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1.1 INTRODUCTION

Meat is one of the major commodities with which food science is

concerned. Meat is defined as the flesh of animals used as food. Broadly

speaking it may include the musculature, organs such as liver, kidney, brain

and other edible tissues. The bulk of meat consumed in Pakistan is derived

from goats, sheep, cattle, buffaloes, fish and poultry. The meat of fish and

poultry are generally considered separate from goats, sheep, cattle and

buffaloes. The meat of goats, sheep, cattle and buffaloes is an example of

red meat.

According to the Economic survey in 1995-96 the livestock

population of Pakistan was 17.9 million cattle, 20.2 million buffaloes, 29.8

million sheep and 45.6 million goats which in 1997-98 became 18.0 million

cattle, 21.3 million buffaloes, 31.3 million sheep and 49.7 million goats. The

per capita consumption of meat in Pakistan is about 10 Kg annually which is

far less than the developed countries.

Although the meat is widely consumed and is an important source of

animal protein in most of the diet of the people of the developing countries,

surprisingly few studies have been under taken on the nutritional properties

of meat.
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1.2 LIVESTOCK POPULATION OF PAKISTANI NATIVE

RED MEAT

The following is the brief introduction of the different species of the

livestock population of Pakistan.

1.2.1 SHEEP

Domesticated sheep belong to the group Ovis aries and appear to have

originated in western Asia. Four main types of wild sheep still survive; the

Mouffon in Europe and Persia, the Urial in western Asia and Afghanistan,

the Argali in central Asia and the Big Horn in northern Asia and North

America.

Pakistan is an important sheep production country and ranks 11th in

sheep population in the world. There are 21 distinct and recognized breeds

spread all over the country. Pakistani sheep are raised mainly for wool, milk

and meat. All breeds are broadly classified as fat and thin tailed sheep. The

fat tailed sheep are mainly found in hilly area while the other are bred in

deserts and plains.

Eight breeds belong to fat tailed sheep, out of these four are found in

the NWFP (Heshtnagari, Afiridi, Waziri and Balkhi), one in the Punjab (salt

range) and three in Baluchistan (Bibrick, Harani and Rakhshani).
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The thin tailed variety includes 1 1 breeds. Out of these two are found

in NWFP (Kaghani and Damani) and seven in Punjab (Thali, Kajli, Koil,

Hissardale, Buchi, Hamai and Sipli). (Sarwar and Ishaq 1957).

Certain exotic breeds such as Rambouillet (thin tailed) Awasi and

Karakul (fat tailed) breeds have been imported from the USA.

1.2.2 GOAT

Pakistan has 25 different breeds of goats (Hasnain 1985). The goats in

Pakistan have not been systematically studied or evaluated for their meat

production capabilities. Different breeds have been roughly classified into

dairy type (Barbari, Beetal, Dera Din Pannah and Kemori) and meat type

(Bikaneri, Chappar, Damani, Gaddi, Kaghani, Kail, Kajli, Kharasani, Lehri,

Sindi, Desi and Teddy). Most breeds have not been studied systematically,

therefore their production potential has not yet been fully exploited. The

dairy type breeds are concentrated in irrigated areas around the urban centers

where adequate food is available. The meat type on the other hand is

inhabited in such areas where low plane of nutritions is available.

1.2.3 CATTLES

A cattle is the collective name given to Bovine animal. The two main

groups of domesticated cattle, Bos taurus (European) and B. indicus (India
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& Africa) are descended from B. primigenius, the original wild cattle or

aurochs.

Pakistani breeds of cattle have a high reputation in the world due to

their draught power qualities and resistance to major cattle plagues and tick

borne diseases. Many breeds of domestic cattle are found in different parts

of the country. These can be broadly classified as milk breeds draught breeds

and general utility breeds.

The important breeds are Red Sindhi(originated from Lasbela district

and now largely found in Karachi and Hyderabad), Sahiwal cattle

(originated from Sahiwal and is derived from Red Sindhi), Baghnori cattle

(belongs to estren part of Kalat districts), Lohani cattle (confined to Bakrum

and Duki tehsils of Loralai), Dhani cattle (Jehlum, Attock and Rawalpindi

districts) and Thari cattle (home district is Tharparker).

1.2.4 BUFFALOES

The domestic buffaloes have been developed over centuries from the

original wild ancestors, the Ani. There are two types of buffaloes termed as

Sawmp that has a diploid number of 48 chromosomes and River has 50. The

Swamp and River type cross has diploid 49 chromosomes. All crosses

between two types are fertile. The River or water type breeds are important

source of milk and low cost meat. They are also useful as powerful draught
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animal. Buffalo has now occupied an important place in the dairy industry of

Pakistan.

The important breeds of Pakistan are Nili- Ravi (one of the best breed

in the world) this breed is found in Sahiwal, Multan, Bahawalpur, Rahimyar

Khan, Lahore, Sargodha, Faisalabad and Sheikhupura districts and Kindi

present in large number over a wide area of rice growing tracts along the

Indus river.

1.3 BIOCHEMISTRY & PHYSIOLOGY OF THE MUSCLE

1.3.1 COMPOSITION OF MEAT / MUSCLE

Broadly speaking the meat is composed approximately 75% water,

19% protein, 3.5% soluble non-protein substances and 2.5% fat. The

essential unit of muscular tissue is the fibre which consists of formed protein

elements, the myofibril, between which is a solution, the sarcoplasm, and a

fine network of tubules, the sarcoplasmic reticulum; the fibre being bounded

by a very thin membrane (the sarcolemma) to which connective tissue is

attached on the side.

1.3.1.1 MUSCLE PROTEIN

The proteins in muscle can be divided into those which are soluble in

water or dilute salt solutions (the sarcoplasmic proteins), those which are
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soluble in concentrated salt solutions (the myofibrillar proteins) and those

which are insoluble in the latter, at least at low temperature (the proteins of

connective tissue other formed structures).

The sarcoplasmic proteins (myogens and globulins) represent a

complex mixture of about 50 components, many of which are enzymes of

the glycolytic cycle.(Scopes,R.K. 1970). The glycolytic enzymes are bound

to the myofibrillar proteins, actin (Clarke et al 1980).

Myosin is the most abundant of the myofibrillar proteins. Bailey 1954

first time gave this name. Myosin molecules are built from two main types

of sub-unit-light and heavy meromyosins (Szent-Gyorgyi 1953).

Heavy meromyosins which contains all the ATP-ase and actin

combining properties of myosin is sited on the periphery of myosin

filaments. The properties depend upon free SH groups in the molecule

(Bailey 1954). Tropomyosin was discovered in 1946 by Bailey. Its amino

acid composition is similar to that of myosin (Bailey 1954) and like the

latter, there are few free amino groups: it appears to be a cyclopeptide. It has

been suggested that actin filaments are attached to the Z-line by a meshwork

of tropomyosin (Huxley, 1963).

The other major protein of the myofibril is actin (Straub, 1942). It can

exist in two forms, G-actin, which consists of relatively small globular units

and F-actin in which globular units are aggregated ends to end to form a
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double chain. The interaction of actin, myosin and ATP is complex (Bailey,

1954).

Relatively small quantities of other proteins, which are associated

with the myofibrils, have been isolated (Ebashi & Endo, 1968; Schaub &

Perry, 1969; Maruyama, 1970).

The troponin complex promotes the aggregation of tropomyosin,

binds calcium and prevents actomyosin formation; a-actinin promotes the

lateral association of F-actin, 0- and gamma actinins inhibit polymerization

of G-actin. Tropomyosin B the remaining protein after the removal of

troponin is capable of contributing mechanical stability to the muscle

filaments.

Other minor proteins of the myofibril group include F-protein, which

binds to myosin and from which it can be detached by C-protein (Miyahara

et al, 1980) and L-protein which appears to inhibit the Mg++ activated

ATPase of actomysin in the absence of Ca++ (Maruyama et al, 1977).

There are at least three kinds of light chain components of MW

15000-30000 daltons, associated with myosin (Perry et al, 1975). The

18000-dalton component is distinguised by being the specific substrate for

the enzyme, myosin light chain kinase; and it has been designated the " P "

light chain (Frearson and Perry, 1975). Another enzyme, myosin light chain

phosphatase (Morgan, Perry & Ottaway, 1976) specifically removes
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phosphate from the "P" light chain. Myosin light chain kinase has an MW

80000 daltons. For its activation an equimolar concentration of an acidic

protein, Calmodulin, is required. Calmodulin resembles troponin in binding

Ca++; but the latter is only marginally effective in activation.

Troponin is composed of three major members referred to as C,I &

T.(Schaub, Perry & Hacker, 1972). Troponin C (MW 18000) binds Ca++

and forms equimolar complex with troponin I. It is phosphorylated neither

by 3,5 cyclic AMP-dependent protein kinase nor by phosphorylase b kinase.

(Perry et al 1975). I (MW 37000) inhibt actomyosin ATP-ase. It can be

phosphorylated by both enzyme (Cole and Perry 1975). Troponin T (MW

37000) binds to tropomyosin and troponin C: it is phosphorylated by

phophorylase b kinase only.

Antigen-Antibody techniques have confirmed that tropomyosins a and

B, troponins C, T & I and the alkali light chain myosin proteins differ in

"red", "white" and cardiac muscles.

Although all the myofibrillar proteins have free SH groups in their

structure, only tropomyosin and the troponins appear to incorporate S-S

groups.(Hofmann & Hamm, 1978).

In that portion of muscle which is insoluble in concentrated salt are

the mitochondria, containing the insoluble enzymes responsible for

respiration and oxidative phosphorylation, the formed elements of the

s



muscle membrane and the collagen, reticulin and elastin fibres of connective

tissue . The collagen of connective tissue has the highest content of

hydroxyproline any common protein (12.8%)(Bowes, Elliot & Moss 1957).

The hydroxyproline contents of muscle, is therefore, frequently used as a

measure of its connective tissue.

1.3.1.2 INTRAMUSCULAR FAT

The fat of adipose tissue generally consists of true fat i.e esters of

glycerol with fatty acids, to an extent of more than 99%, the fat of muscles,

like that of other metabolically active tissues, has a considerable content of

phospholipids and of unsaponifiable constituents such as cholesterol. (Lea,

1962). Only three or four fatty acids are present in substantial amounts in the

fat of meat animals- oleic, palmitic and stearic and of the four types of

glycerides GS3, GS2U, GSU2 and GU3 (S & U represent saturated and

unsaturated fatty acids respectively).

The phospholipids- phosphoglycerides, plasmalogens and

sphingomyelin are more complex than the triglycerides. There are also

present in muscular tissue complex sugar containing lipids , glycolipids. The

effect of factors like species, age and type of muscle in the composition of

the phospholipids, is still little known, (Lea, 1962).

Of the total phospholipids in beef muscle, lecithin accounts for about

62%, cephalins for 30% and sphingomyelin for less than 10% (Turkki and
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Campbell, 1967). Accompanying the triglycerides are small quantities of

substances which are soluble in fat solvents, eg vit. A, B, E & K and

cholesterol derivatives.

1.3.2 STRUCTURE OF MUSCLE

Meat is primarily composed of muscle plus variable quantities of all

the types of connective tissues, as well as some epithelial and nervous tissue.

Skeletal muscle is the principal source of the muscle tissue in meat.

Normally the skeletal muscles constitute the bulk (35-65%) of the

carcass weight of the meat animals. Most skeletal muscles are attached

directly to bones and some of them are attached to ligaments, facia, cartilage

and skin etc. There are more than 600 muscles in the animal body, which

vary widely in shape, size and activity. Each muscle is covered with a thin

connective tissue sheath. Nerve fibers and blood vessels enter and exit the

muscle with the connective tissues net work providing the muscle with in an

innervating system as well as a vascular bed for nutrient supply and waste

removal. The structural unit of the skeletal muscle tissue is the highly

specialized cell that is usually referred to as a muscle fibre.

Muscle fibre constitutes 75-92% of the total muscle volume. Skeletal

muscle fibre are long un-branched, thread like cells which taper slightly at

both ends. They vary considerably in diameter, ranging from 10 pm to more

than 100 pm with in the same species and even with in the same muscle. A
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membrane surrounds the muscle fibre, which is called Sarcolemma. The

sarcolemma is relatively elastic. The structure, composition and properties of

sarcolemma are thought to be identical to the plasmalemma (cell membrane)

of other cells of the body. Periodically along the length of the fibre and

arround its entire circumstances, invaginations of the sarcolemma from a net

work of tubules called transverse tubules or T. tubules.

1.3.2.1 SARCOPLASM

The cytoplasm of the muscle fibre is called sarcoplasm. Water

constitutes about 75-80% of the sarcoplasm. In addition it contains lipid

droplets, variable quantities of glycogen granules, ribosomes, numerous

proteins, non-protein nitrogenous compounds and a number of inorganic

constituents.

1.3.2.2 MYOFIBRILS

The myofibril is an organelle unique to muscle tissue. Myofibrils are

long, thin, cylindrical rods, usually 1-2 pm in diameter. The myofibrils are

bathed by the sarcoplasm and extended the entire length of the muscle fibre.

A muscle fibre with a diameter of 50 pm from meat animals will have at

least 1000-2000 myofibrils. Cross sections of myofibrils show a well

ordered array of dots that have two distinct sizes called myofilaments, which

are commonly referred to as thick and thin filaments of the myofibrils.
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1.3.2.2.1 PROTEINS OF THE MYOFILAMENTS

The protein actin and myosin constitute about 75-80% of the proteins

in the myofibril and the remaining fractions consist of the regulatory and p-

actinin proteins. Regulatory proteins include tropomyosin, troponin & a-

aclinin. The proteins of the thick and thin filaments as well as the regulatory

proteins are called as myofibrillar proteins. Tropomyosin, troponin and p-
actinin are associated with the actin filaments; C-protein is present in the

myosin filament; a-actinin is a component of the Z-line and M-proteins are

beleived to be the substances composing of the M-!ine.

Actin constitutes about 20-25% of the myofibrillar proteins. The actin

molecule is rich in the amino acid protein. Myosin constitutes 50-55% of the

myofibrillar protein. The iso-electric pH of myosin is near 5.4. Myosin with

a lower protein content than actin has a more fibrous nature.

1.3.2.2.2 SARCOPLASMIC RETICULUM & T. TUBULES

The sarcoplasmic reticulum (SR) is a membranous system of tubules

and citranae (flattened reservior of Calcium) that forms a closley meshed net

work arround each myofibril. The T.tubules are associated with the

sarcolemma. The SR consists of several distinct elements
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1.4 POST-MORTEM GLYCOLYSIS

The irreversible anaerobic glycolysis which occurs when oxygen is

permanently removed from the muscle at death is called post-mortem

glycolysis.

