twelfth month (Table II.6.).

The rate of growth and daily gain observed in this
study were lower than those reported by Tomar and Desail
(1965), Rathi et al. (1973). Cockrill (1974), Salerno
(1974) . Nautiyai and Bhatt (1977), Nagarcenkar (1978) .

Bhatt (1978), Balla gt al. (1978) and Ragab (1978).

However, the values obtained in the present study

were higher than those reported by Kotayya and Rao

(1972) and Basaviah (1977) who observed a lower rate of

growth and daily gain in male buffalo calves.

Data for the percentage growth rate revealed a

declining rate as the age advanced (Tabie TIe76)o

This is only to be anticipated since the rate of

formation of tissue shows a decrease with advancing agee.
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No attempt was made in the present work to
determine the rate of bone growth, muscle formation
and fat deposition. Hence, it is not possible to
specify the causative agent for the growth pattern
studied. In cattle, growth impetus of muscle and fat

is reported to be higher than that of bone.

Male buffalo calves showed an average monthly
increase of 6.8 + 0.3 cm in the girth (from 71.9 cm
at birth to 153.1 cm at 12 months of age). 4.3 + 1.0 cm
in length (from 64.0 cm at birth to 115.8 cm at 12 months
of age) and 4.4 + 0.6 cm in height (from 68.1 cm at

birth to 120.5 cm at 12 months of age).

It appears from the data gathered that there is

an appreciable depression in the rate of growth, in

terms of weight, girth, length and height from the

fourth month to the eighth month.

An initial reduction in the rate of growth

during the first two months is normally anticipated

as the calf is subjected to a change from the prenatal

postnatal stage of life,

e attributed to the switch over

to the The decline at fourth

and £ifth months may b

from milk feed to complete concentrate and roughage
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ration, as the calves need time to adapt to the changed
nutritional regime. The animals recovered from the
depressive trend gradually by the ninth month of age,
The rumen had also attained full functional development

at this time and the animals had fully acclimatised to

the new regime of feeding. It appears from the data
collected that the growth can be assessed truly by
recording periodically the body weight along with the

linear body measurements, recording of either one of

the parameters alone being less effective.



CHAPTER III
MEAT CHARACTERISTICS

In many countries where buffaloes are bred, the
14

meat is generally considered as a by=-product of animals

slaughtered in emergencies or on completion of their

working or milking usefulness. Calves not needed for

replacement are very rarely utilized for fattening

Buffaloes are known to convert poor dquality ration into

remarkable muscle masSsSe
The carcass tissue consists of muscle, fat and

ne that is most sought for by

bone. Muscle is the o

customers. A acceptable proportion of fat combined

with lean makes +he best saleable neat.
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The average values for carcass characteristics of

buffalo and cattle, as reported by early workers, are
presented in Table III.l., and the average values for

percentage weight of internal organs in Table III.2;

Table IITI.l. Average values for carcass characteristics
of buffaloes and cattle

a) Dressing percentage

.n-u-—»-n-u——-——-m——-—-—.—-a-un.--—.——n---——-—-.——n-———.——u—-—-——-—-—

Description gggﬁgi?gge Reference
1 2 3

18 month male buffalo 49,3 Maymone (1942)

18 month female buffalc 49,2 Maymone (1942)

Adult female buffalo LTI Maymone (1942)

Male buffalo 6-12 months 45,0 Maymone (1945)

Male buffalo 12-18 months 47,0 Maymone (1945)

Adult male buffalo 52.0 Maymone (1945)

Italian adult buffalo 48,5 Salerno (1948)

Italian adult buffalo 45,3 Salerno (1948)

30-40 day old buffalo 65,7 Badruldin (1955)

Iraqi buffalo 48.4 Kassir et al. (1969)

adult buffalo 50.8 Charles -
et al, (1970)

Bulgarian puffalo 53.7 Ognjanovic et al.
(1970)

Murrah buffalo : 54,6 ?%ggg?ovic ctalls

Bulgarian Murrabh Ccross o4l ??SQS?OViC et al.

o i T T S £ e PR € e S O e = -
_.,—--u-l""‘""'
g - £ £
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Table III.l. (continued)

- Dressing
sscription
Descrlp percentage

s o i T S 8 TR S S M S £ S 5 S S 7 s S Lk ke A T S S i A1 T i S e S e e e e e e e

Charles and Johnson
(1972)

48,5 Cockrill (1974)

adult buffalo 55.4

2Adult male buffalo

Castrated adult buffalo 48,2 Cockrill (1974)

vearling buffalo 45,6 Cockrill (1974)
Murrah buffalo 50,5 Sarma et al. (1978)

Iragi cattle 51:2 Kassir et al. (1969)

Adult cattle 55,8 Charles et al. (11970)

o
- ——
- —

e o e o S o S et Y TR 2 g e B e e S ot
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Table IIXI.l. (continued)

(b) other characteristics

e o s S S A T S S 5 B S A i S e S e N S e S e 508 VI S S S G e S S 11D IR S SR S S S S e S e G G e

o e S Tm Chilled :
Description i;i;ﬁi“e“ carcass carcass E§2251t
5 wveight weight

(kg) {(kg) (kg) (%)
Thai buffalo 417,5 .o oo sie
Egyptian buffalo calf 30,3 o e . as
Egyptian adult
buffalo 449.0 e aw )
Adult bupffalo 300,0 le 129.4 oo
Bulgarian buffalo 362,2 oo 194,.6 oo
Murrah buffalo 365,.8 0o 200,0 3.6
Bulgarian Murrah
Cross 387.8 ee 209.5 2.1
Adult buffalo 314.0 . 170.0 33
Adult buffalo 542.,6 263,.2 e 50
Castrated buffalo 524.2 252,8 oo .o
Yearling buffalo 2795 127eS oo e
AdU.lt buffalo ) 138.4 ) P
Murrah buffalo 241.7 112251 e oia
Young buffalo
(Roughage ration
85% NRC) 230.0 en 9302 L 2L
Young buffalo
(75% roughage, 25%
concentrate,
85% NRC) 306.0 e 159,7 oo
AdUlt Cattle 343 -0 L ] 180.9 - 9

a6 137.7 * e LI

Adult cattle

— . I S e e e R P s S ey e W S
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Table I1II.l. (continued)

(b) Other characteristics

P ——— T el el L L

Percent- Percent= Percent=-

Reference

DESCE Bt oF age meat age bone age fat
Thai buffalo 78.8 2102 e Buranamanas
: (1963)
Egyptian buffalo calf 32,6 S 5.6 Ragab et al.
(1968)
Egyptian adult
buffalo 33.7 1.8 6.1 Ragab et al.
(1968) _
adult buffalo a3 19.6 4.9 Charles et al.
(1970)
Bulgarian buffalo 5 ola o' Ogn janovic
et al. (1970)
Murrah buffalo - .o oo Ogn janovic

et al. (1970)
Bulgarian Murrah

cross .o oo oo Ogn janovic

et al. (1970)
Adult buffalo 68.2 17.4 10.6 Charles and

Johnson (1972)
Adult buffalo 82.8 16,6 e Cockrill (1974)
Castrated buffalo B4.9 175 el Cockrill (1974)
Yearling buffalo 8}l 18- 4 b Cockrill (1974)
Adult buffalo A0 o o Cockrill (1974)
Murrah buffalo (kd) 83.9 33.2 9.0 Sarma et al.

(1978)

Young buffalo

(Roughage ration

85% NRC) 59.8 24,7 15.5 Raghavan et al.
{ 1599)

Young buffalo
(75% roughage, 25%

concentrate, i nlo o ek .

%o . 22,0 5 aghavan et al.
B (igge) " =
Adult cattle 68L%5 20.7 8.1 Charles et al.

(1970)
Adult cattle 6745 14,5 14.4 Cockrill (1974)
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Table TIX.1. (continued)

c) Meat=bone ratio

e S R S I R S S e S 5 e T S S S S S 108 S S S e S S s i (R £ ey S G S L T £ S S

Meat-bone :
Reference e Remarks
Buffaloes
Buranamanas (1963) 3/ Average value
Ragab et al. (1968) 3.2 Average value
Ragab et al. (1968) 4,3 Average value
Charles et al. (1970) 956 Average value
Charles and Johnson (1972) 3.9 Average value
Cockrill (1974) 4.5 Average value
Sarma et al. (1978) neK Average value
Cattle
Berg and Butterfield (1966) el Hereford
Berg and Butterfield (1966) 3.4 Half Brahman
Berg and Butterfield (1966) 3.6 Brahman
Berg and Butterfield (1966) 3.0 Shorthorn
Charles et al. (1970) 3.8 = Average value

Cockrill (%974) A.z Average value

e P e e S, St e S S S A R LIS WS et L S e S et g B N S et S
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Table III.2. Average values for weight of organs as
percentage to weight of animals in
buffaloes and cattle

S 2 S S S S S5 G S N S e e St e 28 S S GRS S S D W . S S G S SR S S S 5 S S —— - —

;é: Description Hide He=2d Liver Heart Lungs Kidney
-;"#j;;:;g b;ffalo 11.0 4,2 § oo -hn-a.;g-_l.60 ¥ _T:ﬁ—“
2 castrated buffalo 9.9 oo o .o .o .o

3 Iragi buffalo 10.7 4,0 1.4 0.41 SIS 0.27

4 Bulgarian buffalo 13.9 3.8 1.1 0.36" 0.52 0.20

5 Murrah buffalo 12.4 3.6 1a2 0.43 0.56 0.26

6 Adult buffalo 11,6 .o .e .o Je 0.59

7 Male buffalo o e l.4 oo S s

8 Castrated buffalo oo .o os oa oo 0.31

9 Yearling buffalo Riatin o e els .30 O,6l W29
10 Murrah buffalo 11,5 4,1 oo 0.32 0.64 0.24
11  Bull 8.6 i s e i

12 Iragi cattle 7.8 Sie) l.4 0.34 .o 0.24

13 Adult cattle 10.8 S0 1.4 i NS o's

—.—-——-——_-—-——-.—-——_-———————-_——-—————_—.——_————-——_———_-.—
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Table III.2. (continued)

S Reference.
1l e .o oo Domingues (1956)
2 i .o oo Cumburidze and
Dalakishvilli (1959)
3 21.4 .o oo Kassir et al. (1969)
4 Lo o SO Ognjanovic et al. (1970)
5 s 56.0 44.0 Ognjanovic et al. (1970)
6 18l P oo Charles et al. (1970)
7 L 57.4 42,6 Salerno (1974)
8 ole 54,9 45,1 Salerno (1974)
9 1LE)57) 5249 47.1 Salerno (1974)
10 ols oo e Cockrill (1974)
1lal 20,7 58,2 41.8 Cumburidze and
Dalakishvilli (1959)
12 ae .o we Kassir et al. (1969)
13 oo oo .o Charles et al, (1970)

In the present work the carcass characteristics as
well as the weight of the internal organs had been studied

in adult buffaloes and cross-bred cattle.



MATERIALS AND METHODS

After a period of 12 months' growth study, the animals
were castrated by the Burdizzo method, and after subsequent
fattening, 18 buffaloes (average age 43 months) and 22
cross-bred cattle (average age 47 months) were transported
in trucks to the factory of Meat Products of India at
Koothattukulam, Kerala, at a distance of 105 km away from
the Kerala Agricultural University farm. These animals
were weighed at the project before loading and again at

the factory after 30 hours of fasting.

Animals were stunned using standard captive bolt
pistol. Bleeding was done by severing the jugular vein

and the artery by a transverse cut just pasterior to the

angle of the jaw.
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After flaying, the trachea and gullet were loosened
and a knot was put on the gullet, Head was removed at the
occipito-atlantal junction. The tail was removed‘hetween
the second and third coccygeal vertebrae. Metacarpal and
metatarsal bones along with hooves were removed at their
joints. After splitting the breast, a midline longitudinal
incision was made on the abdomen. The thoracic and
abdominal organs were then removed and weights recorded
separately. The kidneys were left intact in the carcass.
The carcass weight was then recorded. The fore~and hind-
quarters were divided by cutting transversely between the
twelfth and thirteenth rib and recorded the weight of

each quarter separately. The separable fat was dissected

out from subcutaneous tissues, and from around the kidney.

For the study of edible meat, the carcass was split

into two halves through the vertebral column and after

noting the weight, one half was stripped into bone and
meat.

statistical testing of the means for significance

was done by the methaod of analysis of variance as

described by Snedecor and Cochran (1967).



RESULTS

The data obtained during the course of the study

are presented in Tables IIX,3, to III.6.

Table III.3, Carcass characteristics of buffaloes and

cattle

o —— -

Buffalo SE

et T ———

Weight at farm (kg)
Weight at slaughter (kg)

Loss due to transit and
starvation for 30 hours (kg)

Carcass weight (kg)
Dressing percentage

Percentage of loss due to
transit and starvation

Edible meat (kg)

Bone (kg)

Separable fat (kg)
Percentage of edible meat
Percentage of bone
Percentage of separable fat

P e e S g T T MO e

318.4
303.1

15,3
154.8
51.1

14,9
12.9

0.6
8.9
0.8

0.3

— i — o ——— i — I ——— T — T S S e S Y S — — " — —

Cattle  SE
404.5 16.4
382.4 16.3
225 0.9
21029" 12,8

55.2 1.3
5.8 O.B
15216 Nc o
AAOR. 155
1553002586
72.4 1.0
20.9 0.8
7 R T

T R i S S s el e S I e S S G S R e S T e e S e S
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It appeared from the result that the meat : bone
ratio in buffaloes was 2.9 while in cattle it was 3.5,
The percentage of muscle was around 70 in both buffaloes
and cattle. Buffaloes had a higher percentage of bone
compared to that of cattle ( P /0.0l.). °  significant
difference could be detected between buffaloes and
cattle in dressing percentage, Weight loss due to transit
and starvation, and separable fatf.gcmrdcd no Sl'g\'iiF:‘cautdiFFe'rence.

