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ABSTRACT 

Expression of the callipyge gene causes a sharp 

increase in muscle mass and a severe decrease in tenderness 

of the longissimus muscle. The objective of this 

dissertation is to characterize protein turnover as it 

relates to muscle growth and correlate protein turnover to 

the tenderness of the longissimus muscle in callipyge 

sheep. 

In two experiments, 18 callipyge and 18 normal 

Rambouillet cross sheep were slaughtered and fabricated at 

the Meat Lab at Texas Tech University. After 24 h 

postmortem, hot carcass weight, longissimus area, fat 

thickness, marbling, flank streaking, leg score, and lean 

color, texture, and firmness scores were recorded. In 

addition samples for calpastatin activity, myofibrillar 

fragmentation index (MFI), muscle extract were collected at 

this time. After 14 d of aging, boneless loin chops were 

removed from the carcass for Warner-Bratzler shear (WBS) 

and trained sensory panel evaluations. 

In both experiments, longissimus areas, leg scores, 

calpastatin activity, and WBS values were higher and MFI 

and trained sensory panel scores were lower for callipyge 

Mil 



compared to normal sheep (P < .05). In the firsr 

experiment, serum from each sheep was used as the treatment 

to measure protein synthesis and degradation in the muscle 

cell culture system. Serum from callipyge sheep did not 

affect (P > .05) protein synthesis or protein degradation 

in the cell culture system. 

In the second experiment, 400 jig of muscle extracted 

protein from each animal was added along with 3% fetal 

bovine serum to the muscle culture. The muscle extract 

decreased (P < .05) protein degradation, but did not affect 

(P > .05) protein synthesis in the muscle cell culture 

system. 

Cellular protein degradation accounted for 25'?> (P = 

.05), marbling accounted for 54%, 1 d MFI accounted for 

77%, and 14 d MFI accounted for 71% (P < .05) of the 

variation in WBS. Initial and sustained tenderness could 

be explained (P < .05) by cellular protein degradation (R" = 

.33 and .31), marbling (R- = .51 and .50), I d MFI (R-̂  = .81 

and .78), and 14 d MFI (R̂  = .65 and .65). 

These data indicate that the increase in muscle mass 

and decrease in meat tenderness in callipyge sheep is 

caused primarily by a decrease in muscle cell protein 

degradation. 
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CHAPTER I 

INTRODUCTION 

Scientists have studied factors that affect tenderness 

in fresh red meat for over 50 y. Several factors, such as 

amount and type of connective tissue, sarcomere length, and 

muscle fiber type, have been associated with postmortem 

muscle tenderness. The degree of myofibrillar proteolysis, 

however, has been correlated most highly with the aging 

effect and tenderization of the longissimus muscle. 

Economic and health concerns of consumers of red meat 

have required that producers provide animals that are high 

in muscle and low in fat. Methods for evaluating muscle 

growth in domestic animals have been limited to those that 

are the least invasive. The result has been the use of 

indicators such as plasma urea nitrogen to measure muscle 

growth. These assays do little to determine the mechanism 

(protein degradation or protein synthesis) responsible for 

the growth of muscle. 

Cell culture techniques have been used to develop 

model systems in a laboratory setting. Most recently, 

these techniques have been used to measure the effects of 

exogenous hormones on protein turnover in muscle cell 



cultures. Because of a similarity in the mechanism 

controlling the biological function, a number of studies 

have shown a link between protein turnover in muscle and 

myofibrillar tenderness of muscle. 

No research had been done to determine whether 

measuring protein turnover in a cell culture system could 

be used to characterize muscle growth in callipyge sheep, 

or to indirectly measure myofibrillar tenderness in 

postmortem muscle. The objectives of this study were to 

determine the effectiveness of using muscle cell culture 

techniques to characterize the muscle growth of callipyge 

sheep and to predict postmortem protein degradation of 

longissimus muscle. 



CHAPTER II 

REVIEW OF LITERATURE 

Callipyge 

The economic importance of reducing fat waste and the 

demand by consumers for meat products that are low in fat 

has required much effort to reduce the amount of 

subcutaneous and intermuscular fat in carcasses. 

Furthermore, the intensely competitive nature of the meat 

and food industries has caused tenderness, juiciness, and 

flavor acceptability of steaks and chops to move to the 

forefront of meat science research. 

Although postmortem technology has improved meat 

quality, the most interest has been in genetically superior 

animals that can produce a lean carcass without feed 

additives or implants. Incorporation of extremely heavy 

muscled pig breeds like Pietrain, and ''double muscled" 

cattle breeds such as Belgian Blue and Piedmontese into 

breeding programs has enhanced growth, carcass leanness, 

and muscling. 

In the late 1980's, a condition in sheep was 

discovered in which the newborn lambs appeared normal, but 

after reaching 4 to 12 wk of age they displayed extremely 



heavy muscling. This phenotype was called ''callipyge" 

(latin for "beautiful buttocks") because of the extreme 

muscling in the hind limb. The extreme leanness and 

muscling that were expressed without the disadvantages of 

dystocia normally associated with animals having similar 

phenotypes, required that this condition be studied 

further. 

IS controlled by a single, dominant gene, but only when 

Callipyge Inheritance 

Because of the potential economic impact of the 

callipyge phenotype, the genetic basis of these traits was 

studied. Jackson et al. (1997a) reported that inheritance 

wa; 

the allele was paternally inherited. The locus was mapped 

to the telomeric region of ovine chromosome 18 (Cockett et 

al., 1994). More specifically, the locus was found to be 

positioned 86 cM relative to the most centromeric marker on 

chromosome 18 (Freking et al., 1998a). The mode of action 

of the callipyge gene was further elucidated by Cockett et 

al. (1996) and confirmed by Freking et al. (1998a). The 

term "polar overdominance" was used to describe the genetic 

model in which expression of the callipyge phenotype only 



occurred when heterozygous individuals received the newly 

identified allele from their sire. 

Callipyge Carcass Traits 

Jackson et al. (1997a) reported that callipyge and 

normal sheep had the same ADG, however, callipyge lambs ate 

less feed and therefore were more efficient in converting 

feed to body mass than normal sheep. When callipyge sheep 

were fed to a constant slaughter weight, they had heavier 

carcasses, larger longissimus muscle areas, higher leg 

scores, and higher dressing percentages compared to normal 

sheep (Freking et al,. 1998b; Jackson et al., 1997b). 

Callipyge carcasses also had less subcutaneous and total 

fat than normal carcasses. These findings indicated that 

the increase in dressing percentage was caused by the 

increased muscle mass of the callipyge phenotype rather 

than increased fat. 

A total increase in muscle mass was first believed to 

be responsible for the callipyge phenotype; further 

research showed that this postulation was not entirely 

true. In fact, all of the muscles evaluated in callipyge 

carcasses were larger than muscles from normal carcasses 

except for the infraspinatus and supraspinatus in the 



thoracic limb (Jackson et al., 1997c; Koohmaraie et al., 

1995). Increases of 42 to 63% in pelvic muscle weights and 

32 to 51% in longissimus muscle weights were reported for 

callipyge versus normal phenotypes. Thus the callipyge 

phenotype was not expressed equally in all muscles, and the 

mechanism responsible for expression of this phenotype was 

not clear. 

Callipyge Muscle Physiology 

The phenotype of callipyge sheep is similar to normal 

sheep from birth to 4 to 12 wk of age. Therefore, it was 

hypothesized that the increase in muscle mass was caused by 

hypertrophy of the muscle fibers and not muscle 

hyperplasia. Fibers in callipyge longissimus (Carpenter et 

al., 1996; Kerth, 1995; Koohmaraie et al., 1995), 

semitendinosus (Kerth, 1995; Koohmaraie et al., 1995) and 

gluteus medius (Carpenter et al., 1996) muscles were larger 

than in normal longissimus fibers. However, phenotype did 

not affect the muscle fiber size of the supraspinatus 

muscle (Carpenter et al., 1996; Kerth, 1995). Differences 

in muscle fiber size paralleled the differences that were 

reported in muscle mass and, thus, it was concluded that 

the increase in muscling was caused by hypertrophy. 



Because differences in longissimus calpastatin 

activity (Kerth et al., 1995b; Koohmaraie et al., 1995) 

and longissimus muscle fiber size exist, it was 

hypothesized that the hypertrophy was a result of reduced 

protein turnover in the muscle. Lorenzen et al. (1997) 

reported that fractional protein degradation rate was 

decreased by 35% in callipyge longissimus muscle and 34% in 

callipyge biceps femoris muscle compared to normal 

longissimus and biceps femoris muscles. Fractional protein 

synthesis rate in callipyge longissimus and biceps femoris 

muscles was decreased by 22% and 16%, respectively, 

compared to normal muscles. This result implies that the 

increased muscle mass in callipyge sheep is caused by 

reduced muscle protein degradation. 

Callipyge Tenderness 

Although callipyge carcasses are superior to normal 

carcasses in leanness and muscling, loin chops from 

callipyge lambs are significantly less tender than normal 

loin chops (Kerth et al., 1995a; Koohmaraie et al., 1995). 

Cooler aging of callipyge chops did not affect tenderness, 

which implies that less myofibrillar protein degradation 

occurs in callipyge muscle than normal muscle. Kerth et 



al. (1995b) and Koohmaraie et al. (1995) reported that 

calpastatin activity was 75 to 83% higher in callipyge 

longissimus compared to normal longissimus muscles. 

Calpastatin activity has been associated with the amount of 

postmortem protein degradation (Koohmaraie, 1988) with 

greater activity causing less degradation. 

