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CHAPTER I 

INTRODUCTION 

Tenderness is the primary palatability attribute 

consumers consider most important in beef. One of the most 

effective methods of obtaining tender meat is by aging. 

However, beef tenderization by aging is time consuming since 

it takes 10 to 14 days before carcasses can be fabricated 

into retail cuts. Although meat tenderness is improved by 

aging, certain carcasses will still yield tough cooked 

steaks. 

Several techniques are used to measure meat tenderness. 

Those techniques include sensory panel ratings, shear force 

value and fragmentation index (PI). Sensory panel ratings 

and shear force values are obtained from cooked samples, 

whereas PI is determined from raw muscle. A quick and 

accurate measurement for tenderness may be value to meat 

industry. A PI method has been proposed as such a method to 

predict meat tenderness and was recommended as an accurate 

and quick method for raw meat. However, this method was not 

considered applicable at early postmortem stages since 

myofibrils contract continuously when muscle converts to 

meat. The PI method was used in latter stages of postmortem 

because the myofibrillar structural integrity might have 

been altered by the proteolysis of myofibrillar proteins. 



Muscle fibers and the amount of connective tissue vary 

among carcasses. For these reasons, scientists are still 

working on finding biochemial and histological background 

information on muscle proteins to aid in predicting 

tenderness. Three areas have been considered for tenderness 

studies: (1) enzyme proteolysis (lysosomal enzymes or 

glycolytic enzymes), (2) energy production (ATP and 

hypoxanthine), and (3) fiber types (red and white). As yet, 

no thorough and detailed reports have been compiled to 

explain the endogenous factors which are responsible for 

variation in meat tenderness. 

The purpose of this study was to obtain a clearer 

understanding of the biochemical characteristics of bovine 

longissimus muscle varying in tenderness. Since PI can test 

the integrity of myofibrillar proteins, this investigation 

is designed to observe changes in myofibril fragments, 

protein solubilization and protein changes (myofibrillar and 

sarcoplasmic proteins) of meat varying in tenderness. The 

specific objectives are (1) to determine differences in 

selected biochemical characteristics between tough and 

tender meat; and (2) to determine differences in 

selectedbiochemical variables between muscle with differing 

fragnentationindicesand between muscle from loins of 

carcasses from Hereford and Brahman steers. 



CHAPTER II 

REVIEW OP LITERATURE 

Tenderness is one of the more important attributes of 

meat quality that consum.ers consider when purchasing meat 

(Streitel et al., 1977). As related to tenderness, 

biochemical characteristics of muscle (meat processing, pH 

and endogenous enzymes) are important to meat scientists in 

assessing meat quality (Asghar and Pearson, I98O). 

Some of the relationships of biochemical character

istics to tenderness have been determined. The crossbridge 

formation of myosin and actin (Hamm, 1982), Z line 

degradation (Olson et al., 1976), and other myofibrillar 

structural components (troponin, tropomyosin) (Olson et al., 

1977) are altered in the muscle when muscle is converted to 

meat. Furthermore, intracellular materials such as 

calcium-activated factor and lysosomes have been linked to 

myofibrillar protein disintegration (Penny and 

Perguson-Pryce, 1979). All these factors affect meat 

tenderness. 

Study of structural changes in myofibrillar proteins 

partially explain why meat becomes tough or tender, but 

there are several other factors (such as enzymes and pH) 

that can affect myofibrillar proteins as muscle is converted 
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to meat. This chapter will discuss muscle conversion, meat 

tenderness measurement, gel electrophoresis, glycolytic 

enzymes and muscle fiber types in relation to meat 

tenderness. 

Muscle Conversion 

During muscle conversion to meat, the muscle gradually 

undergoes rigor toughening. Even though prerigor muscle is 

tender, cold shortening and thaw rigor can occur, causing 

loss of tenderness (Hamm, 1982). 

Glycogen can be converted into energy (ATP) for muscle 

contraction in anaerobic glycolysis. Depletion of energy 

causes the sarcoplasmic reticulum to lose its ability to 

withdraw calcium ions and causes actomyosin to remain in the 

crossbridge state, causing the onset of rigor state. 

There are at least four stages of rigor. In the delay 

phase of rigor, muscle contains an excess of creatine 

phosphate, ATP and glycogen and it is extensible. In the 

onset phase, the muscle rapidly loses its high energy 

phosphate contained in creatine phosphate and ATP, then its 

extensibility. During the rigor phase, the muscle is at its 

toughest (Forrest et al. , 1975). In the resolution phase, 

the meat becomes more tender and acceptable for serving. 

Several factors have been found to contribute to 



tenderization during resolution. These factors include 

cleavage at the myosin head, proteolytic enzyme reactions 

and Z line degradation (actin cleavage from Z line) (Sayre, 

1970). 

Methods of Meat Tenderness 
Measurement 

Considerable research has been conducted in an attempt 

to obtain objective indicators which are related to meat 

tenderness. Several methods are used for the measurement of 

meat tenderness in raw or cooked meats. Five different 

types of objective or subjective tenderness measuring 

methods will be discussed. 

Warner-Bratzler Shear 

Warner-Bratzler (W-B) shear force measurement is widely 

accepted as an accurate measurement of cooked meat 

tenderness (Calkins and Davis, 1978). Its accuracy is due 

to a significant correlation with sensory panel ratings for 

tenderness and with the amount of connective tissue (Cross 

et al., 1973). Furthermore, W-B shear is more influenced by 

myofibril tensile strength and less influenced by connective 

tissue (Bouton and Harris, 1972). Thus, W-B shear value 

measurement can save time and expense compared to subjective 



sensory panel ratings. Therefore, W-B shear is often used 

to measure objectively myofibril tenderness. This method 

has the disadvantage of requiring the use of cooked meat 

only. Considerable time and expense is involved in the 

cooking process (Cole and Davis, I98I). 

Sensory Evaluation 

Sensory evaluation methods need well-trained taste 

panels to evaluate the tenderness of cooked meat (Cross et 

al., 1978; Calkins et al. , 1980). The evaluation can be 

given in an eight or five point scale. In an 8 point scale 

the rating is as follows: 8-extremely tender, 7-very 

tender, 6-moderately tender, 5-slightly tender, 4-slightly 

tough, 3-moderately tough, 2-very tough and 1-extremely 

tough. This method has the advantage of obtaining more 

information about meat from panel evaluations. Sensory 

methods can also evaluate flavor, juiciness, amount of 

connective tissue, and overall palatability of cooked meat 

(Cross et al. , 1978). However, this method requires more 

time and is more expensive than W-B shear and other tests. 



Armour Tenderometer Measurement 

Armour tenderometer measurement does not require the 

removal of test samples from the carcasses. This 

measurement is performed on cut muscle surfaces. Campion et 

al. (1975) reviewed that tenderometer measurement is not a 

successful method in predicting tenderness. It has a low 

correlation (r=0.05 to 0.07) with W-B shear tests and taste 

panels results. The Armour tenderometer measurement was 

related significantly only to muscle firmness scores 

(Campion et al., 1975). This method can save time and 

expense as it can be directly applied to raw meat surfaces. 

However, due to lack of accuracy it is of limited value as a 

measurement of meat tenderness. 

Myofibrillar Fragmentation Index 

Myofibrillar fragmentation index measurements (MPI) use 

homogenized myofibril suspensions and measures turbidity at 

540 nm. The MPI value is recorded as absorbance units 

multiplied by 200 (Olson et al., 1976; Olson and Parrish, 

1977; Davey and Gilbert, 1969). The concept for MPI is 

similar to PI in that the myofibril is broken during 

homogenization. The test measures increased turbity and 

decreased numbers of fiber pieces in homogenized 

suspensions. Olson and Parrish (1977) reported that MPI has 
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a potential use as an index of tenderness which were 

significantly correlated with W-B shear force values and 

sensory tenderness for veal, A and C maturity beef at 1 or 7 

day postmortem (r=0.65 to 0.95). They suggested that 

further studies are needed to determine what ante- and 

postmortem variables regulate myofibril fragmentation, and 

how MPI can be implemented for segregating carcasses into 

tenderness groups. 