Table III.4. Weight of organs of buffaloes and cattle

—————-—-—n—-—n-un—-—.-..——-——---.—-——ﬂ—m—-——n——.—m—-mu——n—__-—_—

Buffalo SE Cattle SE

-—.——_----p-_-.--u_.-.u_-m--.—_-—-p-—.--——--u-u--_on--"-—.-;‘..-_u—.—h--;-.-.._

Oesophagus, reticulo-rumen.,
omasum, abomasum, intestine

(washed) (kg) 306 0.6 N6s2 05
Liver (kg) 3.4 052 450 0.2
Heart (kg) o2 O A G
Trachea, bronchi and lungs (Xkg) 3.2 020 3501082
Kidneys without fat (kg) 0.7 0.03 0.7 0.04
Fore~-quarters (kg) .87.8' 5is 3 2758906
Hind—quarters (kg) 6740 | 3.8 '83.2 4.3
Head (kg) iosal (0.5 13.4 G4

<i7ial 159 " 327 1.8

skin (kg)

—-nn--.--n-----—-—-—-—-—o———-‘-
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Table III.5., Weight of organs, as percentage to weight
of animals at slaughter/carcass weight,
in buffaloes and cattle

- o — —— T — ——— = —

Signifi-
cance

—— - —— — ——————— — —— -

—————— o —— T A —— —

Fore-~quarters to

carcass weight 5661 065 60,6 0.7 P / 0,01

Hind=quarters to

carcass weight 43.3 0.5 39.510.7 P/ 0501

Kidneys to carcass
0.5 0.03 0.3 0.02 P / 0,01

weight

Head to weight at

slaughter 4.1 0.1 3.0 QA" PR TOL 0L
Skin to weight at

slaughter HND oD 0.3 8R61 0.2 P/ 001

Oesophagus, reticulo=-
rumen, omasum, abomasum
intestine to weight

at slaughter 4e5 0.3 4,2 0,2 P > 0.01
Liver to weight at

slaughter 1.1 0.1 1Ll () a LR o), (ol
L s to weight at

silggghter % 1.1 0.l 0.9 0.1 P > 0.01
Heart to weight at ,

slaughter 0.4 0,02 0.3 0.01 P / 0.01

e e e S St A ey men

The values for the parameters studied were found to be
: - higher in buffaloes than those in cattle except
the percentage of fore-quarters to carcass weight which was

higher in cattle than that in buffaloes.



DISCUSSION

The weight loss due to transport by trucks and
subsequent starvation is less in buffalces than in
cattle although the results were statistically
non-significant., The weight of the animal was not
recorded immediately on arrival at the factory and
hence the true transit weight loss could not be
determined. Hence, the weight loss due.to transit and
starvation recorded in the present study is not being
compared with literature values for transit weight
loss.

Transit weight loss is attributed primarily to
sweating, exhalation{ excretion of faeces and urine

and is controlled by the physical conditions of the
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animal, season of the year and duration of the journey.
The lesser weight loss in buffalo observed in the present
study is attrlbutable to its thick skin, scanty sweat
glands and also to its more sturdy nature. This is
suggestive of the possibility of transporting buffaloes
for long distances by even trekking with comparatively

lesser loss in weight than cattle,

Dressiné percentage is the first criterion of
production to be considered at slaughter. Buffaloes
recorded a lesser dressing percentage than cattle
(P / 0,01). The dressing percentage observed in this
study is almost similar to those reported by Charles et
(1970) (50.8 per cent in buffaloes and 55.2 per cent in
cattle). Kassir et al. (1969) also reported a similar
trend in the dressing percentage in buffaloes (48.4 per

cent) and cattle (51.2 per cent).

Maymone (1945), Ognjanovic et al. (1970) and
Charles and Johnson (1972) have reported higher dressing
percentages in various breeds of adult buffaloes,
However, lower dressing percentages have also been
reported in buffalogs (Maymone, 1942: 47.7 to 49.3 per

cent; Maymone, 1945: 45 to 47 per cent; Salerno, 1948:
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45,3 to 48,5 per cent and Cockrill, 1974 : 45.6 to
48,5 per cent.).

The lower dressing percentage recorded in the
buffaloes, as compared to cattle, may be due to its
higher percentage weight of hide and head. The combined
weight of the hide and head was about 4.2 per cent higher
in buffaloes than in cattle, Berg and Butterfield (1975)
and Geay (1978) considered dressing percentage as a poor
criterion for evaluating edible meat in animals when
carcass weight was related to live weight. However, when
carcass weight was related to empty body weight the
dressing percentage appeared to be a useful and cheap
measurement in comparing animals for any given type of
production., Expressed in relation to empty body weight,
independently of the gut content, dressing percentage

might vary according to weight and genotype.

In the case of fore-quarters and hind-quarters, it
was noticed that the fore—quarters weighed much more
than the hind-quarters in both the species. This result
is in agreement with the result of Salerno (1974) who
ported a higher percentage weight of the fore-

also re

quarter in puffaloes (52.9 to 57.4 per cent) than the
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hind-quarter (42.6 to 47.1 per cent). Between the

species, the percentage weight of fore-quarter in cattle

was significantly more (3.9 per cent) than in buffaloes,

This could be attributed to the increased development of

the rhomboideus muscle in cattle (Norman and De Felico, 1981).
It is well known that the neck, thorax and thoracic limb
muscles grow more quickly than the muscles of the hind

limb. However, the hind-quarters recorded a significantly

higher weight in buffaloes (3.8 per cent) than in the cattle,

The weight of head in buffaloes, as percentage to
weight of animals at salughter, was found to be more than
that of cattle (Table III.5.). This could be attributed
to the presence of the well-developed horns in buffaloes

which were absent in the cross-bred cattle due to

debudding of the horns.

Domingues (1956), Kassir et al. (1969) and Cockrill
(1974) have also reported a similar percentage of weight

for the head in buffaloes.

In the case of skin, buffaloes recorded a signi-

ficantly higher weight (3.6 per cent) than cattle

(Table ITI.5,). It 1S reported that the thickness of the

epidermis in buffaloes is about 1.5 to 2 per cent of the
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thickness of the skin, whereas it is only less than

1.2 per cent in cattle (Cockrill, 1974).

The present study is in agreement with those of
ma jority of the earlier workers (Domingues, 1956; Cumburidze
and Dalakishvilli, 1959; Charles et al. 1970; Ognjanovic

et al., 1970; Cockrill, 1974; Salerno, 1974).

The weight of oesophagus, reticulo-rumen, omasum,
abomasum and intestine, expressed as percentage to live
weight, did not record any statistically significant
difference between cattle and buffalo. Even though the
same was the trend in the percentage of weight in buffaloes
and cattle reported by other workers (Kassir et al, 1969)

and Cockrill, 1974), the absolute value in the present

report was lower than those of the above workers,

Although non-significant, the results revealed that
the capacity of the gastro-intestinal tract in buffalo
was slightly more than that of cattle (4.5 per cent,

against 4.2 per cent in cattle).

The weights of liver, lungs, heart and kidney
appeared to be higher in buffaloes (1,1, 1.1, 0.4 and 0,5

per cent respectively) than in cattle (1.1, 0.9, 0.3 and

0.3 per cent respectively) (Table III.5.), though the values For the
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fivst two were not significantly different. These findings
are in agreement with those of Kassir et al., (1969),
Charles et al., (1970) and Ognjanovic et al., (1970), who
also observed higher percentage of weight for the

internal organs in buffaloes than in cattle.

The values for the weight of bone as percentage to
carcass weight was significantly higher in buffaloes
(3,6 per cent) than in cattle, However, cattle had a
higher value, though non-significant, for edible meat and

separable fat (2.0 per cent and 2,6 per cent respectively).

The percentage weight of bone to carcass weight
obtained in this study was much higher in buffaloes than

the earlier reports (Kassir gt al. 1969; Charles et al.,

1970; Ognjanovic et al., 1970; Charles and Johnson, 1972;

Salerno, 1974).

In the case of the percentage of meat to carcass
weight, the results obtained in the preéent study, in
buffalo and cattle, were higher than the earlier reports.
However, in ma jority of those reports also, percentage of

meat to carcass weight in cattle was found to be more

than in buffaloes. (Kassir et al., 1969; Charles et al.,

1970; OgnjanOViC et 2;,,1970: Charles and Johnson, 1972;
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Cockrill, 1974), The percentage of separable fat in

buffaloes was 4,7 while in cattle it was 7.3

Muscle : bone ratio is often used as a criterion
of muscle development. The present study indicated a
meat : bone ratio of 3.5 (cattle) and 2.9 (buffalo).
Even though these results are lower than the reports of
Cockrill (1974) in cattle and Buranamanas (1963) and
Charles et g;”,(1970) in buffaloes, the present study is
in agreement with those of Cockrill (1974) and Berg and
Butterfield (1966) in having higher meat : bone ratio for
cattle than the buffalo. It appears that cettle had a

higher percentage of edible meat than buffalces,



CHAPTER IV

A7 T
=y

HISTOLOGY AND CHEMICAL COMPOSITION OF IMEAL

Muscular tissue constitutes about 30 per cent of
the body weight and is the largest single tissue component

of the body. At rest, about 50 per cent and during

strenuous excercise, about 75 per cent or more, of the total

metabolism is due to muscular activity (Cantarow and

s¢hepartz, 1967). Consequently, many metabolic inter-

therefore.,

mediates are formed. The composition of muscle,

largely depends upon the activity and type of muscle, the

time and nature of slaughter, the method of preservation

and the technique of analysise.

Buffalo meat is similar to beef in many basic

properties. This is particularly obvious when buffalo
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meat is compared with beef of corresponding class of
cattle maintained under similar coﬁditions (Joksimovic,
1969) ..

Since the pioneecring work on the composition of
meat by Lawesand Gilbert (1859), much data regarding the
composition of beef from animals of different ages and in
varying stages of nutrition had been gathered. Callow
(1935, 1938, 1944, 1948, 1949 and 1954) had estimated

the moisture, fat and protein contents of the muscle in

various species of animals.

Water and organic substances in the body are known
to exhibit wide varjiation according te age and nutritional
state. On a percentage basis, the water content showed
an appreciable decrease with advancing age.

The chemical constituents which make vp the gross
composition of the body are not evenly distributed among
the various organs and tissues but, arégmore or less
localiséd according to their function. In contrast to
the wide variability reported for moisture and organic
constituents, the ash content had been found to be

practically constant when expressed on water-free and

fat=free basis,



50

The relevant literature is summarised in Table IV.1l.

Average moisture content, dry matter and
ash of meat of buffalo and cattle

Table IV.1l,

a) Buffalne

Dry
Author/s Morsture matter Agh Remarks
(%) (%) (%) '
Winton and Winton (1949) 75.5 24.5 1.5 Average value
Maymone and
Bergonzini (1960) 71,6 28.4 . New born calf
Kurbanov (1961) 64.4 353595 1.0 High /ifat
buffalo
Kurbanov (1961) 68,8 31.2 1.0 Medium fat
buffalo
Kurbanov (1961) 73,3 26,6 1.0 ‘Liow E£at
buffalo
Ferrara et al. (1969) 71.6 28,81 1.0 Milk fed
calves
Ferrara et al. (1969) 73.1 26,8 1.0 Milk fed
calves
vadava and Singh (1974) T7ie9 22,0 o» Longissimus
dorsi
Yadava and Singh (1974) 76.9 23,0 sn  Sartorius
vadava and Singh (1974) 76.6 23.3 i Triceps
Lall (1977) 78.7 21.3 1.0 Average value
Joksimovic and
ognjanovic (1977) 76,8 23.1 .. Young buffalo
Joksimovic and
Ognjanovic (1977) 76.9 23.0 .. Adult buffalo
Rao (1978) 78.2 21.8 0,9 Young buffalo




Table IV,.1l.

b) Cattle

= e s @

Winton and Winton (1949)

Watson (1949)

(continued)

Moisture

(%)

(%)

Miller and West (1953)

Hawk et al. (1954)
Reid et al. (1955)
Lawrie (1961)

Harrow and Mazoor (1962)
Kleiner and Otten (1966)

Pearson (1966)

Hafez and Dyer (1969)

Cole and Rony (1974)

Cockrill (1974)
Cockrill (1974)
Libby (1975)

Dean et al. (1976)
Dean et al. (1976)

(1976)

|

Dean et al.