Changes typical of postmortem degradation in normal 

lamb muscle including degradation of titin, nebulin, 

desmin, and troponin-T, usually occur by 7 d postmortem 

(Goll et al., 1983; Koohmaraie, 1988, 1992a,b). However 

both rate and extent of degradation of these proteins were 

greatly reduced in callipyge lambs (Koohmaraie et al., 

1995). Furthermore, the number of sarcomere I-band 

fractures was significantly lower in callipyge than normal 

sheep at 3, 7, and 14 d postmortem (Taylor and Koohmaraie, 

1998). As a result, Warner-Bratzler shear (WBS) values 

were 45, 112, and 145% higher in callipyge longissimus 

muscle compared to normal longissimus muscle at 1, 7, and 

21 d, respectively (Koohmaraie et al., 1995). 

While a lack of myofibrillar protein degradation has 

been highly correlated with the decreased tenderness 

associated with callipyge longissimus muscle, other 

hypotheses have been tested. Because of the increased 



leanness characteristic of callipyge lambs, it was thought 

that less insulation would be present to prevent rapid 

chilling of the longissimus muscle and thus to prevent cold 

shortening of sarcomeres. Kerth (1995) reported that 

sarcomere length in the longissimus, semitendinosus, and 

supraspinatus muscles did not differ between normal and 

callipyge phenotypes. Therefore, sarcomere shortening was 

eliminated as a possible cause for the decreased tenderness 

in callipyge muscle. 

Connective tissue amount and degree of crosslinking is 

often implicated in decreased tenderness. Higher shear 

values in callipyge longissimus muscle cannot be explained 

by the amount of muscle collagen or by hydroxylysyl-

pyridinoline crosslink concentration because both collagen 

percentage and crosslink concentration were lower in 

callipyge longissimus compared to normal longissimus muscle 

(Field et al., 1996). Postmortem changes in the endomysium 

were similar in callipyge and normal longissimus muscles 

(Taylor and Koohmaraie, 1998). Therefore, the amount and 

type of connective tissue in callipyge muscle does not have 

an effect on the decreased tenderness compared to normal 

muscle. 



Callipyge longissimus muscle is less tender than 

normal longissimus muscle, however, not all muscles in 

callipyge carcasses are less tender than their normal 

counterparts. Supraspinatus muscles were similar in WBS 

values between phenotypes (Kerth et al., 1995a; 

Shackelford et al., 1997). In addition, phenotype did not 

affect tenderness determined by sensory panels in the 

supraspinatus, semitendinosus (Kerth et al., 1995a), 

semimembranosus, or biceps femoris (Shackelford et al., 

1997) muscles. Furthermore, Kerth (1995) reported that 

consumer acceptability of tenderness in leg chops was not 

affected by phenotype, but tenderness acceptability of 

callipyge shoulder and loin chops was decreased by 20 and 

28%, respectively, compared to normal chops. 

Improving Callipyge Tenderness 

Clearly, callipyge sheep are more efficient converters 

of feed to body tissue, produce carcasses that have higher 

dressing percentages, and are more heavily muscled compared 

to normal sheep. An economic incentive exists to produce 

callipyge sheep in a commercial setting because of their 

high efficiency. Unfortunately, the tenderness 

acceptability problems associated with the callipyge 
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phenotype have deterred producers from accepting these 

sheep. 

Decreased tenderness in callipyge longissimus muscle 

is caused by the lack of an aging effect linked to 

decreased myofibrillar proteolysis. Methods for improving 

postmortem protein degradation exist, and a number have 

been used to improve the tenderness of callipyge meat. 

Calcium chloride injection (Cain et al., 1996; Koohmaraie 

et al., 1998; Leckie et al., 1997), postrigor (Duckett et 

al., 1998; Leckie et al., 1997) and prerigor (Koohmaraie 

et al., 1998) freezing, cooking methods (Shackelford et 

al., 1997), electrical stimulation (Cain et al., 1996; 

Leckie, et al., 1997), and the Hydrodyne process (Leckie et 

al., 1997) have been used to attempt to improve the 

tenderness of the callipyge longissimus muscle. These 

methods for improving tenderness do so by increasing the 

rate and/or extent of myofibrillar protein degradation. 

However, they have had limited success in making the 

callipyge chops as tender as normal chops. 

Measuring Proteolysis 

The longissimus muscle is one of the most valuable and 

popular muscles in the carcass because it is the largest 
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single muscle and is relatively tender compared to other 

muscles in the carcass. Because the content of connective 

tissue in the longissimus muscle of young animals is 

relatively low, postmortem proteolysis is mostly 

responsible for the tenderness of this muscle (Koohmaraie, 

1992b) . 

Myofibrillar fragmentation index (MFI; Culler et al., 

1978) is a reliable and accurate method for determining the 

extent of total muscle proteolysis postmortem. This index 

measures the fragmentation of protein after homogenization 

by a mechanical tissue tearing machine at a given speed. 

While effective, this method gives a rather crude 

measurement of protein degradation in the muscle. 

A more specific method of measuring myofibrillar 

proteolysis involves sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE). A 7.5 to 15% gradient gel 

is used to resolve the myofibrillar proteins. 

Immunoblotting proteins then can be used to characterize 

the degradation of specific proteins such as titin, 

nebulin, desmin, and troponin-T. Differences in rates of 

proteolysis of these proteins are related to differences in 

tenderness of callipyge lambs (Koohmaraie et al., 1995). 

12 



While this procedure is very accurate, it is tedious and 

time consuming. 

Calpain-mediated degradation of myofibrillar proteins 

has been well established as responsible for postmortem 

tenderization of meat (Koohmaraie, 1988). Research also 

has suggested that inhibition of calpain activity may 

enhance muscle growth in live animals (Huang and Forsberg, 

1998). Calpain activity is measured by isolating these 

muscle proteins using ion-exchange chromotography, and 

measuring their caseinolytic activity by spectrophotometric 

absorbance at 278 nm (Koohmaraie, 1990). Calpastatin 

activity is measured by its inhibition of a known amount of 

m-calpain activity. Elevated levels of m-calpain and 

calpastatin activity are present in muscle from lambs with 

the callipyge phenotype (Kerth et al., 1995b; Koohmaraie 

et al., 1995). The 24-h calpastatin activity of muscle 

accounted for 44% of the variation in WBS value (Whipple et 

al., 1990) and 46% of the variation in MFI value 

(Shackelford et al., 1991) of beef longissimus muscle. 

Furthermore, Shackelford et al. (1994) reported that 24-h 

calpastatin activity in beef longissimus muscle was highly 

heritable (ĥ  = .65) and accounted for a significant portion 

of the genetic variation in WBS force (r. = .50). Therefore 
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24-h postmortem calpastatin activity is a fairly reliable 

indicator of postmortem proteolysis. Unfortunately, like 

SDS-PAGE, the procedure for isolating calpastatin and 

measuring its activity is tedious and time-consuming, 

making it difficult to easily predict proteolysis. 

Muscle Growth 

The objective of producers of domestic animals is to 

provide feedlots with animals that grow rapidly and 

efficiently. The production of these animals is largely 

dependent on the regulation of muscle growth and the 

partitioning of nutrients to muscle tissue rather than to 

fat. While genetic selection and improved animal nutrition 

and health have been used to increase the rate and 

efficiency of muscle growth, hormones and other factors 

have also been found that influence muscle growth. 

Not all animals in a species build muscle mass to the 

same extent or at the same rate. Numerous studies have 

been conducted that attempt to alter the ability of animals 

to convert feed to muscle. The most common method used is 

to administer steroid hormones in the form of implants. 

Implants have been said to be the best non-nutritional 

management practice that a beef cattle producer can 

14 



implement to improve the efficiency of growth and protein 

utilization (Preston, 1987). Bovine somatotropin and p-

adrenergic agonists also increase protein retention in 

ruminants, however, it is not approved for use in beef 

cattle or sheep. These biotechnical tools work on target 

tissues directly and indirectly to stimulate muscle growth 

and depress fat deposition. The result is an increase in 

animal efficiency that can be measured both biologically 

and economically (Preston, 1987). 

Allen et al. (1979) reported that muscle cell growth 

occurs via two general pathways: Muscle protein accretion 

and muscle cell proliferation. Muscle protein accretion is 

a function of intracellular protein synthesis and protein 

degradation. Myogenic cell proliferation encompasses 

processes involved in the replication of muscle precursor 

cells in prenatal and postnatal muscle (satellite cells). 

Clearly, one or more mechanisms exist in animals that 

regulate the turnover of protein in the muscle. The rate 

of protein turnover may be caused by changing rates of 

protein synthesis, different levels of protein degradation, 

or combinations of both. To a large extent, the inadequate 

understanding of the mechanisms controlling muscle growth 

in meat animals is the result of difficulties encountered 
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in devising a satisfactory model system in which to study 

these processes. While many of the assays available for 

measuring muscle protein turnover are expensive, labor 

intensive, and often require several weeks or months to 

complete, use of a muscle cell culture system appears to be 

relatively simple and effective. 

Proteins are long peptide chains composed mainly of 

carbon, nitrogen, and hydrogen molecules arranged in units 

called amino acids. Amino acids have two carbons, a 

nitrogen, and a carboxyl group that make up the backbone 

and an additional side chain made up of various 

arrangements of carbon, nitrogen, sulfur, oxygen, and 

hydrogen. Because carbon and hydrogen are common in all 

amino acids, and because their radioactive isotopes are 

rather easy to handle and work with, synthesis and 

degradation of muscle protein can be easily measured. 

Amino acids labeled with either Ĥ or "̂c can be added 

to media used to grow skeletal muscle cells. The cells 

then use these amino acids to build proteins. When the 

media is removed and the cells are harvested after a given 

amount of time, the amount of amino acid uptake can be 

measured by measuring the radioactivity of the muscle cells 
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(Skaerlund et al., 1988). Txhis assay then is indicative of 

the muscle cells' ability to synthesize protein. 