The sequence of chemical steps by which glycogen is converted to

lactic acid is essentially the same post-mortem as in vivo when the oxygen

supply may become temporarily inadequate for the provision of energy in

the muscle; but it proceeds further. The conversion of glycogen to lactic acid

will continue until a pH is reached when the enzymes effecting the break

down become inactivated. The final pH attained, whether through lack of

glycogen, inactivation of the glycolytic enzyme or because the glycogen is

insensitive or inaccessible to attack, is referred to as the ultimate pH

(Callow, 1937) because it is generally about 5.5, which is the iso-electric

point of many muscle proteins, including those of the myofibrils. Both the

rate and extent of the post-mortem pH fall are influenced by intrinsic factors

such as species, the type of muscle and variability between animals and by

extrinsic factors such as the administration of drugs pre-slaughter and the

environmental temperature. After the ultimate pH has been reached, further

changes occur in the sarcoplasmic proteins, there being a general alternation

in the nature of the components. (Deatherage & Fujimaki, 1964)

The rate of post-mortem glycolysis increases with increasing external

temperature above ambient (Bate-Smith and Bendall, 1949; Marsh 1954)
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contrarory to expectation, however, the rate of post-mortem glycolysis also

increases as the temperature falls from about 5°C to 0°C (Newbold &

Scopes, 1967). Indeed Smith (1929) found that the rate was even greater at-

3°C than at 0°C, i.e as the system was freezing.

During post-mortem conditioning the proteins of the myofibril and of

the sarcoplasm denature in varying degree. Immediately after death and

before the onset of rigor mortis, muscles are pliable and tender when

cooked. The principal proteins of the myofibril, actin and myosin are

dissociated and myosin extractable at high ionic strength. (Weber & Meyer,

1933; Bailey, 1954). With the onset of rigor mortis the muscle becomes

inextensible and is tough when cooked. (Marsh, 1964). As conditioning

(ageing) proceeds, the muscle becomes pliable once more (and increasingly

tender on cooking) : but this is not due to dissociation of actomysin (Marsh,

1954).

The extractability at high ionic strength of total myofibrillar protein

decreases by about 75% with the onset of rigor mortis, from the value

immediately post-mortem; but on subsequent storage at 2°C the

extractability again rises upto and even beyond the initial level. (Locker,

1960)

The extractability of myofibrillar protein is affected by ultimate pH of

the muscle, a high ultimate pH tending towards greater extractability. The
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temperature post-mortem is also important, a high temperature being

associated with lower extractability. (Weirbicki et al. 1956)

As far as meat quality is concerned, perhaps the most important

manifestation of the post-mortem denaturation of the muscle protein is their

loss of water holding capacity, because in practice it is a more universal

phenomenon than discolouration. For a given muscle, water-holding

capacity is at a minimum ultimate pH; thereafter on subsequent conditioning

of meat, it tends to increase. (Cook et al, 1926).

1.5 RIGOR MORTIS

As post-mortem glycolysis proceeds the muscle becomes inextensible:

this stiffening is long referred to as rigor mortis. Its chemical significance

has only recently been appreciated Erdos (1943) showed that the onset of

rigor mortis was correlated with the disappearance of ATP, actin and myosin

combined to form rigid chains of actomyosin. This observation was further

confirmed by Bate-Smith and Bendall 1947, and Bendall 1951), who has

written a comprehensive review of the subject. The loss of extensibility

proceeds slowly at first (the delay period) then with great rapidity (the first

phase): extensibility then remains constant at a low level. The time to the

onset of fast phase of rigor mortis (at a given temperature) depends mostly

on the level of ATP which in the immediate post-mortem period, is being

slowly lowered by the surviving non-contractile ATPase activity of myosin.

With knowledge of the temperature, the initial store of glycogen and the
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initial levels of ATP and creatine phosphate, the time to onset of rigor mortis

can be predicted accurately. (Bendall 1951). The initial pH alone gives a

good general approximation. (Marsh 1954). The onset of rigor mortis is

accompanied by lowering in water holding capacity. During the onset of

rigor mortis the amount of "bound" water in each environment remains

constant, but there is progressive movement of "free" water from one

environment to the other- presumably reflecting the cross linking of

actomyosin. (Pearson et al,. 1974)

The patterns of rigor mortis onset can be classified as acid rigor,

alkaline rigor and intermediate type. (Bendall 1960).

1.6 EATING QUALITY OF MEAT

Of the attributes of eating quality, colour, water holding capacity and

some of the odour of the meat are detected both before and after cooking and

provide the consumer with a more prolonged sensation than do juiciness,

texture, tenderness, taste and most of the odour which are detected on

mastication.

1.6.1 COLOUR

The appearance of meat surface to the consumer depends, not only on

the quality of myoglobin present but also on the type of myoglobin

molecules. Most of the striking differences in the colour of meat surfaces
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arise from the chemical state of the myoglobin molecules. The myoglobin

molecules consist of haematin nucleus attached to a protein component of

the globulin type: the molecular weight is about 17000. The heamatin

protein comprises a ring of four pyrrole nuclei co-ordinated with a central

iron atom.

In the myoglobin, oxymyoglobin and metmyoglobin of fresh meat, or

nitric oxide myoglobin and metmyoglobin nitrite of cured meat, the

heamatin nucleus is intact and the protein is in a native form; but the colour

and the valency of iron vary. On heating as in cooking, the globin is

denatured, but the haematin nucleus still remains intact as in the red globin

haemochromogen, or more commonly brown globin haemichromogen and in

red nitric oxide haemochrmogen.

In fresh meat, before cooking, the most important chemical form is

oxymyoglobin. This pigment is of major importance, since it represent the

bright red colour desired by purchasers.

1.6.2 WATER-HOLDING CAPACITY AND JUICINESS

The water holding capacity is one of the most important factor. Most

of the water in muscle is present in the myofibrils, in the spaces between the

thick filaments of myosin and the thin filaments of actin/tropomyosin.

Hamm 1960 reported that not more than 5% of the total water in muscle

could be directly bound to hydrophilic groups on the protein. The stepwise
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release of water from meat at different temperatures has indicated that water

is bound by proteins in several layers. (Hamm 1960; Weirbicki et al 1963)

In detailed studies of myofibrils, Offer and Trinick (1983) presented

evidence in support of their view that most of the water in muscle is held by

capillary forces between the thick and thin filaments.

The incorporation of the salts of strong acids, such as sodium chloride is

important in enhancing water holding capacity. (Gerrard 1935). The more

strongly ions are bound by the protein the stronger will be the hydrating

effect. (Hamm 1 957). At high ionic strength, salt has a dehydrating effect:

hydration is at a maximum when the ionic strength is about 0.8-1.0. This

corresponds to 5 and 8% of sodium chloride for meat with out and with 60%

added water respectively. (Callow 1931; Hamm 1957). Certain salts of weak

acids, in particular phosphates and polyphosphates, are also added to

enhance water holding capacity. Hamm and Grau (1958) found the

following order of increasing efficacy of the sodium salts- monophosphate,

cyclotriphosphate, diphosphate, tetraphosphate and triphosphate.

Good quality meat is more juicy than that of poor quality, the

difference being atleast partly attributable to the higher content of

intramuscular fat in the former. (Gaddis et al 1950; Howard and Lawrie

1956).
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Juiciness in cooked meat has two organoleptic components: the

impression of wetness during the first chews and sustained juiciness, largely

due to the stimulatory effect of fat on salvation. (Weir 1960)

1.6.3 TEXTURE AND TENDERNESS

Tenderness is the predominant quality determinant and probably the

most organoleptic characteristic of meat. (Bratzler et al 1978; Lawrie 1979).

Many factors have been implicated in meat tenderness including age, breed,

sex, fatness, pre-slaughter treatment dressing, cooling, storage and cooking

procedures. (Marsh 1983)

Of all the attributes of eating quality, texture and tenderness are

presently rated most important by the average consumer and appear to be

sought at the expense of flavour or colour. It is most difficult to define what

is meant by either term. According to Hammond (1932) texture, as seen by

the eye, is a function of the size of the bundles of fibers into which the

perimysial septa of connective tissue divide the muscle longitudinally.

Tenderness is a quality representing the summation if properties of various

protein structures of the skeletal muscle. Indeed all the factors which may

affect muscle and muscle protein including normal growth and development

of the animal, nutrition and feeding, management practices, post mortem

handling, handling in retail shops and cooking and preparations can also

affect the tenderness. Coarseness of texture increase with age but in muscle

where the fibers are small it dose not become quite so apparent as in those
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where they are large. In general, coarseness of texture is greater in the

muscles of male animals and in those of large frame; breed also has an

effect. (Hammond 1932)

The size of fibre bundles is not the only factor determining

coarseness. The amount of the perimycin round each bundle is important the

perimysial layer being thick in coarse muscles. Since the elements defining

texture are aspects of connective tissue, it might have been expected that

there would have been a direct co-relation between coarseness of grain and

toughness after cooking. This is not so, however (Rams bottom and

Strandine, 1948) yet there is an indirect correlation between muscle fibre

diameter and tenderness (Hiner et al 1953). Such observations emphasize the

complexity of texture and tenderness as attributes of eating quality.

The over all impression of tenderness to the palate includes texture

and involves three aspects: firstly the initial ease of penetration of the meat

by the teeth; secondly the ease with which meat breaks into fragments; and

thirdly the amount of residue remaining after chewing (Weir 1960).

There have been many attempts to devise objective physical and

chemical methods of assessing tenderness which would compare with

subjective assessments by taste panels. The difficulty of doing so is

considerable. Thus physical methods have included the basis for measuring

the force in shearing (Warner, 1928; Kramer 1957; Winkler 1939),

penetrating (Tressler, Birds eye and Murray 1932; Lowe 1934) "biting"
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(Lehrmann 1907; Volodkevch 1938), mincing (Miyada and Tappel, 1956),

compressing (Spering et al 1959) and stretching the meal (Wang el al 1956).

Chemical methods have involved determination of connective tissue (Lowry

et al 1941; Newman and Logan 1950) and enzymatic digestion

(Smorodintzev, 1934) amongst other criteria.

The degree of tenderness can be related to three categories of protein

in muscle: connective tissue, myofibril and the sarcoplasmic. The

importance of their relative contribution depends on circumstances such as

the degree of the contraction of the myofibril, the type of the muscle and the

cooking temperature. Measurements of the shear, compression and tensile

force reflect changes in the myofibrillar structure. After the initial yield,

applied forces reflect the state of the connective tissue. The latter may be

determined by measuring adhesive values (Bouton et al 1975).

1.6.4 ODOUR AND TASTE

Flavour is a complex sensation. It involves odour, taste, texture,

temperature and pH. Of these odour is the most important. With out it one or

other of the four primary taste sensations: bitter, sweet, sour and saline

predominate. Odour and taste are most difficult to define objectively. The

evaluation of odour and taste still depends mainly on the taste panel. The

organoleptically desirable taste and odour of meat develops on cooking. The

taste of raw muscle is bland being only slightly sweet, salty, sour or bitter,

according to its biochemical state and origin. It was established that water
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soluble dialysates of muscle, which contained inosinic acid and a

glycoprotein, gave a meaty odour on heating (Crocker 1948; Balzer et al

1960), and that odours resembling those of cooked meat could also be

produced on heating the various amino acids of the glycoproteins with

glucose inosine. (Batzer et al 1962). Meaty odours can also be obtained on

heating nitrite with a mixture of amino acids.(Hoersch 1967).

More than 600 compounds have now been identified in the volatile

from beef. (Ho, 1980; Macleod et al 1981). Many types of heat induced

reactions lead to the production of meat flavour. Those believed to be

particular important include the pyrolysis of the peptides and amino acids,

the degradation of sugars, the oxidation, dehydration and decarboxylation of

lipids, the degradation of thiamine and ribonucleotides and interactions

involving sugars, amino acids, fats, H20 and NH3. (Vanden et al 1978)

The aromas derived from heating mixtures of amino acids do not

correspond exactly to those produced on heating meat extracts containing

these amino acids (Merritt & Robertson 1967) and this may be because the

sequence of amino acid is important.

The carbohydrates also play an important role in the production of

flavour on heating. They lose the elements of water in two stages (at 80°C &

220°C), forming furfural from pentoses and hydroxymethyl furfural from

hexoses. At about 300°C there is caramelization with the formation of large

number of odoriferous compounds including furans, alcohol and aromatic
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hydrocarbons. (Fagerson 1969). Both the duration and the temperature of

cooking must influence the nature and intensity of odour and taste in meat.

1.7 MEAT IN HUMAN NUTRITION

Meat is a very good source of essential amino acids and to a lesser

extent, of certain minerals. Although vitamins and essential fatty acids are

also present, meat is not usually relied upon those components in a well

balanced diet. Even in respect of its accepted nutrient role, little is known

about possible differences in the value of meat from different species, breeds

and muscle.

It is well known that a muscle containing much connective tissue will

provide meat which is relatively resistant to digestion and absorption and it

will be worsened by faulty cooling: but how important this may be in

relation to the absorption of the nutrients of the meat has been little studied.

Moreover, since connective tissue proteins have a lower content of essential

amino acids than those of contractile tissue, meat having a high percentage

of collagen or elastin will also have relatively lower intrinsic nutritive value.
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1.7.1 AMINO ACIDS

The amino acids composition of the proteins of the principal types of

meat is as following

ALANINE
ARGININE
ASPARTICACID
CYSTINE
GLUTAMIC ACID
GLYCINE
HISTIDINE
ISOLEUCINE
LEUCINE
LYSINE
METHIONINE
PHENYLALANINE
PROLINE
SERINE
THREONINE
TRYPTOPHAN
TYROSINE
VALINE

NON-ESSENTIAL
ESSENTIAL FOR INFANTS
NON-ESSENTIAL
ESSENTIAL
NON-ESSENTIAL
NON-ESSENTIAL
ESSENTIAL FOR INFANTS
ESSENTIAL
ESSENTIAL
ESSENTIAL
ESSENTIAL
ESSENTIAL
NON-ESSENTIAL
NON-ESSENTIAL
ESSENTIAL
ESSENTIAL
NON-ESSENTIAL
ESSENTIAL

In respect of essential amino acids, beef would appear to have somewhat

higher contents of leucine, lysine and valine as compared to pork or lamb;

and a lower content of threonine. It has been reported e.g that the contents of

arginine, valine, methionine, isoleucine and phenylalanine increase (relative

to the concentrations of other amino acids) with increasing animal age.

(Gruhn, 1965). Further there is evidence that the content of certain essential

amino acids may differ at different parts of the carcass.



The amino acid content may be affected by processing (e.g heat,

ionizing radiation etc.) Dvorak and Vognarova (1965) found that after

heating beef for three hours at a series of temperatures; 90% of the available

lysine was retained at 70°C and only 50% at 160°C. There is a linear

relationship between loss of available lysine in canned beef and the severity

of the process. (Ziemba & Malkki, 1969). Amino acid can also become

unavailable during the prolonged storage made possible by canning.