———

66,3
75«80
75.0
75,0
1959
75,0
75.0
60,2
12535
D3
76,4
76.9
75.0
T2el
72,4

71.3

Dry
matter

51

Remarks

- -

Average value
At birth
Average value
Average value
Average value
Average value
Average value
Average value
Minced beef
Average value
Average value
18--24 months .
10-18 years
Average value
Hereford breed

Hereford
Holstein cross

Holstein

T e g oS A Y = S T



Table IV.l. (continued)

b) Cattle

S o e = e

Author/s

Moisture

(%)

Dry
matter
(%)

52
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Ferrara et

al. (1969)

Pearson (1976)

Fox and Cameron (1977)

Lall (1977)

Joksimovic
Ogn janovic

Joksimovic
Ognjanovic
Maynard et
Maynard et
Maynard et

Marian et

Marian et al.

Marian

als

et al.

and
(1977)

and
(1977)

al. (1979)
Bl (1.979)
al. (1979)
(1980)
(1980)
(1980)

Marian et al. (1980)

Ranjan

Ranjan

(1980)
(1980)

53.8
76.8
75,0
74.3

76,4

7665
75=80
66=72
40~-65
55.4
52e9
5846
56,1
57.0
74,0

2395

2345
20-25
28~34
35=60

44,6

47,1

41,4

43,9

43.0

26,0

Average value
Average value
Average value

Average value
Simmental

Average value
At birth
Calves

adult

Angus steer
Angus steer
Simmental
Simmental
Adult

New born
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Muscles contain storage fat as well as essential
lipids, with phospholipids predominating among the latter.
Nutritional status exerts a direct influence on the fat
content of the muscle tissue. Considerable variations
exist in the composition and distribution of fat between

animals and between regions of animals.
The relevant literature pertaining to the fat contents
in buffalo meat and beef are presented in Table TVesil e

Table IV.2. Average fat percentage in the meat of
buffalo and cattle

a) Bufrfalo

e . . —— g T 5 . T S M e et S B LT e —

e S S S S G T S 8T W R — T

Author/s Fat percentage Remarks
Oognjanovic et al. (1970) 1.3 Bulgarian
buffalo
ognjanovic et al. (1970) 0.6 Murrah
buffalo
ognjanovic et al. (1970) 1.0 Murrah -
| Bulgarian
Cross
111 (1974) 15.4 High fat
e ( buffalo
1974 9.6 Medium fat
Cockrill (1974) il
1.1 Low fat
Cockrill (1974) g
Lall (1977) 0:9 . Average value
3a2 Young bwffalo

Rao (1978)




54

Table IV.2., (continued)

b) Cattle
Author/s Fat percentage Remarks
Winton and Winton (1949) 16.2 Average value
Sherman (1952) 125 Lean beef
Miller and West (1953) 3.0 Average
(mammalian muscle)
Maymone and Bergonzini (1960) 3.0 Average value
Prince and Schweigert (1960) 20,0 Average value
Lawrie (1974) 3.0 Average value
Kleiner and Otten (1966) 3.0 Average value
Hafez and Dyer (1969) 1-20 Average value

Cole and Rony (1974) 3,0 Mammalian muscle

Libby (1975) 3.0 Average value

Fra (1 977) Zab Average value
Fox and Cameron (1977) 16,5 Average value
Marian et al. (1980) 21 +9 Angus Hereford
steer
Marian et al. (1980) 30.4 Angus Hereford
~ steer
Marian et al. (1980) 23,6  Simmental
Marian et al. (1980) 26.1 Simmental heifer
Ranjan (1980) 3.0 New born calf
20.6 Dry cows

Ranjan (1980)

— b s gl
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The fat percentage in buffalo is reported to vary
from 0.64 to 15.4 per cent while in cattle it varied from

1 to 30.4 per cent depending upon the age and nutritional

status of the animal.

In a comparative study of the fatty acids in the
meat of buffalo and cattle, Romita et al. (1976) observed
that many of the fatty acids were fcund at significantly
higher level in cattle than in buffaloes. They have also
observed that the levels of the acid 18:0 (stearic acid)

and 18:1 (oleic acid) were constantly high in buffaloes.

Pyne et al. (1977) studied the fatty acid composition

of brisket fat obtained from Angus cows crossed with
thirteén different breeds of cattle and observed significant
differences between the crosses in the percentage of
palmitoleic, stearic and octadecenoic acids. Siganificant
differences were also noted in the ratio of ?almitic to

stearic acid, and in the percentages of. subcutaneous,

intra-muscular and internal fats between the various

Crosses.
Proteins as a group constitute the major portion of

the animal body on a dry matter basis. The essential

unit of muscle tissue is the myofibril. The sarcoplasm

and the sarcoplasmic reticulum are situated between the



56

myofibrils. The fibre is covered by a very thin

membrane called as sarcolemma.

Harrow and Mazoor (1962) classified the muscle

proteins into myogen, globulih, myosin and stroma protein.

Cantarow and Schepartz (1967) broadly classified the
muscle proteins into intracellular and extracellular
proteins, The extracellular protein (stroma) is formed

by connective tissue protein. The intracellular protein

is again subgrouped as fibrillar (actin and myosin) and
sarcoplasmic (myogen, globulin and myoglobin) proteins.
Hawk et al. (1954) also has followed a similar classification.

Kartz (1970) classified the contractile protein into
myosin, actin, tropin and tropogen.

Bourne (1973) reported that about 60 per cent of
the proteins of the muscle are concentrated in myofibrils.
These proteins are further classified as contractile
proteins (actin and myosin) and regulatory proteins
(troponin, tropomyosin, paramyosin, alpha-actinin,
beta~actinin and M-protein) .

Libby (1975) classified the muscle protein of

cattle as sarcoplasmic protein, myofibrillar protein
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and connective tissue protein.

Proteins of the muscle can be broadly classified
into those which are soluble in water or in dilute salt
solution (sarcoplasmic protein), those which are soluble
in concentrated salt solution (myofibrillar protein) and
those which are insoluble in the latter (proteins of the

muscular tissue and other formed structure).

The literature gathered on the vrotein conten+
of the meat of buffalo and cattle is presented in
Table IV.4., the different protein fractiors in Table IV.5%
nd cattle

and the amino acid composition of huffalc ar?

meat in Table IV.6.
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Table IV.,4, Average values for protein content of meat

A ———— e S o S A S M S A S AT [ ———

Protein content
(g/100 g meat)

REEereneeil ailah' 516" 1 ol 81 Chaide s T Dt e Remarks
Buffalo Cattle
Winton and Winton (1949) 21.8 17.8 Average value
Sherman (1952) S 19.2 Average value
Miller and West (1953) o 20.2 Average value
Reid et al. (1955) ofe 20,2 Average value
Lawrie (1961) ofs 356 Nitrogen
Harrow and Mazoor (1962) ole 20.0 Average value
Lawrie et al. (1964) o- 3.1 . Nitrogen
Pearson (1966) A 22,2 Minced beef
Abraham and Bernard (1967) 55 20.0 Average value
Hafez and Dyer (1969) < 18,0 Average value
Cole and Rony (1974) S 18.0 Average value
Libby (1975) s 19,5 Average value
Libby (1975) olo 18.5 Lean beef
Dean et al. (1976) e 20.9 Hereford
Dean et al. (1976) oo 20.7 Hereford cross
Dean ¢t al. (1976) 21.8 21.0 Holstein
Joksimovic and
ognjanovic,(l977) 21.4 oo Adult buffalo
Lad) W(1977) 19.4 22.6 Average value
Fox and Cameron (1977) s 18,0 Average value
Rao (1978) 18.8 “s Average value
Ranjan (1580)' A% 19.0 New born calf

Ranjan (1980) 50 17,2 « Dry coms

— —— - ———“—-———-—d—u--——-ﬂ.———-————-
=] —— ———— R S

———
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Table IV.5. Average values of the different protein
fractions of meat of cattle

-———-—--—un--———--u.—-..-————u———-——--———-——-—.——-—-—————-—--———-———--————-

Values of the different
protein fractions

REEETENCE (|| | | et S ST S srd o ggggéin
Myo- Sarco- =
fibriliay plasmie - SEECTS ¢ FIEHOISN
protein protein PEOEEN

As percentage of total protein

Helander (1961) 54,7 18.5 14.4 12:6

Harrow and

Mazoor (1962) 57.0 27.0 16,0 S

Lawrie et al. (1964) 53 to 195t 9.1 to 115 to

56,5 23.9 16,0 12.8_

Penny (1970) 80 to s oo oe

85

Bernard (1967) 60 40 20

As percentage of total nitrogen

Lawrie (1961) 1.83 0.94 10,39 0.42

Lawrie (1961) 1293 0.94 50.36 0.38

Lawrie (1961) 1.84 1.08 0.28 0.41

e ———— — T - W S ——

i s o S o e o Tn S
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Table IV.6. Amino acid composition of the meat of

buffalo and cattle

a) Buffalo

iR ——————— e A T T bbb b

Amino acid
(as percentage

of frecsh sample)

Lysine
Histidine
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Tryptophan
Glycine
Alanine
Cystine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

- o —————
'-—-——-—..-.u-—.—-—————-—--—-——s——---—.--.——-—:—————-— ===

Reference

e e e =

— T A §T T M e

Cockrill
(1974)

ame = S —— T — . —— . —

- ‘m-’ﬂl_-’_—-~-;-r-l_-lcr—t.‘--—-—l‘nm-ﬂ--m-‘-‘—-ﬂ--:—-—n-ﬂ_“—-’--—--o——

Buffalo

Murrah-
Murrah Bulgarian

Cross
2162 1,722
0.868 0.833
1,430 1.420
25106 2,620
1.180 1.230
0.890 0.920
4,310 4,150
0.910 0.920
1,053 1.051
1570 1.480
0.520 0.540
15370 16350
0.660 0.650
Lo 159 12283
1,825 1.952
0.870 0.890
0.955 0.966

e — S
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Table IV.6., (continued)

b) Cattle

. ——— D S S —  — —— —— ——— — — T ——

Amino acid
(as percentage of Beef Beef
fresh sample)

T ———— ) S S e S W T T TN S S - o T e . S

Lysine 9.0 8.4
Histidine 3.3 2.9
Arginine 7.0 6.6
Aspartic acid 10.5 8.8
Threonine 5.0 4.0
Serine 6,0 3.8
Glutamic acid ALy (o 14,4
Proline 6.0 5.4
Tryptophan A4 Lad
Glycine 5.0 Tod
Alanine 7.4 6.4
Cystine 1.2 1.4
Valine 5¢5 5.7
Methionine 32 2.3
Isoleucine 6.0 5.1
Leucine 8.0 8.4
Tyrosine 4.0 3.2
Phenylalanine 5.0 4.0
Hydroxyproline 1.0 .o
Reference Kleiner and Lall
i otten (1966) (1977)




MATERIALS AND METHODS

The slaughter of the 18 male buffaloes and 22 male
cross-bred cattle was carried out at the Meat Products
of India, Koothattukulam, as described earlier in

chapter III,

Histology

Pieces of muscle from the gluteal region were

collected for histological examination. Tissues about

0.5 cm thickness were cut from three sites and fixed in

10 per cent neutral formalin. They were sliced into 3 mm
thick pieces and washed in running water for 6 to 12 hours
to remove the formalin completely, dehydrated using

ascending grades of alcohol, cleared in xylene, and

embedded in paraffin wax. Sections cut at 5 microns
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thickness were stained with hematoxylin and cosin.

Individual samples from fore-quarter and hind-
guarter were collected in polythene bags, labelled,
and then sealed. These bags were packed inside an
ice-box with ice and were immediately transported to
the Central Institute of Fisheries Technology at Cochin.
Oon arrival at Cochin, about an hour later, the samples
for protein fractionation were taken out, pooled and
prepared immediately. Other samples were kept in a
freezer at -20°C till further use.

Pooled sampling of meat was done as per the Official
method of analysis of A.0.A.C. (1980). The representative

samples of meat were carefully minced, homogenised and
kept at -20°C until the analysis was over.
Moisture

Moisture in the meat was determined as per A.0.A.Co,
(1980), by drying a weighed known sample of meat at iKil(ejir(e
and weighing till concordant values were obtained.

Ash
ash in the meat was estimated by incinerating a

weighed sample at 525°C in the muffle furnace and
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recording the weight of contents left behind.

Glycogen

Glycogen in the sample of post-rigor meat was estimated

according to the procedure of Umbreit et al. (1959).

Ten grammes of the sample ware minced with 5 ml of 30 per
cent potassium hydroxide and heated iﬁ a boiling water bath
uhtil completely dissolved. This was then treated with 6 ml
of 95 per cent ethanol while hot, cooled and the glycogen
precigpitated was centrifuged out. The supernatant was

discarded and the prec@pitate was hydrolysed two hours

in 1 N hydrochloric acid at 100°C. The hydrolysate was

neutralised and the reducing sugar was measured with a

copper reagent. The factor of 0.927 was used to convert

glycogen measured into glucose.

Crude fat

crude fat in the meat was isolated by wet extraction

" using a chloroform-methanol (2:1 v/v) solvent mixture

(Bligh and Dyer, 1959).

Muscle was minced thoroughly in a mechanical meat

Minced meat (100g) was blended with 300 ml of

e and chilled on jce and

mincer.

Chloroform-methanol mixtur
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filtered through Whatman filter paper (No.41l). The
residue was taken and again blended with 300 ml of

the same solvent mixture and filtered as above. The
residue was re—extracted again using 300 ml of the same
solvent mixture. The colourless meat residue after the

third extraction was discarded,

Added 10 per cent by volume water to the pooled
liquid extract, shook well, and kept over-night. The
liquid extract got separated into a top layer of water
and methanol and a bottom layer of choroform containing
all the lipids. The chlofoform was dried over anhydrous

sodium sulphate and the volume of the chloroform layer
was noted.

