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ABSTRACT 

A series of experiments were conducted to determine the 

mode of inheritance of the muscle hypertrophy condition; to 

characterize reproduction and wool production of females; to 

characterize growth rate, feed intake and feed efficiency of 

lambs with muscle hypertrophy; and to evaluate the effect of 

the muscle hypertrophy phenotype on carcass cutability, 

muscle mass and muscle distribution in sheep. 

Two hundred thirty-six ewes were mated to heterozygous 

rams expressing muscle hypertrophy. Three hundred eleven 

lambs were weaned and classified by muscle phenotype. These 

data suggest that muscle hypertrophy in sheep is inherited 

through a dominant autosomal gene. The post-weaning growth 

rate of lambs with muscle hypertrophy did not differ (P < 

.2) from the growth rate of normal-muscled lambs. Feed 

efficiency was superior (P < .03) for lambs with muscle 

hypertrophy and feed intake was lower. Reproductive 

performance of ewes with muscle hypertrophy was comparable 

to the performance of normal-muscled ewes. Fleece weight 

and staple length were lower (P < .01) in ewes with muscle 

hypertrophy than in controls. 

Eighteen paternal half-sibling ram lambs representing 

two muscle phenotypes were slaughtered at 54.5 kg to 

evaluate carcass composition and muscle weight distribution. 

Lambs with muscle hypertrophy had higher (P < .0005) 

dressing percentages and had a higher (P < .0001) percentage 

of their carcass weight in the muscles of the pelvic limb 

and torso than half-siblings. Lambs with muscle hypertrophy 

had a higher (P < .01) percentage yield of trimmed, boneless 

retail cuts than normal-muscled controls. Internal organ 

and testicle weights did not differ significantly between 

muscle phenotypes. 
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In summary, these data indicate that sheep with muscle 

hypertrophy are comparable to normal-muscled half-siblings 

in growth rate and reproductive performance and are superior 

in feed conversion and carcass composition. The potential 

economic impact of sheep with muscle hypertrophy on the 

commercial sheep industry should be significant. 
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CHAPTER I 

INTRODUCTION 

The United States sheep industry faces many challenges 

in the marketing of lamb products. Lamb production has 

declined from 17.2 million head in 1961 to 4.9 million head 

in 1987 (Whipple and Menkhaus, 1988). The consumption of 

lamb and mutton has also declined from 2.7 kg per capita in 

1950 to only .6 kg in 1986 (Botkin et al., 1988). New lamb 

grading standards have been implemented by the American 

Sheep Industry Council and the USDA in an attempt to promote 

the production of leaner market lambs. A major problem in 

the industry is that only about 36% of the lambs slaughtered 

in the U. S. meet the new standards (Tatum et al., 19 89). 

Tatum et al. (1989) also reported that the average fat 

thickness was .73 cm and the average USDA yield grade was 

3.9. Harris et al. (1990) in a national market basket 

survey reported that the average fat trim of retail lamb 

cuts was .35 cm. These studies clearly illustrate that 

excessive fat is being unnecessarily produced and trimmed in 

the lamb industry. 

The major reasons for the production of excessively fat 

lambs are: (1) inexpensive feed grains are utilized 

resulting in low cost feedlot gain; (2) excessively fat 

lambs are produced in a production scheme that attempts to 

spread a highly seasonal lamb supply throughout the year; 

(3) the lamb industry continues to pay premium prices for 

lambs with high dressing percentages, favoring fat 

carcasses; and (4) the new grading system, which classifies 

carcasses according to predicted cutability, has yet to be 

fully accepted and implemented in the lamb industry. 

Consumers prefer larger chops that usually come from 

heavier carcasses (Southam and Field, 1969; Shelley et al., 

1970). In a consumer preference study, Robinson (1989) 



reported that consumers prefer larger, leaner cuts of lamb. 

Botkin et al. (1988) identified the major problem areas that 

limit lamb consumption as: (1) most expensive red meat; (2) 

least available red meat; and (3) a reputation of being 

overly fat. The paradox of the situation is that to produce 

a larger loin chop, the feedlot operator usually feeds lambs 

beyond their genetic potential for optimum body composition. 

The end result of this feeding strategy is the production of 

heavier lamb carcasses with larger loineye areas that are 

also excessively fat. 

The lamb producer must improve the cutability and 

portion size of lamb either through genetic improvement or 

improvement of current feeding and marketing strategies. In 

reality, both areas must be improved to move the industry 

toward a more profitable scenario. 