Degradation of protein in a muscle cell can be 

measured by adding radio-labeled amino acids to the media. 

The cells then are allowed to take up these amino acids for 

a given amount of time (24 h for example). Media 

containing a sufficient supply of unlabeled amino acids is 

then added to the cells. This procedure is called a chase 

experiment because the unlabeled amino acids "chase" the 

labeled amino acids, or replace them in newly formed 

peptides. The labeled amino acids (usually part of a 

peptide or protein) become a product of protein 

degradation, leave the cell, and are found floating in the 

media. If the radioactivity of the media is measured and 

expressed as a percentage of the total amount of 

radioactivity, percentage of protein degradation in the 

cells can be determined (Skaerlund et al., 1988). 

Circulating Factors Affecting Growth 

Increases in muscle mass can be affected by several 

endocrine systems including growth hormone (GH, 

somatotropin), insulin-like growth factor (IGF, 

somatomedins), insulin, differentiation inhibitors (Dayton 

17 



et al., 1986; Florini, 1987), transferrin, and fibroblast 

growth factor (Dayton et al., 1986). Kline and Whisnant 

(1994) reported enhanced IGF-1 binding activity in 

callipyge sheep muscle compared to normal sheep muscle, 

suggesting that the mechanism responsible for the increased 

muscle mass is similar to that of animals treated with (5-

adrenergic agonists. Whisnant et al. (1998) reported that 

serum GH concentrations, GH pulse amplitude, GH pulse 

frequency, insulin concentration, IGF-1 concentration, and 

serum thyroxine concentration did not differ between the 

callipyge and normal phenotypes. Their resulting 

conclusion was that differences in muscling were not caused 

by differences in systemic hormone secretion. 

Meyer et al. (1996) reported that serum creatinine (a 

by-product of muscle creatine metabolism) concentration was 

elevated by 15 to 50% in callipyge lambs from 1 mo of age 

through slaughter. Serum total cholesterol, high-density 

lipoproteins, very low-density lipoproteins, and 

triacylglycerol concentrations were higher in callipyge 

lambs at 2 mo of age, but did not differ from normal lambs 

by slaughter age. These data suggest that phenotypes may 

be segregated by measuring serum creatinine concentrations 
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in addition to physical measurements such as loineye area 

or leg score. 

A number of specific polypeptide factors have been 

related to muscle growth (Dayton et al., 1986). These 

factors can be found in the circulatory system of animals. 

Thus muscle culture systems have been developed to measure 

the effects of various levels of these factors on growth of 

muscle cells. Serum from treated animals is added (3 to 5% 

v/v) to the growth media to affect metabolism, cell 

proliferation, and protein turnover. 

Cultured muscle cells derived primarily from murine 

and avian sources have been used extensively to study 

differentiation and proliferation of muscle cells and the 

effects of specific positive and negative growth factors on 

these processes (Allen et al., 1979; Florini et al., 

1986). However, data obtained in these systems may not 

always be directly transferable to studies of muscle growth 

and differentiation in large, meat-producing mammals. 

Consequently, development of procedures for culturing 

myogenic cells derived from large animals should facilitate 

the study of muscle growth in these economically important 

species. Embryonic bovine (Gospodarowicz et al., 1976; 

Quinn et al., 1990), porcine (Hembree et al., 1991), and 

19 



ovine (Dodson et al., 1986; Roe et al., 1989) myogenic 

cell cultures have been established and characterized. 

An increase in muscle cell proliferation in culture 

can be induced by muscle injury (Haugk et al., 1995), 

addition of antimicrobial supplements in pig feed (Hathaway 

et al., 1990), and addition of insulin to culture media 

(Kotts et al., 1987). Fetal serum from double-muscled 

cattle also increased muscle cell proliferation (Gerrard 

and Judge, 1993). 

Serum from animals treated with growth enhancers such 

as clenbuterol, cimaterol, estradiol-17p, and trenbolone 

acetate increases the rate of amino acid incorporation and 

decreases the rate of protein degradation in culture 

systems (Hayden et al., 1992; McMillan et al., 1992; 

Young et al., 1990). 

While the addition of 3 to 5% treatment serum to the 

culture media has been the most widely used method for 

determining myogenic properties, using serum to measure 

muscle protein turnover has limitations. The addition of 

serum to culture media is useful if the factor affecting 

muscle growth is found in the circulatory system. However 

not all factors are found in the blood. In addition, the 

use of serum does not specify the amount of protein 
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turnover in a particular muscle, such as the longissimus 

muscle, which is of particular importance to the meat 

industry. Therefore, a more direct method of measuring 

protein turnover in a specific muscle is needed. 

The addition of muscle extracts to culture media have 

been used to characterize growth properties in livestock 

(Haugk et al., 1995; Skjaerlund et al., 1988). This 

procedure allows the determination of protein turnover in 

specific muscles and would be especially useful in 

characterizing the callipyge phenotype because not all 

muscles are affected by the callipyge genotype. This 

method also would be particularly useful for characterizing 

growth factors that may be endogenous to the muscle cell 

and not found in the circulatory system. 

Summary 

Sheep expressing the callipyge phenotype have 

advantages in efficiency, muscling, and leanness without 

the disadvantages associated with dystocia commonly found 

in other species having these traits. Unfortunately, loin 

chops from callipyge sheep are unacceptably tough. This 

decrease in tenderness is associated with a decrease in the 

rate of myofibrillar protein degradation. While most 
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research suggests that the increase in muscle mass is 

caused by a decrease in myofibrillar degradation, it is 

unclear if the rate of protein accretion also is a factor. 

Furthermore, the mechanism and the location of the 

mechanism responsible for increasing muscle size have not 

been found. 

The rate and degree of protein degradation have been 

thoroughly characterized in normal and callipyge sheep. 

Because a large amount of labor and time are needed to 

study these properties, a more rapid and direct measurement 

of protein degradation would be very helpful in 

characterizing the callipyge phenotype as well as other 

factors involved in growth. 

The first objective of this dissertation research is 

to use a muscle cell culture system to characterize protein 

turnover of muscle in callipyge sheep using serum and 

muscle extracts. Because protein degradation is largely 

responsible for differences in tenderness in the callipyge 

model, the second objective is to determine if protein 

degradation measured in a cell culture system is related to 

14-d WBS values and trained sensory panel assessments. 
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CHAPTER III 

CALLIPYGE PHENOTYPE CHARACTERIZATION 

USING SERUM FROM CALLIPYGE AND 

NORMAL SHEEP IN A CELL 

CULTURE SYSTEM 

Abstract 

Ten callipyge and 10 normal Rambouillet-Hampshire 

crossbred sheep were slaughtered at the Texas Tech 

University Meat Laboratory. After 24 h postmortem, hot 

carcass weight, longissimus muscle area, fat thickness, 

flank streakings, and lean color, texture, and firmness 

scores were recorded. Muscle samples for calpastatin 

activity and myofibrillar fragmentation index (MFI) also 

were collected. After 14 d of cooler aging, muscle samples 

were excised for MFI analysis, and boneless loin chops were 

cut from the carcass for Warner-Bratzler shear (WBS) and 

trained sensory panel evaluations. Longissimus muscle 

areas, lean color scores, calpastatin activity, and WBS 

values were higher and 1-d and 14-d MFI and trained sensory 

panel scores were lower for callipyge compared to normal 

sheep (P < .05). Serum from each sheep was used to measure 

protein synthesis and degradation in a muscle cell culture 
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system. Serum from callipyge sheep did not affect (P > 

.05) protein synthesis (as measured by uptake of labeled 

amino acids) or percentage protein degradation compared to 

normal sheep. Use of serum in a muscle cell culture system 

is not an effective method for characterizing muscle growth 

or meat quality of callipyge sheep. 

Introduction 

Sheep that inherit the callipyge gene from their sire 

express the gene by having superior feed efficiency, 

muscling, and leanness characteristics compared to normal 

sheep (Jackson et al., 1997a). Unfortunately, sheep 

expressing the callipyge phenotype also have loin chops 

that are significantly less tender than loin chops from 

normal sheep (Field et al., 1996; Kerth et al., 1995a; 

Koohmaraie et al., 1995). This decrease in tenderness is 

caused by decreased postmortem protein degradation and is 

related to an increase in calpastatin activity (Kerth et 

al., 1995b; Koohmaraie et al., 1995). 

Lorenzen et al., (1997) suggested that the increase in 

muscle mass characteristic of callipyge sheep is caused 

primarily by decreased muscle protein degradation and not 

by increased muscle protein synthesis. Clearly, protein 
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turnover plays an important part in the expression of the 

callipyge genotype. However, the mechanism responsible for 

regulating protein turnover in callipyge sheep has not been 

located. 

Dayton et al. (1986) reported that numerous proteins 

and growth factors found in the blood of domestic livestock 

might influence muscle growth. Therefore, a convenient 

method for measuring the influence of circulating growth 

factors on muscle growth is needed. Numerous studies have 

reported that incubating cloned and primary muscle cell 

culture systems with media containing 3 to 5% serum from 

treated animals is an effective method for determining 

muscle growth (Gerrard and Judge, 1993; Hayden et al., 

1992; Hembree et al., 1991). The objective of this study 

was to characterize muscle growth and meat tenderness by 

measuring protein turnover in bovine myoblasts treated with 

serum from callipyge and normal sheep. 

Materials and Methods 

Slaughter and carcass evaluation. Ten callipyge and 

10 normal phenotype Rambouillet-Hampshire crossbred wethers 

were slaughtered using humane procedures when they reached 

55 kg. None of the normal phenotype sheep were carriers of 
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the callipyge gene. Blood for cell culture procedures was 

collected during exsanguination in 50-mL conical plastic 

tubes without an anti-clotting agent. 