Twenty five millilitres of the dried chloroform
solution containing the lipids were quantitatively
transferred to a dried and accurately weighed 100 ml
beaker. The chloroform extract was evaporated on a water
bath and the dried lipids were again dried under vacuum.
Drying and weighing were repeated until constant weight

was obtained. From this weight and the initial weight-

of the beaker the weight of the lipids was obtained.

The quantity of the lipids was expressed as g/100g of

wet muscle.
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Total lipids were extracted from the muscle by
the method of Bligh and Dyer (1959). For the preparation
of methyl esters, the lipid samples were saponified, the
unsaponified matter was removed and the fatty acids were
collectel. The free fatty acids were esterified with
14 per cent (w/v) methanolic--boron tfifiﬂpride according
to the method of Morrison and Smith (1964) under nitrogen

atmosphere.

Fatty acids

The methyl esters were analysed on a gas chromato-
graph using flame jonization detector and ctrip chart
recorder (Varian 10 mv). The column was & stainless
steel tube, six feet by one fourth inch outer diameter,
filled with solid support gaschrom Q (80-150 mesh,
Applied Science Laboratories, U.S.A.) coated with 10 per

cent silar 10 ¢ (Applied Science Laboratories, U.,S.A.).

Operating conditions were as follows: =

Column temperature 190°C Isothermal
Detector temperature 250°C
Injection port temperature 250°C

Carrier gas Nitrogen 50 ml/minute
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The following standards were used in the gas

chromatograph.

Saturated acids : Sls
aci The methyl. esters of C12, 013, C14’

015, Cl6’ Cl?’ C18 and C20 acids

(E Merck) .

Unsaturated acids : The methyl esters of oleic, linoleic,
linolenic, arachidonic, erucic and
decosahexaenoic (C22:6) (Sigma 99 per
cent), 5, 8, 11, 14, 17, eicosapent-
aenoic acids (94.6 per cent; NIH
standard)

The instrument was calibrated with fatty acid-methyl

as described by Horning et al.(1964). Identification and

quantification of peaks were done as described by Gopakumar

and Nair (1972).

Proteins
Fractionation of muscle protein was done according to

Khan (1962) as modified by Hashimoto et al. (1979).

samples of homogenised muscle (10 g) were taken in a
centrifuge tube and: 10 ml of phosphate buffer, pH 7.5

(15.6 mM Na, HPO, : 3.5 mM KH, PO,) was added to it and
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mixed well with a glass rod, After 30 minutes, added
10 ml of the same buffer and stirred well., This was
repeated until the buffer volume reached 40 ml. All
these operations wére carried out in a cold room at
5-10°C. The tubes were then kept at 0-5°C over-night.
The homogenate was centrifuged at O0°C in the ultra-

centrifuge (G.D.R.; 7000 x g; 30 min).

The supernatant fluid was collected in a 100 ml
volumetric flask and kept at 0-5°C. To the precipitate
added 10 ml of the same buffer and mixed well by stirring.
This procedure was repeated thrice. This tube was
centrifuged at 0°C (7000 x g; 30 min). The supernatant
fluid was collected in the same volumetric f£lask and
kept at 0-5°C.

The precipitate was again treated with 10 ml of the
same buffer twice making the volume to 20 ml and centri-
fuged at 0°C (7000 x g; 30 min). The supernatant fluid
was collected as before into the same volumetric flask.
The volume was made up to 100 ml by using the same buffer.

The precipitate was reserved for estimation of myofibrillar

protein.
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Sarcoplasmic protein and non-protein nitrogen

The supernatant fluid thus collected contained
sarcoplasmic as well as non-protein nitrogen fractions.
Transferred into a digestion flask 10 ml of this for

estimation of nitrogen,

Twenty millilitres of the supernatant fluid were
transferred into a conical flask and added 20 ml of 10 per
cent trichloroacetic acid and the filtrate was separated.
The filtrate was used for estimation of non-protein
nitrogen fraction. The precipitate contained sarcoplasmic
nitrogen fraction. Non-protein nitrogen fraction (10 ml)

was collected in a digestion flask for nitrogen estimation.

Myofibrillar protein

The precipitate obtained after third centrifugation
was used for myofibrillar nitrogen extraction using
KCl=-phosphate buffer, pH 7.5 (0.45 M KC1l; 15.6 mM

Na HPO4 : 3.5 mM KH,PO The precipitate was mixed well

2 2P0,) -
with 10 ml of the above buffer in the same centrifuge
tube, stirring well with the same glass rod. Repeated
this process thrice making the final volume to 40 ml in

the centrifuge tube and kept the contents over-night.
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This suspension was centrifuged at 0°C at 7000 x g
for 30 minutes. The supernatant fluid was collected in
a 100 ml volumetric flask. The precipitate was again
extracted with the same buffer twice making the volume
to 30 ml in the tube and centrifuged as before. The
supernatant was collected in the same volumetric flask.
The extraction, centrifugation and collection were
repeated, The final volume of the supernatant fluid

thus collected was made to 100 ml with the same buffer,

Took 10 ml of this fluid in a digestion flask for

estimation of myofibrillar nitrogen fraction.
Alkali Soluble Protein

The precipitate in the centrifuge tube was treated

with 10 ml of 0.1 N sodium hydroxide over-night.

The suspension was ccntrifuged at 10,000 x g for
30 minutes. The supernatant fluid was filtered using
glass wool, The extraction using alkali and centrifugation
were repeated three times at one-hour interval, collecting
the filtrate each time in the same volumetric flask.
The volume in this flask was made up to 100 ml. Trans=
ferred 10 ml of this into a digestion flask for estimation

of alkali solubl¢ nitrogen fraction.
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The final residue was used for the estimation of

the stroma protein fractciocn.

To determine the total protein content of the
muscle, a small quantity of the homogenised sample was
taken, weighed in a polythene paper and transferred

into a digestion flask for digestion.

The protein and non-protein fractions extracted as
above were analysed for nitrogen by micro-K jeldahl
method according to A.0.A.C. (1980) and the protein

content of each sample was calculated.

Myosin
Myosin was extracted by the direct extraction

method, as described by Mackie! (1972).

Blended 100 g of homogenised sample with 150 ml of
KCl - Tris buffer containing 0.7 M KC1 and 0,05 Tris.
The sample was centrifuged at 10,000 x g for 30 minutes.
The supernatant fluid was diluted 5 times its volume with
distilled water and allowed to stand for 30 min and
again centrifuged as above. The precipitate was dissolved
in a buffer con£aining 0.95 M KC1 and 0.05 M Tris, and

diluted to ionic strengthfu,z 0.23 with distilled water
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and again centrifuged. The myosin was taken up in
0.6 M KC1.
Actin

The actin content of the muscle was calculated as
described by Cornell (1960).

Blended 50 g minced muscle with 500 ml of 0.4 per
cont-NaHCO.a twice and then once with 500 ml distilled
water. The washings were removed each time by squeeging
through a cloth. The minced muscle was treated several
times with acetone, the fluid being squeezed out each
time and fresh acetone applied until the washings were
clear. The residue was allowed to dry over=-night at room
temperature.

Extracted 10 g of the above acetone-dried powder
with 200 ml of distilled water at room temperature for
one hour. It was then filtered through:a Buchner filter
and the volume noted.

The actin thus obtained was treated with 0.5 M KC1
and kept at 0°C over-night for converting it from its

globular form into fibrous actin.



73

Sulphhydryl content
Sulphhydryl content of the myosin was determined

as per Ellman (1959).

In a clean tube, took 0.1 ml of myosin solution and
added immediately 2.9 ml of O.l/{ buffer solution. The
optical density was measured at 412 nm. Calculation was
done using extinction coefficient, 1.36 x 104, of the
thiophenol anion (dithionitrobenzoic acid) as described
by Ellman (1959). (The dithionitrobenzoic acid solution
was prepared by dissolving 39.6 mg of DTNB in 10 ml of
phosphate buffer (pH 7.0); 0.02 ml of DTNB was used) .

The calculation was carried out using the formula:

Co = A D:; where
E
Co = Original concentration
A = absorbance at 412 nm
= extinction coefficient 1.36 X iO4
D = dilution factor

ATP-ase activity

Adenosine triphosphatase (ATP~ase) activity of the

myosin was calculated as reported by Mackie (1972).

To 2 ml of myosin sample, added 2.5 ml of 0.1 M CaClz,
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20.5 ml of KC1l-Tris buffer (ionic strength 0.5; pH 7.5)

and 0,003 M ATP.,

ATP was added at a specified time; withdrew 2 ml
samples at intervals of 5 minutes and added to 2 ml of
20 per cent trichloroacetic acid.' This was centrifuged
at 2000 rpm for 15 minutes. The phosphorus content in
the filtrate was estimated by the method of Fiske and

Subba Row (1925).

Electrophoresis

Portions of the protein fractions were used for
Poly acrylamide gecl electrophoresis according to

Oornstein and Davis (1964).

Mixed 10 ml of the acrylamide~Tris buffer (14.3 per
cent acrylamide in 0.37 M Tris, pH 8.8) with 0.72 ml of
0.5 per cent NNN 'N' tetramethyl 1:2 diaminoethane and
0.72 ml of 0.06 per cent ammonium persulphate. This
solution was immediately run into electrophoresis tubes
having 8 mm diameter inside and closed at bottom, to a
depth of a 7 cm. This layer was covered with 3 mm
distilled water without disturbing the gel. The layer
of water was removed after 20 minutes by a piece of

filter paper. The space above the gel was filled with
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Tris-glycine buffer. The tubes were kept in front
of a fluorescent light for 2-3 hours for the gel to
set. Before use the buffer solution on top of the gel

was changed twice.

The sample was introduced to a depth of 3 mm into
the tube. Placed the tubes in the electrophoresis
apparatus and set it.

Amino acids

Hydrolysed 100 mg sample of meat with 6 N HCl for

24 hours at 100° + 5°C in a sealed tube and then made

"

up to 10 ml and analysed in Technicon NC-2P auto-analyser

for the amino acid analysis.



RESULTS

Histological studies revealed appreciable differences
in the structure of buffalo and cattle muscles (Fig. IV.

1. aﬁd 2.).

Buffaloes
The muscle fibres were loosely arranged. The stromal

tissue was sparse. Many of the muscle fibres contained

large amounts of sarcoplasm. The adipose tissue was
sparse or absent. The muscle fibres were arranged in

loose wavy less tight bundles (FigeIV.l.)e.

Cattle
Densely packed wavy bundles of muscle fibres were
arranged in tight bundles. The sarcolemma was firmly

bound to the muscle fibres. The myofibrils were abundant
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and sarcoplasm was relatively less in many of the muscle
fibres. The connective tissue was relatively more and
there was moderate amount of adipose tissue separating

the muscle fibres (Fige IVe2.).

The values for moisture dry matter and ash in
pooled samples of meat obtained for buffalo and cattle

are presented in Table IV.7.

Table IV.7. Moisture, dry matter and ash content of meat

e p————— etk —— = = s

Species Moistgre Dry matter A;h

per cent per cent per cent
Buffalo 7641 23.9 _ 1e2
Cattle 77.9 22,1 1,0

— s e S A e S . —— f———— - S T O — ————

Mean glycogen content in the meat of buffalo was

0.078 g per cent, which in cattle was 0.017 g per cent,

Mean values for the fat content in pooled samples

of meat of buffalo and cattle were 1.22 g per cent and

1.72 g per cent respectively.

The fatty acid composition of the muscle lipids of

buffalo and cattle is presented in Table IV.8.



707/ o)

Fide.TVe.le Buffalo Loosely arranged muscle
fibres containing relatively
abundant sarcoplasm
H & E x 200

Elg.TVi 2

Cattle Closely packed tight waves

-2 of muscle bundlés_containing
relatively less amount of
sarcoplasm

H & E x 200
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Table IV.8. Fatty acid composition of muscle lipids of
buffalo and cattle

- — . W o e e - = -
———— — g — — - [ e e e S S L S S S e . 0 S R e - —— — —

. Buffalo Cattle
tty acids
Batty (weight %) (weight %)
Saturated acids
12:0 0.6 1.2
13:0 07 1.6
14:0 2.5 3.9
15:0 0.9 1.7
16:0 16,9 16,1
18:0 22.7 18.6
44,3 43.1
Mono-unsaturated acids
14:1 ; 1.3 1.3
15 =41 0.4 0.7
16:1 8.0 5.8
18:1 32.8 SHod
20:1 0.6 loo
42.9 40.6
Poly-unsaturated acids
18:2 8.6 1293
18:3 0.6 Lo
20:4 - 3.6 il
e
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Data for the different protein fractions of the meat
of buffalo and cattle are presented in Table IV,.9,

Table IV.9, Protein fractions of the meat

—— —— Y S S 5 G . S A S —

— o S S P S P S S o S S S S S S g i e S S S S S S S (S S S B i D RS S S S S S e e S M e S e

Total nitrogen g per cent
(including non-protein nitrogen) 3.585 3.190

Total protein g per cent 20,031 185125

Total nitrogen g per cent
(less non-protein nitrogen) 3205 2,900

Protein pattern immediately after slaughter

Myofibrillar protein nitrogen

g per 100 g 1.900 1.540

as percentage of nitrogen 59.280 53.100

Sarcoplasmic protein nitrogen

g per 100 g 0.200 0.780

as percentage of nitrogen 28.080 26,900

Stroma protein nitrogen

g per 100 g 0.400 0.580

as percentage of nitrogen 12,480 20.000

Non=protein nitrogen

g per 100 g 0.380 0.290
10.590 9.090

as percentage of total nitrogen

— e S ——— -

— —— — — e — A e e =




Table IV.8. (continued)

— - S . S S T S S S S S S S S £ S S S S S S S S e e g
—— ——— — —
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Protein pattern 36 hours after slaughte

Myofibrillar protein nitrogen
g per 100 g

as percentage of nitrogen

Sarcoplasmic protein nitrogen
g per 100 g

as percentage of nitrogen

Stroma protein nitrogen
g per 100 g
as percentage of nitrogen

Alkali soluble protein nitrogen
g per 100 g

as percentage of nitrogen

Non=-protein nitrogen
g per 100 g
as percentage of total nitrogen
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Buffalo Cattle
2%
0.79 0.71
24,76 24,57
0.91 0.78
28.53 26,99
0.39 0.54
1223 18,66
1.10 0.86
34.48 29,76
0.39 030
10.89 9,40
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Gel electropherograms of the sarcoplasmic as well as
myofibrillar fractions of the muscle proteins of buffalo

and cattle are presented in Figure IV.3.