Fragmentation Index 

The PI procedure, developed by Davis (1977), can be 

conducted in 40 minutes (Calkins and Davis, 1978). Davis et 

el. (1980) expressed a PI based on the residue weight of 

fragments greater than 250 xi in size. Application of the PI 

to raw bovine loin muscle at 60, 120, I8O and 240 hours 

postmortem significantly correlates with W-B shear values 

(Cole and Davis, I98I). For US Good, A maturity carcasses, 

PI was able to separate those carcasses into tenderness 

groups more accurately than other measurements such as 

sarcomere length, collagen content and cooking loss (Davis 

et al., 1979). The FI was also used to test tenderness of 

low grade bullock, US Commerical or US Utility grade 



carcasses and US Standard and Good carcasses (Calkins et 

al., 1980; Calkins and Davis, I98O). Cole and Davis (I98I) 

concluded the PI may combine speed and accuracy more than 

other devices for prediction of cooked meat tenderness from 

use of raw muscle. 

The myofibrillar Z line disintegrates in aged muscle 

and allows myofibrils to cleave into small fragments during 

homogenization. PI measurements use an homogenized muscle 

solution of filtered muscle residue (uncleaved fragments) to 

measure tenderness. In tender meat, more uncleaved 

myofibrillar fibers and connective tissues will increase the 

residue weight. With greater residue weight, tough meat is 

indicated. Reagan et al. (1975) reported a similar method 

to relate myofibrillar fragment patterns to W-B shear force 

values and sensory panel ratings. They suggested the 

patterns have potential for further research to predict 

tenderness. Sayre (1970) concluded that the mechanical 

breaking of myofibrils upon homogenization is an indication 

of the structural weakening that occurs with increased 

tenderness. 
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Carcass Processing and Tenderness 

Obtaining an objective method to predict meat 

tenderness is a complex problem. A method is difficult to 

establish because of the many variables which cause 

differences in carcasses. Meats from the same breed are not 

necessarily equal in tenderness. Some of those variations 

can be attributed to animal maturity, meat aging process, 

carcass electrical stimulation, pH and adenine nucleotides, 

or other factors (such as enzymes) which can alter muscle 

proteins and tenderness. These factors will be discussed in 

this section. 

Maturity and Connective Tissues 

Tenderness differs between muscles from various 

anatomical locations. This difference is evident in 

myofibrillar structure and in the amount of connective 

tissues found in these muscles. More mature (in chrono

logical and physiological age) beef carcasses have higher 

amounts of connective tissue. Thus, meat from young 

carcasses is significantly more tender than meat from mature 

carcasses (Smith et al., 1982). 

Even with the same amounts of connective tissue, 

tenderness may differ due to myofibrillar integrity. 

Connective tissue (intramuscular collagen) has been 



11 

considered as a component of toughness (Wu et al., 198I). 

However, studies on connective tissues show that none of the 

chemically determined connective tissue components 

(collagen, soluble collagen, hydroxyproline and elastin) are 

significantly associated with sensory panel evaluations of 

tenderness (Cross et al., 1973). As assessed by the sensory 

panel, only the percent of soluble collagen is related to 

toughness. 

Aging 

After an animal is slaughtered, meat tenderness can be 

improved by an aging process in a 2-4 C cooler. Davey and 

Gilbert (I969) have shown that unaged muscle retains its 

well-ordered structure of myofibrils if removed and 

homogenized and loses its ordered arrangement. However, 

aging proceeds, muscle fiber becomes more susceptible to 

breakdown. Aging at high temperatures (14-44 C) can also 

Improve tenderness (Davey and Gilbert, 1976), but at such 

high temperatures the meat is susceptible to microbial 

decomposition (Newbold and Harris, 1972). 

Sayre (1970) reported fragments always break beside the 

Z line during aging. When prerigor muscle is used in 

fragment examination, muscle fragments contract and lose 

linear shape. The fragment patterns correspond to changes 
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in tenderness, but cannot be used as an index of tenderness. 

Retardation of the onset of rigor extends the time required 

for aging. Conversely, early development of rigor 

accelerates tenderization. Hultin (1977) noted rigor 

lengthens the aging process. Increased aging time is 

expensive because of significant weight loss and refrig

eration costs. 

Prerigor Condition 

The tenderness of meat removed from carcasses prior to 

rigor is highly dependent on the extent of cold shortening 

which occurs after excision. Cold shortening is explained 

by changes in the lipoprotein system of membranes at low 

temperatures. Low temperatures inactivate the ATP-driven 

calcium pump of the sarcoplasmic reticulum (SR) or increases 

the permeability to calcium ions of the membranes of the SR 

or the mitochondria. Higher concentrations of calcium ions 

in the myofibrillar space, together with high levels of ATP, 

initiate muscular contracture before onset of rigor. The 

energy necessary for muscle shortening is supplied by an 

increased ATP turnover which is accomplished by accelerated 

glycolysis (Hamm, 1982). 

Thus, the only way to obtain tender meat in the early 

rigor state is through massive shortening (S5-60'̂ ^ (̂ 'arsh 
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and Leet, 1966); otherwise, prerigor meat goes into rigor 

and is tough until resolution of rigor. There is a strong 

relationship between sarcomere length and tenderness when 

muscle is cut in the prerigor state or during postmortem 

aging (Marsh and Leet, I966; Herring et al., 1Q67). 

However, conventionally tenderized muscle is more closely 

related to myofibrillar fragmentation than to sarcomere 

length (Macbride and Parrish, 1977). 

Electrical Stimulation 

Electrical stimulation (ES) has been shown to 

accelerate postmortem glycolysis (Newbold and Scopes, 1967; 

Forrest and Brlskey, 1967; Savell et al., 1977; Cassens et 

al., 1963). Grusby et al. (1976) reported ES of beef 

carcasses, prior to chilling, results in a significant 

increase in tenderness for the electrically stimulated 

muscle. Carse (1973) observed that acceleration of 

postmortem glycolysis by ES can enhance tenderness of lamb 

muscle. Chrystall and Hagyard (1975) suggested that ES 

accelerates postmortem glycolysis causing muscle fibers to 

enter rigor before the effects of cold shortening could take 

place. Will et al. (1980) observed that ES causes the 

swelling of the sarcoplasmic reticulum, mitochondria, and 

T-tubules. They also observed the contraction binding and 
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disintegration of myofibrils. These reactions resulted in 

more tender meat. 

pH and Adenine Nucleotides 

Asghar and Pearson (I98O) found that the rate of 

postmortem glycolysis and pH fall (due to glycolytic lactic 

acid formation) influence the biochemical properties of 

myofibrillar proteins and affect the textural properties of 

muscle. Izumi et al. (198I) also noted that pH and ATP 

concentrations influence rigor tension development and 

dissociation of the rigor complex. Martin et al. (1975) 

reported that rapidly declining pH is associated with early 

rigor development. The rate of pH decline may have more 

effect on meat tenderness than the ultimate pH (Moeller et 

al., 1976). Bouton et al. (1971) and Hamm (1982) suggested 

that the pH at which meat tenderness is optimal is about 5.9 

to 7.0. Terminal pH is also positively related to the water 

holding capacity of meat. When muscle undergoes ES, the pH 

declines faster than in control muscle (Carse, 1973; 

McLoughlin, 1970). However, Savell et al. (1977) reported 

that there are no changes in sarcomere length with rapidly 

lowering pH. It seems that both terminal pH and rate of pH 

decline can affect meat tenderness. 
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Glycolysis in skeletal muscle is controlled by enzymes 

such as phosphofructoklnase, phosphorylase and glyceral

dehyde phosphate dehydrogenase. These enzymes catalyze the 

process of ATP generation (Newbold and Scopes, 1967). Rapid 

breakdown of ATP and creatine phosphate in anaerobic 

conditions are accompanied by a rapid rate of glycolysis 

(Pearson et al., 1973). The rate of glycolysis can be 

monitored by R250 values rather than pH, and was related to 

postmortem tenderness by Calkins et al. (1983). R250 values 

are significantly different between ES and non-ES samples. 