At 24 h postmortem, carcass characteristics were 

measured by trained personnel according to guidelines 

provided by the USDA (1992). Hot carcass weight, dressing 

percentage, 12th rib fat thickness, longissimus muscle 

area, percentage of kidney and pelvic fat, primary flank 

streakings, secondary flank streakings, lean color, lean 

texture, and lean firmness were determined for each animal. 

Because of a recording error, leg score and longissimus 

marbling scores were not measured. 

Calpastatin. A 10-g sample was removed from the right 

longissimus muscle of each carcass at the 12th rib at 24 h 

postmortem for determination of calpastatin activity. 

Heated calpastatin activity was measured using the 

procedures of Shackelford et al. (1994, Appendix A) and 

expressed as units of activity per gram of muscle tissue. 

Myofibrillar fragmentation index. At 24 h and 14 d 

postmortem, a 4-g sample was removed from the right 

longissimus muscle of each carcass for myofibrillar 

fragmentation index (MFI) determination. Procedures 
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outlined by Culler et al. (1978, Appendix B) were followed 

for MFI measurement. 

Fabrication. Boneless loin chops were fabricated from 

the left side of the carcass at 14 d postmortem. The chops 

then were vacuum packaged and frozen at -20^C for about 30 d 

until WBS and trained sensory panel analyses could be 

conducted. 

Cell culture. Because of the concern of translation 

of results from cloned murine myoblasts to ruminant 

domestic livestock, bovine myoblasts were used in cell 

culture assays. Primary bovine myoblast cultures were 

prepared following procedures outlined by Hembree et al. 

(1991, Appendix C). 

Serum preparation. To prepare the serum for the cell 

culture assays, blood from each animal was held at room 

temperature (25°C) for about 6 h. Each tube then was 

centrifuged (1,000 x G, 10 min) to separate the clot from 

the serum. Serum from each animal was added to skeletal 

muscle basal media (SkBM, Clonetics Inc., San Diego, CA; 5% 

v/v). The serum/media mixture then was filtered through a 

.22-nm sterile filter to sterilize. 

Protein synthesis assay. The procedure for 

determining the rate of protein synthesis as measured by 
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uptake of labeled amino acids was done essentially as 

described by Reecy et al. (1994, Appendix D). Serum from 

each animal served as the treatment and was added to the 

SKBM media at 5% (v/v). All assays were performed in 

triplicate and expressed as percentage increase over the 

SKBM control (without serum). 

Protein degradation assay. Muscle cell protein 

degradation percentage was determined by following steps 

similar to those of Ballard et al. (1986, Appendix E). 

Treatment was the addition of 5% (v/v) animal serum to SKBM 

media. Samples for each animal were analyzed in 

triplicate. 

Warner-Bratzler shear. Loin chops were thawed for 24 

h at 4°C and then cooked on open-hearth broilers 

(Farberware, Bronx, NY) to 40°C, turned, and removed when 

they reached 71°C (AMSA, 1995). Internal temperature was 

monitored with a stainless steel puncture probe connected 

to a Cooper Instruments digital thermometer (Model SH66A, 

Middlefield CT). The probe was placed in the center of 

each chop. After the chops were cooked, they were cooled 

at 4°C for 24 h. Two 1.3-cm-diameter cores were removed 

from each chop parallel to the orientation of the muscle 

fibers. Each core then was sheared once perpendicular to 
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the muscle fiber with a WBS machine. Three chops from each 

animal were evaluated for WBS. 

Trained sensory panel. Loin chops were thawed and 

cooked as described for WBS analysis. After cooking, all 

fat and connective tissue was removed and each chop was cut 

into cubes that were 1 cm x 1 cm x chop thickness and 

placed in pans kept warm with heated sand. Two cubes were 

served to each member of an eight-member trained sensory 

panel (Cross et al., 1978). Panel members were served 

samples under red lighting and were supplied with apple 

juice and water for rinsing the palate and a cup for 

expectoration. Members evaluated each sample on a scale of 

1 to 8 for initial juiciness, sustained juiciness, initial 

tenderness, sustained tenderness, flavor intensity, lamb 

flavor, and overall mouthfeel (1 = extremely dry, tough, 

bland, and uncharacteristic of young lamb; 8 = extremely 

juicy, tender, intense, and characteristic of young lamb. 

Appendix F). 

Statistical analysis. Design of this experiment was a 

completely randomized design with two (callipyge or normal 

phenotype) treatments. Phenotype treatments were analyzed 

with the ANOVA procedure of SAS (1985) . Acceptability of 

making a type I error was set at 5%. 
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Results and Discussion 

Carcass traits. Live weight, hot carcass weight, 

dressing percentage, lean texture, lean firmness, and 

primary and secondary flank streakings did not differ (P > 

.05, Table 3.1) between the callipyge and normal 

phenotypes. Longissimus muscle area and lean color scores 

were higher and fat thickness and kidney and pelvic fat 

percentage were lower for callipyge than normal carcasses 

(P < .05). These results agree with Jackson et al. (1997b) 

who reported increases in muscling for sheep having the 

callipyge phenotype. 

Calpastatin. Heated calpastatin activity was 43% 

higher in longissimus muscles from callipyge carcasses than 

normal carcasses (P = .007, Table 3.2). These findings 

agree with those of Koohmaraie et al. (1995) and Kerth et 

al. (1995b). Differences in the amount of protein 

degradation as affected by calpastatin activity appear to 

be a key to the differences in muscle mass between 

callipyge and normal sheep. 

Myofibrillar fragmentation index. Day 1 postmortem 

MFI values were 182% higher and d 14 MFI values were 155% 

higher in longissimus muscle from normal lambs than from 
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callipyge lambs (P < .05). These results indicate that 

myofibrillar proteins were more fragmented in normal muscle 

than callipyge muscle at both times postmortem. In fact, 

mean 1-d MFI values for normal lambs (39.7) were higher 

than 14-d MFI values for callipyge lambs (25.3). 

These MFI results parallel those reported by 

Koohmaraie et al. (1995). They reported that, even after 

21 d of postmortem aging, MFI values of longissimus muscle 

taken from callipyge sheep were lower than MFI values of 

longissimus muscle taken from normal sheep after only 1 d 

of postmortem aging. Clearly protein degradation is 

retarded in callipyge longissimus muscle compared to normal 

longissimus muscle. 

Cell culture. Neither protein synthesis (as measured 

by amino acid uptake) nor protein degradation of bovine 

myoblasts was affected (P > .05, Table 3.2) by the addition 

of 5% serum from callipyge and normal sheep. These results 

reflect the outcome of the results found by Whisnant et al. 

(1998). In that study, no differences were found in serum 

concentrations of hormones or growth factors between the 

two sheep phenotypes. Using serum as a treatment in a 

muscle cell culture system is not an effective method for 

determining protein turnover in callipyge sheep. 

31 



Cooking loss. Weight loss during cooking was similar 

(P > .05) between the callipyge and normal phenotypes. 

Shackelford et al. (1997) reported that cooking loss was 

not affected by the callipyge phenotype when the 

longissimus muscle was broiled. In addition, Duckett et 

al. (1998) reported no cooking loss differences in 

longissimus muscles between phenotypes regardless of time 

the chops were frozen. Phenotype also did not affect 

cooking loss in the the gluteus medius, semimembranosus, 

biceps femoris, semitendinosus, adductor, quadriceps 

femoris, triceps brachii, supraspinatus, or psoas major 

muscles (Shackelford et al., 1997). When leg muscles were 

roasted however, callipyge sheep had significantly higher 

cooking losses compared to normal sheep. 

Warner-Bratzler shear. After 14 d of cooler aging, 

WBS values were 141% higher (P < .05, Table 3.2) in 

callipyge longissimus muscle than in normal longissimus 

muscle. Other studies (Kerth et al., 1995a; Koohmaraie et 

al., 1995; Shackelford et al., 1997) showed similar 

results. The decrease in tenderness related to the 

callipyge phenotype is caused by a decrease in myofibrillar 

protein degradation as shown in this study and by 

Koohmaraie et al. (1995) and is not caused by an increase 
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in connective tissue content or crosslinking (Field et al., 

1996) . 

Huang et al. (1998) and Koohmaraie (1992a) reported 

that the calpain system is key in postmortem proteolysis. 

The elevated calpastatin levels found in callipyge sheep 

reduce the ability of this system to effectively degrade 

myofibrillar proteins. As a result, this reduction in 

proteolysis causes the meat to be less tender. 

Trained sensory panel evaluation. Initial juiciness 

values were higher (P < .05, Table 3.2) and sustained 

juiciness values tended to be higher (P = .05) for normal 

chops compared to callipyge chops. Initial tenderness was 

2.2 units higher and sustained tenderness was 2.4 units 

higher for normal chops compared callipyge to chops (P < 

.05). Flavor intensity, lamb flavor, and overall mouthfeel 

scores were .5 to 1.9 units higher (P < .05) comparing the 

normal phenotype to the callipyge phenotype. 

Duckett et al. (1998) and Kerth et al. (1995a) 

reported similar sensory tenderness data. Differences 

reported in other sensory traits are mixed. Duckett et al. 

(1998) reported no differences between phenotypes for 

juiciness or flavor, while Kerth et al. (1995a) found 

juiciness scores higher in callipyge loin chops, but 
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reported no differences in sensory flavor scores between 

phenotypes. 

Implications 

Sheep expressing the callipyge phenotype have 

advantages in muscling and leanness, but have significantly 

less tender longissimus chops compared to normal sheep. 