Sarcoplasmic protein fraction showed five dense

bands in both buffalo and cattle. However, one additional

pand was noticed in cattle in the low molecular weight

regione.
Electropherograms of myofibrillar fractions showed

seven bands in buffalo and cattle. One additional band

could also be noticed in buffalo in the low molecular
weight regione

The amino acid composition of the muscle protein of

ttle obtained during the study are presented

buffalo and ca

in Table IV.10.
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Gel electropherogram
1 and 2 Myofibrillar
3 and 4 Myofibrillar
5 Sarcoplasmic

6 Sarcoplasmic

of muscle protein

proteins
proteins
proteins

proteins

of buffalo
of cattle
of buffalo
of cattle






Table IV.10,

o . S — S - - -

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Arginine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Tryptophan
Cystine
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Amino acid composition of meat

o —— = -

Note: Hydroxyproline was not determined.

Buffalo Cattle
woter OISR, Molas oG
' per cent per cent
0.14 Sy) 0.23 9.0
0.07 219 0.10 3.9
0.06 245 0.09 355
0,68 29.0 0.73 28.6
0.09 3.8 0.07 2.7
0.18 7L 0.&6 o2
0.18 7.6 0.23 9.0
0,20 8.5 0.25 9.8
0.01 0.4 0.05 159
0.05 201 0.05 1.9
0.14 5.9 0.14 5.4
0.18 150 0.16 6e2
0.06 25 0.05 1559
0.07 2.9 0.07 2a'l
@.11 4.7 0.06 2.3
0.09 3.8 0.08 3.4
0.009 0.3 0.01 0.3
0.021 0.8 0.018 0.7
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The actin. and myosin contents of the muscle protein
and its ATP=-ase activity and sulphhydryl content are
presented in Table IV,.11.

Table IV.1ll. Actin and myosin contents, sulphhydryl

content and ATP-asc activity of the

muscle protein

Parameter Buffalo Cattle
Actin (mg/100 g) 9.5 Tk
294 27.1

Myosin (mg/100 g)

Sulphhydryl cegntent of myosin

(moles per 107g) 347 3l
Sulphhydryl content of actin
(moles per 10°g) 2.4 LOE
ATP-ase activity of myosin
( -.
/( mole of P, per mg
Ol 1.71

protein per minute)

. . g
S R P S o T e e S B S S e S St S B e St S et S P S _—-—_—_—.—.————.——-—-—
S ————— - — —— —

Both actin and myosin were found to be higher in

Putfalofment ‘than inleattle meats, The sulpbhydryl contents

of both actin and myosin were higher in buffalo meat than

in cattle meat. Ak the same time the ATP-ase activity was

less in buffalo meat than in cattle meate.



DISCUSSION

Tn human nourishment, meat provides high value

biological proteinSe.

I+ is well established that the chemical composition

of meat is dependent on a number of factors like age., seX.

breed, plane of nutrition., hormonal influence and type

of muscle. In the present study the subjects were all

adults of nearly identical age group. maintained on

similar nutritional regime. The meat samples were pooled

and the determinations were carried out on a pooled
homogenate. |

In developing countries like India, the consumer

seldom has a choice over cuts and hence " referential cuts"
p

are not usually available in the market. Moreover, in India
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the export of beef is banned by law. Often cases are
referred from the Customs Department to verify whether

the product for export labelled as buffalo meat is

actually buffalo meat or beef. Knowledge of the differences
in the chemical composition of the meat will be of great
importance in such cases for proper assessment.

The percentages of moisture, dry matter and ash in

the meat of buffaloes (76.1, 23.9 and 1.2, per cent.

respectively) were found to be similar ( P > 0.01) to those

observed in cattle (77.9., 22.1 and 1.0 per cent respectively)

(Table IV.7.)
m the studies in buffalo

(1949) .

The results obtained fro

meat agreed with the reports of Winton and Winton

vadava and singh (1974) and Joksimovic and Ogn janovic (1977).
However, the values obtained in the present study are
e and Bergonzihi (1960) .

higher than those reported by Maymon

Kurbanov (1961) and Ferrara et al. (1969) .

In cattle, the percentage Of moisture obtained was

more and dry matter less than that in the published reports

ge of ash content obtai

gert (1960)

presented earlier. The percenta pes

agreed with the results of Prince and Schwel

Hafez and Dyer (1989) and Lall (1977). On the contrarys
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it was less than those reported by Libby (1975).

Ferrara et al, (1969) and Ranjan (1980).

Buffalo meat contained more glycogen (around 4.6

times) than the meat of cattle under identical conditions.

This is suggestive of a higher nutritive value of

buffalo meat. The wvalues for the glycogen were, however,

lower than the literature value, The animals were

fasted for a period of 30 hours prior to slaughter and

this could account for the low glycogen reserve in these

post=rigor muscle samples.

Muscle fat content of buffalo was found to be less

(1.2 per cent) than that of cattle (1.7 per cent).

Histological studies also showed that the intramuscular

adipose tissue was found to be sparse in buffalo

compared to éattle thereby substantiating the observations
The results cbtained from

based on biochemical studie€S.
greed with the earlier reports of

studies in buffaloes a

ognjanovic et al. (1970) in Bulgarian huffaloes and

Cockrill (1974) in low fat buffaloes. But, the values

were more than those observed by ogn janovic et al. (1970)

in Murrah and cross-bred buffaloes. Results of the

present study were lower than those reported by Cockrill
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(1974) in high fat buffaloes. Fat is the obvious source
of energy for animals and it is also well established
that depot fat content and composition are influenced
by factors like diet, environmental temperature,
feeding habits and maturation (Hilditch and Williams,

1964), Hence, such factors would have contributed

significantly to this difference in values. The value

obtained for fat content in cattle was lower than many of

the reports published earlier (Fox and Cameron, 1977;

Marian et al., 1980 and Ranjan, 1980).

The distribution of the subcutaneous fat was found

to be less in buffalo than in cattle, Also, it was

found that the proportion of total fat in the pelvic
channel and around the kidneys appeared to be less in

the buffalo than in cattle., With the +rend towards

preference for lean meat, it would seem that the buffalo

appears to be more suited for the modern meat market.

Tests for intramuscular fat content revealed a lower

value in puffaloes than in cattle.

odour and flavour of meat are dependent to a large

extent on ‘the fat content., Fat meat has a higher

satiety value thén lean meat.
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Fat with a high stearin content is more consistant.
It appears from the data gathered that buffalo fat is

more consistant than that of cattle.

palmitic acid and octadecenoic acids are the major

fatty acids of depot fat. 1In old animals, the normally

low hexadecenoic acid (Cls-l) tends to show an increase.

out of the fatty acids studied, Cyg,q WaS the major

acid for both
groups followed by C18:O' 016:0, C18:2' len1

and Cy,.q in that order. But Wildman et al. (1968) and

Borghese et al. (1978) observed the order as C18:1>C16:0>

Ci8:0 )clﬁ:l> C18:2> Cy4:0° The outstanding observation

made in this study is that Cqyg.9 >C16:0 and C18:2> Cig:1

for both buffaloes and cattle. On the whole, there was an

accumulation of C,g acids in muscle fat compared to Cig
acids as observed by Borghese et als (1978). This can
well be interpreted as the effect of environmental

pot fat constitution. The animals

temperature on the de
employed in the present WOrk Were naintained at an ambient

temperature of about 30 * 2°c, The elevated amount of

long chain ClB (saturated and mono—unsaturated) fatty

o—unsaturated)

acids at the expense of Cq g (saturated and mon

acids appears to be a general feature Of tropical climate.
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studies on the fatty acid composition of the muscle fat
in buffaloes and cattle of this region are scanty.
However, studies conducted by several workers on tropical
fish showed that muscle fat of fish of this region
contained elevated amounts of saturated long chain fatty

acids compared to fish of colder regions (Gopakumar and

Nair, 1972; Viswanathan and Gopakumar, 1978; Yamada and

Hayashi, 1975).
fat exerts probably little influence on the

Dietary

depot fat of ruminants. for, ingested and unsaturated fatty

acids are hydrogenated by rumen microbes. Ruminants

regulate the degree of unsaturation of the fat by inter-

change between stearic acid and hexadecenoic acids.

The higher level of nhexadecenoic acid in buffaloes could

reflect its increased ability to regulate the degree of

unsaturation of its fat.

contained higher 1evels of both total

acids (44.3 per cent

Buffalo lipids

saturated and mono-unsaturated fatty

and 42.9 per cent respectively) compared to that of cattle

(43.1 per cent and 40.6 per cent). It appears that

buffalo lipids can be distinguished from beef lipids by

This could well be used

the hidl i
e higher levels of Ciq.( acide.
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to detect substitution of meat.,

As regards poly-unsaturated fatty acids, cattle lipids

recorded a much higher value (16.3 per cent) compared to

that of buffalo (12.8 per cent), Cig.o being the most dominant

(12,5 per cent to 8,6 per cent). This definitely indicates

that cattle lipids are more susceptible to auto-oxidation

compared to buffalo lipids. Auto-oxidation of lipids is

reported to produce yellow discolouration by the production

of hydroperoxides and ultimately carbonyl compounds in

muscles. According to Olcott (1934) oxidation of the meat
distdilrectly proportional to the amount of poly—unsaturated
fatty acids in the lipids of meat. Hence, it can well be
interpreted that cattle meat is more prone to oxidatione.
ed malonaldehyde which

Auto-oxidation of lipids produc
1939).

caused the yellow discolouration of the fat (Banks,

Hence, this study could very well explain the lesser

discolouration observed in buffalo meat as time passes
as compared to that in cattle.

Consequent to the higher level of unsaturated acids,

the iodine value for beef fat should be higher than that

in buffaloes.
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Linoleic, linolenic and arachidonic acids appear
to be essential for health, Values for these three acids
are higher in beef than buffaloes and so, it appears that

beef is a better source for these acids than buffalo meat.

The saturated/unsaturated fatty acids ratio in

buffalo is 0,795, which in cattle is 0.757. Feeding a

diet rich in concentrates as in this experiment might

have favoured deposition of more unsaturated fatty acids

in tissues. It has been reported that feeding of forage

diet favours deposition of mainly palmitic acid.

Buffalo meat had more total nitrogen (3.585 g per

cent) than cattle meat (3.190 g per cent). The information

on percentage of protein in buffalo meat is scanty. The

value obtained in the present study is higher than those

reported by Winton and Winton (1949), Joksimovic and

Ognjanovic (1977) and Lall (1977) «

The myofibrillar protein, sarcoplasmic protein and

: . und
non-protein nitrogen fractions in buffalo meat were fo
to be more than those in cattle.

The skoma protein fraction was found to be 7.5 per

cent less in buffalo meat, The stroma protein fraction

consists of sarcolemma, collagen, reticulum and elastin
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fibres and of insoluble enzymes involved in oxidative
phosphorylation. Higher content of stroma protein in

beef is indicative of the stiffer structure of the muscle

compared to that in buffalo. It may be pointed out here

that in histological studies a higher connective tissue

content was observed in cattle.

The value for sarcoplasmic protein of the protein

fraction in samples collected immediately after slaughter

was found to be slighiy higher in buffaloes. Sarcoplasmic

proteins consist of a complex mixture, mainly myogen and

globulins, many of which are enzymes of the glycolytic

cycle,

The myofibrillar protein of the protein fraction was
found to be 6.18 per cent more in buffalo meat (Table IV.9.).

This could mean that buffaloes have a higher work output
than cattle, Since the meat samples collected immediately

after sdaughter were not denatured, the alkali soluble

portion of the protein was virtually absent.

By comparing the protein fractions. it can well be

perior to beef. Further,

summarised that buffalo meat is su

it may be seen that buffalo meat is less fibrous (Table

IV.9.) compared to beef indicating that it is softer to
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chew than the meat of cattle which is more fibrous and
hence, tougher. Such a conclusion is justified by the
histological findings. In the muscle of buffaloes the
fibres were loosely arranged with little stromal tissue.