The R250 value is determined by using absorbance ratios 

between 260 nm and 250 nm. The values, in turn, can be 

related to progress toward rigor mortis. The adenine 

nucleotides (ATP, ADP and AMP) exhibit absorbance near 260 

nm while hypoxanthine absorbs at 250 nm. Since the adenine 

nucleotides are converted to IMP, inosine and hypoxanthine 

in postmortem muscle, the R250 value of an extract 

containing these compounds is an indication of postmortem 

condition. 

Other Factors Affecting Tenderness 

In aged meat, lysosomal cathepsin enzymes released from 

muscle cells can break down fiber to produce tender meat 

(Dutson and Lawrie, 1974). The specific activity of free 
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glucuronidase (a lysosomal enzyme) increases with postmortem 

aging, while the specific activity of bound glucuronidase 

decreases with aging. Moeller et al. (1976) found that 

carcasses stored at an elevated temperature (37 C) stimulate 

the release of lysosomal enzymes (Wu et al., 1981) and lower 

the pH to a level which is suitable for activity of these 

enzymes. Robbins et al. (1979) reported that cathepsin D (a 

lysosomal enzyme from muscle) degrades myofibrils, causing 

an alteration of Z disk structure and causing the breakdown 

of heavy and light chain myosins at pH 5.1 to 5."̂ . 

Another enzyme, calcium activated factor (CAP) is 

associated with myofibrillar degradation (Dayton et al., 

1976; Naginis and V/olfe, 1982). Olson et al. (1977) 

reported that the CAP causes Z disk degradation, 

disappearance of troponin-T and simultaneous appearance of a 

30,000 dalton molecular weight component. The troponin-T 

degradation is related to changes in tenderness CPenny and 

Dransfield, 1979). Busch et al. (1972) suggested that CAP 

initiates myofibril and Z line degradation. The free 

calcium ions activate the CAP and initiate the Z line 

degradation. This is due to the SR losing its ability to 

accumulate calcium ions during postmortem storage. In vivo, 

the calcium ion level is low enough (less than O.lmM) to 

prevent and regulate the CAF from degrading the Z line. The 
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degradation (CAP proteolysis) leaves the remaining 

myofibrillar proteins susceptible to the hydrolytic action 

of lysosomal cathepsins in muscle cells. Penny and 

Ferguson- Pryce (1979) concluded that there are at least two 

proteolytic enzyme systems involved in myofibrillar 

disruption. Those systems are cathepsin b at low pH (pH 5.1 

to 5.3) and CAP at high pH (pH 6.5 to 7.0). 

Electrophoretic Methods in Meat 

Research 

Electrophoresis is a method which uses separating media 

such as starch gel or polyacrylamide gel to separate protein 

molecules. Gel media forms small pore size matrices which 

can sieve protein molecules as a function of their molecular 

weights. Proteins also can be separated as a function of 

their native molecular charges at given pH levels. When an 

electric potential is applied to a gel media, charged 

molecules such as proteins are forced to move through the 

gel (Davis, 1964). 

Starch gel can provide only one uniform pore size. 

However, pore sizes of polyacrylamide gels can be adjusted 

by changing the ratio of synthetic chemicals such as 

acrylamlde and methylene-bis-acrylamide. The resolution 

from polyacrylamide gel separation is good with a clear, 

separated and narrow disk for each protein. 
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Slab gel, a specialized form of polyacrylamide 

electrophoresis (PAGE), is used rather than tube gel 

electrophoresis to eliminate variations in temperature and 

gel polymerization. Results from slab gel electrophoresis 

can provide clear side-by-side comparisons. Experimental 

procedures for polyacrylamide gel electrophoresis are 

improved by using sodium dodecyl sulfate (SDS), a detergent, 

to eliminate the differences in charge density of protein 

molecules and to separate the molecules by their molecular 

weights (Hay et al., 1973; Lehnlnger, 1981). 

Myofibrillar Protein and Tenderness 

SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel 

electrophoresis) is a very sensitive method which can be 

used to detect protein changes in postmortem muscle. 

Bechtel and Parrish (1983) recommended separation of muscle 

proteins by SDS-PAGE to study postmortem muscle. Olson et 

al. (1976), using SDS-PAGE, observed that postmortem muscle 

contains little troponin-T, and related this result to the 

extent of postmortem myofibrillar fragmentation, Z line 

degradation and low W-B shear force. Different 

concentrations of acrylamlde have been used in 

investigations of muscle. Porizo and Pearson (1977) used a 

lOT. acrylamlde gel to improve the separation of myofibrillar 

proteins. 
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Greater tenderness has been associated with the 

appearance of a 30,000 dalton molecular weight component 

(TDM) on SDS-PAGE by several authors (Macbride and Parrish, 

1977; Olson and Parrish, 1977; Cheng and Parrish, 1977). 

However, Davis et al. (1979) found no differences in 

myofibrillar protein fractions including the TDM of loin 

steaks. TDM has been related to CAP proteolysis of 

troponln-T by Olson et al. (1977), and to catheptic 

proteolysis by Hay et al. (1973). 

Sarcoplasmic Proteins and Tenderness 

Sarcoplasmic proteins are the major components in 

muscle other than myofibrillar proteins. SDS-PAGE electro

phoresis is a method useful in separating sarcoplasmic 

proteins to identify differences in individual components. 

These components include glycolytic enzymes and adenine 

nucleotides. 

Sarcoplasmic protein extractability from tender muscle 

(psoas) is higher than the extractability from less tender 

muscle (semitendimosus, Chaudhry et al., 1969). Davey and 

Gilbert (1969) and Dutson and Lawrie (1974) observed that 

increased protein content of supernatant solutions from 

homogenized muscle tissue is related to tenderness found 

during postmortem aging. Neelin and Rose (1964) found that 
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the concentration of sarcoplasmic proteins is higher in 

tender chicken breast muscle than in tough breast muscle. 

This suggests that additional components obtained in the 

sarcoplasmic portion in tender muscle are derived from 

intracellular materials. 

Newbold and Scopes (1967) reported that during 

postmortem glycolysis ox muscle contains an unusually large 

amount of 3-phosphoglycerate. This intermediate is derived 

from an ATP generated reaction that can be caused by the 

sarcoplasmic enzyme glyceraldehyde phosphate dehydrogenase 

(GAPDH). 

Glyceraldehyde Phosphate 
dehydrogenase 'Mechanisms 

GAPDH catalyzes the reaction of glyceraldehyde-3-

phosphate to 3-phosphoglycerol phosphate during the 

glycolytic process. Newbold and Scopes (1971) thought GAPDH 

was the rate limiting enzyme in glycolysis. Hultin (1977) 

suggested that glycolysis in postmortem muscle tissue ceases 

due to depletion of substrate or to pH drop, since certain 

key glycolytic enzymes have very low activities below pH 6. 

Phosphofructoklnase, phosphorylase and GAPDH each have been 

proposed as the rate determining step in glycolysis. 



21 

Dagher and Hultin (1975) observed that GAPDH is 

sparingly soluble in intracellular fluid when the pH is less 

than 6.9. pH regulates the amount of free (unbound) GAPDH 

which, in turn, affects glycolytic rate. Metabolic rate (or 

rate of glycolysis) is responsible for the rate of decline 

in pH. This relationship implies that pH decline will 

decrease GAPDH activity. However, increases in glycolytic 

rate lead to higher concentrations of many glycolytic 

intermediates, including glyceraldehyde 3-phosphate, 

3-phosphoglycerate and 2-phosphoglycerate. These components 

may enhance the solubilization of GAPDH (perhaps due to the 

binding of substrate to GAPDH with a conformational change 

of GAPDH) and increase its activity. However, high levels 

of ATP cause GAPDH to dissociate and its activity is 

decreased. 

Dalrymple and Hamm (1974) reported that GAPDH was the 

rate limiting factor of glycolysis in ground prerigor beef. 