Smoking and salting may also slightly diminish amino acids availability.

1.7.2 MINERALS

Na, K, Ca, Mg, Fe, P, Cu, Zn are present in variable amounts in

different types of muscles. Of these K is quantitatively the most important,

followed by P; except in cured meat where Na from the added salt

predominates.

1.7.3 VITAMINS

Meat may be regarded as an important dietary source of vitamins Bi

and B2. Vitamin Bi is mainly lost from meat by leaching. Losses average

about 15-40% on boiling, 40-50% on frying, 30-60% on roasting and 50-

70% on canning. (Harris & Von Loesecke, 1960). Vitamins B6, BI2 and

Pantothenic acid have a similar order of lability to vitamin Bi.
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1.7.4 FATTY ACIDS

Lipids are necessary for aspects of texture, flavour,colour and overall

acceptiblity of most forms of consumed meat.Lipids can be considered to

perform two broadly separate physiological functions in muscle: as a source

of energy and as major components in all cellular membrane .In most lipids

of functional interest fatty acids are the predominant non-polar portion of

lipid molecules typically esterified via their acid terminus to glycerol. The

unsaturated fatty acids linoleic(Cl8:2), linolenic (C 18:3) and arachiodonic

(C 20:4) appear to be essential.They are necessary constituents of cell walls,

mitochondria and other intensely active metabolic sites. Whilst the body can

produce oleic acid from saturated precursors,it cannot readily produce any of

the above, unless one of them is available in the diet. In such sources as

cereals and seeds, linoleic acid in particular is usually present at about 20

times the concentration found in meat.

1.8 MEAT EATING AND HEALTH

It is evident that meat provides the majority of the nutrients required

for health, but its long term consumptions has been alleged to be associated

with the development of carcinoma, cardiovascular disease and

hypertension. The balance of present opinion, however indicates that meat

consumption per se is not a factor in carcinogenesis (Pearson 1981).
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It has been suggested that a high ratio of unsaturated/saturated fatty

acids in the diet would be desirable since this might lower the individuals

susceptibility to cardiovascular diseases, in general, and to coronary heart

diseases and cerebral vascular diseases in particular. (Keys,Anderson and

Grande,1960) .

1.9 MEAT PRODUCTION AND REQUIREMENTS

Meat production in Pakistan is a sideline hobby, the potentiality of

which has not yet been fully exploited. The meat and mutton production are

low-cost by-products of dairy industry and draught power and from free

range-land and stubble grazing.

The bulk of meat consumed in Pakistan is derived from cattle,

buffaloes (beef) and sheep and goats (lamb and mutton), fish and poultry

(white meat). The meat production is related to the total livestock

population, the number or the animals slaughtered and quantity of dressed

meat obtained from different animals.

The annual meat production from different categories of livestock in

1989 were 272X103 tons cattle, 301X103 tons buffaloes, 473X103 tons sheep

and goat. The goat meat provides 57% of the total mutton production. The

animals selected for slaughter are usually old and culled and are not fed

adequately. Therefore, the carcass yield and quality of meat is poor. The

production of beef in the country is showing a very little increase and it is
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estimated that its share would further drop from 50% at present to 44% by

the year 2000, however the mutton production has increased considerably.

The per capita availability of meat in Pakistan is 10.4 kg, which is far,

less than the recommended amount. In 1980 there was a lack of animal

protein availability by 43.7% required for the standard normal human

nutrition which in 1995 has further increased to 47.3%. According to the

FAO report on " meat development and low cost meat production" 1990,

Pakistan stands third in meat production in the developing countries. A wide

gap therefore exists between the demand and production.

Livestock in Pakistan is still under nourished. The level and type of

nutrition is one of the most important factors affecting the carcass quality.

Little is known about the precise nutrients and possible contamination with

toxic chemicals of the feed resources and agro-industrial by-products

available in the country, so much so there is no information about the

nutritional requirements of different species of local livestock at different

periods of their growth.

In Pakistan animals slaughtered are either very young or very old. The

yield and quality of meat is poor. Research is needed to develop muscle to

get high quality meat.

In Pakistan forms are small and most of the producers are not aware

of the benefits of drenching etc at the appropriate time. This may be one of
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development of meat industry not only to meet the local requirements but

also to export the Middle East and Gulf States. Livestock is the major source

of food (milk & meat) of high biological value. It also provides power for

agricultural operations, raw materials for industrial purposes and export and

manure to maintain the soil fertility. Thus it plays a very important role in

the national economy. The improvements in their number and quality will

bring prosperity in the countryside and provide more proteins of high

biological value to the entire population.

1.13 MEAT BY-PRODUCTS

Animals are slaughtered primarily for their meat for human

consumption. Besides this, one gets the organs such as liver, pancreas,

pituitary, which produce many enzymes, hormones and agro-pharmaceutical

products essential for maintaining or regulating life. Meat by-products

include all products of economic value, other than the carcass, obtained from

an animal during slaughter and processing of meat. The meat by-products

are broadly divided in three classes: edible, non-edible

and pharmaceutical

In Pakistan the commercial importance of meat by-products is not

being realized and therefore, all the by-products are not being properly

utilized. In rural areas, most of the by-products like blood, guts, bones, fats,

and glands etc go waste. Even in most of the urban slaughterhouses no

proper arrangements for collection and treatment of these materials are
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available. The by-product technology aspect should, therefore, be given due

importance.

1.13.1 EDIBLE BY-PRODUCTS

a. Variety meat

The items such as liver, kidney, heart, brain, and tongue are

called variety meat. These are sold as fresh or frozen.

b. Fats

The fatty tissue obtained from various parts of the meat

animals is processed into edible fats. The best raw materials consists

of abdominal fats such as kidney fat, channel fat, omentum or caul

and mesenteric fat. The edible tallow is obtained from fatty tissues of

beef and is used as shortening. In case of mutton, these internal fats

are also important and are often supplemented by the subcutaneous or

back fat. The quality criteria for fat are colour, clarity, and texture and

smoke point. According to the Pakistan economic survey of 1987 by

Finance Division, Economic Advisor’s Wing, Ministry of Finance

Islamabad, the annual production of animal fat 9.47 X 104 tons.

c. Beef extract

This is useful by-product of beef canning industry. It consists of

water extract obtained from heating of beef for canning.
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d. Stomach

The stomach from suckling calves is used for the production of

rennet for cheese making. The stomach from other meat animals is

used as sausage ingredients.

e. Guts or Intestines

The intestines are used for the production of edible sausage

casings. During 1986-87 Pakistan produced 5.11X106 pieces of guts.

Of this total, large animals account for two thirds and small

ruminant’s (sheep and goats) one third.

Approximately 5.0X105 pieces of guts are lost every year,

3.5X105 because of non-collection and 1.5X105 as a result of damage

(during the process of removal from the carcass) and spoilage (owing

to putrefaction following imperfect preservation). The export of

casein during 1986-87 was 3.60X105 kg.

f. Bones

These are used for the production of gelatin for confectioneries,

ice cream and jellied food products. Pakistan produced 2.23X105 tons

animal bones during 1986-87. 65-80% of the annual production
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remains uncollected. This is a great loss of valuable raw material that

could be used.

g. Skin

The calf skins can be used for the production of gelatin for

confectioneries.

1.13. 2 NON-EDIBLE BY-PRODUCTS

a. Hides and Skins

The skins and hides are important by-products obtained from

slaughtering cattle, buffaloes, sheep and goats and play an important

part in the national economy. Pakistan produces about 5 million hides

from cattle and buffaloes and 33 million skins from sheep and goats.

About 20% skins are damaged through cuts and 10% are spoiled

through defective curing. Out of the total production of hides and

skins nearly 77% are exported.

b. Tallow and Greases

These are obtained from animals that die during transportation or

are diseased and condemned. The waste fat and trimmings from retail

markets, hotels and restaurants can also be utilised for the manufacture of
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inedible tallow and greases. These are used for the manufacture of glycerine,

soaps and animal feeds.

c. Blood

Blood is one of the valuable products of slaughterhouse. The

production of blood from animals is estimated about 50,000 ton. The

amount of blood wasted is more than the amount collected and the

little that collected is converted into blood meal because no adequate

arrangements for collection of blood, such as separate bleeding

compartments and special bleeding rails.

Animal blood is in great demand for two major uses in

Pakistan. Primarily, it is required for the production of blood meal.

Blood meal is the dried form of blood and is highly nitrogenous

product, with 85% albuminoids. Secondly, blood is used as fertilizer

around rural slaughterhouses, where there is no organized system of

blood collection. Blood can also be used for extraction of albumin,

which is in great demand in the leather industry; 100 kg blood yields

about 40 kg haemoglobin and 60 kg plasma, or 16 kg dried

haemoglobin, 3.5 kg dried serum and 3.5 kg wet fibrin (Zeigler 1954).

d. Bone Meal

Most of the carcass bones from animals are processed into meat

and bone meals. Bones from large animals like cattle, buffaloes and
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camels are of commercial importance and utility while those of sheep

and goats are generally sold with meat, hence thrown away after

consumption of meat. The bone crushing mills for the production of

crushed bones utilizes the bulk of bones collected in Pakistan. The

bone meal is obtained by cooking bones with steam under high

pressure in order to remove any fat and meat that may be left on them.

The dried bone is then used as calcium and phosphorous supplement

in animal feeds.

e. Meat Meal

The meat scraps and soiled meat from butcher shops and

slaughterhouses are usually processed into meat meal, which is used

in the formulation of animal feeds. Considerable amounts of these

meat scraps in Pakistan are wasted due to the lack of collection and

processing facilities. These meat scraps from slaughterhouses, meat

shops and left over from restaurants need be collected and processed

to meat meal for use in animal feeds.

f. Wool and Hair

Pulled wool is an important by-product of meat industry. The

processing of this wool results in the production of lanolin, which is a

basic raw material for many ointments and cosmetics.

The hairs from cattle and goats have been extensively used for

insulation, carpet padding and brushes etc. The hair from cattle and
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buffaloes tails can be exported or used in the country for making good

quality brushes.

Horns and Hoovesc.

The horns and hooves can be used for the production of glue

and handles for cutlery etc. The buffalo horns, which are hard and flat

can be utilized for making combs, knife handles buttons, toys and

fancy articles.

1.13.3 PHARMACEUTICAL PRODUCTS

The animal glands, tissues and organs that yield useful

pharmaceutical products are as follows:-

Glandsa.

Endocrine glands in the body secrete hormones. The glands

from beef cattle are used in 134 medicinal preparations. The important

glands and pharmaceutical products obtained from them are described

below:

i. Pancreas

These are used for the production of insulin.
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ii. Ovaries

The bovine ovaries yield estrogen, which is used for the

treatment of menopausal syndrome, and progesterone, which is

used to prevent abortion.

iii. Parathyroid

Parathormone is a hormone extracted from parathyroids of

animals. It regulates the level of blood calcium and phosphorus.

iv. Pituitary

This produces number of hormones including adreno-

corticortropic hormone. This is obtained from the anterior lobe

of the pituitary of animals. This hormone stimulates the

adrenals and is used for the treatment of disorders associated

with a deficiency of this hormone.

v. Testes

The enzyme iyaluronidase which, is extracted from the testes of

bull is used as a spreading factor in combination with other

drugs.
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vi. Thyroid

The thyroid glands from cattle are used to prepare thyroid

extract and desiccated thyroid, which are used to treat persons

having a deficiency of hormones produced by this gland.

b. Tissue and Organs

i. Blood

Many pharmaceutical products are prepared from the blood

such as albumin and amino acids etc.

ii. Bone

Purified bone meals used as a source of calcium and

phosphorus in pediatric foods.

iii. Intestines

The small intestine of sheep is used to make surgical ligatures.

iv. Liver

Liver is used for the preparation of liver extract.

39



v. Lungs

Heparin is prepared from lungs or liver and is used as anti¬

coagulant to prevent blood clots.

vi. Spinal Cord

The spinal cord of cattle is used for the production of

cholesterol, which is used in the preparation of vit. D.

vii. Stomach

Stomach of calves is utilized for the preparation of rennet,

which is used for the manufacture of cheese.

1.14 TECHNIQUES USED FOR PROTEIN ANALYSIS

There are many techniques applied for protein analysis, like TLC,

HPLC, Ion exchange and electrophoresis etc. For the present work TLC and

gel electrophoresis are selected for separation and analysis of proteins. In the

following lines these methods are briefly discussed.

1.14.1 CHROMATOGRAPHY

Chromatography is an analytical procedure frequently used for the

separation of closely related compounds. Fundamentally, the technique
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comprises a two-phase system. One phase is fixed and is frequently referred

to as the stationary phase. This phase may be either a solid (absorption

chromatography) or a liquid held by either a solid (partition

chromatography). The other phase is the mobile phase. This phase may be a

liquid, gas or a dissolved solid. In every instance, the moving phase is or

contains the mixture of compounds to be resolved. Phase equilibria will

occur between each solute and the two phases; i.e., the components are

partitioned between the two phases. The phase equilibria for the components

will differ and will be dependent upon the difference in intensity of force by

which the stationary phase tends to hold each component. As a result of

these differences (phase equilibrium) the components will be resolved by

repeated distributions between the two phases as they move along the length

of the chromatographic column.

1.14.1.1 Thin-Laver Chromatography

Thin-Layer chromatography, often considered as "open column"

chromatography, is a promising technique developed for the separation of

substances, although it has been used primarily in the separation of

lipophilic substances, it is adaptable to a wide range of different

compounds.(Wolfish et al 1961 & Mangold 1961)

It is an ideal supplement to gas liquid chromatography and frequently offers

certain advantageous characteristics.
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Thin-Layer chromatographic analysis can be carried out on a micro¬

scale with a high degree of precision and accuracy. The preparation of thin-

layer plates and their use is simple and relatively easy. The speed of

development is an outstanding advantage, with most solvent systems

requiring 10 to 40 minutes for development. The separation obtained by this

method is often sharper than with similar systems on paper.

One of the relatively few disadvantages of this technique is the fact

that Rf values are not as reproducible as with paper; consequently standards

must be run with the sample for comparison.

1.14.2 ELECTROPHORESIS

1.14.2.1 GEL ELECTROPHORESIS

Gel electrophoresis is an extraordinarily flexible method for

separation and analysis of proteins, nucleic acids and other charged species.