The connective tissue was alsq relatively less compared

to cattle,
The muscle fractions when examined 36 hours after

slaughter revealed that in both the species it was

myofibrillar portion of the protein fracticn that got

denatured mostly and correspondingly the alkali soluble

fraction was found to be elevated.

The loss of myofibrillar portion of the protein was

more in buffalco than in cattle. The other fractions of

the muscle protein remained practically unaffected

especially the sarcoplasmic fraction of the muscle

protein (Table IV.9.)s The alkali soluble portion of

protein was high in buffaloes. This is suggestive of a
tendency for rapid denaturing of buffalo meat than beef.

In fresh muscle samples, the actin and myosin are
firmly bound to the myofibrillar structure. When the
myofibrils were cut up by the homogenation Process into

much smaller fragments these portions became much more



94

accessible to the extracting solutions and became more
extractable. This also increased the alkali soluble
portion of the protein thereby reducing the myofibrillar
portion of the protein structure. The changes in the
pattern were probably caused by an alteration of the

binding of proteins to each other.

From the result of the loss of structural protein it

may very well be presumed that the keeping quality of

buffalo meat is less compared to beef, This view is also

supported by the increased sulphhydryl content of both

actin ang myosin and decreased ATP-ase€ activity of myosin

in buffalo meat, indicative of the unfolding of the

protein structure due to quick denaturing in buffalo meat

than in the meat of cattle.

A comparison of the electropherogram of the sarcoplasmic

protein from cattle and buffalo showed that the patterns
basically similar in both cases. However, the fast

were
moving albumin band in the case of cattle was found to
have slightly higher mobility. This might be attributed
r minor differences in the

to either low molecular weight O

net charge of the protein molecules.

The patterns of myofibrillar proteins showed bands
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of actin, myosin and other fractions in both the cases.,
Here also, the pattern showed similarity in both the
species even though the relative mobility showed minor
variations, The buffalo myofibrillar protein also

revealed an additional band of low molecular weight,

It appears from the data collected thHat the presence
of an additional band in the low molecular weight region
in sarcoplasmic protein fraction as well as the absence

of such a band in the low molecular weight region in
myofibrillar protein fraction could be used as a test

to differentiate beef from buffalo meat.

The study revealed that glutamic acid, aspartic
acid, alanine, leucine, isoleucine, glycine and arginine

were predominant amino acids contributing to the protein

structure in both buffalo and beef., However, the molar

distribution of amino acids in the=two species did not

exhibit any significant variation., Histidine content of

buffalo meat was higher than beef.

A comparison of the data reveals that the total

contents of essential amino acids in beef (0,977) is

higher than in buffaloes (0.933). From the nutritionist's

point of view, it is seen that buffalo meat has a much
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more balanced amino acid pattern than beef, with much

less stroma protein content,



CHAPTER V
GENERAL DISCUSSTION

People of Kerala, unlike those in other regions
of India, have no taboo or sentiments over eating animal
proteins including beef. According to the 1977 Livestock
census, 30.1 lakh heads of cattle 'and 4.54 lakh heads of
buffaloes have been enumerated in Kerala, The 1981
census revealed the total human population in the State
as 254 lakhs with a density per sd. km as 654. It is
highly doubtful whether increase in food production
alone in the State could meet the future requirements
of the population. Hence, search should be made for

readily available cheap sources of animal proteinse.

The male buffalo calves are normally left uncared
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for and the farmer utilises all the available milk of
the dam, since it is commercially more valuable than

the life of an unwanted extra animal, and hence, are

callously allowed to starve to death. Much useful raw

material for animal protein is thus lost. It was felt

that rearing these discarded male calves on an ideal

putritional regime and studying their meat potentialities

and meat qualities could very well make a notable

contribution to human welfare and thereby the internal

economy of the 8State, The present study was undertaken

with this objective in mind. The animals procured for

the study were all surti cross-breds and were maintained
in the University farm under ideal conditions of
management. Calves born from these Surti cross=breds
were subjected for growth studies. Growth studies were
largely concentrated on external body measurements and

increases in gross live weight. The rate of growth

recorded a declining trend from birth to the second month

o the change from pre-natal to

of age, attributable t
was also noted

post-natal life. A subsequent depression

from the fourth month to the seventh month of age probably

m a complete milk feed to an
a fully

due to the switch over fro

all-concentrate ration, and to the absence of
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developed functional rumen. During this latter periocd,

the external body measurements, namely, girth, length

and height, also recorded a similar declining trend.

The animals recovered from this depressive trend by the
ninth month of age. The processes of change involved

in growth and development exert an impact on the efficiency
of meat production and also on the nature of the final

product. The calves employed in the study were Surti

cross-breds and hence the lower weight at the twelfth

month of age obtained could be correlated to the reduced

mature weight of these animals. No attempt was, however,

made to determine the rate of bone growth, muscle formation

and fat deposition so as to specify the causative agent

for the growth pattern observed. It appears from the

data collected that recording either the increase in gross

live weight or external body measurement alone is not

sufficient to project the growth profile.

Dressing percentage 1S the primary criterion of

production to be considered at slaughter by personnel

involved in meat production. When the carcass weight

is related to the weight at slaughter, the dressing

percentage obtained depends on the gut content of the
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animals and therefore on the type of diet, food intake
and duration of starvation prior to slaughter. In the
present study., when dressing percentage was calculated
by relating the carcass weight to the empty body weight,
cattle was found to be superior (57.6 per cent) to
buffalo (53.5 per cent)., The same was the trend even

when the carcass weight was related to weight at slaughter

(cattle, 55.2 per cent; buffalo, 5l1l.1 per cent). It

appears that dressing percentage can be considered as a

poor criterion for evaluating edible meat in animals when

carcass weight is related to live weight. It may be noted

that the animals employed in the study were fasted for

30 hours before the slaughter. This might have resulted

in a decrease in the weight at slaughter leading to an

increase in the dressing percentage attributable to a

reduction in the weight of gut content.: The dressing

percentage increases with fatness of animals. In the

present study, the percentage of separable fat in cattle

was 7.3 compared to 4.7 in buffalo. This might also

account for the lower dressing percentage in buffalo.

The lower dressing percentage in puffalo could also be
due to the higher weights of head and hide. The elevated
percentage weight of bone in buffaloes (24.5 per cent)
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compared to cattle (20,9 per cent) has resulted in
variations in the percentage weights of edible meat
(buffalo, 70.4; cattle, 72.4). The lower meat-bone
ratio (2.9) observed in buffaloes in the present study
justifies the lower percentage of edible meat recorded

in buffalo as compared to that in cattle.

It appears from the data that, excepting for liver,

all the internal organs studied, namely. kidneys.

digestive organs, lungs and heart exhibited higher

percentage of weight in buffalo compared to those in

cattle,

Buffalo had a lower content of muscular fat than

cattle, Light microscopic studies also revealed identical
results. Several factors influence the composition of

depot fat., Deposition of stearic acid formed by

hydrogenation in rumen results in a higher saturation

of fat as the animal increases in age from birth to one

saturated when the animals

year, The depot. fat becomes un
ed that

enter the fattening phase. It has been establish

subcutaneous fat is more unsaturatced than the muscular

nsaturated than the inte

n deposition

fat which in turn is more u rnal

depots. A high concentrate ration results i
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of more unsaturated fat in the fat depots. In the present
study, the animals were maintained on a concentrate ration
in excess of the requirements based on Morrison standards.
The higher percentage distribution of unsaturated fatty
acids observed in the present study in both the species
could be attributed to this dietary regime. The animals
employed in the present study had been castrated at twelfth
month of age, Castration of animals is known to increase
the degree of unsaturation of depot fat. The content of
stearic acid was also high in buffalo and this could

explain the high consistancy of buffalo fat. One of the

notable observations in the present study is the prepond-
arance of stearic acid over palmitic acid in muscular fat

in both the species. This could be attributed to the
tropical environment in which these animals are reared.

The results are, thus, highly suggestive of an environmental
influence on the composition of depot fat.

In recent times a correlation has been shown between
coronary disease and raised plasma cholesterol level.
This has resulted in curtailing the consumption of
saturated animal fat particularly that of ruminant origin.

The percentages of saturated fatty acids in both buffalo
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and cattle were almost identical. Triglyceride level is
presently believed to be more critical than cholesterol
in inducing coronary diseascs, No:'attempt was made to

determine the triglyceride level in the present study.

The depot fats in animals are derived mainly from

two sources: endogenous synthesis within the body and

from exogenous food materials. In the case of ruminahts

the fatty acid composition in depot fat is unaffected

by variations in the dietary fat since dietary fats are

hydrogenated in the rumen, The high level of hexadecenoic

acid in buffalo could reflect its increased ability to

regulate the degree of unsaturation of depot fat. Buffalo

lipids are also less prone to auto-oxidation.

Meat provide higher value biological proteins.

The percentage of total protein was hicgher in buffalo

(20.0) as compared to cattle (18.1). The percentage of

stroma protein nitrogen in fresh samples was also less
in buffalo (12.5) compared to cattle (20.0). This jndicates
the higher nutritive value of buffalo meat compared to

cattle. Light microscopic studies also revealed a lesser

fibrous structure of buffalo meat. when the muscle

samples were examined after a lapse of 36 hours, the
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myofibrillar protein content in buffalo meat was found
to exhibit an appreciable decrease compared to that in
cattle. Simultaneous with this there was an increase in
the alkali soluble protein fraction in buffalo meat,
indicative of a rapid denaturation of protein. This is
suggestive of a lower keeping quality of buffalo meat
compared to beef. The hicher sulphhydryl content with
lesser ATP-ase activity observed in buffalo meat also

justifies such a conclusion.

Buffalo meat appears to have a better nutritive
value compared to beef because of a lesser fat content,
elevated glycogen level, high protein content, reduced

stroma protein concentration and a more balanced distri-

bution of the essential amino acids.

Tt appears from the data that the relative dominance

of stearic acid, the higher total protein content, the

lesser stroma protein nitrogen, the presence of an

additional band in the low molecular weight region in

myofibrillar protein fraction and the absence of a

distinguishing band in the low molecular weight region

of the sarcoplasmic protein fraction in gel electrophe€ro=

grams, the presence of scanty adipose tissue and the
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loose wavy tight bundles of the muscle fibres with lesser
stromal tissue in light microscopic studies could be
used as distinguishing characteristics that could be
safely employed to identify buffalo meat from beef.

It is felt that these tests will be of great help to

prevent fraudulent practices in meat industrye.
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SUMMARY

The meat potentialities and meat qualities of
buffaloes have been studied in Surti cross-breds and

the results compared with those of cross-bred cattle.

Male buffalo calves born in the farm recorded
an average birth weight of 28.6 kg and attained an
average weight of 169.1 kg at the twelfth month. Due
to the predominant Surti blood of the foundation stock,
the calves recorded lower birth weight and lower weight

at one year of age.

The rate of growth of the calves recorded a
declining trend from first month (13.4 kg) to seventh
month (9.6 kg) and thereafter gradually increased to

twelfth month of age (16.6 kg).



SUMMARY

The meat potentialities and meat qualities of
buffaloes have been studied in Surti cross-breds and

the results compared with those of cross-bred cattle.

Male buffalo calves born in the farm recorded
an average birth weight of 28,6 kg and attained an
average weight of 169.1 kg at the twelfth month. Due
to the predominant Surti blood of the foundation stock,

the calves recorded lower birth weight and lower weight
at one year of age,

The rate of growth of the calves recorded a

declining-trend from first month (13.4 kg) to seventh

nonth (9.6 kg) and thereafter gradually increased to

twelfth month of age (16.6 kg).
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The absolute weight gain also showed a declining
trend from 443 g in the first month of age to 316 g in
the seventh month, and thereafter gradually increased to

550 g at the twelfth month.

The girth and length also increased from 71.9 cm
and 64.0 cm respectively from birth to 153.1 cm and
115.8 cm respectively at twelfth month of age, with a
declining trend up to seventh month of age. A similar

decline was also noted for height from birth to the

seventh month of age.

From the data collected, it appears that true growth

can be assessed by recording periodically the body weight

along with the external body measurements.

Transit loss due to transportation and subsequent
starvation was found to be less in buffaloes than in
cattle., This is suggestive of the possibility of
transporting buffaloes for long distances by even

trekking, with comparatively lesser loss in weight than

cattle,
Due to higher percentage of weight of hide and

head, buffaloes gave a lower dressing percentage (51.1)

than cattle (55.2).
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The weight of fore-quarters was more than the hind-
quarters in both buffaloes and cattle. Also, the percentage
weight of fore-quarters in cattle was significantly more
(3.9) than in buffalo. This could be due to the greater

development of the rhomboideus muscle in cattle.

The skin of buffalo recorded a significantly higher

weight (3,6 per cent) than cattle.

The weight of all the internal organs, excepting

liver, was found to be more in buffalo than in cattle.

The percentages._of weight of edible meat and
separable fat were more in cattle (2,0 and 2.6 respectively) .
The percentage weight of bone was found to be higher in

buffaloes (3.6). Cattle recorded a higher meat-bone

ratio (3.5) than buffalo (2.9),

The percentages of moisture, dry matter and ash in
the meat of buffalo (76.1, 23.9 and 1.2 respectively)

were found to be similar to those observed in cattle

(77.9, 22.1 and 1.0 respectively). The glycogen content

of the post-rigor samples of buffalo meat was found to be

more (4.6 times) than that in cattle.