They used pyrophosphate as an accelerative reagent to speed 

GAPDH activity, since inorganic phosphate (used as 

substrate) is also required in GAPDH catalysis. Because pH 

affects GAPDH activity in the cytoplasm, GAPDH activity also 

may account for differences in the rate of glycolysis 

between carcasses. Thus, the more GAPDH that exists in the 

muscle, the faster the glycolysis rate. Calkins et al. 
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(1983) proposed that glycolytic metabolic rate relates to 

meat tenderness when the glycolytic rate is expressed as an 

R250 value. It is also possible that muscle has its own 

synthesis and degradation mechanism for GAPDH (Dagher and 

Hultin, 1973, 1975). Thus, it may be possible to use the 

overall concentration of GAPDH as a measure of the rate of 

glycolysis and relate its activity to meat tenderness. 

Fiber Types and Tenderness 

The complex problem of meat tenderness may be due to 

genetic characteristics or muscle histochemical differences. 

Savell et al. (1981) found that electrical stimulation of 

beef decreases the time required for proper aging, but the 

actual aging time reduction and extent of ultimate tenderi

zation appeared to be affected by the inherent tenderness of 

beef. Forrest and Brlskey (1Q67) reported that muscles 

containing a high proportion of white fibers have more 

effective response to electrical stimulation (white muscle 

fiber takes less time to enter rigor mortis) than do muscles 

containing red fibers. 

In myofibrillar structures, Z lines of red muscle 

fibers are wider and less likely to breakdown by endogenous 

enzymes than those of white muscle fibers (Ooll et al., 

1970). White fibers in porcine muscle have a greater 
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tendency to undergo autolysis than red fibers (Dutson et 

al., 1974; Abbott et al., 1977). 

Enzymes in muscle are related to fiber types and may 

affect meat tenderness. Dubowitz and Pearse (I960) found 

that fiber type I (red fiber) is rich in dehydrogenase and 

type II (white fiber) is rich in phosphorylase. With regard 

to the metabolic and functional differences between red and 

white muscles, they stated that white muscles primarily 

utilize glycolysis for energy production. Red muscles, 

which can contract for prolonged periods, rely mainly on 

oxidative mechanisms. Since red and white fiber types are 

not homogenous in skeletal muscles, metabolic and functional 

differences between intact muscles are a reflection of the 

predominant fiber present. Furthermore, the proportion of 

fiber types present (the ratio of red/white fibers) may vary 

widely in a single muscle (Beatty and Bocek, 1970). 

White fibers with high glycolytic rates are rich in 

phosphorylase and should have high GAPDH enzyme activity. 

The amount of GAPDH activity in white fiber muscle (adductor 

magnus in rabbit) is about seven times higher than GAPDH 

activity in red fiber from rabbit soleus muscle (Pette, 

1966). White fiber muscle has a high ATP-splitting 

capacity, high ATP concentration, fast contraction speed 

(Asghar and Pearson, 1980) and is rich in anaerobic 
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glycolytic metabolisms (West, 1975). West (1975) reported 

that both the longissimus and semitendinosus muscle from 

heterozygous double muscle steers which have more white 

fiber in the muscle are more tender than those from 

carcasses of normal homozygous steers (more red fiber in the 

muscle). However, Calkins et al. (I98I) suggested that 

oxidative muscle fibers (red fibers, 30.7̂ 0̂ in beef are 

better correlated to cooked meat tenderness than white 

fibers. 

In summary, various types of fibers have different 

amounts of enzymes and muscle constituents showing different 

levels of metabolism. Red and white fibers are not homoge

neously distributed in the muscles and may contribute toward 

diverse functional characteristics of muscles such as 

contractions and responses of electrical stimulation. 

Although studies have shown differences between red and 

white fiber, it is necessary to further study the fiber 

distributions in various muscles and understand the 

relationships between fibers and muscle tenderness in viev/ 

of the recent contradictory findings by Calkins et al. 

(1981). 



CHAPTER III 

SELECTED CHEMICAL AND PHYSICAL 
CHARACTERISTICS OP MEAT WITH VARYING 

SHEAR FORCE VALUES 

Summary 

Selected chemical and physical characteristics of meat 

were analyzed along with varying tenderness levels in two 

breeds of beef cattle. A 2x2 factorial design was used to 

observe differences in fragmentation index (PI) and other 

selected experimental variables between tough and tender 

muscle from carcasses of two breeds of cattle. The main 

effects were breed (Hereford vs Brahman) and tenderness 

(tough vs tender) as measured by W-B shear. Another 2x3 

factorial design was used to test for differences in experi

mental variables within meat varying in tenderness (tough or 

tender) from three Brahman groups (random vs tough vs 

Brahman matched with Hereford). Experimental variables 

included PI, small myofibrillar fragment weight (SMP), 

soluble protein, free amino acids, 30,000 dalton molecular 

weight component (TDM) and the glycolytic enzyme glyceral

dehyde phosphate dehydrogenase (GAPDH). 

Differences between means of tough and tender meat were 

observed in FI (tough FI=912, tender FI=743), SMP weight 

2^ 
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(tough weight=5.45 g, tender weight=8.42 g) and GAPDH score 

(tough score=0.95, tender score=2.40). Significant 

differences between Brahman groups were observed in PI 

(tough FI=9l8, tender PI=797) and TDM score (tough 

score=1.00, tender score=1.93). Small myofibrillar 

fragments may be related to muscle fiber degradation in 

tender meat. Higher GAPDH enzyme in tender muscle may be 

related to more rapid glycolytic metabolic rates and may 

provide a valuable tool to Identify or predict tender 

carcasses. 

Introduction 

Meat products of higher quality are of greater value at 

the retail case. Meat tenderness and USDA Grade are the key 

factors that the consumer considers when purchasing beef. 

Thus, it is important for the meat industry to use a quick, 

accurate and reliable method to predict tenderness of 

uncooked muscle (Murray et al., 1Q82). Such a method is not 

presently available. In order to develop a procedure, it is 

necessary to learn more about the muscle biochemistry 

related to tenderness. To measure cooked meat tenderness, 

sensory panel ratings and Warner-Bratzler shear values, 

respectively, are the more commonly used major subjective 

and objective methods. However, these methods are expensive 
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due to costs related to cooking and panel training, and 

cannot be used to predict tenderness using raw meat at early 

postmortem times. 

In normal methods of beef processing, carcasses are 

aged in 2 C coolers for about ten days after slaughter. The 

meat from some of those carcasses may be tough, and neither 

the processor nor the consumer can accurately predict beef 

tenderness until the meat is cooked. The consumer will pay 

more for tender meat. The economic importance of tenderness 

is illustrated by the fact that the price for steers graded 

as USDA Good can be increasedup to 8.17. (The National 

Provlsioner Daily Market Service, 1983) if graded as Choice. 

Thus, an Increase of one grade can earn the meat packing 

plant seventy dollars more per steer weighing 1000 lbs. 

Objective methods for measuring tenderness with raw 

muscle include the Armour tenderometer, myofibrillar 

fragmentation index (MPI) and fragmentation index (PI). The 

Armour Tenderometer can be used with just the muscle 

surface, and it relates to meat firmness only (Campion et 

al., 1975). MPI measures the turbidity of protein fragments 

at 540 nm in myofibril suspensions and is related to Z line 

disintegration of aged muscle (Olson et al., 1976). Reagan 

et al. (1975) correlated myofibrillar fragment distribution 

patterns to tenderness. They concluded that the number of 
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sarcomeres per myofibril was closely associated to higher 

sensory panel ratings of tenderness. However, this method 

requires a great deal of laboratory equipment and technician 

time. Davis and coworkers developed a PI method in 1977 to 

solve some of these problems (Calkins and Davis, 1978). 

Davis et al. (1980) expressed an PI based on the residue 

weight of fragments more than 250 ;LI in size. Calkins and 

Davis (1978) reported that the whole PI process could be 

done in 40 minutes. PI was successful in predicting 

tenderness at 60, 120, 180 and 240 hours postmortem for raw 

bovine loin muscle (Cole and Davis, 198I). 