Use of serum from callipyge sheep in a muscle cell culture 

system is not an effective method to determine protein 

turnover and, therefore, is a poor measure of differences 

between callipyge and normal phenotypes in muscle mass and 

meat quality. 
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Table 3.1. Means and SEM of live weight and carcass 
characteristics for callipyge and normal genotypes 

Trait 

Live weight, kg 

Hot carcass weight, kg 

Dressing percentage, % 

Longissimus area, cm^ 

Subcutaneous fat, cm 

Kidney & pelvic fat, % 

Lean texture^ 

Lean color*̂  

Lean firmness^ 

Primary flank streak*̂  

Secondary flank streak^ 

Callipyge 

S9.3 

34.8 

58.7 

21.9 

.49 

.8 

5.3 

5.9 

5.6 

388 

475 

Normal 

57.9 

33.7 

58.3 

16.9 

.73 

1.55 

5.2 

4.9 

5.3 

436 

510 

SEM 

1 

16 

19 

.54 

.49 

.77 

.17 

.01 

.18 

.28 

.26 

.28 

.3 

.4 

P > F 

.54 

.43 

.7 

.005 

.001 

.008 

.81 

.01 

.46 

.05 

.22 

'5 = slightly fine, 6 = fine. 

'5 = slightly dark red, 6 = bright red 

5̂ = slightly firm, 6 = firm. 

3̂00 = traces°°, 500 = small°^ 
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Table 3.2. Calpastatin activity, myofibrillar 
fragmentation index values, protein turnover, Warner-

Bratzler shear and trained sensory panel evaluations of 
callipyge and normal sheep 

"̂ ^̂ t̂ Callipyge Normal SEM P > F 

Calpastatin, units/g 5.0 3.5 .25 .007 

MFI, 1 d postmortem 14.1 39.7 4.14 .001 

MFI, 14 d postmortem 25.3 64.5 4.30 .001 

Amino acid uptake, 

% increase over control 90.9 73.1 15.80 .48 

Protein degradation, % 11.9 

Cooking loss, % 28.8 

WBS 14 d postmortem, kg 5.3 

Initial juiciness^ 5.7 

Sustained juiciness^ 6.0 

Initial tenderness*^ 5.1 

Sustained tenderness^ 5.1 

Flavor intensity^ 6.4 

Lamb flavor^ 6.3 

Overall mouthfeel*^ 5.1 
5̂ = slightly juicy, 6 = moderately juicy. 

5̂ = slightly tender, 7 = very tender. 

•̂6 = moderately intense. 

"̂6 = moderately lamb-like. 

"̂5 = slightly characteristic of young lamb, 7 = very 

characteristic of young lamb. 
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CHAPTER IV 

CALLIPYGE PHENOTYPE CHARACTERIZATION USING 

LONGISSIMUS MUSCLE EXTRACT FROM CALLIPYGE 

AND NORMAL SHEEP IN A CELL CULTURE SYSTEM 

Abstract 

Eight callipyge and eight normal Rambouillet-Hampshire 

crossbred sheep were slaughtered at the Texas Tech 

University Meat Laboratory to study the effects of sheep 

longissimus muscle extract on protein turnover in primary 

bovine muscle cell cultures. Longissimus muscle samples 

were removed from each carcass immediately after the 

carcass wash on the kill floor for extraction and 

incubation with primary bovine muscle cells. After 24 h 

postmortem, hot carcass weight, longissimus muscle area, 

fat thickness, marbling, leg scores, flank streakings, and 

lean color, texture, and firmness scores were recorded. 

Muscle samples for calpastatin activity and myofibrillar 

fragmentation index (MFI) also were collected. After 14 d 

of cooler aging, muscle samples were excised for MFI 

analysis and boneless loin chops were cut from the carcass 

for Warner-Bratzler shear (WBS) and trained sensory panel 

evaluations. Live weight and hot carcass weight were not 
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affected by the callipyge phenotype (P > .05). Dressing 

percentage, longissimus muscle area, lean texture, lean 

color, lean firmness, and leg scores were higher and 12̂ ' 

rib fat, marbling, and flank streaking values were lower 

comparing callipyge carcasses to normal carcasses (P < 

.05). Longissimus muscle from callipyge sheep had higher 

(P < .05) calpastatin activity and 1-d and 14-d MFI values 

than longissimus muscle from normal sheep. Amino acid 

uptake measured in a muscle cell culture system tended (P = 

.07) to be depressed by muscle extract from callipyge sheep 

and protein degradation was 31% lower (P < .05) in cells 

treated with callipyge longissimus muscle extract compared 

to cells treated with normal longissimus muscle extract. 

Initial and sustained juiciness, flavor intensity, and lamb 

flavor scores were not affected (P > .05) by sheep 

phenotype. Warner-Bratzler shear values were higher and 

sensory tenderness and overall mouthfeel scores were lower 

for callipyge loin chops compared to normal loin chops (P < 

.05). The reduction in tenderness of loin chops is caused 

primarily by reduced protein degradation. Use of muscle 

extract in a muscle cell culture system is a valuable tool 

for characterizing muscle growth and meat tenderness of 

callipyge sheep, 
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Introduction 

Sheep expressing the callipyge genotype are more 

efficient in converting feed to body mass (Jackson et al., 

1997a) and have advantages in muscling and leanness 

(Jackson et al., 1997b,c; Kerth 1995; Koohmaraie et al., 

1995). Unfortunately, callipyge longissimus chops are less 

tender than normal longissimus chops (Kerth et al., 1995a, 

Koohmaraie et al., 1995; Field et al., 1996). 

The callipyge gene exerts most of its effects through 

intracellular events similar to those initiated by 

administering p-adrenergic agonists (Koohmaraie et al., 

1996). Whisnant et al. (1998) found no differences in 

hormonal concentrations or profiles between callipyge and 

normal sheep. Kline and Whisnant (1994) found that 

differences in binding abilities of insulin-like growth 

factor may exist between phenotypes. 

Lorenzen et al. (1997) infused 8-wk-old lambs with ̂ Ĥ -

phenylalanine to determine in vivo protein synthesis rate 

by mass spectrometry. While this method accurately 

characterized protein turnover in callipyge lambs, an 

easier method for characterizing the callipyge phenotype is 

needed. Haugk et al. (1981) found that adding muscle 

extract to muscle cell cultures successfully characterized 
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cell proliferation and protein turnover in crushed muscle. 

The objective of this study was to use extracts of 

longissimus muscle from callipyge and normal sheep in a 

muscle cell culture system to characterize meat tenderness 

and muscle growth. 

Materials and Methods 

Slaughter and carcass evaluation. Eight callipyge and 

8 normal genotype Rambouillet-Hampshire crossbred wethers 

were slaughtered using humane procedures when they reached 

59 kg. None of the normal phenotype sheep were carriers of 

the callipyge gene. At 24 h postmortem, carcass 

characteristics were measured by trained personnel 

according to USDA (1992) guidelines. Hot carcass weight, 

dressing percentage, 12th rib fat thickness, longissimus 

muscle area, leg score, marbling, primary flank streaking, 

secondary flank streaking, lean color, lean texture, and 

lean firmness were determined for each animal. Because 

kidney and pelvic fat were removed during slaughter, kidney 

and pelvic fat percentage was not recorded. 

Calpastatin. After 24 h postmortem, a 10-g muscle 

sample was removed from the right longissimus muscle of 

each animal at the 12th rib for determination of 
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calpastatin activity. Heated calpastatin activity was 

measured using the procedures of Shackelford et al. (1994, 

Appendix A) except that the sample was loaded on a column 

with DEAE Sephacel after heating and eluted with IX elution 

buffer plus 200 mM NaCl to clarify before assaying. 

Activity was expressed as units of activity per gram of 

muscle tissue. 

Myofibrillar fragmentation index. At 24 h postmortem, 

a 4-g sample was removed from the right longissimus muscle 

for myofibrillar fragmentation index (MFI) determination. 

Procedures outlined by Culler et al. (1978, Appendix B) 

were followed for MFI measurement. 

Fabrication. Boneless loin chops were fabricated from 

the left side of the carcass at 14 d postmortem. The chops 

then were vacuum packaged and frozen at -20 C for about 35 d 

until WBS and trained sensory panel analyses could be 

conducted. 

Cell culture. Because of the concern of translation 

of results from cloned murine myoblasts to ruminant 

domestic livestock, bovine myoblasts were used in cell 

culture assays. Primary bovine myoblast cultures were 

prepared following procedures outlined by Hembree et al. 

(1991) in Appendix C. 
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Muscle extract preparation. A 10-g sample of 

longissimus muscle was removed from the left side of the 

carcass prerigor (20 min after exsanguination) for muscle 

extraction. All visible fat and connective tissue were 

removed and the sample was placed in a 50-mL conical tube 

with prerigor extraction buffer (50 mM Tris and 10 mM EDTA 

with leupeptin, ovomucoid, and PMSF to inhibit 

proteolysis). The sample was homogenized for 45 s using a 

tissue tearer and transferred to a 50-mL high-speed 

centrifuge tube. The samples were centrifuged (40,000 x G 

for 120 min), filtered through cheesecloth to clarify, and 

filtered through a .22-|jm filter to sterilize. Protein 

concentration of each sample was determined and 400 jig/mL of 

muscle protein and 3% fetal bovine serum was added to SkBM 

media for treatment of primary bovine muscle cultures 

(Haugk et al., 1995). 

Protein synthesis assay. The procedure for 

determining the rate of protein synthesis, as measured by 

uptake of labeled amino acids, is described by Reecy et al. 

(1994, Appendix D). Muscle extact (400 ̂ g/mL) and 3% fetal 

bovine serum (v/v) were added to SkBM media for treatment. 

All observations were done in triplicate. 
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Protein degradation assay. Muscle cell protein 

degradation percentage was determined following the steps 

shown in Appendix E (Ballard et al., 1986). Muscle extract 

(400 [iq/mL) and 3% fetal bovine serum (v/v) were added to 

SkBM media for treatment. 