Buffalo meat was found to have less muscular fat

; ical
than cattle., This was also gupported by the histolod
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findings. Buffallo appears to be more suited for the

modern meat market considering the trend towards the
preference for lean meat.

Due to the higher content of stearic acid, the
buffalo fat appeared more consistant than cattle fat.
Out of the fatty acids studied, ClB-l was the major

acid for both the species, followed by ClB:O’.Cl6:O‘

Ci8:27 C1g.1 @nd Cy,., in that decreasing order. The

pPreponderance of C18 acids over C16 acids could be
attributed to the effect of environmental temperature
on the depot fat constitution.

It appears that buffalo lipids can be distinguished

from beef lipids by the higher level of CJB-O acid,

Cattle lipids recorded a much higher amount of
poly-unsaturated fatty acids (16.3 per cent) compared
to buffalo (12,8 per cent) indicating that cattle lipids
are more susceptible to auto-oxidation, producing
malonaldehyde, and hence the yellow discolouration of
the fat.

Buffalo meat was found to be a better source for

linoleic, linolenic and arachidonic acids than beef.
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Buffalo meat had more total nitrogen (3.585 g

per cent) than cattle meat (3,190 g per cent).

The myofibrillar, sarcoplasmic and non-protein
nitrogen fractions were more in buffalo than in cattle.

The stroma protein fraction was, however, found to be

7.5 per cent less in buffalo meat. The higher stroma

protein content in the meat of cattle is indicative of
a stiffer structure of the muscle than buffalo meat.

This view is also supported by the histological studies,

By comparing the protein fractions, it can well be

surmised that buffalo meat is superior to beef, Further,

it was found that buffalo meat was less fibrous than

beef indicating thatitis soffer to chew than beef,

Thirty six hours after slaughter, the myofibrillar
portion of the protein was found to be reduced due to

denaturation and correspondingly the alkali- soluble

fraction was found to be elevated. This fraction was

found to be more in buffalo meat than beef indicating

rapid denaturation of buffalo meat than beef. This is

keeping quality of puffalo meat.

suggestive of a poor
ed sulphhydryl

This view is also supported by the increas

contents of both actin and myosin and decreased ATP=-ase€
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activity of myosin in buffalo meat indicating rapid

unfolding of the protein structure.

Comparing the electropherograms of the muscle

proteins, it appears that the presence of an additional

band in the low molecular weight region in sarcoplasmic

protein fraction as well as the absence of such a band

in the low molecular weight region in myofibrillar
protein fraction could be used as a test to differentiate

beef from buffalo meat.

The molar distribution of amino acids of buffalo

and cattle did not exhibit any significant variation.

Total content of essential amino acids in beef was

found to be higher (0.977) than in buffalo (0.933).



REFERENCES

Abraham, C. and Bernard, S., 1967. Biochemistry.
W.B, Saunders Co., London, 4th ed., p : 788.

A.,0.,A.C., 1980. Official Methods of Analysis.
Association of Official.Analytical Chemists,

Washington, D.C., 12th ed., pp : 376-383.

Badruldin, A.L., 1955. Dressing out percentage in
suckling buffalo veals. Indian J. Vet. Sci.,

25 : 61-64.

Balla, M.S., Tiwana, M.S: and Bhalaru, S.S., 1978.
Studies on growth rate of buffalo calves.
Ann. Res. Rpte A.I.C.R.P. on buffaloes, Ludhiana,

P RS

Banks, A., 1939. Rancidity in fat. Dept. Sci. Ind.
Res. (Brit.) Fd. Invest. Bd. Rpt.. pp : 49-50.

Basaviah, P., 1977. Studies on growth rate of Surti
byffaloes, Ann. Res. Rpt. A.I.C.R.P. on
buffaloes, Dharwar, pp : 54-61.

Benet, S.P., 1964. Water buffalo and its future in
Trinidad and other parts of the West Indies.
Paper presented to the British Caribbean
Veterinary Association. Cited by Cockrill, 1974.

Berg, R.T. and Butterfield, R.M.., 1966, Muscle bone
ratio and fat percentage as a measure of beef
carcass composition. Anim. Prod.., 8 : 1-11,

Berg, R.T. and Butterfield, R.M., 1975. DNew Concept
of Cattle Growth. Sydney University Press,

Sydney, p : 240,

Genetic parameters and scope of
in buffaloes
Seminar on Buffalo

Bhatt, P.N., 1978.
increasing milk production
vis-a-vis cattle. F.A.Q. :
Reproduetion and Artificial Insemination.

Karnal, pp : 129-142.




113

Bligh, E.Cs and Dyer, W.J., 1959. A rapid method of
total lipid extraction and purification.
Can. J. Biochem. Physiol., 37 : 91l.

Borghese, A., Romita, A., Gigli, A. and Giacoma, A.D..,
1978, Fatty acid composition of fat in water
buffalo calves and bovine calves slaughtered at
20-28 and 36 weeks of age. in: Pattern of Growth
and Development in.Cattles .. (Eds, H. Pe ‘Boer- and
Je. Martin) Martinus Nijhoff, London., pp : 267-276.

Bourne, G.H,, 1973. The Structure and Function of
Muscles. Acadamic Press, New York, 2nd ed.,
pp : 286-=352.

Brody, S., 1945. Bioenergetics and Growth. Hatfner
Publishing Co., New York, pp : 484-574.

Brody, S. and Ragsdale, A.C., 1924. Uni. Mo. Agric.
Exp., Sta. Res. Bull., 67. Cited by Brody, 1945.

Buranamanas, P., 1963. A survey of the buffaloes in
Thailand. Fac. Vet. Sci. Kasetasart. Uni. Thailand,

35, Cited by Fahimuddin, 1975.

Callow, E.H., 1935. Ann. Rpt. Fd. Invest. Bd. London.
P 54, Cited by Lawrie, 1974.

callow, E.H., 1938. Ann. Rpt. Fd. Invest. Bd. London,
p : 57. Cited by Lawrie, 1974.

callow, E.H., 1944. The food value of beef and steers
and heifers and its relation to dressing out
percentage. J. Agric. Sci., 34 : L)

Comparative studies of meat. T
The changes in the carcass during growth and
fattening and their relation to the chemical
composition of fatty and muscular tissue.

J. Agric. ScCi.. 38 : 174-199

Callow, E.H., 1948.

ST T

o Hle: 9, Comparative studies of meat
E.H 7] 194 P = percentage Df

Callow,
J. Agrice.

Rate of fattening in relation to t
muscular and fatty tissues in a carcasSSe

Sci., 39 : 347.



114

Callow, E.H., 1954, Ann. Rpt. Fd. Invest. Bd. London,
p : 28, Cited by Lawrie, 1974, T

Campbel;, J«R. and Lasley, J.F., 1977. The Science of
An;mgls that Serve Mankind, Tata McGraw-Hill
Publishing Co., Ltd., New Delhi, p : 35,

Cantarow, A, and Schepartz, B., 1967. Biochemistry.
W.B. Saunders Co., London, 4th ed., p : 788,

Charles, D.D. and Johnson, E.R., 1972. Some characters
of Australian water buffaloes. Paper presented
at the ninth conference of Australian Society of
Animal Procuction, Canberaa. Cited by Cockrill,

1974,

Charles, D.D., Johnson, E.R. and Butterfield, R.M.,
1970, Some anatomical characters of importance
in assessing the potential of water buffalo for
beef production in Australia. Proc. Aust. Soc.
Anim. Prod., 8 : 95-99. Cited by Cockrill, 1974.

Cockrill, We.R., 1974. The lusbandry and Health of the
Domestic Buffalo. F.A.0. Publication, Rome.,

Animal Agriculture.
San Francisco, p 7 60.

Colef H.H. and Rony; H-J 1974¢
W.H. Freeman and Company.

1960, Changes in the actin content

Cornelll J-J. 4 F
J. Sci. Food

of cod fish during storage at 14°C.
and Agric., 9 : 515-519.

Cumburidze, S. and Dalakishvilli, G.. 1959, The
effectiveness of fattening buffaloes kept partly
indoors. Moloch. Myas., 4 16-18, Cited by
Cockri Ll 19743

Dean, R.A., Watters, L.E., Whiteman. J.V., otephan, D.Fe.
Carcass traits of progeny

and Totusek, R., 1976. ]
of Hereford, Hereford-Holstein and Holstein cowsSe.



115

De Boer, H. and Martin, J., 1978. Pattern of Growth
and Development in Cattle. Martinus Nijhoff,
London.

Deshmukh, A.P. and Gill, S.S., 1980. Effect of feeding
different calf starters on the growth of buffalo
calves, Livestock Advisor, 3 : 25-28.

Domingues, O., 1956. The buffalo. in Brazil. Anim.
agric. Bras., 3 : 15-21

Ellman, G.L., 1959. Estimation of sulphhydryl content
of muscles. Arch. Biochem. BiophySe.. g% : 70,

Fahimuddin, M., 1975. Domestic Water Buffala. Oxford
and I.B.H. Publishing Co., New Delhi, p : 380.

Ferrara, B., 1964. The present situation of buffalo
breeding in Italy. Acta. Med. Vet.. 10 = 325=350.
cited by Cockrill, 1974.

Ferrara, B.., Miniere, L., De Franciscis, G. and
Intrieri, F., 1969s The Production of buffalo

meat in Italy. Acta. Med. Vet,, 15 : 313-316.
cited by Cockrill, 1974.

Finney, D.J., 1978. Growth curves: Their nature, use
and estimations. in : Pattern of Growth and
Development in Cattle (Eds., H. De Boer and
J. Martin) Martinus Nijhoff, London, PP : 658=-672.

Fiske, C.H. and SubbaRow, T.., 1925. Determination of
inorganic phosphate in biological fluids. '

Je Biol. Chem. ., gg s 375.

Fox, B.A. and Cameron, A.G., 1977. Food Science-
A Chemical Approach. Hodder and Stoughton.
London, 3rd ed., p : 267.

Geay, Y., 1978. Dressing percentage in relation to
weight, sex and breed. in : Pattern of Growth and

Development in Cattle (Eds. H. De Boer and J. Martin)
Martinus Nijhotff, London, PP : 35=46.




116

Gopakumar, K. and Nair, M.R., 1972, Fatty acid
composition of eight species of Indian marine
fish. J. Sci. Fd. Agric., 22 : 493,

Grizzle, J.E. and Allen, D.M., 1969, Analysis of growth
and dose response curves. Biometrics, 25 :
359-381., o

Hafez, E.S.E, and Dyer, W.J., 1969, Animal Growth and
Nutrition. Lea and Febiger, Philadelphia, p : 202.

Hammond, J., 1932. Growth and Development of Mutton
Qualities of Sheep. Oliver and Boyd, London, p : 59,

Hammond, J., 1955, Progress in the Physiology of Farm
Animals. Butterworth Scientific Publishing Co..

London, pp : 393-430.

Harrow, B, and Mazoor, A.. 1962, Text Book of
Biochemistry. W.B. Saunders Co., Philadelphia, P : 485.

Hashimoto, K., Watabi, S., Michiko, K. and Kazuki, S.,
1979. Muscle protein composition of Sardine and
Mackerel. Bull. Jap. Soc. Sci. Fish., 45 : 1435-1441.

Hawk, P.B., Oser, B.L. and Summerson, W,H., 1954,
Practical Physiological Chemistry. McGraw-Hill
Book Co., London, 13th ed., p : 265.

Helander, E.A.S., 1961, Influence of exercise and
restricted activity of skeletal muscles.
Biochem. J., Zg : 478-482,

Hilditch, T.R. and Williams, P.N., 1964. The Chemical
Constitution of Natural Fats. Capman and Hall,

London, 4th ed., p : 62,

Horningl E'c..’ Ahrellsf Jr-; E-H-} Lipsky,f S.Kl'
Mattson, F.H., Mead, J.F.., Turner, D.2. an@
Goldwater, W.H. 1964. Quantitative analysis of

fatty acids by G.L.C. J. Lipid Res., 5 : 20.



117

Ivanov, P. and Zachariew, Z.I., 1963. Rearing of
buffaloes in Bulgaria. 2hivotnovodstro, 25 :
92-94, Cited by Cockrill, 1974, i

Johiri, D.C., 1976, Evaluation of Indian buffaloes. I.
GI_‘OWth. India-n__J:- Vet. ég_.j.g -’ ég H 943-947 o

Joksimovic, J,, 1969, Physical, chemical and structrual
characteristics of buffalo meat. J. Sci. Agric.
Res., 22 : 110-151. :

Joksimovic, J. and Ognjanovic, A., 1977. Comparison of
carcass yield, carcass composition and quality
characteristics of buffalo meat and beef.

Meat Science, 1 : 105-110

Kartz, A.M., 1970. Contractile protein of the heart.
Physiol. Rev., 20 : 63-134,

Kassir, S.M., McFetridge, D.G. and Hanson, N.G., 1969.
Studies on growth, feed cost and carcass compo-
sition of young male cattle and buffalo fed under
comparable conditions. F.A.0. Tech. Rpt. 2. Anim.
Husb. Dept.. Baghdad.