In electrophoresis, charged molecules are propelled through a porous gel by

an electric field generated in a buffer which permeates the gel and are

separated by their different electrophoretic mobilities. Variations in the gel

and buffer make it possible to separate molecules not only according to

charge, but also according to molecular weight, iso-electric point, and bio-

specific affinity. The technique is fast, convenient, and inexpensive, and is

used both as a powerful analytical method and as preparative procedure in

the final stages of purification. There are many types of electrophoresis such

as agarose gel electrophoresis, polyacrylamide gel electrophoresis. Gradient
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eletrophoresis, SDS polyacrylamide gel electrophoresis, solubilizable

polyacrylamide gels, nucleic acid electrophoresis, quantitative

immunoelectrophoresis, iso-electric focusing electrophoresis etc. SDS

acrylamide electrophoresis is the technique used for the present work.

1.14.2.2 SDS ELECTROPHORESIS

Proteins can also be separated on the basis of size alone if they are

first solubilized with the detergent, sodium dodecylsulphate(SDS). SDS

binds to the molecules, converting them to rod-like shapes (Reynolds &

Tanford 1970) and masking their native charge with its own negative charge.

Since the SDS molecules bind to polypeptides with a constant weight ratio

(Reynolds & Tanford 1970a) the charge per unit weight is constant and

electrophoretic mobility becomes a function of molecular weight.(Tanford,

1968; Reynolds & Tanford 1970b; Shapiro et al 1967,1969; Dunker &

Rueckert 1969; Weber & Osborn 1969; Swank & Munkers 1971; Gordon

1975). When subjected to polyacrylamide gel electrophoresis the proteins,

which are now equal in charge density, are separated purely according to

size by the molecular sieving effects of the gel. In SDS electrophoresis,

migration rate correlates quite accurately with molecular weight, and the

method is used frequently for molecular weight determinations of unknown

proteins by comparing their relative electrophoretic mobility (Rf) to standard

proteins of known molecular weight. (Weber & Osborn 1969; Swanks &

Munkers 1971; Gordon 1975).
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1.14.2.3 ISOELECTRIC FOCUSING OEF)

Isoelectric focusing is an equilibrium electrophoretic method for

separation of amphoteric macromolecules according to their isoelectric

points (PI) in a stabilized natural pH gradient. It has proven to be a sensitive

and reproducible technique, particularly valuable in the separation of closely

related proteins which may be easily separated by other physical techniques.

The technique of isoelectric focusing takes advantage of the fact that each

protein has different pH at which it is electrically neutral, its isoelectric point

(PI). Proteins are separated according to PI by electrophoresis on a gel in

which a stable pH gradient has been generated, extending from a low pH at

the anode to a high pH at the cathode. Proteins can be applied to the gel at

pH 7 where those with a PI above 7 bear a net positive charge and those with

the PI below 7 bear a net negative charge. When an electric field is applied,

the positively charged molecules move towards a cathode in to zone of

increasing pH while the negatively charged molecules moves towards the

anode into a zone of decreasing pH. When each protein reaches neutrality at

its PI, it loses it electrophoretic mobility and becomes focused in a narrow

zone.

Since diffusion is offset by the electric field, he bands do not broaden

as in other separation methods. Isoelectric focusing is a tremendously

powerful method and is capable of resolving proteins which differ in PI by

as little as 0.1 pH units, isoelectric focusing can be used particularly to

determined isoelectric point, to assay the purity of a sample or to test its

composition.
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The process of isoelectric focusing takes place in two stages. The first,

formation of a natural pH gradient, occurs by the stacking of a large series

carrier ampholytes. These are arranged under the electric potential in order

to increasing PI from anode to cathode. Th pH in every part of the gradient

is then defined by the buffering capacity and conductivity of the specific

isoelectric carrier ampholyte located in that particular region. In the second

stage the protein act as ampholytes and migrate towards their Pi's where they

concentrate in to extremely sharp stable zone.
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REVIEW OF LITERATURE

A survey of the literature about the recent work done related to this

topic in different part of the work is made here under. The summaries of

some of the important and relevant work are mentioned.

2.1 MEAT AND ITS PROPERTIES

a. Characteristic of meat

The three main constituents of meat are bone, muscle and fat. The

today tendency is to limit the amount of fat and bone and provide a

maximum amount of lean meat. (Pearson, 1966).

The protein, mineral and water content of muscle obtained from

different animal species is relatively constant provided the degree of fatness

of the animal is similar. Average values for the proximate composition of

edible portion of the fresh meat are: protein, 17%; fat, 20%; water, 62% and

minerals, 1%. ( American 1960). The average caloric value of meal is 250

cals/100 g but it varies depending upon the amount of fat associated with it.

Fat has about 2.25 times the caloric value of the equall amount the lean

meat. The amount of muscle in a carcass varies inversely with the fat but

directly with the amount of bone and tendons.
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The carcasses of cattle and sheep account for about 55 and 75 % of

their live weights respectively (Gerard, 1951), but there are wide variations

due to stage of maturity, degree of finish, breed and intestinal contents.

According to Callow (1948), who dissected cattle and analysed data of

Pallson (1940) and McMeeken (1940a,b) the weight of muscle tissue ranged

from 46-68% of carcass weight in cattle and from 46-64% in sheep.

Meat from normal animals of all species is similar chemically, but

quantitatively significant differences do occur amongst a few of the

chemical components. The percentages of stearic and linoleic acid in fats of

cattle and sheep are 20 and 22 and 2 and 4 % respectively (Dugan, 1957).

Similarly the percentage of the essential amino acid leucine is 8.4 and 7.4 %

in the crude protein from beef and lamb. Vitamin contents also vary amongst

the meat of different species and even amongst different body parts of the

same species.

Meat from different species also differs in color. Beef is bright cherry

red and lamb is purplish red (Cook, 1963). The characteristic color depends

on the type and amount of myoglobin present. The concentration of

myoglobin in the longissimus dorsi muscle of the mature ox and sheep is

0.50 and 0.25% respectively (Lawrie, 1952 & 1961). Although species

differences have been observed in the myoglobin molecule (Lawrie, 1965),

this has not been fully investigated.
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Myofibrillar proteins are found in the contractile apparatus of the muscle.

The major components of this fraction are as follows: -

Myosin

Actin

Tropomyosin

Other components

50-55%

20-25%

10-15%

05-10%

The studies which have provided the basis for methods, which could

be applied to living animals, were made by Lawas and Gilbert (1859, 1883)

at Rothamsted of the carcasses of cattles, sheep and pigs. A number of

workers e.g (Hammond 1932, Palsson 1940, McMeekan 1940a,b,c, Callow

1944,1947,1948,1961,1962, Wallace 1948a,b, Palsson and Vergers 1952a,b,

Joubert 1956, Wilson 1954, Luiting 1962) have used dissection techniques

to study the chemical composition.

Skaora and Regenstein studied the structure and myofibrillar proteins

in beef and he reported that the myofibrillar proteins myosin, actin,

tropomyosin and troponin are involved in the contraction of muscle.

Farid (1990) studied the physical and chemical composition of lambs

of three fat tailed Iranian breeds: Karakul, Mehraban and Baluchi. The

protein contents of Meharaban and Baluchi tail free carcasses were 93% and

89% as high respectively as that for Karakul. Zia-ud-din et al (1994)
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There are qualitative and quantitative differences in the muscle

protein fractions of different species. Giles (1962) could identify the

mammalian species from the starch gel- electrogram of its sarcoplasmic

proteins. Hill (1962a,b) determined quantitatively the muscle protein

fractions of beef, lamb and pork and concluded that the greater sarcoplasmic

and smaller myofibrillar nitrogen of lamb and pork, as compared with beef,

was reflected to some degree in the greater tenderness of muscles of these

two species.

2.2 The composition of muscle

Skeletal muscle forms the main part of meat and contributes more

than 50% to the animal,s weight. Lawrie (1965) approximated the

composition of adult mammalian muscle to 75.5% water, 18% protein, 3%

fat 3.5% non-protein substances. Since a large variation exists in

composition, average values serve only as a general guide.

Muscle proteins can be divided into three fractions i.e sarcoplasmic,

myofibrillar and the connective tissue proteins. The approximate distribution

of protein nitrogen amongst muscle proteins is 36% sarcoplasmic proteins,

58% myofirillar proteins and 6% connective tissue proteins.

Sarcoplasmic proteins- myogens and globulins are dissolved in the

sarcoplasma of the muscle cell and represent a complex mixture of some 50

components, many of which are enzymes of the glycolytic cycle.
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observed some chemical and physical characteristics of buffalo meat.

According to him proximate composition, sarcoplasmic and myofibrillar

protein fractions of buffalo meat similar to those of beef. Buffalo meat was

also rich in lysine. Meat from young animals had a lower collagen contents

than that from old ones. As the temperature of holding the carcasses was

increased, the rate of pH fall was faster. Meat from stressed animals showed

a higher ultimate pH. Percentage of cooking loss and thermal shrinkage was

higher in muscles of old animals than in young ones, which probably

reflected the poor condition of the older animals. Meat cooked by pressure

cooking showed lower Wamer-Bratzler shear values as compared meat

cooked in boiling water.

It has been reported that buffalo meat and beef are similar in chemical

composition but in certain characters buffalo meat is superior to beef. (Valin

1984; Keshavo Rao & Kowale 1986).

2.3 Post-mortem Changes

Ashgar and Pearson (1980) reported that the major changes in the

percentage of chemical composition of the body of an undernourished

animal were the loss of fat and protein and gain in the proportion of water.

Kocharli et al (1984) and Kondiah et al (1986) determined the average

contents of protein in meat from buffalo and beef. Keshava Rao and Kowale

(1986) and Kondiah et al (1986) calculated the non-protein nitrogen and

total nitrogen.
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Zia-ud-din et al (1994) observed no significant difference between the

composition of amino acids of Biceps femoris and Longissimus dorsi of the

buffalo except for a few amino acids, cystine and arginine were higher in

Biceps femoris than in the Longissimus dorsi muscle. The similar studies

were made by Schweigert and Payne (1956) cited in Lawrie (1985) in beef

muscle. Different species of animals showed variation in the amino acid

composition of muscle. (Sreenivasan and Moorjani, 1974). Madhavi et al

(1982) determined the amino acid contents in buffalo meat by

microbiological assay and observed a high concentration of lysine.

Paterson and Parrish (1987) used SDS-PAGE for the detection of titin

and nebulin in tender and tough bovine muscle. Titin was degraded to a

greater extent in myofibrils from the infraspinatus than in the myofibrils

from the rhomboideus. Very little nebulin was detected in either muscle. Use

of acrylamide/bisacrylamide ratio of 37:1 and a gel buffer of pH 8.0

provided the most optimum conditions for detecting differences in the

resolution of titin, nebulin and their apparent degradation products.

Karatzas and Zarkadas (1988) determined the contents of myosin,

actin and collagen of selected composite meat products by chromatographic

method. Mixed meat products vary considerably in their myofibrillar (22.7-

39.8%) and other soluble muscle proteins (14.7-32.2%), connective tissue

proteins (6.7-21.6%) and non meat protein additives (2.4-52.8%) depending
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on the type and amounts of specific meat cuts and non-meat protein

ingredients.

Zarkadas and Karatzas (1988) developed a new analytical

chromatographic method to qualitate the unique amino acids that occur in

protein. The approach is based on the direct determination of the

myofibrillar myosin and actin contents of skeletal muscle from the amounts

of protein bound N-methyl histidine present collagens and collagen like

proteins from the amounts of 5-hydroxylysine found.

Frank and Karmas (1988) developed a quantitative assay for

putrescine, cadaverine, histamine and several free amino acids, lysine,

arginine and histidine as a measure of decomposition. The free amines and

amino acids are extracted from tissue with methanol, aliquots of the extract

are passed through ion exchange columns which were pH adjusted to retain

the cited compounds. After the respective columns are washed, the amino

acids and amines are eluted, dansylated, and chromatographed on a suitable

prepared LC. Instrument.

Karlubic (1988) studied the amino acid content and biological value

of protein in muscle of pigs and lambs and he found that there was a big

difference in the level of histidine in pig and the lysine contents were higher

in lamb. The aspartic acid, glutamic acid, tyrosine and phenylalanine

contents were higher in lamb whereas proline was higher in pig. He also
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reported that the biological value of protein in lamb is slightly higher than

pigs.

Johnson (1988) studied the implications of 3-methyl histidine titers of

actin and myosin in determining protein.

Xiong and Brekke (1989) studied the effect of storage on protein

stability. He reported that myofibril suspended in 0.6M NaCl, pH 6.0

showed increasing protein stability with storage at 4oC.

Akiva and Yuji (1989) studied the composition of free amino acids

and taurine concentration of various mature beef cattle muscles. According

to him, the taurine concentrations in posas major were 91.7, biceps femoris

41.7, diaphragma 119.9, serratus ventralis thoracis 30.1, longissimus

thoracis 19.6 and semitendinosus 44.1 mg/100 gram. The total free amino

acids concentration in these muscles was 209.0, 335.9, 645.4, 487.4, 339.2

and 268.8 mg/100 respectively. Glutamine was the major free amino acid.

Nguyen and Zarkadas (1989) compared the amino acid and collagen

contents of bovine skeletal muscles as potentially useful indexes for

evaluating their protein quality.

Anderson and Parrish (1989) studied post-mortem degradations of

titin and nebulin of beefsteaks using SDS-PAGE. He noticed that titin and

nebulin bands were less intense on gels from tender from less tender steaks
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which suggest that titin and nebulin were more rapidly degraded in tender

than in less tender steaks, and tenderness may be dependent upon the post¬

mortem degradation of titin and nebulin.

Xiong and Anglemier (1989) studied the protein changes in ground

beef stored at 2°C using gel electrophoretic as analytical techniques. He

observed that ground samples had proteolytic changes similar to those of

intact samples, which suggests that grinding had little effect on post-mortem

muscle protein degradation.

Bendall (1960) studied the post-mortem changes in muscle. Peter

Lendberg and Vogel Hans (1987) compared the post-mortem metabolism in

fresh porcine, ovine and frozen bovine muscle using 3IP NMR. He observed

that the rates of post-mortem muscle metabolism varied in the following

fashion:

Porcine > ovine > bovine

However the course of the post-mortem metabolism in all cases the same.

Valin (1988) reviewed the post-mortem changed in muscles and

studied their effects on the properties of meat including rigor mortis, meat

aging and softening, colour and flavor.

Mills and Smith in (1989) evaluated the post-mortem changes in

composition and physical stability of bovine intra-muscular collagen during

24-hour aging period. The yield of intra-muscular connective tissue isolated
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from the infraspinative muscle samples and their carbohydrate contents did

not change significantly. The collagen contents and total protein contents

increased through 8 hour post-mortem.