Warner-Bratzler shear. Loin chops were thawed for 24 

h (4°C) and then cooked on open-hearth broilers (Farberware, 

Bronx, NY) to 40°C, turned, and removed when they reached 

71°C (AMSA, 1995). Temperature was monitored with a 

stainless steel puncture probe connected to a Cooper 

Instruments digital thermometer (Model SH66A, Middlefield, 

CT). The probe was placed in the center of each chop. 

After the chops were cooked, they were cooled at 4 C for 24. 

Two 1.3-cm-diameter cores were removed from each chop 

parallel to the orientation of the muscle fibers. Each 

core then was sheared once perpendicular to the muscle 

fiber with a WBS machine. Three chops from each animal 

were evaluated for WBS value. 

Trained sensory panel. Loin chops were thawed and 

cooked as described for WBS analyses. After cooking, 

visible fat and connective tissue were removed and each 

chop was cut into cubes 1 cm x 1 cm x chop thickness and 

placed in pans kept warm with heated sand. Two cubes were 
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served to each member of an eight-member trained sensory 

panel (Cross et al., 1978). Samples were served to panel 

members under red lighting and panel members were supplied 

apple juice and water for rinsing the palate and a cup for 

expectoration. Members evaluated each sample on a scale of 

1 to 8 for initial juiciness, sustained juiciness, initial 

tenderness, sustained tenderness, flavor intensity, lamb 

flavor, and overall mouthfeel (1 = extremely dry, tough, 

bland, and uncharacteristic of young lamb; 8 = extremely 

juicy, tender, intense, and characteristic of young lamb. 

Appendix F). 

Statistical analysis. Design of this experiment was a 

completely randomized design with two (callipyge or normal 

phenotpye) treatments. Phenotype treatments were analyzed 

with one-way analysis of variance using the ANOVA procedure 

of SAS (1985). Regression analysis was done using the REG 

procedure of SAS. Acceptability of making a type I error 

was set at 5%. 

Results and Discussion 

Carcass traits. Live weight and hot carcass weight 

did not differ (P > .05, Table 4.1) between callipyge and 

normal phenotypes. Dressing percentage, longissimus muscle 

44 



area, lean texture, lean color, lean firmness, and leg 

scores were higher and 12̂ *̂' rib fat thickness, marbling, and 

primary and secondary flank streakings were lower in 

callipyge carcasses compared to normal carcasses (P < .05). 

Jackson et al. (1997a) reported that sheep expressing 

the callipyge phenotype were more efficient in converting 

feed to body mass. Our study showed that callipyge sheep 

also have carcasses that have advantages in muscling and 

leanness. These findings are similar to those found by 

Jackson et al. (1997b), Kerth et al. (1995a), and 

Koohmaraie et al. (1995). 

Protein degradation measurements. Calpastatin 

activity was higher in callipyge muscle compared to normal 

muscle (P < .05, Table 4.2). Day 1 MFI values were 228% 

higher and d 14 MFI values were 141% higher (P < .05) in 

callipyge longissimus muscle than normal longissimus 

muscle. 

The present study along with previous studies (Kerth 

et al., 1995b; Koohmaraie et al., 1995) have shown that 

calpastatin activity is elevated in the longissimus muscle 

of callipyge sheep. In addition, the present study and 

Koohmaraie et al. (1995) reported that MFI values (a 

measure of gross protein fragmentation) indicate that 
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muscle protein degradation is depressed in longissimus 

muscle from callipyge sheep. Therefore, it has been 

hypothesized that the increase in muscle mass found in 

callipyge sheep was caused by decreased muscle protein 

degradation. 

Amino acid uptake (expressed as a percentage increase 

over control) tended (P = .07) to be depressed in muscle 

cells treated with callipyge versus normal longissimus 

muscle extract. Percentage protein degradation was 45% 

higher in muscle cells treated with normal muscle extract 

compared to muscle cells treated with callipyge muscle 

extract (P < .05). 

Lorenzen et al. (1997) reported that callipyge sheep 

had lower rates of protein degradation as measured by whole 

body infusion with tritiated phenylalanine. Our study 

showed that bovine muscle cells grown in culture, that had 

been treated with callipyge longissimus muscle extract, had 

lower protein degradation compared to those treated with 

normal longissimus muscle extract. It appears that some 

factor in callipyge longissimus muscle causes protein 

degradation to be retarded. A tendency also exists for 

protein synthesis (as shown by amino acid uptake) to be 

lower in callipyge longissimus muscle. Clearly more 
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research is needed to elucidate the factor or factors 

responsible for differences in protein turnover. 

Warner-Bratzler shear and trained sensory panel 

scores. WBS values of Longissimus chops aged 14 d were 

higher for callipyge chops compared to normal chops (P < 

.05). Trained sensory panel scores for initial juiciness, 

sustained juiciness, flavor intensity, and lamb flavor were 

not affected (P > .05) by phenotype. However, initial 

tenderness was scored 3.3 units higher and sustained 

tenderness was scored 3.7 units higher for normal chops 

than callipyge chops (P < .05). In addition, overall 

mouthfeel was 2.0 units higher (P < .05) for normal chops 

compared to callipyge chops. 

Values for WBS and trained sensory panel evaluations 

parallel those reported by other researchers (Field et al., 

1996; Kerth et al., 1995b; Koohmaraie et al., 1995). In 

fact, Kerth (1995) reported that loin chops from callipyge 

sheep had significantly lower tenderness and overall 

consumer acceptability compared to loin chops from normal 

sheep. The present study suggests that the decrease in 

tenderness found in longissimus chops is caused by a 

reduction in protein degradation. 
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Regression analysis. Table 4.3 shows the R-square and 

residual means square values for WBS, initial and sustained 

tenderness, longissimus muscle area, and leg scores. 

Independent variable were selected that had been previously 

associated with tenderness and WBS (Shackelford et al., 

1991; Whipple et al., 1990). Because of concerns that 

multicolinearity exists between the selected independent 

variables, stepwise regression was not performed and the 

reported R-square values are for simple, linear, one-

variable models. These models were selected only to report 

the amount of tenderness and muscle size variation that 

could be accounted for by each variable and are not 

intended to predict tenderness or growth. 

Calpastatin activity did not account for a significant 

portion of the variation in WBS, initial tenderness or 

sustained tenderness (P > .05). Cellular protein 

degradation accounted for 25% (P = .05), marbling accounted 

for 54%, 1 d MFI accounted for 77%, and 14 d MFI accounted 

for 71% (P < .05) of the variation in WBS. Initial and 

sustained tenderness could be explained (P < .05) by 

cellular protein degradation (R̂  = .33 and .31), marbling 

(R- = .51 and .50), 1 d MFI (R- = .81 and .78), and 14 d MFI 

(R̂  = .65 and .65). 
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These data suggest that a large portion of the 

differences in tenderness between callipyge and normal 

sheep is caused by a reduction in protein degradation. 

This finding agrees with the work done by Lorenzen et al. 

(1997) who had similar results using infusion of tritiated 

phenylalanine. Others have reported that either MFI or 

fragmentation index accounts for about 50% of the variation 

in beef longissimus muscle tenderness at 10 to 14 d 

postmortem (Culler et al., 1978; Davis et al., 1980) and 

at 1 and 7 d postmortem (Olson and Parrish, 1977; Whipple 

et al., 1990). 

While marbling contributed to a large amount of the 

variation in tenderness in the present study, other 

researchers (Jones and Tatum, 1994; O'Connor et al., 1997) 

have reported that marbling is not highly correlated to 

tenderness. The elevated r-square found in our study may 

be caused by the unusually high variation in marbling found 

in this small sample (n = 16). 

Variation in longissimus muscle area could not be 

accounted for by either cellular degradation or cellular 

amino acid uptake (P > .05). Cellular degradation 

accounted for 30% (P < .05) of the variation in leg score, 
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but the amount of variation in leg score accounted for D\ 

cellular amino acid uptake did not differ from 0 (P > .05). 

These results support other direct and indirect 

measures of muscle growth providing evidence that 

callipyge-induced muscle hypertrophy is caused primarily by 

decreased muscle protein degradation and not by increased 

muscle protein synthesis (Lorenzen et al., 1997). 

Implications 

Primary muscle cell cultures treated with 400 |ig/mL of 

muscle extracts with 3% FBS are an effective method for 

characterizing muscle growth and meat tenderness of 

callipyge sheep. The decreased tenderness and increased 

muscle mass caused by the expression of the callipyge 

genotype is caused by a decrease in muscle protein 

dearadation. 
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Table 4.1. Means and SEM of live weight and carcass 
characteristics for callipyge and normal phenotype lambs 

"̂ ^̂ ^̂  Callipyge Normal SEM P > F 

Live weight, kg 57.1 59.1 1.70 .4 

Hot carcass weight, kg 35.9 36.0 1.14 .9 

Dressing percentage, % 62.8 61.0 .54 .03 

Longissimus area, cm- 22.4 16.3 .90 .001 

Subcutaneous fat, cm .6 1.1 .07 .001 

Lean texture^ 6.0 5.1 .25 .03 

Lean color' 6.1 5.1 .26 .02 

Lean firmness"" 6.0 5.3 .22 .03 

Marbling^ 418 598 26.2 .001 

Primary flank streak^ 440 508 14.6 .006 

Secondary flank streak^ 480 554 19.2 .02 

Leg score^ 13.6 11.6 .30 .001 

5̂ = slightly fine, 6 = fine. 

'5 = slightly dark red, 6 = bright red. 

•̂5 = slightly firm, 6 = firm. 

'400 = slight°°, 500 = small°^ 

®11 = average choice, 13 = low prime. 
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Table 4.2. Calpastatin activity, myofibrillar 
fragmentation index values, protein turnover, Warner-

Bratzler shear and trained sensory panel evaluations of 
callipyge and normal sheep 

Trait 

Calpastatin, units/g 

MFI, 1 d postmortem 

MFI, 14 d postmortem 

Amino acid uptake. 
% increase over control 

Protein degradation. 