Since myofibrillar structures are changed in aged meat, 

it may be that muscle protein components also are altered by 

biochemical processes. Protein extracted from tender muscle 

has higher protein content than that from tough muscle 

(Chaudhry et al. , 1969; Dutson and Lawrie, 1974) and 

sarcoplasmic protein content increases in tender muscle 

(Neelin and Rose, 1964). However, Hay et al. (1973) could 

not find differences in amounts of sarcoplasmic proteins in 

aged muscle. 

Sarcoplasmic proteins such as phosphofructose kinase, 

phosphorylase and glyceraldehyde phosphate dehydrogenase are 

the major enzymes in glycolysis which may metabolic rate 

(Hultin, 1977; Busch et al., 1967; Izumi et al., 1981) and 
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affect meat tenderness (Moeller et al., 1976; Calkins et 

al., 1983). 

This study was designed for the purpose of investi

gating any differences in sarcoplasmic enzymes, PI 

measurements and myofibrillar proteins from carcasses from 

Hereford and Brahman steers. Samples when separated into 

specific tenderness groups (tough and tender). The 

objectives were (1) Compare tough and tender meat by 

selected muscle characteristics and (2) Determine if 

selected muscle characteristics can detect the differences 

in tenderness between breeds or groups of Brahman breed. 

Experimental Procedure 

Experimental Designs 

Meat from Hereford cattle is commonly thought to be 

more tender than meat from Brahman cattle (Cover et al., 

1957; Ramsey et al., 1963; Luckett et al., 1975; Wheeling et 

al., 1975). Meat from these two breeds were used in this 

study. Brahman carcasses also were used because there is 

more tough meat in this breed than in others. Selected 

chemical and physical characteristics of meat with varying 

Warner-Bratzler (W-B) shear force values were analyzed to 

determine the main effects of tenderness (tough and tender), 

breeds (Hereford and Brahman) and various Brahman groups 
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(random, tough and matched). Table 1 shows the 2x2 

factorial design used to observe the main effects of 

tenderness and breeds. Another 2x3 factorial design (Table 

2) was used to observe the main effects of tenderness and 

groups within the Brahman breed. In both experimental 

designs PI, small myofibrillar fragment (SMP), soluble 

protein content (SBPR), free amino acids (PAA), 30,000 

dalton molecular weight component scores and glyceraldehyde 

phosphate dehydrogenase scores were the variables used to 

observe differences between the main effects. 

Sample Selection 

A total of 85 beef carcasses (US Choice and Good) were 

selected from the MBPXL Beef Fabrication Plant (Plainview, 

TX) by carcass trait evaluations (marbling degree, lean 

color, lean firmness, fat thickness and carcass weight). 

The 10 Hereford carcasses were randomly selected from 26 

Hereford cattle. The 10 Brahman carcasses were selected 

from 59 Brahman carcasses. Selected Brahman carcasses were 

further classified as follows : (1) random Brahman--

Carcasses which were randomly selected from a total of 59 

Brahman carcasses, (2) tough Brahman--Carcasses selected 
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TABLE 1 

EXPERIMENTAL DESIGN I 

a Breed 
Tenderness 

Hereford Brahman 

Tough (N=5) (N=^) 

Tender (N=5) (N=5) 

N=Number of animals selected by W-B shear 
a 
Tough is defined as steaks with highest W-B 
shear force values. Tender is defined as 
steaks with lowest W-B shear force values. 
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TABLE 2 

EXPERIMENTAL DESIGN II 

Tenderness 

Tough 

Tender 

Random 

(N= 

(N= 

=5) 

=5) 

a 
Brahman 

Tough 

(N=5) 

(N=5) 

Mate 

(N= 

(N= 

;hed 

= 5) 

=5) 

N=Number of animals selected by W-B shear 
a 
Random is defined as the 10 carcasses randomly 
selected from a total of 5-9 Brahman. Tough is defined 
as those from the remaining of 49 Brahman carcasses 
with more maturity and coarse lean texture. Matched 
is defined as carcasses selected to closely match the 
Hereford group in all carcass traits. 

from the remaining 4Q carcasses with more maturity and 

coarse lean texture, and (3) matched Brahman—Carcasses 

selected to closely match with the Hereford group in similar 

carcass trait evaluations. 

Carcasses were aged for 10 days in a 2 C cooler. 

Wholesale cut strip loins were shipped immediately after 

fabrication to the meat lab at Texas Tech University. Two 

steaks, one 3.2 cm thick and the other 1.2 cm thick, were 

removed from wholesale cut strip loins. Steaks were double 
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wrapped in polyethylene coated paper, frozen, then stored at 

-20 C. 

Determination of Shear Force Value 

Steak tenderness was objectively determined by shear 

force value. Frozen 3.2 cm thick steaks were thawed in a 2 

C cooler for 24 h before cooking. Each steak was broiled to 

a final internal temperature of 70 C on a preheated 

"Parberware" broiling unit (Parberware Cooperation, Yonkers, 

NY) at appoxlmately 250 C. Pour cores, 1.27 cm Inside 

diameter, were removed after the cooked steaks were cooled 

to 25 C as described by Davis et al. (1980). Two V̂ arner-

Bratzler shear force measurements were conducted on each of 

the cores for every steak (a total of eight shear 

measurements per steak). Steaks were separated into two 

groups by shear force value. Five steaks with the highest 

shear force value were defined as tough, and five steaks 

with the lowest shear force values were defined as tender. 

Determination of Fragmentation Index 

Steaks were tested for PI to verify shear force value 

classification of tenderness. The analysis was performed as 

described by Davis et al. (1Q80). The frozen 1.2 cm thick 

steaks were trimmed to remove any dehydrated muscle. Steaks 



35 

Ninhydrin-reactive substances in the supernatant 

solution were determined by a ninhydrin color reaction 

(Robinson, 1968) and defined as free amino acids. 

Absorbance of the solution was compared at 570 nm against a 

standard curve of known amino acid concentration. Results 

of PAA determination were expressed, as percentage of free 

amino acids on a wet weight basis. 

Preparation of Myofibrillar Proteins 

Myofibrillar proteins were isolated using the method of 

Olson et al. (1976). Pour grams of frozen 7 mm cubes of 

longissimus muscle were homogenized at high speed in a 

Waring Blendor with 40 ml of isolating medium (containing 

100 mM KCl, 20 mM phosphate (pH 7.0), 1 mM EDTA and 1 mM 

sodium azide). The homogenate was centrifuged at 1000 G for 

15 minutes. The supernatant then was decanted. Sediment 

from, centrifugation was resuspended in 40 ml isolating 

medium then filtered through a polyethylene strainer. The 

filtrate again was centrifuged at 1000 G for 1̂  minutes. 

The sediment again was washed and centrifuged twice as 

described above. Sedimented myofibrils were resuspended in 

20 ml of isolating medium then used for gel elect'^ophoresis 

(Olson et al., l'^?^). Myofib'-illar proteins were used to 

oboerve tne ilff'orences in 30,000 dalton molecular weight 
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component (TDM) after SDS polyacrylamide gel (PAGE) 

electrophoresis. 

Gel Electrophoresis 

The method of Porzio and Pearson (1977) was used to 

separate protein suspensions of sarcoplasmic, myofibrillar 

and reference proteins. Proteins were solubilized in urea 

solution (8 M urea, 2.^% SDS, 100 mM Tris/glycine (pH 8.8), 

5 mM dithiothreitol and 5 mM EDTA) for 10 minutes at 100 C, 

then applied to the gel system. The following modifications 

to the method of Porzio and Pearson were used : 

1. Protein samples were mixed with 50*̂ . glycerol and the 

final concentration was adjusted to 3 - 3.5 mg/ml. 

Prepared samples were applied to each gel well of 

1.5mm thick slab gels (Protean Slab Cell, Bio-Rad 

Laboratories, Richmond, CA). One drop of Bromophenol 

blue (0.05''O tracking dye was added to each gel well, 

and the wells were filled carefully with buffer 

solution. 