2.4 Rate of onset of Riqor-Mortis

The chemical and physical changes that occur in muscle post-mortem

have been studied extensively by Bate-Smith (1939), Bate-Smith and

Bendall (1947,1949) and Bendall (1951). Experiments performed on rabbit

muscle by Erdos (1943) and confermed by Bate-Smith showed that the

chemical event most closely linked with the onset of rigor mortis is the

disappearence of Adenosine Triphosphate (ATP). These studies on rabbit

muscle have been extended by other workers to whale (Marsh 1952), horse

(Laweri 1953), beef (Marsh 1954) and lamb (Marsh and Thompson 1958).

2.5 Lipids And Fatty acids

Ha and Ahn (1986) studied the composition oflipids and fatty acids

from Korean native goat meat using column chromatography and TLC. He

noticed that the goat meats were low in triglycerides and high in

phospholipids and glycolipids. Triglycerides and steryl esters were

predominant in the neutral lipids.

Ramamurti (1986) used gas chromatography to evaluate the effects of

cooking, freezing and frozen storage on the fatty acid pattern of ground beef.
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He observed that cooking decreased saturated fatty acids in fresh and frozen

stored ground beef. Storage time (1-12 months) affected the fatty acids

composition of ground beef more than did the storage temperature.

Pelezynska and Nowakowski (1987) determined the contents of fatty

acids of beef and compared with normal and mechanically deboned beef. He

observed that mechanically deboned beef significantly differed from normal

meats in the composition of fatty acids, especially in the level of poly

unsaturated fatty acids, which were higher in the deboned meat. The

composition of fatty acids in mechanically deboned meat depended on the

type of bones removed, animal species and age.

Sharma and Gandemer (1987) compared the lipid composition of

porcine muscles obtained from different anatomical locations. He reported

that the amount of polar lipids was influenced by the type of the muscle.

Polar lipids had similar fatty acid composition in the longissimus dorsi,

transverse abdominies and biceps femoris.

Maxwell (1987) reviewed the different methods for extracting,

fractionating and determining lipids in meat.

Rhee and Ziprin (1988) analysed beef muscles obtained from four

different anatomical regions for total lipids, fatty acids profiles and lipid

oxidative catalysts. He observed that total lipids extracts were similar among

the muscles from different locations. However the microsomal enzymic lipid
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peroxidation activity was higher for the semitendinosus than for longissiraus

dorsi, posas major and semi membranous.

Delyer and Givard (1988) extracted neutral lipids of meat and meat

products with acetone-CH2C12 (1:1) and determined by HPLC on

lichrospher. This method successfully separated fatty acids, monoglycerides,

diglycerides and triglycerides of dry sausage. He also used this technique for

the separation of phopholipids of the pork.

Eisaku and Yuji (1988) determined the fatty acid composition of

lipids in depot fat and muscle from the Japanese shorthorn grazing steers

without cone, feeding, fattened cows, and cone-finished steers via GLC. He

observed that in the triglycerol fraction, the percentage of unsaturated fatty

acids were lowest in without cone, feeding steers and highest in fattened

cows. In the phospholipid fraction, without cone, feeding steers and fattened

cows had a lower percentage of poly-unsaturated fatty acids and a higher

percentage of mono-unsaturated fatty acids than cone-finished steers.

Cannel (1989) determined the fatty acid composition and caloric value

of ground beef containing low levels of fats. He noticed that percentation of

fat retention decreased as fat content of raw patty increased. Microwaving to

well done stage and boiling resulted in ground beef with less fat, than other

methods of cooking at the higher fat level.
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Park et al (1989) analysed the Korean native cattle and porcine muscle

to determine the fatty acid composition by gas chromatography with storage

time. 4.5 to 4.7% and 3.3 to 3.9% in the porcine and cattle muscles

decreased the total lipids respectively. Eleven fatty acids were identified in

both muscles of the two species. Oleic acid with the highest in the cattle (40-

43%) and porcine (36-40%). The next highest were palmitic acid and stearic

acid.

2.6 Enzymes

Panov (1987) studied the degradation of buffalo meat proteins with

proteolytic enzymes. He observed that during the first hour of pepsin

digestion, about 89 and 76% protein of loin and shoulder meat was digested

respectively. Trypsin and chymotrypsin slightly increased the rate of protein

digestion.

Quali and Dufour (1988) studied the effect of muscle proteinases on

fast and slow myosin. He found that slow myosin appeared to be less

sensitive to proteolysis than fast myosin. This finding explains the lower

extent of protein hydrolysis observed during post-mortem aging of meat in

slow twitch pork muscles.

Nishimura and Okitani (1988) identified neutral aminopeptidases

responsible for pepteolysis in post-mortem rabbit skeletal muscle using
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DEAE-Cellulose column chromatography. He found that these enzymes are

responsible for the increase of free amino acids during (storage) of meat.

Keizo and Makato (1988) identified the bovine skeletal muscle

metmyoglobin reductase as NADH-Cystochrome b5 reductase.

2.7 QUALITY CHARACTERISTICS

According to the needs of the meat trade, quality characteristics have

been divided into two sections. Important from the butcher’s point of view is

"carcass quality". The ultimate customer is most concerned with "meat

quality " which is judged by sensory evaluations and price comparison with

other protein foods.

i. Carcass Quality

The important factors which contribute towards carcass quality

are:-

1. Conformation or type of animals.

2. Relative proportion of muscle, bone and fat.

3. Weight of carcass.

4. Sex and breed.

5. Age.
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ii. Meat Quality

Bate-Smith and Morris (1952) define quality in foods as

appreciation by the consumer. However, meat quality, in itself, is a

variable factor because its components and there relative importance

vary according to the taste of the individual, customs and prejudices.

This makes difficult to measure quantitatively, although attempts have

been made to split "quality" into several components, namely colour,

water holding capacity,texture tenderness and flavor. Pre-slaughter

factors such as species, breed, size and age of the animal affect the

texture and quality of meat.(Lawric 1985)

a. Colour

The colour of meat varies with species and age (Cook, 1963),

and is determined by the state and quality of the myoglobin

molecules and the physical and chemical states of some other

muscle components. The bright red color of the fresh meat is

due to the myoglobin molecule being mainly in the form of

oxymyoglobin near the surface. Brooks (1929) reported that an

observer notice such color only up to the point where the ratio

of oxymyoglobin to myoglobin is 1:1. The amount of

myoglobin is influenced by muscle activity, inheritance,

species, breed, sex, and type of muscle and age (Briskey et al

1960; Rickansrud & Henrickson 1967). The muscles of the
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older animals have more myoglobin than those of younger

animals and males usually have more than females. Morrison et

al (1966) demonstrated seasonal variations in the pigmentation

of vole muscle and such a variation might also exist in

domesticated species of meat animals. Thus, Munns and Burrell

(1966) in an extensive study using 1800 beef carcasses (steers,

heifers, cows, yearlings and baby beef) found that the

occurrence of dark beef is rare in summer but rises sharply the

autumn following the first frost. High ultimate pH in beef

(Munns & Burrell 1966) and fast rate of fall in pH in pigs when

the post-mortem temperature is still high (Sayre & Briskey

1963; Briskey & Sayre 1964) are known to be associated with

dark cutting beef and pale, soft and exudative pork. It is now

well established that physiological conditions in the muscle

immediately post-mortem and the pH at which rigor mortis

occurs are major factors in determining the ultimate colour and

reflectance structure of the muscle.

Many colour analyzing systems have been designed (Pearson

1966) but most have been unsatisfactory due to heterogeneity of

the material. The latest has been by Rulcker et al (1966) using

colour photography and spectrophotometry to determine colour

of pork and beef. They claim that their method results in

reasonable accuracy and good reproducibility, and that the
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quick measurement of the colour kept the environmental

influences to the minimum.

b. Water holding capacity

Good water holding capacity in meat imparts good appearance

before and juiciness after cooking. Drip on thawing of

uncooked meat and shrinkage of cooked meat is a manifestation

of diminution in its water holding capacity. Of the 70% water in

raw meat, only 4% is chemically bound and linked up due to

the hydrophilic forces of proteins. The rest is chemically free

water (Hamm 1963). Chemically bound water is altered by the

physiological and structural changes (Hamm 1960) and its

presence during dehydration and freezing can accelerate

denaturation of muscle proteins (Greaves 1960). The water

holding capacity of meat increases with muscle pH in a direct

relationship, but at very high pH values the dark colour had

mushy structure makes the meat unacceptable. "Conditioning"

of meat has long been known (Cook et al 1926) to enhance its

water holding capacity and, although slightly increased pH

values after conditioning may be held responsible for the

phenomenon, a substantial contribution comes from an "ion-

protein relationship" (Arnold et al 1956; Hamm 1960).
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Apart from these general effects, the water holding capacity of

meat is altered by species, age and individual muscle (Schon &

Syosiek 1958a,b; Hamm 1960; Urbin et al 1962; Topel et al

1967). Further, there is a well-established positive correlation

between intracellular fat and water holding capacity (Saffle &

Bratzler 1959; Hamm 1960; Bryce-Jones et al 1963; Pearson

1966).

Much of the success of the comminuted meat depends upon the

ability of the muscle to hold fat as well as water. This is

because processed and comminuted meat is liable to lose more

fluid after destruction of its structural organization. Various

workers has improved water holding capacity by the addition of

salt (Gerard 1955) and phosphates (Hellendoom 1962), which

alter the ion-protein relationship in the muscle (Arnold et al

1956; Hamm 1960). The loss of water on cooking depends

upon such factors as time, method and temperature of cooking

(Paul & Bratzler 1955; Bramblett & Vail 1964). It is interesting

to note that a fast rate of post-mortem fall in pH is significantly

related with increased moisture loss on cooking (Sayre et al

1964), due possibly to irreversible changes in ion-protein

relationships which occur due to protein denaturation under

such conditions. All the factors affecting water-holding capacity

apply equally well to frozen and non-frozen meats. However,

removal of water from with in the muscle cells facilitates loss in
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moisture which appears as drip on thawing. Rate of freezing

influences the water holding capacity and it is known that slow

freezing results in a lower water holding capacity then does

quick-freezing (Hamm 1963). Honikel et al (1981) studied the

influence of post-mortem changes in bovine muscle on the

water holding capacity of beef. They reported that the fall in pH

decreases the water holding capacity, which is independent of

temperature.

c. Texture and Tenderness

The texture or grain of meat, as seen by eye, is a function of the

size of the muscle fibre bundles and of the muscle fibre itself.

Those muscles having large bundles and fibers are of a coarse

texture and are tougher on cooking. The small muscle bundles

and fibers result in a smooth texture and tender meat (Barton

1965; Schilling 1966). However, large muscle fiber bundles

composed of fine fibers are more tender than are small bundles

of thick fibers. The large muscle fiber bundles are formed in

those muscles, such as the semimembranous, which have the

greatest rate of post-natal growth. Joubert (1956) demonstrated

that there was no increase in the number of muscle fibers in the

bovine after birth, and muscular growth during the post-natal

period occurred by the hypertrophy of existing fibers. This is in

agreement with earlier work of Hammond (1932). Since the
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amount of perimysium (the connective tissue sheath around

each bundle) is related to the size of the bundle (Ramsbottom et

al 1945), a direct correlation between coarseness of grain and

toughness after cooking might be anticipated. No such direct

relationship exists, although an indirect relation has been

reported by some workers (Hiner et al 1953).

The tenderness of meat means the ease of its penetration by

teeth and the amount of residue remaining after chewing. Very

tender meat is as unacceptable to the consumer as is very tough

meat. Tenderness is one of the most important components of

meat quality, which is sought by the consumer (Yeates 1965).

Some of the factors that affect meat tenderness are:-

1. Conformation 2. Maturity 3. Finish 4. Marbling

5. Species 6. Sex 7. Cooking 8. Muscle Function

Seemingly, conformation has little to do with tenderness but it

is possible that selection for tenderness has been inadvertently

accomplished concomitantly with that of other traits in beef

type and dairy type cattle. Dunsing (1959) and Simone et al

(1959) found that cattle finished at an earlier age were rated

more tender than those finished later. Amount and distribution

of fat covering have been suggested as indicators of tenderness.

65



Grading requirement emphasis the importance of a completely

and uniformly covered carcass because meat from such a

carcass is relatively more tender (Cover et al 1958). The

controversy over marbling as a criterion for tenderness dates

back to 1945, when Ramsbottom et al stated " The data show

that there was no relationship between the amount of fat within

the muscle and the shear of the raw or cooked muscle." Later

Blumer (1963) reviewed the whole question and could not find

evidence to support marbling as a factor involved in the

tenderness. The exact role of marbling still remains undecided

as Palmer (1963) stated that marbling is associated with, but

does not influence, meat tenderness. Species differences in

tenderness are associated mainly with the large size of cattle,

coarser nature of their muscular tissue and tougher meat as

compared with that from sheep and pigs (Hammond 1932; Hill

1962a,b).

The general assumption that sex and castration have little effect

on tenderness has been held with barrow-gilt and steer-heifer

differences in particular. Tenderness of young bull beef as

compared with steer beef is of considerable interest where as

the bour odour problem is of primary importance in boar pork.

Cahill et al (1956) reported that differences in tenderness of

broiled steaks from steers, stilboestrol-implanted steers, bulls

and stilboestrol-implanted bulls were not pronounced at either 3
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or 13 days post-mortem. Pilkington, Walters and Pope (1959)

found no significant differences in tenderness of broiled steaks,

as determined by Wamer-Bratzler shear, between steers,

stilboestrol-implanted bulls and bulls slaughtered as calves.

Field, Nelms and Schoonover (1966) found no differences in

payability between the meat of bulls and steers or heifers up to

age of 300-399 days, but with increasing age bull meat was

significantly tougher (p<0.01) than heifer and steer meat. These

studies indicated that young bull beef of acceptable tenderness

can be produced, but beef from mature bulls remains

questionable.

Hiner, Anderson and Fellers (1955) concluded that the

distribution of large size elastin fibers was higher in muscles

which were frequently in use (semimembranous) as compared

with those which were used less extensively (psoas major). This

accounts for toughness in more active muscles. It is the quality

of connective tissue which is associated with tenderness, since

younger animals give tender meat, although they are known to

have more connective tissue than the older ones (Bate-Smith

1948; Baskey, Torii and Angrist 1967). Tenderness amongst

different muscles (Hiner & Hankins 1950) and within a given

muscle can vary significantly as shown by Urbin et al (1962)

and Paul & Bratzler (1955). They showed a decrease in

tenderness of longissimus dorsi muscle when proceeding from
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the medial to the lateral position of pork and the anterior to the

posterior to beef.