WBS 14 d postmortem. 

Initial juiciness^ 

Sustained juiciness^ 

Initial tenderness*" 

Sustained tenderness*^ 

Flavor intensity' 

Lamb flavor^ 

Overall mouthfeel 

o 
o 

kg 

Callipyge 

5.1 

18.9 

33.1 

75.5 

2.9 

3.6 

5.7 

6.1 

4.2 

4.1 

6.0 

6.1 

4.6 

Normal 

3.8 

61.9 

79.9 

102.5 

4.2 

1.7 

6.0 

6.3 

7.5 

7.8 

6.3 

6.2 

6.6 

SEM 

2 

3 

9 

.40 

.14 

.97 

.6 

.31 

.21 

.18 

.17 

.31 

.39 

.13 

.20 

.33 

P > F 

.04 

.001 

.001 

.07 

.01 

.001 

.2 

.3 

.001 

.001 

.1 

.6 

.001 

'5 = slightly juicy, 6 = moderately juicy 

5 = slightly tender, 7 = very tender. 

"6 = moderately intense. 

6̂ = moderately lamb-like. 

5̂ = slightly characteristic of young lamb, 7 = very 
characteristic of young lamb. 
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Table 4.3. Regression analysis of lonaissimus tenderness 

Dependent 
variable 

WBS 

Independent 
variable R-

Cellular degradation 

Marbling 

Calpastatin activity 

MFI, 1 d postmortem 

MFI, 14 d postmortem 

-square 

.25 

.54 

.12 

.77 

.71 

Res 
mean 

idual 
square 

.95 

.59 

L.12 

.30 

.36 

P > F 

.05 

.002 

.001 

.001 

Initial 
tenderness 

Cellular degradation 

Marbling 

Calpastatin activity 

MFI, 1 d postmortem 

MFI, 14 d postmortem 

Sustained 
tenderness 

Cellular degradation 

Marbling 

Calpastatin activity 

MFI, 1 d postmortem 

MFI, 14 d postmortem 

Longissimus 
area 

Leg score 

Cellular degradation 

Cellular uptake 

Cellular degradation 

Cellular uptake 

33 

51 

16 

81 

65 

2.55 

1.87 

3.21 

.74 

1.35 

.03 

.003 

.1 

.001 

.001 

31 

50 

16 

78 

65 

3.45 

2.49 

4.22 

1.10 

1.74 

.03 

.003 

.1 

.001 

.001 

19 

02 

30 

009 

.32 

.38 

1.24 

1.75 

.1 

.6 

.04 

.7 
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CHAPTER V 

SUMMARY OF EXPERIMENTS 

Expression of the callipyge genotype has been 

extensively studied. The genetic and molecular mechanism 

responsible for the increased muscle mass and decreased 

tenderness in callipyge sheep has not been determined and 

is not fully understood. The research for this 

dissertation used a muscle cell culture system to determine 

whether the factor(s) responsible for the callipyge 

phenotype could be found in the circulatory system or if it 

was located in the muscle itself. The muscle cell culture 

system also indirectly determined whether the muscle growth 

was caused by protein degradation, protein synthesis, or a 

combination of both. 

Treating primary bovine myoblasts with media 

containing 5% serum from normal and callipyge sheep had no 

effect on muscle protein synthesis or degradation. The 

callipyge phenotype is expressed as muscle hypertrophy and 

not muscle hyperplasia. Since no factor exists in the 

circulatory system of callipyge sheep to change protein 

turnover, it can be inferred that the factor responsible 

for expression of the callipyge phenotype lies elsewhere. 
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The &>idition of longissimus muscle extract ro primary 

bovine myoblasts induced a decrease in protein degradarior. 

within these cells without significantly affecting protein 

synthesis. These results suggest that decreased protein 

degradation and not increased protein synthesis causes the 

muscle hypertrophy characteristic of callipyge sheep-

While increased calpastatin activity may be responsible for 

decreasing protein degradation, further research is needed 

to elucidate the factor or factors located in the muscle 

that is responsible for regulating protein turnover. 

Decreased tenderness in callipyge sheep is caused by 

decreased protein degradation postmortem. Calpastatin 

activity determination is useful in characterizing a 

decrease in proteolysis, but is poorly related to meat 

tenderness. Protein degradation determined by adding 

muscle extract to a muscle cell culture system accounts for 

about one-fourth of the variation in Warner-Bratzler shear 

values and one-third of the variation in sensory panel 

tenderness scores. Therefore, the cell culture method 

accounts for more variation in tenderness of callipyge 

sheep than calpastatin activity. Further research is 

needed to determine if muscle cell culture would be a good 

predictor of tenderness in other species. 
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The research presented in this dissertation suggests 

that the use of a muscle cell culture system is a valuable 

tool in determining muscle growth and meat quality 

characteristics of callipyge sheep. This technique should 

translate well into other models for characterizing muscle 

growth and meat tenderness as it is influenced by protein 

turnover. 
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APPENDIX A 

DETERMINATION OF HEATED CALPASTATIN ACTIVITY 

(Shackelford et al., 1994) 

• In blender jar, extract 10 g muscle in 30 mL post-rigor 

extraction buffer containing PMSF, ovomucoid, and 

leupeptin to prevent proteolysis. Homogenize four times 

on high for 30 s, with 30 s of cooling between bursts. 

• Pour homogenate into two 50-mL centrifuge tubes. Using a 

rubber policeman, add about 10 mL extraction buffer to 

remove all of the homogenate. 

• Centrifuge for 2 h at 40,000 x G. 

• Dialyze against about 40 volumes of dialysis buffer for 

18 to 24 h (do not filter before dialysis). 

• Transfer each sample into 50-mL conical vials. Place the 

vials in a preheated (95 C) water bath and incubate the 

samples for 15 min once the samples reach 95^0. Chill 

the samples in ice water for 15 min. During chilling, 

scramble the coagulated protein with a small glass rod. 

• Centrifuge for 1 h at 40,000 x G. 

• Pipette the supernatant through a cheesecloth/glasswool 

sandwich, measuring the volume, into a 50-mL conical 

tube. 
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• Assay tiie supernatant at 100 - 500 ML increments for the 

calcium assay, use 1.0 mL of the supernatant for the EPT 

assay. 

• Assay conditions: 

• -Use IX elution buffer to bring sample volume up to 1 mL 

• -Add sample in appropriate dilutions 

• -Add sufficient volume of m-calpain having net activity 

of .35 (i.e. 10 jiL) . 

• -Add 1.0 mL of assay media 

• -Add 100 ^1 of lOOmM CaCl̂ .̂ 

• -For a blank positive use the same buffers as for the 

positive except substitute 100 ^L of 200 mM EDTA for the 

CaCl2/ and run in triplicate. 

• Vortex, and incubate in the water bath for 60 min at 

25C. Stop the reaction with 2.0 mL of fresh 5© 

trichloroacetic acid. 

• Centrifuge for 30 min at 1,500 x G. 

• Read the absorbance on an ultraviolet spectrophotometer 

set at 278 nm. 

• Units of calpastatin activity per gram of muscle = 

{[m-calpain positive - (calpastatin - EDTA)] x dilution 

factor X volume of supernatant} / 10 g of muscle 
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SOLUTIONS 

Post-rigor extraction buffer (2 L) 
Tris (100 mM) 24.22 g 
EDTA (10 mM) 7.44 g 

Dissolve in 2-L beaker, pH to 8.3, transfer to 2-L 
volumetric then add 1.0 mL MCE, 12 mg Leupeptin, and 200 ".a 
Ovomucoid, and bring up to volume. 

20 X elution buffer (2 L) 
Tris (40 mM) 192.00 g 
EDTA (.5 mM) 7.44 g 

pH to 7.35 and transfer .1 L to 2 L volumetric, add 1.0 mL 
MCE and bring up to volume to make IX. 

5% TCA 
Make 50% (w/v) TCA then dilute 10:1 to make 5% TCA fresh 
each day. 

lOX dialysis buffer (2 L) 
Tris (40 mM) 96.00 g 
EDTA (10 mM) 7.44 g 

Dissolve in 2-L beaker, pH to 7.35. Transfer .2-L 
volumetric, add 1.0 mL MCE and bring up to volume to make 
IX. 

Assay media (2 L) 
Casein 14.00 g 
Tris (100 mM) 24.22 g 
NaNi (1 mM) .13 g 
pH to 7.5 
B e f o r e u s e , add 4|iL/mL MCE 

100 mM C a C l : (1 L) 
CaCl2 1 1 . 1 0 g 

200 mM EDTA (1 L) 
EDTA 1 4 8 . 8 0 g 
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APPENDIX B 

DETERMINATION OF MYOFIBRILLAR FRAGMENTATION INDEX (MFI 

C u l l e r e t a l . (1978) 

• From each of three locations across the muscle sample, 

scissor mince approximately 1/3 of 4 g. The muscle 

sample should be free of visible connective tissue and 

fat. All samples are run in duplicate. 

• Place sample into a 50-mL conical vial and add 40 mL of 

2 C MFI buffer. Homogenize on high for 30 s. 

• Centrifuge (1,000 x G) for 15 min. Discard the 

supernatant. 

• Resuspend the pellet in 40 mL of MFI buffer using a stir 

rod. 

• Centrifuge (1,000 x G) for 15 min. Discard the 

supernatant. 

• Add 10 mL of MFI buffer to the pellet and vortex until 

well mixed. 

• Pour through a strainer to remove connective tissue. 

Rinse through the strainer with an additional 10 mL of 

MFI buffer. 
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• Pipette .25 mL of the suspension into 13x100 glass tuces. 