2. Two sets of slab gels were exposed to a constant 

current of 20 mA per plate until the tracking dye 

entered the gel body. The current was then increased 

to ^0 mA per plate. 
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3. Gels were fixed by soaking in a solution of 257-

isopropanol/10% acetic acid for one hour, then 

stained with 0.27 amido black (in methanol/water/ 

acetic acid, 5:5:1, v/v/v) for 30-45 minutes. Gels 

then were destained in 77 acetic acid overnight or 

until the background was clear. 

The method of Weber and Osborn (1969) was used to 

calculate the relative mobility of each protein separated by 

107 SDS polyacrylamide gel electrophoresis. The mobilities 

of proteins were compared with mobilities of protein 

standards obtained from Bio-Rad Laboratories. Mobilities of 

the standards were used to predict the molecular weight of 

each protein shown on the gels by interpolating the standard 

curve of protein mobilities and molecular weights. 

Myofibrillar bands were tentatively identified by comparing 

molecular weights of myofibrillar proteins (Appendix A) 

with those reported by Porzio and Pearson (1Q77) and Booren 

et al. (1981,1982). Individual molecular weights were 

identified for separated sarcoplasmic protein bands. They 

were then identified as the sarcoplasmic proteins (Appendix 

B) reported by Scopes and Penny (1971) and Petell et al. 

aQ8i). 
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Identification of Glyceraldehyde 
Phosphate Dehydrogenase 

The tentative identification of GAPDH was further 

confirmed as follows : 

1. By direct comparison with reference protein standards 

on electrophoretic slab gels using the following 

protein standards: glyceraldehyde phosphate 

dehydrogenase (Sigma, MW=37,000), lactate 

dehydrogenase (Sigma, MV/=35,n00), glycerophosphate 

dehydrognase (Sigma, MW=33,500) and aldolase (Sigma, 

MW=40,000). 

2. By starch gel (127) with Tris/citrate buffer (pH 8.0) 

as described by Selander et al. (1971) was used to 

separate GAPDH from other proteins, A specific NADH 

tetrazolium stain (Harris and Hopklnson, 1976) was 

used to identify GAPDH on starch gel. 

Protein Band Evaluation 

Specific protein bands (GAPDH in soluble proteins and 

30,000 dalton molecular weight component in myofibrillar 

proteins) were evaluated in slab gels by employing a five 

point scale visual ranking test. The scores were scaled 

fror 0-4 : 0-no band, 1-very faint band, 2-faint band, 

^^-definite band, '-i-dark band. Three panelists were asked to 
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give a score of band Intensity when the slab gel was placed 

on a fluorescent light box (17x11x4 inches in size, with 

four 15 V/atts fluorescent bulbs, 17 inches in length) 

covered with a white translucent plastic plate positioned 

0.75 inch above the bulbs. For each evaluation there were 

ten to fourteen samples. Observations lasted no longer than 

five minutes. The scores for each sample were averaged and 

rounded to the nearest tenth for statistical analysis. 

Statistical Analyses 

Analysis of variance and Duncan's multiple range tests 

were conducted by the methods of Steel and Torrie (1980). 

Data was analyzed as a 2x2 factorial design for the study of 

the main effects of breeds (Hereford and Brahman) and 

tenderness (tough and tender). 

Another 2x3 factorial design was employed to determine 

the main effects of various groups by testing for 

differences in experimental variables within varying 

tenderness (tough and tender meat) from Brahman carcasses. 

The Statistical Analysis System program (Helwlng and 

Council, 1979) was used for data computations of both 

analysis of variance and Duncan's multiple range test, 

'̂easures of variation for experimental variables were 

expressed as pooled standard error of mean (SE). 
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Results and Discussion 

Effects of Breed and Tenderness 

The analysis of variance summary table for breed and 

tenderness is shown in Appendix C. There were no 

interactions between breed and tenderness for any of the 

variables. There were no differences between any of the 

variables due to the main effect of breed. However, there 

were significant differences between means In the main 

effect of tenderness of FI, SMP weight and GAPDH score. 

Myofibrillar Fragmentation 

In an attempt to use raw meat to measure meat 

tenderness, FI was used to test the differences in tough and 

tender meat. Table 3 shows that FI was higher (P<.05) in 

tough meat (PI=912) than in tender meat (FI=743). This 

result confirms the report by Cole and Davis (1981) that PI 

is an acceptable method to differentiate between steaks 

varying in tenderness. 

Since muscle was homogenized in PI determination, 

myofibrils broke into fragments giving different SMP weights 

among samples. Sayre (1970) suggested that the mechanical 

force to break down myofibrils upon homogenization was due 

to vreakening of myofibrillar structure. The SMP weight in 

-ender neat (weight = 8.^2 g) was si-nif icintly hjjrher than 
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TABLE 3 

MEAN VALUES OF EXPERIMENTAL VARIABLES IN TOUGH AfTD TENDER 
MEAT PROM HEREFORD AND BRAHMAN CARCASSES 

N TOUGH TENDER SE 

-2 
FI (xlO ) 10 Q.12 7.43 0.28 

SMP (g) 10 5.45 8.42 0.55 

SBPR (g/20g) 10 0.85 0.82 0.06 

PAA (7) 10 0.98 1.09 0.04 

TDM 10 1.30 1.80 0.26 

GAPDH 10 0.95 2.40 0.37 

N=Number of observations per mean. Tough is defined as 
meat with Warner-Bratzler shear force value (V/BSPV) from 
3.9 to 6.4 kg. Tender is defined as meat with WBSFV 
from 3.6 to 2.7 kg. FI=fragmentation index, SMP=small 
myofibrillar fragment weight, SBPR=soluble protein content, 
FAA=free amino acids, TDM=30,000 dalton molecular weight 
component score, and GAPDH=glyceraldehyde phosphate 
dehydrogenase score, 
b ,c 

Means in the same row with different superscripts are 
different (P<.05). 
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in tough meat (weight = 5.45 g). SMP consists of small 

myofibrillar fragments which pass through the screen used in 

PI determinations, but which are sedimented by centrifu

gation. Thus, it is expected that SMP is an index of weaker 

myofibril structures which are more easily disrupted by 

mechanical force. There are many reasons for myofibrillar 

structure disintegration. Some examples may be proteolysis 

or severe muscle contraction during postmortem aging. In 

this experiment it appears that more myofibrils were 

disrupted by mechanical force yielding more SMP in tender 

meat than in tough meat. SMP weight measurements may thus 

be feasible for use in the study of meat tenderness. 

Protein Extractability 

As also shown in Table 3, SBPR and FAA in the 

supernatant from SMP determination were not significantly 

different in tough or tender meat. Soluble protein was 

0.85 g/20g and 0.82 g/20g in tough and tender meat, respec

tively. Free amino acids were 0.987 and 1.097 in tough and 

tender meat, respectively. Supernatant collected from the 

SMP determination was a colloidal solution with small 

particles which were uncentrifugable under the conditions 

imposed here. Tender muscle which has more disintegrated 

nyofibrillar proteins should show higher amounts of nitrogen 
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in the supernatant if a great deal of enzymatic activity or 

other proteolysis has occurred. However, the PAA and SBPR 

in the supernatant, as determined by Ninhydrin reaction 

tests and Micro-Kjeldahl determinations, respectively, were 

not able to detect any differences in protein content 

between tough and tender meat. These results indicate that 

the tender meat observed in this study was not tender due to 

proteolysis, 

Myofibrillar Protein Electro
phoresis 

In an attempt to discover a reason for differences in 

PI between tough and tender meats, their myofibrillar 

proteins were investigated. Change in myofibrillar protein 

components sometimes can be detected by SDS-PAGE electro

phoresis. Figure 1 is an electrophoretogram of myofibrillar 

and soluble proteins from tough and tender meat. The 

myofibrillar protein was separated into myosin, actin, 

tropomyosin, troponin and other components. By calculating 

relative mobilities, the TDM was also observed, but was very 

faint in band intensity. TDM was visible only in 

myofibrillar protelr. separations of tender m.eat. Olson et 

al. (1977) observed that TDM broken down from troponln-T 

existed in aged meat and night be r.n index of meat 

tenderness. However, o ir results (Table ^̂  show thâ , band 
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Figure 1: SDS-PAGE electrophoretogram of myofibrillar and 
soluble proteins in tough (1-4) and tender (5-8) 
muscles. 