Post-mortem handling influences tenderness of meat. Shortly

after killing, meat is tender but as it goes into rigor the

actomyosin formed during contraction makes it less so. Marsh

(1963) has indicated a direct relationship between time before

rigor mortis and tenderness on cooking. Schilling (1966)

observed that lean muscles with wide cross-striations (less

contracted) produced tender meat. The rate and extent of

shortening during rigor mortis is subject to rate of fall of muscle

pH which in turn is a function of temperature (Cassens &

Newbold 1967). Higher ultimate pH increases tenderness, but

pH values above 6.5 make meat too tender and jelly like to be

acceptable. Conditioning of meat makes it more tender and also

increases other organoleptic values. This is not due to

dissociation of actomyosin or hydrolysis of connective tissue

(Weirbicki et al 1954) although a possibility of band

detachment from the Z-line has been suggested (Davy &

Gilbert 1967). Schilling (1966) indicated that post-rigor ageing

is accompanied by degeneration of the fibre structure and

histochemical changes of connective tissue. The time,

temperature and method of cooking are known to influence

tenderness. In general, cooking softens the connective tissue by

hydrolysis while it tends to toughen the proteins of the
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myofibril. Time of cooking is important for softening of

collagen, while the temperature of cooking is more concerned

with toughening of myofibrillar proteins (Johnston 1961).

Quick freezing say in 18 hours, of the post-rigor carcass gives

more tender meat than does freezing in 24 hours. The

mechanism of freezing action on tenderness is not clearly

understood, as the carcass chilled for 2 to 3 days before freezing

is as tender as the one blast frozen in 18 hours.

Although consumer's acceptance provides the ultimate test for

measuring tenderness, or any other payability attributes of

meat, some mechanical methods have been developed. Some of

these correlate quite favorably with the taste panel (Pearson

1963). The forces used in shearing, penetrating, biting, mincing

and compressing of meat have been the principal parameters

measured to indicate tenderness. Of all, the Wamer-Bratzler

shear apparatus is the one most widely used and next is the

Kramer-shear-press (Sharrah, Kunze & Pangbom 1965).

Bjorksten et al 1967 has reported a new portable rotating knife

tenderometer. The cooked meat is bored with the rotating dull

knife which, under uniform pressure, penetrates the meat on all

directions along the fiber axes. A drum recorder records the

tracings of penetration and the area of the tracings is used to

measure tenderness.
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Correlation between sensory methods and the Wamer-Bratzler

shear are generally in the range of 0.66-0.85 (average 0.75). The

major criticism of this apparatus has been failure to take into

account the "time-load effect" which sometimes results in very

low correlation. The rotating knife tendrometer gave a

correlation coefficient of +0.57 (p<0.01) with sensory panel

score. Amongst the chemical methods for measuring

tenderness, the determination of the connective tissue (Goll et al

1963) and the enzymatic digestion of meat of some value. But

chemical methods fail, very often, because several factors

contribute to meat toughness.

Butts & Claeys (1987) studied the protein fragmentation and he

associated post-mortem changes with meat tenderness. His

findings open the way for manipulating the muscle proteolytic

enzyme system of the animal shortly before or after

slaughtering to achieve optimal or deserved tenderness.

Koohmaree presented a paper in 1988 in proc. annu. Reciprocal

meat conf. held in U.S.A., in which he reported the role of

endogenous proteases in meat tenderness.

Calkins & Seideman (1988) conducted the study to compare the

relative importance of Ca-dependant protease and cathepsis B

& H to meat aging. He suggested that Ca-dependant protease-I
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helps to establish initial meat tenderness but that cathepsin B &

H are responsible for the tenderization that occurs during aging.

By manipulating live animal growth and post-mortem handling,

it might be possible to control meat tenderness through action

of these enzyme systems.

Ingrid et al (1989) reviewed changes in myofibrillar protein and

connective tissue during processing (aging) and cooking of

meat their effects on tenderness.

Morgan et al (1991) used the CaCh injection to improve

ultimate tenderness and sensory ratings of meat from cows.

Oreskovich et al (1992) observed that marinade pH affects the

textural properties of beef. Quali (1990) studied the possible

causes and mechanism of meat tenderization. Many workers

(Kopp et al 1984; Valin et al 1984; Jones et al 1985; Hamby et

al 1986; Ovali et al 1988; Merkel et al 1988 & Schiavetta et al

1988) studied the factors effecting tenderization and reported

that the use of anabolic and partitioning agents tend to decrease

tenderness.

Ragab et al (1966) found that buffalo meat was tenderer in

young animals in old ones. Charles (1982) studied the meat

tenderness and palatability of cooked muscles of swamp

buffaloes and four breeds of cattle by objective and subjective
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methods. Joksimovic and Organsimovik (1977) concluded that

meat of buffalo and cattle had almost the same tenderness.

d. FLAVOUR

The complex sensation of flavour involves odour, taste, and

visual appeal. It is also complemented to some extent texture

and temperature. The sense of taste has been limited to sweet,

sour, saltish or bitter. Taste and odour can be considered

together because they are complementary to each other and both

are most difficult to define objectively. The main method for

measurement of these quality characteristics has been the taste

panel where the accuracy of the operation depends upon some

variable factors. For instance, the quality and quantity of

response of individual to a given stimulus, condition of panel

operation and choosing of panel members has long been a

controversial issue.

The flavour of raw meat is weak, salty and blood-like. The

characteristic flavour of cooked meat develops only when the

meat is cooked properly. The chemical nature of flavour has not

been fully characterized. Age of the animal, the type of feed, the

storage period, and their conditions have great influence on the

flavour of cooked meat. Meat from older animals has more

flavour than that from younger ones (Dunsing 1959; Simone et
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al 1959). The effect of age on flavour may be due to myoglobin

concentration but the late-developing characteristic of marbling

in the animal tissue is also thought responsible to some extent.

The type of feed influences the quality and quantity of fat

(Roberts 1966) which in tum can influence meat flavour by its

ease of oxidation and its capacity for rendering soluble certain

flavour precursors. The flavour of meat differs between species

(Homstein & Crowe 1964), due to considerable differences in

the intramuscular fat (Dugan 1957). There is gradual loss of

flavour during storage and this occurs even in the frozen

condition. It is not uncommon to note a faint odour of the

highly volatile diacetyl in frozen meats stored even at -lOoC.

Field et al (1966) compared flavour differences between bulls,

heifers and steers. They found no significant differences for the

age group 300-599 days but, after this age, steers or heifers

were rated as having more flavour than bulls. Generally, meat

from the males had more flavour than from the females due

largely to differences in marbling in the older age groups.

Microbial spoilage of raw or processed meat is another factor in

the development of off-flavours or diminution of natural

flavours of meat during storage. The type and extent of changes

in meat flavour due to microbes depend upon type of organism,

temperature of storage and nature of the product.
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There have been two basic approaches in the investigation into

the chemistry of meat flavours. The first being a study by

Home-stein & Crowe (1963,1964) of chemical precursors of

flavour, and the second by Wood & Bender (1957) of flavour

volatilize and extractives. Homstein & Crowe (1964) concluded

that volatile components, which basically are the same in all

species, play the main role in meat flavour. Following are the

volatile odorous components of cooked beef, listed by Hom¬

stein and Crowe (1964):-

Methyl amine

Methyl mercaptin*

Propanoic acid

Formaldehyde

Propanol

lso-Butyraldehyde

Ammonia* Acetone*

Diacetyl Hydrogen sulphide* Formic acid

Acetic acid

Dimethyl sulphide

Butyric acid

Methyl ethyl ketone*

Methanol*

Ethyl mercaptan*

Lactic acid

Acetaldehyde*

Ethanol*

lso-Valeraldehyde

*Also reported in uncooked meat of beef.

Studies of flavour precursors in beef indicates that

(a) Flavour precursors are water soluble,

(b) Heat is necessary for the production of full flavour,

(c) fhe precursors are mainly amino acids and reducing sugars,

d) A milliard-type reaction between amino acids and sugars may
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be mainly responsible for the ultimate flavour.

Radovic and Bokulic (1986) evolved different chemical indexes

of meat product quality.

Honikel (1987) reviewed post-mortem changes in muscle fibre

shortening, meat quality and optimum cooling rates for beef and

pork.

Ales Paul (1989) associated beef quality with the level of glucose

at a particular pH. He suggested that the determination of

glucose, especially at 96 hours post-mortem may be a good index

for the evaluation of meat quality.

Lundstroem and Essen-Gustavsson (1989) studied the effect of

halothane genotype on muscle metabolism at slaughter and its

relationship with meat quality. He observed that the enzyme

activities were similar for all genotypes. Meat quality

characteristics (drip loss, surface and internal reflectance and

dielectric loss factor) were studied only in the longissimus dorsi-

muscle.

f. Ultimate pH

The eating quality of meat is correlated with ultimate pH.

(Howard and Lawrie 1956b; Bouton, Howard and Lawrie 1957).
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According to Howard and Lawrie (1956a,1957), the ultimate pH

for most beef muscles is about 5.4.

Scandinarian studies have been directed to the relative level of

ultimate pH under conditions of electric and non-electric

stimming (Blomquist 1957) and to methods of bleeding

(Wismer-Pedersen and Riemann 1960). The ultimate pH is

effected by insulin injections. Hedrick et al (1959) reported little

or no change in tenderness of beef with pH. Many workers

(Marsh 1954; Tarrant Sherington 1980; Lawrie 1985; and Zia

uddin et al 1994) determined ultimate pH of different species of

red meat.

2.8 MOISTURE

Zia ud din et al (1994) noticed that the average moisture contents in

young and old animals were 77.75 and 79.69% respectively. Muscles from

old animals contained significantly more moisture than those from young

ones. He suggested that higher moisture content in the old animals probably

be due to poor nutrition.

Asgher and Pearson (1980) made similar observations, whereas Goll

et al (1970) and Lawrie (1975) reported a decrease in moisture content of

beef as the age of the animal increased, however Jokismovic and Ognjanovic
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(1977) did not find any significant difference in the moisture content

between young and old animals.

2.9 LOCAL MEAT PREFERRENCES

Goat meat is generally preferred over beef in Pakistan. The

consumer's studies conducted in Central Ghana revealed that local people

like to eat goat meat. The parts most favoured are chest and hind legs.

Another finding of the survey was burning of the hairs rather than skinning

the animal, which is said to increase the flavour of meat (Jollans 1959)

Despite the obvious importance of goat meat, very little work has

been done to assess the potential goats in terms of conformation carcass

traits and meat quality.

It is generally believed that goat meat is inferior to mutton and beef.

Studies on the composition of the muscular and fatty tissue have suggested

that goat meat is not inferior to mutton (Gaili & AJi 1985). In this study the

chemical composition and the eating quality attributes of goat meat and lamb

obtained from animals raised at the same level of feeding and slaughtered at

similar weights were compared. However Babiker (1990) reported that

chemically goat meat had significantly less intramuscular fat and more

moisture than lamb. The sarcoplasmic protein concentration of the goat meat

was greater than that of lamb while the myofibrillar protein concentration

was similar in the two species.
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Goat meat was darker red in colour than lamb. It had significantly

superior water holding capacity and less cooking losses than lambs. Meat

flavour was less strong in goat meat than in lamb.

In general the best quality of meat is obtained from the male animals,

which has been unsexed before maturity or from the younger female before

she has borne young. Breeding, age care and feeding also affect quality.

(Fitch and Francis 1948).

2.10 SPECIES IDENTIFICATION

The technique of electophoresis for species identification is one of the

convenient methods. The other techniques for such purpose are chemical and

immunological methods (Kurth and Shaw 1983; Hitchcock and Crimes

1985).

Among all methods proposed, electrophoresis is already the

commonly method available for this purpose because of its non-specificity.

Iso-electric focusing was first used by Tinbergen and Olsman (1976) for

species identification and since its utilization this method was applied with a

great success. (Baver and Hofmann 1987a,b,c,1989; Hofmann 1987; Slattery

and Sinclair 1982,1983, 1987; King 1984). However the main disadvantage

of this method is high cost of materials and chemicals required.
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By using sodium dodecyl sulphate-polyacrylamide gel, AN et al

(1988) have identified different raw and cooked shrinp genera. On the other

hand with the same method Mac,Commie et al (1988) have separated and

identified sarcoplasmic protein of raw pork muscle, likewise Parisi and

Aguiari (1985) have differentiated beef, lamb, goat, deer and rabbit raw

meat. Zeriji et al (1992) used SDS-PAGE to identify animal species in

cooked meat and to determine the degree of this effectiveness in detecting

species adulteration in binary mixture.
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Plan of work

Meat (cattle and goat purchased) from the market will be termed as "Fresh".

The meat will be subjected to study its physical and chemical parameters.

Fresh meat

i

1
Chemical AnalysisPhysical properties

T T if
Color Visible Fat range pH Meat quality

i~i J
Vitamins moisture Tenderness Ash Protein Fat&

f
Minerals

&Amino Fatty

Acid Acid
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EXPERIMENTAL

3.1MATERIALS AND METHODS

3.1.1 Source of reagents and chemicals

All the reagents and chemicals used were of AR grade especially the

chemicals used for electrophoresis were obtained from Sigma Chemical

Company. Distillation and recrystalization was also done whenever it

required getting extra pure reagent.

3.1.2 Source of meat samples

The meat samples of different breeds and localities of beef, mutton

and goal were bought from the local market with the known history of sex,

age, breed and weight. All samples were immediately transferred to the lab.

3.1.3 Sampling procedures

Immediately afterwards, all visible fat and connective tissues were

removed and the muscle were cut into small segments used for the

determination of different physical and chemical parameters such as pH,

moisture, ash contents, tenderness, colour, quantity of fat and protein etc. All

the samples from different species were treated separately. Leaving behind
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the one piece of about 250 gram for the determination of pH, all the rest

segments were minced using the National meat mincer made in Japan, to

homogenise the samples. From this minced sample weighed amonts were

taken for different parameters.

3.1.4 Methods of Analysis

3.1.4.1 Protein extraction

Fractions of different proteins were obtained using low and

high ionic strengths. Sarcoplasmic proteins were extracted with low

ionic strength solution using 0.03 M Potassium phosphate buffer, pH

7.4, as described by Helander (1957). The myofibrillar proteins were

extracted with high ionic strength solution using a 1 : 1 mixture of 1.1

M K1 and 0.1 M Potassium phosphate buffer, pH 7.4, as described by

Hill (1962a) and adapted from Lawrie (1961).

The following technique developed by Hamid (1968) was used.

Minced muscle was weighed directly into 40 ml centrifuge tubes, 2 g

each for sarcoplasmic and myofibrillar extractions in triplicate, into it

added 20 ml of extracting solution each time and was stirred in a

specially self designed stirrer for one hour with only one stoppage for

two minutes at half time to detach the tissues from the stirrer with the

help of clean forceps. The tubes were then spun at 3125 g for ten

minutes in a temperature controlled centrifuge machine. The
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supernatant was filtered and the residue was disintegrated and re¬

suspended in another 30 ml of extracting solution and stirred for

another 30 minutes. It was then centrifuged and filtered and the

volume of the protein extracts made to 100 ml.