Bring to 1.0 mL with MFI buffer. 

• Add 4 mL of biuret reagent and vortex. Incubate in the 

dark for 30 min. Bovine serum albumin standards should 

be run at the same time. 

• Read the absorbance at 540 nm on a spectrophotometer. 

• Calculate the mg/mL of protein in the suspension. 

• In a 13x100 mm glass tube, make 5 mL of a .5 mg/mL 

dilution of each sample. 

• Vortex and shake well immediately prior to readina the 

absorbance at 540 nm. Multiply the absorbance reading by 

200. 

SOLUTIONS 

MFI Buffer 
100 mM Potassium chloride 
20 mM Potassium phosphate 
1 mM EGTA 
1 mM Magnesium chloride 
1 mM Sodium azide 

Dissolve in distilled, deionized water, pH to 7.0, and 
bring to volume. 

Bovine Serum Albumin Protein Standards 

• Prepare a 12 mg/mL BSA solution. 

• Allow BSA to dissolve in water for about 1 h. Filter tĥ  

solution through a 45-̂ im filter to clarify. 
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• Make a 10-fold dilution of the filtered BSA. Determine 
its absorbance at 278 nm and determine the protein 
concentration of the solution based on the extinction 
coefficient of BSA (El% = 6.8 at 278 nm). Use this 
information to set up a standard curve. 

Biuret 
Dissolve 1.5 g cupric sulfate and 6 g sodium potassium 
tartrate in 500 mL water in a 1-L volumetric flask. To 
this add (with constant stirring) 300 mL of freshly 
prepared carbonate free 10% sodium hydroxide. Make up to 1 
L with distilled, deionized water and store in a brown 
polyethylene bottle. Discard if a black or red precipitate 
appears. 
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APPENDIX C 

PREPARATION OF A PRIMARY CELL CULTURE 

Hembree et al. (1991) 

• Sterilize the bench or work area with 70% ethanol. 

• Place a first trimester fetus (in the prerigor state) in 

the sterile field and remove the skin from the hind limb. 

• Remove small pieces of muscle tissue and place the muscle 

sample in a vial of cold RPMI media containing 10% fetal 

bovine serum (FBS). 

• Keeping the vials cold (4'C) , transport to the 

laboratory. 

• Place muscle pieces in a clean, sterile petri dish. This 

and all subsequent work should be done under a sterile 

laminar flow hood. 

• Mince the muscle with a razor blade. 

• Transfer the muscle to a vial containing RPMI with 10% 

FBS and 5% collagenase. Stir constantly for 1.5 h at 

room temperature. 

• Remove from the stir plate and allow large pieces of 

connective tissue to settle to the bottom. Pipette the 

upper portion of the culture into a centrifuge tube. 
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• Centrifu-^e for 10 min at 1,000 x G. 

• Remove the collagenase media and replace with fresh RPMI 

plus 10% FBS 

• Resuspend the pellet by vortexing. 

• Transfer the cells to several 75-cm- culture flasks and 

incubate at 37-C with 100% humidity and 5% CO: and 95' % 

air. 
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APPENDIX D 

DETERMINATION OF AMINO ACID UPTAKE 

Reecy et al. (1994) 

• Aspirate the media from one culture flask containing 

primary cultured cells. Replace with 8 mL of a solution 

containing .25% trypsin and 1 mM ethylenediamine 

tetraacetic acid (EDTA). 

• Incubate at room temperature until all of the cells 

release from the flask (about 8 min). 

• Transfer the media and cells into a 15-mL centrifuge 

tube. Centrifuge at 1,000 x G for 5 min. 

• Discard the supernatant. Add 8 mL of RPMI media with 10° 

FBS. Vortex to resuspend the cells. 

• Determine the number of cells per mL using a 

hemocytometer or similar devise. 

• Transfer sufficient volume of media and cells so that 

5,000 cells are in each well of a 24-well culture plate. 

• Allow the cells to grow for 48 h. Remove the media and 

replace with 1.0 mL of Skeletal Muscle Basal Media (SkBM) 

containing the animal treatment (use straight SkBM as a 

control). Incubate for 24 h. 

74 



• Add 1 ̂ Ci of ^^C-labelled amino acids (shown in Table C D 

and incubate for 2 h at 37'C. 

• Remove the labeling media and rinse with fresh media to 

remove any residual ̂ Ĉ. 

• Add .5 mL of 1 M NaOH to each well and incubate for 2 h 

at 37X. 

• Add .5 mL of cold 20% TCA. Incubate the plates at 4'-C 

for 12 h. 

• Using a pipette tip, scrape the bottom of each well and 

transfer the contents to a glass-fiber filter placed on a 

vacuum manifold. Wash the well and the filter with about 

3 mL of additional 5% TCA. 

• Place the filter under a heating lamp for about 10 min to 

dry. 

• Transfer the filter to a liquid scintillation vial and 

add 5 mL of a liquid scintillation counting cocktail. 

• Determine disintegrations per minute in a liquid 

scintillation counter. 

Dpm treatment 
Amino acid uptake = ~ X 100 

Dpm control 
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Content of amino acid mixture labeled with 

Amino Acid 

Alanine 

Arginine 

Aspartic acid 

Glutamic acid 

Glycine 

Histidine 

Isoleucine 

Leucine 

Lysine 

Phenylalanine 

Proline 

Serine 

Threonine 

Tyrosine 

Valine 

Specific activity. 

152 

270 

200 

257 

103 

337 

321 

320 

322 

531 

279 

162 

199 

507 

225 

Amount, fiCi 

80 

70 

80 

125 

40 

15 

50 

140 

60 

80 

50 

40 

50 

40 

80 
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APPENDIX E 

DETERMINATION OF CELLULAR PROTEIN DEGRADATION 

Ballard et al. (1986) 

• Aspirate the media from one culture flask containing 

primary cultured cells. Replace with 8 mL of a solution 

containing .25% trypsin and 1 mM ethylenediamine 

tetraacetic acid (EDTA). 

• Incubate at room temperature until all of the cells 

release from the flask (about 8 min). 

• Transfer the media and cells into a 15-mL centrifuge 

tube. Centrifuge at 1,000 x G for 5 min. 

• Discard the supernatant. Add 8 mL of RPMI media with 10% 

FBS. Vortex to resuspend the cells. 

• Determine the number of cells per mL using a 

hemocytometer or similar device. 

• Transfer sufficient volume of media and cells so that 

5,000 cells are in each well of a 24-well culture plate. 

• Allow the cells to grow for 48 h. Remove the media and 

replace with 1.0 mL of SkBM with 10% FBS and 1 nCi of ''C-

labelled amino acids. Incubate for 24 h. 
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• Remove labeling media and wash each well twice with fresn 

media. 

• Place 1.0 mL of SkBM with treatment serum or muscle 

extract in each well and incubate for 4 h. 

• Remove chase media, rinse each well and place 1.0 mL of 

SkBM containing 5% treatment serum or muscle extract (use 

straight SkBM as a control) in each well. Incubate for 

an additional 2 h. 

• Place .5 mL of the media in a 1.5-mL tube. To this add 

.5 mL of cold 20% TCA (final concentration of 10% TCA). 

Vortex, transfer to a glass-fiber filter and rinse with 

5% TCA. Dry the filter, place in a scintillation vial 

with 5 mL counting cocktail, and count in a liquid 

scintillation counter. 

• Transfer the remaining .5 mL of media to a scintillation 

vial, add 5 mL of counting cocktail, and count in a 

liquid scintillation counter. 

• Rinse each well with fresh media to remove any residual 

^X. Add .5 mL of 1 M NaOH. Incubate at 37 C for 2 h. 

• Add .5 mL of cold 20% TCA to each well and incubate at 

4-C for 12 h. 
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• Using a pipette tip, scrape the bottom of each well ana 

transfer the contents to a glass-fiber filter placed on a 

vacuum manifold. Wash the well and the filter with about 

3 mL of additional 5% TCA. 

• Place the filter under a heating lamp for about 10 min to 

dry. 

• Transfer the filter to a liquid scintillation vial and 

add 5 mL of a liquid scintillation counting cocktail. 

• Determine disintegration per minute in a liquid 

scintillation counter. 

Dpm TCA precipitate X 100 
% protein degradation = 

Dpm total media + Dpm cell layer 
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APPENDIX F 

TRAINED SENSORY PANEL EVALUATION FORM 

Name: D a t e : Time: P r o j e c t : 

Sample 

1 

2 

3 

4 

5 

Initial 
juiciness 

Sustained 
juiciness 

Initial 
tenderness 

Sustained 
tenderness 

Flavor 
intensity 

Lamb 
flavor 

Overall 
mouthfeel 

Score Ju ic iness Tenderness Flavor in tens i ty 

8 Extremely juicy 

7 Very juicy 

6 Moderately juicy 

5 Slightly juicy 

4 Slightly dry 

3 Moderately dry 

2 Very dry 

1 Extremely dry 

Score Lamb flavor 

8 

7 

6 

5 

4 

3 

2 

1 

Extremely lamb-like 

Very lamb-like 

Moderately lamb-like 

Slightly lamb-like 

Slight off-flavor 

Moderate off-flavor 

Very off-flavor 

Extreme off-flavor 

Extremely tender 

Very tender 

Moderately tender 

Slightly tender 

Slightly tough 

Moderately tough 

Very tough 

Extremely tough 

Extremely intense 

Very intense 

Moderately intense 

Slightly intense 

Slightly bland 

Moderately bland 

Very bland 

Extremely bland 

Overall mouthfeel 

Extremely lamb-like 

Very lamb-like 

Moderately lamb-like 

Slightly lamb-like 

Slightly unlamb-like 

Moderately unlamb-like 

Very unlamb-like 

Extremely unlamb-like 
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