Khan, A.W., 1962, Extraction and fractionisation of
protein in fresh chicken muscle. J. Fd. Sci..

27 : 430,

1966, Biochemistry.
: 164,

Kleiner., I.S. and Ootten, J.M,,
The C.v, Mosby Co., St. Louis, 7th ed., P

Kotayya, K. and Rao, A.V.N., 1972. Studies on growth,
puberty and semen production in A.I. bulls.
Indian Vet. J.. gg : 901-910,

Kowalski, C.J., and Guire, K.E., 1974. Longitudinal
data analysis. Growth, 38 : 131-169.

A study of buffalo meat qualitye.

Kurbanov, I., 1961,
- daadt 5 : 47-49. Cited by

Miasnaia. Inde. MosK..
Cockrill, 1974.




118

Lall, J.M., 1977. Meat., in: Hand Book of Animal
Husbandry. Indian Council of Agricultural
Research, New Delhi, pp : 558-587.

Lawrie, R.A., 1961, Studies on the muscle of meat
animals, I. Difference in composition of beef
longissimus dorsi muscle determined by age and
anatomical location. J. Anim. Sci., 56 : 249-259,

Lawrie, R.A., 1974. Meat Science. Pergamon Press,
Oxford, 2nd ed., pp : 71=124,

Lawrie, R.A., Pomery, R.W, and Williams, D.R., 1964.
studies on the muscle of meat animals. IV,
Comparative composition of muscle from droplander
and normal sibling heifers. J. Agric. Sci., 62 :

89"'92-

Lawes, J.B. and Gilbert, J.H., 1859. Experimental
enquiry into the composition of the animal feed
and slaughtered as human food. Tran. Rov. SoC.:.
London, 149 : 493-680.

Libby, G.L., 1975, Meat Hyvgiene. Lea and Febiger,

Mackie, I.M., 1972. Myosin direct extraction method.
Personal communication,

Marian, W.E.,, Dikemon, M.E, and Dayton, A.P.. 1989.
Performance and composition of steers and heifers
of two biological types related to net energy for

productive efficiency. J. Anim. Sci., 31 ¢
882-=891, : '

7. Tierzuchte

The buffalo in Italy. T

Maymone, B., 1942. Le
Ccited by Cockrill,

Rearing buffaloes in Italye. Annalie.

B., 1945.
Maymone ., ’ il ouceaiy

Ist. Sper. Zootic., Roma, 3
Cockrill, 1974.




119

Maymone, Be. and Bergonzini, E., 1960. Conversion of

feed to weight gain in buffaloes. Alimentaz anim..
4 : 267-306. Cited by Cockrill, 1974.

Maynard, L.A., Loosli, J.K.., Hintz, H.F. and Warner, R.G.,

1979. Animal Nutrition. Tata McGraw-Hill Publishing
co., New Delhi, 7th ed., p : 416,

Miller, W.C. and West, G.P,, 1953, Black's Veterinary
Dictionary. Adam and Charles Black, London, p : 647,

Morrison, F.B., 1954, Feeds and Feeding. Morrison

publishing Co., Ithaca, New York, 22nd ed.,
pp ¢ 650-850.

Morrison, W.R. and Smith, L.M., 1964. Preparation of
fatty acid methyl esters and dimethyl acetals from

1ipids with boron fluoride-methanol. J. Lipid Res.,
5 : 600.

Mullick, D.N., 1964. Review of the investigation on the
physiology of Indian buffaloes. Indian J. Dairy Sci.,
17 « 45-50. -

Nagarcenkar, R., 1978. Reiverine buffalo of India and
possibilities of genetic improvement vis-awvis
cattle. F.A.O. Seminar on Buffalo Reproduction and
Artificial Insemination. Karnal, pp : 97=127.

Nautiyal, L.P. and Bhatt, P.N., 1977,

Growth curve in
Indian buffaloes.

Indian J. Anim. Sci., 47 : 517.

Norman, G.A. and De Felico, P,E,, 198l. Effect of breed
and nutrition on the productive traits of zebu,
Charolais and crossbred beef cattle in South East

Brazil. I. Body and gross carcass compositio
Meat Science, 2 : 425-438, N.




120

Ognjanovic, A., Polikhonov, D. and Joksimovic, J..
1570, The possibility of improving the yield and
quality of buffalo meat by crossing. Proceedings
of léth European meeting of Meat Research workers,
Sofia, Bulgaria. Cited by Cockrill, 1974.

i

Olcott, H.S., 1934, Antioxidants and auto-oxidation of
fats. J. Am. Chem. Soc., 56 : 2492-2493.

ornstein, L. and Davis, B.J.., 1964, Disc Electro-
phoresis. Report of Distillation Products
Industries, Rochester, New York.

pearson, D., 1966. The composition of beef. J. ASSOCe
Publ. Analysts., 4 : 90-91.

Pearson, D., 1976. The Chemical Analysis of Food.
churchill Livingston Publishing, New York, 7th ed..

P - 366,

pPenny, I.F., 1970. Conditioning of bovine muscle. I.

Composition of the proteins of the hyofibril.

Popovic, D., 1949. A contribution to the study of
buffaloes in the vicinity of l.eskovac, §Egcarsggg-:
s 11 =1 2 NCH Eed by, Cockrill, 1974,

Prince, J.F. and Schweigert, B.S.., 1960,
of Meat and Meat Products. W.H, Freeman and Co

San Francisco, 2nd ed., p : 288.

The Science
A mpany

D.Ho énd Pynef E.’

Pyne, C.D., Ban, J«Jos Dugar jich,
on of brisket fat

1977. The fatty acid compositi

from steer obtained from Angus COWS mated to 1
ifferent breeds of cattle. J. Agric. Scie 22
571=-574.

Buffalo in the Middle East and

F .A 00 - P'l.lblica-tiont ROlTIe L]

Ragab, M.T ., 1978
Milk Production.




121

Ragab, M.T., Darwish, M.Y.H. and Malik, A.G.A., 1968,
Meat production from Egyptian buffaloes. I.
Development changes and dressing percentage in a
group of meat buffaloes. J. Anim. Prod., U.A.R..,
6 : 2=30,

Raghavan, G.V., Reddy, V.S., Rao, V.R. and Krishna
Mohan, D.V.G., 1979. Economics of buffalo beef
production. Final renort of the I.C.A.R. Adhoc
Res. Project, pp : 1l-16. ? :

Ranjan, S.K.. 1980. Animc. Nutrition and Feeding
practices in Irdia. Vikas Publishing House Pvt.
Ltd.( New DElhi; 2nd ed.; Pp H 293—297.

Rao, B.R., 1978. Preliminary studies on certain
gualitative and quantitative characters of buffalo
meat. Indian Vet. J., 55 : 111-118.

Rathi, S.S.., Daya Singh Balain and Ramayia, A.S.. 1973.
Body weight and their relationship with economic
traits in Indian buffaloes. Indian J. Anim. prod. .
4 : 1-8,

Reid, J.Te.. Willington, G.H. and Dunn, H.O., 1955.

Some relationship among the major chemical .
components of the bovine body and their applicatl?n
to nutritional investigation. J. Dairy sci.., 38 °
1344-1357.

Romita, A ,. Borghese, A,. Maria, C. and Gigli, Ses 1976,
Comparative trials on cattle and water puffalo 3
calves reared to 20 weeks of age. II, FEatty acl
composition and taste panel evaluation of meate
Asso. Sci. di. Prod. Anim.. 363-371. cited by

Fheca)

De Boer and Martin, 1978.

jvit
Rosa, A. and Rusu, S., 1958. Body form and pr223§21V1 Y
of buffaloes of the Chung region. Luer. a,ggﬂ*
Inst. Cere. Zootech., 16 : 205-224., Cite

Cockr;ll, 1974,

: s reared
Salerno, A., 1948, Meat production from liuffgl?em_%.
in Italy. Annali Fac. Adre. Uni. Barzes =




122

Salerno, A., 1974. The buffaloes of Italy. in : The
Husbandry and Health of the Domestic Buffalo
(Ede W.Re.Cockrill), F.A.0. Publication, Rome,

pp : 737-747.

Sarma, P.A., Sharma, D.D., Nagarcenkar, R. and Basu, S.D.:
1978, Meat studies in buffalo. Ann. Res. Rpt.
A.I.C.R.P. on buffaloes. Karnal, p : 21,

Schloss., E., 1911. Pathologic des Wachstums. S. Karger.,
Berlin, p : 4. Cited by Maynard et al., 1979.

Sherman, H.E., 1952. Chemistry of Food and Nutrition.
MaCmillan Publishing Co. Inc., New York, p :673.

snedecor, G.W. and Cochran, W.G., 1967. Statistical
Methods., Oxford and I.B.H. Publishing Co..

New Delhi, 6th ed., pp : 172-296.

Sussman, M., 1963. Animal Growth and Development..
Prentice Hall of India Ltd., New Delhi, pp :92~105.

Tomar, S.P.S. and Desai, R.N., 1965, Studies on grdwth
rate in buffaloes maintained in military farm.

Indian Vet. Je. ég : 947-952,

Unmbreit, W.W., Burris, R.H. and Stauffer, Tl 195048
Manometric Technigques. Burgess Publishing COe.
Minneapolis, UesS.A., P : 278.

Venkateswar, M.C. and Sampath, S.R.. 1978. Studies
R t-

on growth rate of Surti calves,. Ann. Res. Rp
A.I .C IR.P. On bUffG&loeS.; 5%@%: p : 8.

Viswanathan, P.G. and Gopakumar, K., 1978. Fatty acid
composition of 15 species of fish from tropical
waters. J. Fd. “=.. Sci., 43 : 1162-1164.

Watson, S.J.. 1949. 'Feeding_of Livestock. Thomas
Nelson and Sons Ltd., New York, p .: 16.

1 1968.

Wildman, R.C., Guess, G.C. and Brungardt, V;ﬁé'their

ovine tissues
carcass and pala

Fatty acids of certain b 11ity
association with growth, tab

traits. J. Anim. Sci., 27 @



123

Winton, A.L. and Winton, K.B., 1949, The Structure
anc Composition of Food. Jonn Wiley and Sons,

London, pp : 308=326.

vadava, B.S. and Singh, L.N., 1974, Chemical
composition of buffalo meat available from the
local slaughter house. Indian J. Anim. Sci..
44 : 746-749,

Yamada, M. and Hayashi, K., 1975. Fatty acid
composition of lipids from 22 species of fish
and mollusk. Bull. Jap. Soc. Sci. Fish.,

41 : 1143,




STUDIES ON THE MEAT QUALITIES AND MEAT
POTENTIALITIES OF BUFFALO CALVES

BY
THACHANAT GOPALAN RAJAGOPALAN

ABSTRACT OF A THESIS
Submitted in partial fulfilment of the
requirement for the degree

Doctor of pDhilosophy

Faculty of Veterinary and Animal Sciences
Kerala Agricultural University

Department of Physiology
COLLEGE OF VETERINARY AND ANIMAL SCIENCES
i Mannuthy — Trichur

1981



ABSTRACT

Meat potentialities and meat qualities of buffaloes

were studied and compared with those in cattle.

Surti cross-bred male buffalo calves recorded an
appreciable depression in the growth rate, as measured
by external body measurements-and increase in gross live
weight, initially after the pre-natal stage and there-
after from fourth to seventh month of age from which

they recovered gradually by the ninth month of age.

Transit weight loss due to transportation and
subsequent fasting was found to be less in buffalo due

to its thick skin, scanty sweat glands and sturdy natur€e

Dressing percentage in buffalo was less than in
cattle. The percentage weight of fore-quarters was more

in cattle, while the percentage weight of hind-quarters

was more in buffalo.

Percentage weights of all the internal organss
o than

excepting liver, were found to be more in buffal
in cattle. The percentage weights of edible meat,

. 'n
separable fat, and meat-bone ratio were also high 1

cattle than-in buffalo.

. ash
The percentage of moisture, dry matter and
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were found to be similar in the meats of both buffalo
and cattle, Glycogen content was 4.6 times more in

post=rigor samples of buffalo meat than in the meat of
Cattle«:

Total lipid content in buffalo meat was less than

in beef. Higher levels of C,o fatty acids at the expense

of C16 (saturaced and mono unsaturated) ac:ids were noticed

in both buffalo and cattle. Buffalo lipids had higher

concentration of C,5., acid. Cattle lipids contained

higher levels of poly-unsaturated fatty acids,

Buffalo meat had more total nitrogen than the meat

of cattle. Among the different fractions., myofibrillar

. : o : : e
protein, sarcoplasmic protein and non-protein nitrogen wer

more in buffalo meat than in cattle. But, the stroma

protein fraction was found to be much less in buffalo

meat. Histological studies also substantiated this

conclusion.

Myofibrillar protein fraction of buffalo meat .,
36 hours after slaughter, showed considerablé reduction.
Also, higher levels of alkali soluble protein were
observed. The sulphhydryl contents of poth actin and
myosin were found to be higher and the ATP-ase activity



alsiat

was found to be less in buffalo meat than in the meat of

cattle,

Gel electropherograms of sarcoplasmic protein
showed six bands in cattle as against five in buffalo
while myofibrillar protein fraction of buffalo showed

eight bands compared to seven in cattle.

mssential amino acid contents appeared to be
slighly more in cattle than buffalo. But, the
distribution of amino acid was found to be more balanced

in buffalo meat.
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