The total myofibrillar proteins were extracted from the residue

remaining after the second extraction of the sarcoplasmic proteins.

The residue was disintegrated and suspended for 6 hours at room

temperature in 200 ml of 0.1 M NaOH solution and shaken

occasionally for thorough extraction. (Hegarty, et al. 1963). The

protein extract was then filtered and the volume was made to 250 ml.

Each fraction of protein was then run on electrophorasis for

further isolation into different molecular weights using the Laemmli

method. The electrophoratograms obtained was stained and destained

then there photographs were taken. The molecular weights were

determined by comparing them with standards.

3.1.4.2 Reagent used :

1. Phosphate buffer 0.1 M pH 7.4

Di potassium hydrogen phosphate

Potassium di hydrogen phosphate

Adjust the pH 7.4 by adding KH2 P04 in K2HPO4 solution.

17.4 gm/L

13.6 gm/L

2. Phosphate buffer 0.3 M pH 7.4

Di potassium hydrogen phosphate 300 ml 0.1 M /L
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Potassium di hydrogen phosphate 300 ml 0.1 M /L

Adjust pH 7.4 by adding KH2 P04 in K2HPO4 solution.

Potassium iodide solution 1.1 M:

KI 182.6 gm /L

4. Sodium hydroxide solutions 0.1 M:

NaOH 4gm /L

5. Acrylamide: bisacrvlamide 30%:

Acrylamide

Bisacrylamide

29.2 gm

0.8 gm

Mixed these two and dissolved in distilled water and made the

volume 100 ml.

6. Tris HC1 3 M pH 8.8:

Trie HC1 363.4 gm/L

The pH is adjusted by the addition of cone. HC1.

7, TrisHCl !MpH6.8:

333.33 ml of 3M solution and volume is madelL.

The pH is adjusted by the addition of cone. HC1.
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8. Staining solutions:

Commasie blue R 250

Methanol

Acetic acid

0.5 gm

450 ml

90 ml.

Volume made to 1 L with distilled water

9. Biding Dye:

Commasie blue 250 G

Ethanol 95 %

The above solution is then mixed with 100ml of 85 %

phosphoric acid and then volume is made uptolL

100 mg

50ml

10. Destaining Solution

50mlMethanol

Acetic Acid

Distilled water to makelL

1 1 .Electrophoresis Buffer (5x)

Tris

Glycine

70ml

15gm

72gm

SDS 5gm

Dissolved in water to make 1L

12. Loading Dye (5x)

1.54gmDTT
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SDS 2.0gm

Tris HC1 1M pH 6.8

Dissolved above, added 10ml glycerol then dissolved 20mg

Bromophenol Blue.

8ml

13. Bromophenol Blue 1%

Bromophenol Blue lgm/lOOml

14. SDS Solution 10%

SDS lOgm/lOOml

15. Ammonium persulphate Solution 10%

Ammonium persulphate

This solution must be freshly prepared

lOgm/lOOml

3.1.4.3 RECIPE FOR SDS - PAGE

1. Resolving Gel 10ml

Acrylamide : Bisacrylamide 30% 2.68ml

Tris HC1 (pH 8.8) 3M

SDS 10%

Water

TEMED

Ammonium persulphate 10%

(Freshly prepared)

8%

1.67ml

0.2ml

5.55ml

5ul

80ul
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2. Stacking Gel

Acrylamide : Bisacrylamide 30% 0.94ml

SDS

Tris

Water

Bromophenol Blue

TEMED

Ammonium persulphate 10% 55ul

10% 55ul

0.35ml1M (pH 6.8)

4.9ml

1% 38ul

3ul

3.1.4.4 Equipments

Stabilized Power Supply

Electrophoresis Apparatus

SDS-PAGE Gel in between two glass plates

3.1.4.5 GEL FORMATION

The resolving gel is prepared according to the recipe

and is loaded in between the two glass plates which were already set

for this purpose with the help of micropippete in such a way that

about 1cm space is left over for the stacking gel. Overlay the

resolving gel with butanol: it will help to get even surface and remove

bubbles if any. Polymerization will take about 20 - 30 minutes.

86



3.1.4.6 STACKING GEL APPLICATION:

When the resolving gel is polymerized, pour off butanol and

wash the upper surface of the gel several times with distilled water

and dry the plates with the help of filter paper. Prepare the stacking

gel according to the recipe and load the stacking gel in the upper

empty space. Place the comb in the stacking gel. Polymerization will

take about 20-30 minutes

3.1.4.7 Electrophoresis:

Remove comb, mark the wells on the glass plates before

putting it in the apparatus. Clamp the glass plates in a such a way that

there should be no leakage. Wash the wells with electrophoresis

buffer 2-3 times. Pour the electrophoresis buffer in the upper and

lower chambers of the apparatus. Take 1OOul of the samples and in to

it add 20 ul of loading dye and denature it by hitting it in boiling water

for 1 minutes. Load these denatured samples in the well with the help

of micro-syringe and also the standard. Connect the respectable

electrodes of the power supply and after adjusting the voltage that is

152-200 V put on the power supply. The appearance of bubbles in

lower chamber will indicate the starting of process. When the loading

dye reaches at the bottom of the gel put off the current, this will take

2-3 hours.
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3.1.4.8 Staining And Destaining:

Detach the glass plates and remove the gel very carefully and

place it in a glass tank containing staining solution, place this in a

shaker and shake it for 30minutes. The whole gel will be stained blue.

After this remove the gel and place it in the destaining solution till the

gel is destained and the protein patterns are colored blue. Identify the

relative proteins by comparing with standards.

The elctrophoretograms are shown in figure No.1-4. The other

results are given in table 1&2.

3.1.5 Iso-electric focusing (IEF):

Reagents

1. Stock Solutions (5%)

Acrylamide

Bisacrylamide

Distilled water

3.88g

0.12g

80ml

.2. Ampholites

Temed

Amm. Persulphate

100 ml

4ml

12ml

3. Upper chamber solution

NaOH solution 50mM
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4. Lower chamber solution

O- Phospheric acid

Ampholites

Distilled water

25mM

250ul

5.4ml

5. Over lav buffer

Urea 5-5g

6. Staining solution

Comassie blue R250

destaining solution

0.2g

100ml

7. Destaining solution

Methanol 300ml

Glacial Acetic Acid

Distilled water

100ml

600ml

3.1.5.1 Composition of the Gel

Stock solution

Sucrose

Amphlytes

Temed

Amm. Persulphate

5ml

0.625g

lOOul

4ul

12ul
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Focusing time

Current

Watt

Voltage

Fixation time

Staining time

Destaining

Markers

Sample

Anolyte

Catholite

4hrs.

5mA

5

1000V

40min

45min

till sharp bands

6.5ul

lOul

5.6ml /1000 1M H3P04

4g/100ml lMNaOH

3.1.6 Estimation of crude protein:

The total protein contents were determined

spectrophotometrically using Bradford method.

The results are given in table No.2

3.2. Amino Acids

The different amino acids were determined and estimated by

using TLC and photometric method as explained by Eric E. Conn

et.al.

The results are shown in table No.7
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3.3 Fat & Fatty Acids:

For the determination of fat contents a standard method was

used as outlined in A.O.A.C. Fat values are reported as percentage of

ether-extractable lipids on a moisture free basis.The fatty acids were

separated and estimated by TLC . as explained by Stahl.

The results are shown in table No.3-5 & 8

3.4 Vitamins

The vitamins are separated and estimated by using TLC as

explained by Stahl.

The results are shown in table No. 9

3.5 Minerals.

>

The minerals were determined by using flame photometric and

colorimetric method.

The results are given in table no. 10

3.6. Moisture

Weighed samples of 1 g of the minced muscle were allowed to

stand at 100 °C till constant weights were obtained and then the

percentage of moisture was calculated.

%

The results are shown in table No.3-5
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3.7. PH

A portable pH meter with special meat probe make Hanna

model HI 8424 is used for the determination of pH. The readings were

taken regularly after every hour till the ultimate pH is reached.

The results are given in table No. 3-5

3.8 . Ash contents

Weighed samples of 2 g of the minced muscle placed in pre¬

weighed crucibles were allowed to stand in a muffle furnace at 600 °C

for 6 hours and from the weight of ashed remained the percentage is

calculated.

The results are given in table No. 3-5

3.9.Tenderness

Weighed samples of 100 g muscle were further segmented into

small pieces and boiled in boiling water for half an hour and then

tenderness is determined by a panel constituted for this purpose and

shear force determining equipment Salter G.R. Mfg. Co. USA. .

The results are given in table No. 3-5
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3.10 .Concentration of DNA:

The concentration of DNA and RNA is determind using the method of

Raymond and Eric as mentioned in their respective books. The DNA,RNA

& Protein concentrations are dirrectly measured by the determination of

absorbence at 260nm and 280nm. The HITACHI U2000 UV

Spectrophotometer is used for this study. The results are given in table no.

6.
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Table No. 1

Proteins And Relative Molecular weights
Peak Protein Molecular wt. (Dalton)

<-Actinin 928351
657652 Unknown

3 Actin 46330
Tropomyosin 426554

350805 Troponin T
6 Troponin I 32250
7 Troponin C 20630

Myosin Light Chains 178508
Myosin Light Chains 142309



Standard Calibration Curve
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Table no.2

Concentrations of different fractions of protein
Reticulin connective tissue (%)Total myofibiller( mg /100 ml)Myofibrillar( mg /100 ml)Sarcoplasmic(mg /100 ml)Types of Meat % of Protein

427+ 070 8.6+ 0.85405+ 0.3511.1+ 0.4523.3Cattle
6.1+ 0.5529.4+ 0.656.5+ 0.50 20.6+ 0.7522.5Goat



Standard Graph Between Concentration and Absorbence used for Bradfords method
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Table No. 3

Quality evaluation of cattle(samples from Punjab livestock Institute Okara)
Shear force value Ib/m Orgo lipitic score(out of 10) Ash gm/100gmPHU Cook Wt. Lost%Color Moisture% Fat%Samples Desc.

9 1.12.73 42.07V.V light brownish pink 5.27 72.43 13Yellow tag2

1.225 5dark red 6.25 72.35 29 37.0421
7 1.2205.65 69.03 3.71 35 866 dark red

8.5 1.135.22 13.5light brownish pink 5.75 73.96 2.76Y36
85.98 2.81 31.14 12.8 1V. light brownish pink 71.1Y34
7 1.2light pink 5.95 72.14 2.31 38 87 16Y20
6 1342.8light pink 5.14 732 2.15 18.5Yellow tag 15
8 1.25.77 70.29 2.08 36 92UK unknown attractive lirht pink 22
8 1.1light brownish pink 22 42.09 18Y16 5.95 73.68

7.4 1.165.7 72.0 2.6 38 0 17.6Average



Graph between ultimate pH and different breeds obtained from Livestock Institute Okara
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Table No. 4

Quality evaluation of cattle (purchased from local market)
Shear force value Ib/rrv* Orgo lipitic score(out of 10)pHu Cook Wt. Lost% Ash gm/1OOgmMoisture% Fat%ColorSamples Desc.

8.00 1.1540.80 17.0072.50 2805.45brownish pinkSahiwal breed l
1.0022.00 8.50279 39.505 53 73.42V.light brownish pinkRed sindhi

19.00 7.50 0.9542.0570.38 3.505.60Dark redDhani
8 00 1 0340 78 19.3372.10 3.035.53Average
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Table No.5

Quality evaluation of Goat meat (purchased from local market)

Ash gm/1OOgmpHu Orgolipitic scoreCook Wt. Lost%Moisture% Fat%ColorSamples Shear force Ib/m2

7.50 1.1016.502.80 40.3475.045.34pinkLehri
6.50 1.1517.801.90 42.3569.855.60Sindhi Dark red
900 1.20170040.50525 72.80 2.75V. light pinkDesi
8.00 09515 502.70 41.655.15 70.75V. light pinkTeddy
7.75 1.1016.702.54 41.21534 72.11Average
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Graph between breeds of native goats from local market and ultimate PH

5 70 i

5.60 -

aspire r.

5.50

5.40 ..

... * . • ‘KiS E

, -

X
a

-ÿ
2

pHu j* 5.30 .r
- ,

**ÿ

E

£*§p
rzir44***

1 r B

’• .2
.

5.20
.*\£

.
.

• .

5.10 J

* s * M

r I : >

5 00 J - r

I .
A.

~
iff

•
J

4.90

TeddySindhi DesiLehri

Difltent breeds of goat



Table No. 6

Concentration of DNA & RNA
DNA Cone. / ml 200 / 260 Ratio Nucleic acid %Fraction Absorbance at 260 nm Absorbance at 280 nmType

0.77 7.52.113 1.642 105.65 ugGoat Sarcoplasmic

0.85 5.42.241 1.914 112 05 ugGoat Myofibrillar

Total Myofibril I 2.238 1.985 111.9 ug 0.88 4.9Goat
1.097 1.493 94.85 ug 0.78 7.1Cattle Sarcoplasmic

4.4Cattle Myofibrillar 2 055 112.6 ug 0.912.25
2 086 1.716 104.3 ug 0.82 6.1Cattle Total Myofibrill

I



Comparison of DNA and protein concentration between native goat and cattle
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Table No.7

Amino Acid Composition(gm /100 gm of proteins)
GoatCatogery CattleType

4.905.30Isoleucine Essential
8.907.50Leucine Essential
7.70Essential 9 80Lysine

4.00Methionine Essential 3.50
Cystine 1.20Essential 1.50

4.00Phenylallanine Essential 3.60
5 80Essential 5.00Threonine
1.10Tryptophan Essential 0.90
5.30Valine 4.90Essential
7.10Essential for infants 6.80Arginin

3.20Histidine 3 40Essential for infants
6.60Alanine Non Essential 6.80
8.208 50Aspartic acid Non Essential
14.50Glutamic acid Non Essential 14.70
5.10Glycine Non Essential 5.30
4.70Proline Non Essential 5.30
4.403.70Serine Non Essential
3.30Tyrosine Non Essential 3.50

$



Comparison of different amino acids between native cattle and goat
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Table No.8

Fatty Acid( wt % of Fat)
Saturated Unsaturated

OthersStearic Others Oleic LinolicType Palmtic
Cattle 30.10 19.90 3.60 42.80 1.60 2.00

Goat 35.70 29.50 31.50 3.30



I

I

Table No. 9

Vitamin Contents (units / 100 gm raw flesh)
Cattle GoatVitamins

Bl(Thiamin)( mg) 0.08 0.19
023 0.29B2(Ribof1avin)(mg)
5.30 5.40Nicotinic acid(mg)

0.600.30Pantothenic acid(mg)

3.904.00Biotin(ug)
11.00 5.00Folic acid(ug)

0.500.40B6(mg)
2.402.60B12(ug)

NILNILAscorbic acid



Comperison between vitamins of cattle and goat
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Table No. 10

Mineral Contents of meat (mg /100 gm)
Ca Mg Cu ZnType Na K Fe P

75.00 384.00 22.50 3.80 270.00 0.09 5.10Cattle 690
Goat 304.00 13.70 165.00 0.10 33097.00 16.50 2.90

265.00 7.00 14.00 270.00 0.50 3.60Kidny goat 310.00 8.50
354 00 16.00 10.70 385.00 9.30 4.20Liver goat 93.00 5 00



Comparison Between Minerals of native cattle and goat meat
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Discussion

5.1 General:

Meat is an important constituent of human diet since time

immemorial. It is the most nutritious, palatable, delicious, satisfying and

above all is always in season. It is a rich source of minerals and proteins

containing essential amino acids in a sufficient, proper and desirable

proportion in a digestible form. Moreover it also contains certain vitamins

and essential fatty acids, so it is definite a well balanced diet.