45 

intensity (TDM score) did not differ (P>.05) between tender 

or tough meat. TDM averaged a visual score of 1.30 in tough 

meat compared to a visual score of 1.80 in tender meat. 

Both scores were in the range between very faint (scale=l) 

and faint (scale=2) by the visual ranking test. According 

to our results, TDM was not an acceptable index for the 

measurement of tenderness. 

Soluble Protein Electrophoresis 

As also shown in Table 3, GAPDH enzyme differentiated 

between tough and tender meat. GAPDH is one of the proteins 

separated from soluble proteins by SDS-PAGE. Figure 2 is an 

enlargement of the electrophoretogram of soluble proteins 

shown in Figure 1. Sarcoplasmic proteins separated into 

fifteen bands. Identifiable bands were noted and their 

individual molecular weights calculated. Proceeding from 

the gel origin, identifiable bands were phosphorylase (band 

1), pyruvate kinase (band 4), creatine kinase (band 7), 

aldolase (band 8), glyceraldehyde phosphate dehydrogenase 

(band 9), glycerophosphate dehydrogenase (band 10), lactate 

dehydrogenase (band 11) and other small amounts of 

sarcoplasmic proteins. The dark band (band 15) at the 

bottom of the gel pattern was myoglobin. There were no 

major differences between protein bands from samples of 



46 

1 -

2" 
3-
4" 

5-
6-
7-
8-
9-

lo
l l -
12-
13-
14-

1 5 -

-ORIGIN 

- 9 2 . 5 K 

68.0 
63.0 
57.0 

49.6 
46.4 
42 .3 
40.0 
37 .0 
35.0 
33 .5 
29.8 
26 .3 

K 
K 
K 

K 
K 
K 
K 
K 
K 
K 
K 
K 

- 1 7 . 2 K 

8 

G E L N U M B E R 

F i g u r e 2: SDS-PAGE electrophoretogram of soluble proteins 
in tough (1-4) and tender (5-8) muscles. 
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tough or tender meat except for GAPDH. Soluble proteins 

from tender meat on SDS-PAGE gel had definite GAPDH bands 

when compared with soluble proteins from tough meat. Table 

3 shows the differences in visual ranking scores for GAPDH. 

The GAPDH visual score was higher (P<.05) in tender meat 

(GAPDH score=2.40) than in tough meat (GAPDH score=0.Q5). 

In the visual ranking test, tender meat with a GAPDH score 

of 2.40 was considered a definite band. A score of 0.95 was 

close to a very faint band (scale=l). 

The GAPDH band was calculated to have a molecular 

weight of 37,000 daltons. Known sarcoplasmic proteins with 

molecular weights close to 37,000 daltons are lactate 

dehydrogenase (LDH), glycerophosphate dehydrogenase(GPDH) 

and aldolase (ALD). In order to verify our initial identi

fication of GAPDH, SDS-PAGE separations of tender meat were 

compared to purified proteins. Figure 3 is a side-by-side 

SDS-PAGE comparison of patterns of ALD, GPDH, LDH and GAPDH. 

Only GAPDH has the same mobility shown for the protein band 

of interest in our results. 

In preliminary experiments using sucrose extraction, 

some differences in extracted quantities of sarcoplasmic 

proteins (such as GAPDH) were observed from various meat 

samples. Extractability problems exist with some 
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Figure 3: SDS-PAGE electrophoretic identification of 
glyceraldehyde phosphate dehydrogenase (GAPDH) by 
comparison with relative mobilities of standard 
proteins. GAPDH=glyceraldehyde phosphate 
dehydrogenase, GPDH=glycerophosphate 
dehygrogenase, LDH=lactate dehydrogenase, 
ALD=aldolase, SBPR=soluble protein. 
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sarcoplasmic proteins, Glyceraldehyde phosphate 

dehydrogenase and other glycolytic enzymes have different 

extractabilities in solutions of different ionic strengths 

(Petell et al,, 198I). 

In order to test if GAPDH was being efficiently 

extracted with sucrose solution used in PI studies, a 

further extraction was made with a phosphate buffer 

recommended by Petell et al. (IQ81) as an effective buffer 

for extraction of GAPDH enzyme. After a first extraction 

with sucrose solution during the PI determination, the 

centrifuged solids (mostly myofibrils) were further 

extracted with a phosphate buffer (50 mM potassium 

phosphate, pH 7.5). Figure 4 is the SDS-PAGE electro

phoretic comparisons of duplicate sucrose extractions (S) 

and further phosphate buffer extractions (?), It is 

apparent that the phosphate buffer extracted less protein 

(faint band intensity) after the sample was first ext̂ âcted 

by sucrose solution. As shown in Figure 4, GAPDH bands from 

phosphate buffer extrations were not visible in soluble 

protein SDS-PAGE electrophoresis patterns after initial 

extraction by sucrose. Thus, sucrose solutions used for 

fragmentation index determinations were considered to 
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SOLUBLE PROTEIN 

S - - SUCROSE EXTRACTION 

p - - PHOSPHATE 2nd EXTRACTION 

Figure 4: SDS-PAGE electrophoretic comparison of 
glyceraldehyde phosphate dehydrogenase from a 
first extraction with sucrose solution (S) and a 
second extraction with phosphate buffer solution 
(P). 
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completely extract GAPDH. These results as yet have not 

been confirmed by enzymatic analyses. 

GAPDH reduces NAD+ to NADH which in turn reduces 

tetrazolium to a purple-colored product called formazan. In 

order to further confirm GAPDH activity in tender meat, 

starch gel electrophoresis was used to separate GAPDH from 

other soluble proteins. Figure 5 is a starch gel electro

phoretic identification. Two soluble proteins and serum 

samples were examined in the starch gel shown in Figure 5. 

GAPDH activity was shown in LOW amounts in tough meat and in 

HIGH amounts in tender meat. The sample marked as HIGH was 

a tender meat sample and contained purple NADH-tetrazolium 

stain (formazan). The sample marked as LOV/ was from tough 

meat samples and contained a faint formazan stain. Thus, 

results from starch gel electrophoresis showed the presence 

of GAPDH in tender meat and lack of GAPDH in tough meat. 

The identification of GAPDH in sarcoplasmic protein 

separations from SDS gel electrophoresis was confirmed, 

therefore, by starch gel electrophoresis and its unique 

stain technique. 
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Figure 5: Starch gel electrophoretic identification of 
glyceraldehyde phosphate dehydrogenase (GAPDH) 
activity with formazan stain in tough muscle 
suspected to contain LOW amounts of GAPDH and in 
tender muscle suspected to contain HIGH amounts 
of GAPDH. 
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Effect of Brahman Groups and Tenderness 

Brahman carcasses (N=29) were separated into random 

(N=10), tough (N=10) and matched (N=9) groups, as previously 

described. Within each group, raw meat samples were 

separated into tough and tender classifications by shear 

force value (tough SFV 4.2 to 6.4 kg; tender SFV 2.7 to 4.7 

kg). There were no interactions between the main effects of 

Brahman groups or tenderness classification (Appendix D). 

There also were no differences between any of the other 

variables due to the main effect of Brahman groups. Only 

the FI and 30,000 dalton molecular weight component (TDM) 

score were significantly different due to the main effect of 

tenderness. 

Myofibrillar Fragmentation 

Table 4 shows that FI was higher (P<,05) in tough meat 

(PI=9l8) than tender meat (FI=7Q7). As expected, FI differ

entiated meat tenderness very well. 