The meat is one of the best sources of proteins although there are

many schools of thought about the use of animal proteins and the anti group

has launched a powerful campaign against it. They are of the view that the

meat is carcinogenic and increases uric acid in the body inspite of that, there

is no scientific evidences or explanations for their major objections. There is

a general saying that "Excess of every thing is bad". No doubt, pulses and

cereals are the alternative source of protein, but this fact has been

scientifically proved that the vegetable protein is either of inferior quality or

it does not contain all the essential amino acids in desirable proportion. To

over come the daily protein requirement the vegetarian must take a

combination of several commodities, where as the meat is all in one.
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The problem of protein deficiency and particularly of animal's

proteins is very acute, especially in low-income groups of population. It has

been observed that the mortality rate of children tends to rise when the

protein intake goes down. The severe protein deficiency and inadequate

intake of animal protein in infants appear to affect adversely the brain cell

and central nervous system and can make them permanently mentally

retarded. Meat also has profound effect on stature, height and general health

of an individual.

Although Pakistan is fortunate enough in having abundant livestock

resources, some of the best tropical breeds are found here yet meat

production is a side line enterprises, the potentiality of which has not yet

been fully exploited. The beef and mutton production are low cost by

products of dairy production and draught power and from free range land

and cattle grazing, especially the role of cattle and buffalo in meat

production is rather secondary, because these are essentially reared for milk

production and draught power.

It is the great tragedy of Pakistan and other Islamic countries that a

little attempt has made to develop special meat breeds, which can fatten

quickly after the completion of the skeletal growth.

The reputation of Pakistani meat even in underdeveloped and Muslim

countries is very poor, so much so our neighbour and best friend Iran has

banned Pakistani meat to be imported.
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The present work has been carried out particularly to establish the

fact that the Pakistani meat is equally good and is of the same standard,

secondly to look in to the matter weather it is chemically justified that cattle

meat (beef) is of inferior quality so that it is sold almost half the rate of

mutton and why in Pakistan goat meat is generally preferred over beef? So

for this purpose two types that is goat and cattle (cow) are selected and the

physical parameters such as Moisture, pH, Color, Flavor and overall

acceptability are taken in account, and among chemical properties, the ash

contents, proteins (quality and quantity), Fat, Vitamins, Amino acid are

determined.

5.2 Proteins:

Determination of protein is one of the fundamental analysis in food

quality control. Several chemical and physical methods are available, some

of which have been automated or semi automated. Kjeldhal's method is one

of the conventional methods but for this study for total protein Bradford

method is used which is a spectrophotometric method. It is very reliable

quick and detects only proteins where as Kjeldahl"s method is time

consuming and determine NPN also.

The results shown in table 3 are comparable with the meat of any

country, rather the percentage of our native meat protein is even better than

many countries, e.g., the average value of protein determined are 23.3 and

25.5 % from cattle and goat respectively. Which are even better than the
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goat meat of India, Malaysia and Philippines as reported by Gopala, Abdon

and Babiker.

5.2.1 SDS-Paee Electrophoresis

The SDS electrophoresis of different fractions of proteins isolated from

cattle and goat meats are run which show that the sarcoplasmic fraction of

both the types contains- Actinin, albumin, actin, tromomyosin, troponin T,

troponin 1, troponin C and myosin light chain. The difference is only being

in concentration. In the case of cattle*<-actinin and myocin light chains are

in greater strength where as tropomyosin in goat is greater than cattle. The

Myofibrillar fractions of both types are also of same composition but differ

only in concentration. They contain myosin heavy chain and C-protein in

addition to sarcoplasmic proteins. The cattle myofibrillar in addition

contains nebulin, a protein with 110000, 95000, 55000, Dalton molecular

weights, desmin and 30000 Dalton molecular weight. The total myofibrillar

fraction consists of myosin heavy chain, -<-actinin, actin, troponinT,

tropomyosin, 31000, 30000, 27000,25000, 23000 Dalton molecular weight

proteins, troponin I, slow myosin light chain, fast myosin light chain and

myosin light chain proteins.

5.3 DNA & RNA Concentration:

The DNA and protein concentrations are determined by using the

Warburg and Christian method as explained by Raymond L. in his book
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"Recombinant DNA Techniques". In this method UV spectrophotometer is

used. The nitrogenous basis in double strained DNA exhibits a strong

absorption maximum at a wavelength of 260 nm. At this wave length, the

extinction co-efficient of DNA E26o = 20, indicates that DNA at a

concentration of 1 mg/ml will have an absorption (A26o)= 20. As the

relationship between DNA concentration and A26o is linear to an A26o= 2,

The concentration of DNA in a solution can be determined. E.g., A26o=0-5

corresponds to 25mg/ml A26o= 0. 1 corresponds to 5ug/ml and so on. Use of

the conversion factor 50ug/ml = 1 A26o units enables the concentration of

most DNA solution to be determined easily.

The protein concentration from diluted solution is measured at both

260nm and 280nm and calculated the ratio 280/260. Using this ratio, the

proportion of nucleic acid in the protein solution and a factor for the

calculation of the protein concentration can be calculated.

The protein concentration is given by

Protein concentration mg/ml = Extinction at 280 nm X factor X 1/d.

Where d = length of light path in cm.

5.4 Amino Acid:

TLC and spectrophotometric method determine the amino acid

composition of cattle and goat. The results fully agree as reported m the

literature by Srinivanson and Mooijani (1974), Bodwell and Meclain (1971).
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The lsoleucine, Lysine, Cystine, Histidine, Alanine, Aspartic acid,

Glutamic acid, Glycine, Proline and Tyrosin are comparatively higher in

cattle where as Leucine, Methionine, Phenylalanine, Threonine, Tryptophan,

Valine, Arginine and Serine are greater in goat.

The Leucine, Lysine, Arginine, Alanine, Aspartic acid and Glutamic

acid are present in a considerable amount in both cattle and goat meats. Out

of these Glutamic acid is in the maximum quantity.

5.6 Fat and Fatty Acids:

Fat is very important in the food industry from the nutritional as well

as physical and economical aspects. Fat is an energy source in our diet and a

nutritional component supplying fatty acids. It has been estimated that fat is

responsible for approximately 30% of the total energy in take.

The percentage of Fat is given in tables 4-6. The table no. 4 contains

the samples received from Punjab livestock institute Okara. They are trying

to develop certain breeds on the basis of nutrition. Nine samples of different

breeds of cattle are fed on different type or ratios of feed were provided to
S>\

PCS1R Laboratories for their evaluation. These verities have 2.6% fat at the

average, highest being 3.71 % in Y6 type and lowest 2.15% in Yellow

Tag15.

\
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The famous breeds of goats of Pakistan such as Lehri, Sindhi, Desi

and Teddy were examined. The table 5 shows their results. The average fat

contents are 2.54%, highest being 2.8 % in Lehri and lowest 1 .9% in Sindhi.

Desi and Teddy has almost equal quantity of fat. The lesser fat present in

Sidhi verity is perhaps due to the climatic conditions of the region.

Sahiwal breed, Red Sindhi and Dhani verities are selected for this

study among cattles. Their fat contents are given in table 5. The average fat

contents are 3.03%, highest being in Dhani which is 3.5% where as Red

Sindhi and Sahiwal breeds have almost same fat contents.

The fatty acid composition of cattle and goat is given in table 10. The

cattle contains highest percentage of palmitic acid and Oleieacid, where as

goat has considerable amount of Stearic acid also. The goat has greater

amount of palmitic, Stearic and Linolic acid as compared to cattle, which

has more Oleic acid. The results are again very close as reported by Gaili

and Ali (1985) except the Oleic acid in goat is somewhat higher as reported.

5.7 Moisture:

The moisture contents of food are of great importance for many

scientific, technical and economical reasons. (Food standards committee
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1979). The water contents or moisture cannot be determined absolutely

because water occurs in foods essentially in two forms! As bound water and

as available or chemically free water. Bound water is hydrogen bounded

where as free water is that which is not physically linked to the food material

and which is freeze able and easily lost by evaporation or on drying.

There are many methods for the determination of the moisture

contents of foods. A very wide range of instrumental methods based on

physical and physico-chemical principles have been applied for the

determination of moisture in different types of foods and food products.

In this case moisture determination was carried out simultaneously in

infra red rapid moisture balance MC30MB (Chyo) and the conventional

method using lab. Oven. The results were comparable, accurate and

consistent.

Infra red moisture balance is of 0.01% readability with a digital

display. The measuring temperature and time can be controlled and up to

30gm of sample can be used. The average moisture of cattle from institute,

meat of cattle from local market and goat is 72.0, 72.10 and 72.11%

respectively. Which is 7-9 % less as reported by Zia ud din et al (1994) and

2-3% less as reported by Babikar (1990). The moisture is about 18-20%

greater then the Iranian breed Mehraban and Baluchi and Kerakul as

reported by A. Farid(1990).
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5.8 pH.:

pH is an important quality parameter. The muscle has an initial pH,

which fall slowly for some time and then more rapidly. During the slow

phase, the ATP levels remains high due to resynthesis at the expense of P-C,

which is disappearing rapidly from the moment of death and has already

fallen to a low level by the time, the fast phase of pH fall sets in. At this

point ATP itself begins to disappear, inspite of resynthesis from the more or

less vigorous glycolysis and we can just detect the first sign of loss of

extensibility the later becomes very marked as soon as about half of the ATP

has been destroyed and proceed to completion as the pH reaches its final

stage called ultimate pH.

The graph drawn between the pH and postmortem time agrees with

the above statement. The average ultimate pH determined for the cattle from

institute, Pakistani cattle and goats were 5.7, 5.53 and 5.34 respectively.

It is observed that pHu has a greatest concern with the quality of meat.

The pHu for poor quality is lower. The meat of old female goats have lower

pH„ value. Their meat is tough, dark in color, less in juice and taste.

5.9 Ash:

The ash of the food is the inorganic residue remaining after organic

matter has been burnt away. The ash obtained is not of necessarily of exactly
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the same composition as the mineral matter present in the original food as

there many losses due to volatilization or some interaction between

constituents. The average ash contents of meat of cattle from institute, from

market and the goat meat are 1.16, 1.03 and 1.10 respectively.

5.10 Tenderness:

Of all the attributes of eating quality, the texture and tenderness are

presently related the most important. It is very difficult to define it: the

coarseness of grain and toughness after cooking. Tenderness is predominant

quality determinant and probably the most organoleptic characteristic of

meat. Tenderness is the quality representing the summation of properties of

various protein structures of the skeletal muscle. Indeed all the factors which

may affect muscle and muscle proteins including normal growth and

development of the animal, nutrition and feeding management practices,

postmortem handling, handling in retail shops, cooking and preparations can

also effect the tenderness.

The normal impression of tenderness of palate includes texture and

involves three aspects: firstly the initial ease of penetration of the meat by

the teeth; secondly the ease with which meat breaks in fragments; and

thirdly the amount of residue remaining after chewing (Weir 1960).

There have been many attempts to device objective physical and

chemical methods of assessing tenderness, which would compare with
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subjective assessment by taste panels. The difficulty of doing so is

considerable. Thus physical methods has included the basis for measuring

the force in shearing (Warner, 1928, Kramer 1957 and Winkler 1939).

In these studies tenderness is determined by a panel of three persons

and with the shear force device. The average tenderness as determined by

shear force device comes to be 17.6, 19.33 and 16.7 lb/m2 for the meat of

cattle from research institute, meat of the cattle from the local market and

the goat meat respectively.

As the tenderness depends upon a number of factors hence the values

are not critically comparable.

5.11 Vitamins:

Meat may be regarded as an important dietry source of Vit. B1& B2.

Although most of the vitamins are destroyed by heating. The boiling, frying,

freezing, roasting, or canning have different affects on different types of

vitamins. There are many methods for the isolation and determination of

vitamins which includes biochemical, chemical, spectrophotometric,

chromatographic or using the atomic absorption. For this work TLC and

spectrophotometric methods were selected.

Folic acid in cattle is considerably higher than goat meat, rest of the

vitamins are almost equal except Thiamine and Pentothenic acid, which are

higher in goat meat.
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5.12 Minerals:

Flame photometric and colorimetric methods are used for the

estimation of minerals are used.

K and phosphorous are present in considerable amount in cattle and

goat meat although greater quantities are present in cattle meat than goat

meat. The Na and Ca are greater in goat meat than cattle meat. Kidney of

goat contains large amount of Na where as liver of goat contains more Iron.
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Summary

The present work was carried out to study the Pakistani native red

meats. For this purpose cattle (cow) and goat meat was selected. The

physical as well as chemical composition of the red meat was determined. It

was observed that the Pakistani native meats are comparable to meat of any

country in most of aspects. Especially the quality and quantity of the

proteins determind was slightly higher as reported in diffferent studies. It

could pehapes the result of soil, climate and basically Pakistan being a

agricultural country.

With respect to the amounts of sarcoplasmic, myofibrillar and total

myofibrallar protein, the data suggested close similarities to different

studies. The trend in respect of vitamins, minerals and amino acids quanities

supported thebeef as good as goat meat and at par with other studies made in

different countries.

The second objective was to evaluate if there is any justification that

the price of beef, which is almost half of the mutton. In this regard it is

observed that beef is in no respect inferior to goat meat. Rather certain

amino acids are even in higher quantity in beef as compared to goat meat

which is most cherished in our country. The folic acid, K, P are higher in
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beef. . The myosin and other higher molecular weight proteins are present in

slightly higher quantities.

The study concludes that the preference for goat meat over beef

appears to have no scientific footing. It is only the consumer's choice on the

basis of the following parameters.

Goat meat have less fat distribution / is linear.

The goat meat is less fibrous and is more palatable.

It has significantly superior water holding capacity and hence less

cooking losses.

i-

ii-

iii-
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