Grouping Brahman carcasses by SFV failed to detect 

differences in SMP between the groups. The mean of SMP was 

1.2 g higher than that of tough meat. However, the large 

variation (SE=0.51 g), due to limited number of samples, 

decreased the probability of detecting differences in SMF. 
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TABLE 4 

MEAN VALUES OP EXPERIMENTAL VARIABLES IN TOUGH AND TENDER 
MEAT PROM BRAHMAN CARCASSES 

a 
Tough Tender SE 

-2 b c d 
PI (xlO ) 9,IP 7.97 0,32 

c c 
SMP (g) 6,23 7.40 0.51 

c c 
SBPR (g/20g) 0.84 0.88 0.02 

c c 
FAA (%) 0.99 1.03 0.03 

c d 
TDM 1.00 1.93 0.27 

c c 
GAPDH 1.33 1.46 0.30 

a 
Number of observations for Tough meat=15 animals; 
Number of observations for Tender meat=l4 animals. 
Tough is defined as meat with Warner-Bratzler shear force 
value from 4.2 to 6.4 kg. Tender is defined as meat 
with V/-B shear force value from 2.7 to 4.7 kg, 
b 
Fragmentation index=PI, small myofibrillar fragment weight 
=SMF, soluble protein content=SBPR, free amino acids=PAA, 
30,000 dalton molecular weight component score=TDM, 
and glyceraldehyde phosphate dehydrogenase score=GAPDH, 

c ,d 
'̂̂ eans in the same row with d i f f e r e n t s u p e r s c r i p t s a re 

d i f f e r e n t (P< ,05) . 
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Protein Extractability 

The results of this experiment followed the same trend 

as in the first experimental design. Soluble protein 

content (SBPR) and free amino acids (PAA) did not increase 

significantly as a result of the main effect of tenderness. 

As shown in Table 4, there was no difference between tough 

or tender meat in either SBPR or FAA. The differences 

between the means were 0.04 g/20g for SBPR, 0.04 7 for PAA. 

Gel Electrophoresis 

As previously described, it is thought that the 30,000 

dalton molecular weight component (TDM), derived from 

troponin-T, is related to meat tenderness. In this study, 

TDM was related to tenderness in Brahman carcasses. TDM was 

significantly different in tough (TDM score=1.00) compared 

to tender meat (TDM score=1.93; Table 4). 

In ^n effort to study of GAPDH enzyme in relation to 

meat tenderness, SDS-PAGE separated the GAPDH from Brahman 

meat samples. Table 4 shows that GAPDH scores did not 

differ significantly between tough (GAPDH score=1.33) and 

tender meat (GAPDH score=1.46). Due to limited number of 

samples in each group, range of shear force values 

overlapped between tough (̂ .̂  to 14.1 lbs) and tender meat 

'6.̂ ^ to 10.4 lbs). This resul^. coul^ be improved by 
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increasing sample sizes in order to obtain a wider range of 

shear force values between tough and tender meat. 

Conclusions 

Based on the results from this study, PI results 

corresponded with different tenderness levels (tough and 

tender) as objectively measured by shear force value. FI 

measures the weight of unbroken myofibrils and the 

connective tissue in meat tissue, and has been These results 

confirmed numerous other studies showing similar successes 

in using FI to measure beef tenderness. However, PI was not 

able to differentiate between meat from Hereford and Brahman 

breeds in this study. 

The chemical tests used in this study were not able to 

detect the effects of tenderness and of breed of cattle. 

Small myofibrillar fragments, although significantly higher 

in tender meat, v/as not different between Brahman carcasses. 

Furthermore, there were no major differences in soluble 

protein content and amino acid determination in the 

supernatant obtained from filtrate in FI determination. 

There were no differences in sarcoplasmic pro-ein 

content, however, we were able to find differences in the 

sarcoplasmic protein (GAPDH). Tender meat had more GAPDH 

which was obtained from the supernatant using 3DS-PAGE. 
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There were no major changes in other sarcoplasmic proteins; 

therefore, GAPDH may be a valid indication in relation to 

tenderness measurement. The reason why some of the samples 

(Figure 5) did not have GAPDH activity might be due to GAPDH 

degradation and pH decline in postmortem aging. TDM stands 

for the 30,000 dalton molecular weight component and was 

significantly different between tough and tender meat in 

Brahman carcasses. This finding agrees with other studies 

which also show increased TDM as a result of myofibrillar 

protein (troponin-T) disruption. 

Although meat proteins have been extensively studied, 

however, a need exists for more investigations. Further 

study is recommended to determine the GAPDH activity which 

affects ATP generation in glycolysis and its possible 

connection with meat tenderness prediction. 
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APPENDIX A 

LIST OF MYOFIBRILLAR PROTEINS 
IDENTIFIED IN SDS-PAGE 

PROTEIN MOLECULAR WEIGHT (DALTON) 

unidentified 

myosin heavy chain 

M-line a 

M-line b 

unidentified 

C-protein 

a-atin 

actin 

troponin-T 

tropomyosin 

myosin light chain-1 

troponin-I 

troponin-C 

myosin light chain-2 

>300,000 

200,000 

195,000 

180,000 

150,000 

140,000 

102,000 

45,000 

37,000 

35,000 

25,000 

24,000 

20,000 

18,000 



68 

APPENDIX B 

LIST OF SARCOPLASMIC PROTEINS AND 
MOLECULAR WEIGHTS 

SARCOPLASMIC PROTEINS MOLECULAR WEIGHT (DALTON) 

phosphorylase B ^2,500 

phosphofructoklnase 74,000 

phosphoglucomutase 63,000 

pyruvate kinase 57,000 

phosphoglucose Isomerase 54,000 

phosphoglycerate kinase 48,R00 

enolase 41,500 

creatine kinase 41,000 

aldolase 40,000 

glyceraldehyde phosphate 

dehydrogenase 37,000 

lactate dehydrogenase 35,000 

glycerophosphate dehydrogenase 33,̂ 0̂0 

phosphoglycerate mutase 33,000 

triose phosphate isomerase 27,000 
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APPENDIX C 

ANALYSIS OP VARIANCE SUMMARY TABLE 
FOR BREEDS AND TENDERNESS 

a 
S o u r c e Mean S q u a r e s 

of 
V a r i a t i o n df F I SMP SBPR FAA TDM GAPDH 

B r e e d ( B ) 1 3 . 2 8 1 1 . 0 6 0 . 0 2 0 .06 2 . 4 5 3 . 6 1 

b e d 
T e n d e r n e s s ( T ) 1 1 4 . 3 1 4 4 . 0 2 < 0 . 0 1 0 .06 1.25 1 0 . 5 1 

B x T 1 0 . 0 4 3 .10 0 .06 < 0 . 0 1 2 . 4 5 0 . 6 1 

E r r o r 16 0 . 7 6 3 .07 0 .04 0 .02 0 . 6 8 1.40 

FI=fragmentation index, SMF=small myofibrillar fragment 
weight, SBPR=soluble protein content, FAA=free amino acids, 
TDM=3oioOO dalton molecular weight component score, GAPDH= 
glyceraldehyde phosphate dehydrogenase score. 
b 
P<.001 

c 
?<.01 

d 
P<.05 
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APPENDIX D 

ANALYSIS OF VARIANCE SUMMARY FOR 
BRAHMAN GROUPS AND TENDERNESS 

a 
S o u r c e Mean S q u a r e s 

of 
Variation df PI SMP SBPR FAA GAPDH TDM 

Brahman 
Group(G) 2 0.57 3.05 0.01 0.02 3.66 2.91 

b b 

Tenderness(T) 1 10.37 10.29 0.02 0,01 0.14 6,05 

G X T 2 0,66 1,95 <0.01 0,04 0,23 0,39 

Error 23 1.49 3.87 0.01 0.02 1.36 1.11 

a 
FI=fragmentation index, SMF=small myofibrillar fragment 
weight, SBPR=soluble protein content, FAA=free amino acids, 
TDM=30,000 dalton molecular weight component score, GAPDH-
glyceraldehyde phosphate dehydrogenase score. 
b 
P<.05 