Recently, a unique phenotype of sheep with genetic 

muscle hypertrophy has emerged in the U.S. that could 

improve the cutability of lamb carcasses and at the same 

time increase the portion size of lamb retail cuts. These 

sheep are similar in appearance to double-muscled cattle 

because of their extreme muscle expression and lack of 

external fat. There is currently a lack of knowledge 

concerning these sheep in the industry. Many people think 

they possess faults that are commonly associated with 

double-muscled cattle. However, there is no evidence in the 

scientific literature to lend any credence to this belief. 

It appears that this phenotype of sheep offers unparalleled 

potential for the improvement of lamb carcasses in the 

United States. However, little is known about the 

inheritance of muscle hypertrophy or the productivity of 

sheep with this phenotype. 



Therefore, the objectives of this study were to: 

1. determine the mode of inheritance and the chromosomal 

location of the gene causing genetic muscle 

hypertrophy; 

2. characterize growth, reproduction, maternal 

characteristics, and wool production of ewes with 

genetic muscle hypertrophy; 

3. characterize the growth, feed intake, and feed 

efficiency of lambs with muscle hypertrophy; 

4. evaluate carcass composition and cutability differences 

between lambs with muscle hypertrophy and paternal 

half-siblings with a "normal" muscle phenotype; and 

5. to evaluate the effect of the muscle hypertrophy 

phenotype on muscle mass and muscle weight distribution 

in sheep. 



CHAPTER II 

LITERATURE REVIEW 

Lamb Cutability 

Lamb production in the United States has declined from 

17.2 million head in 1961 to 4.9 million head in 1987 

(Whipple and Menhaus, 1988). Lamb and mutton consumption 

has also declined from 2.7 kg per capita in 1950 to only .6 

kg in 1986 (Botkin et al., 1988). The reduction in lamb 

consumption in the U. S. is due to many factors that are 

economic, social, racial, and health related (Botkin et al., 

1988) There is clearly a consumer preference for leaner red 

meat products (Breidenstein and Carpenter, 1983) in the 

United States. Tatum et al. (1989) reported that the 

average backfat thickness of market lambs was .73 cm and the 

average USDA yield grade was 3.9. Harris et al. (1990) 

reported in a national market basket survey that the average 

fat trim of lamb retail cuts was .35 cm. These studies 

clearly illustrate that excessive fat is being unnecessarily 

produced and trimmed in the lamb industry. Lamb carcass 

pricing has historically been based on weight and dressing 

percentage. However, recently the lamb industry has made an 

attempt to price lamb carcasses on a value-based system. 

The USDA has implemented a new lamb grading system in an 

attempt to classify lambs based on their true market value 

(USDA, 1992). If the value-based system is implemented, the 

current sheep production system must change to remain 

competitive in the new pricing system. 

The introduction of P-adrenergic agonists into the 

livestock industry offers a method to improve the 

composition of livestock carcasses. The feeding of p-

adrenergic agonists such as clenbuterol (Baker et al., 1984) 

and cimaterol (Kim et al., 1987) can reduce the carcass fat 

content of lambs. These compounds increase muscle growth 



and reduce the deposition of fat (Yang and McElligott, 

1989). P-adrenergic agonists increase the size of muscle 

cells and appear to reduce the rate of protein degradation 

in the cell (Kim et al., 1987). However, there are major 

concerns about the safety of meat produced using these 

compounds. The approval of these compounds for use in the 

United States does not seem likely. The most obvious method 

to improve lamb cutability is through genetics. There are 

genetic lines of double-muscled cattle and swine that far 

excel other phenotypes in percentage muscle and cutability. 

A similar phenotype of sheep with genetic muscle hypertrophy 

may be the solution to the cutability problem that plagues 

the sheep industry. Currently, there are no data in the 

scientific literature that characterize the production and 

carcass composition of sheep with this muscle phenotype. 

Double Muscling 

Double muscling was reported in cattle as early as 1807 

by Culley in the United Kingdom. Since 1807, over 300 

papers have been published on the topic of double muscling 

in cattle. A similar trait known as "culard" exists in 

swine (Henry and Sellier, 1982). A muscle hyperplasia 

condition has been described in a sheep (Dennis, 1972). 

There is clearly a lack of information regarding sheep with 

muscle hypertrophy in the scientific literature 

Cattle 

In cattle, double muscling is a condition characterized 

by extreme muscle enlargement, particularly in the region of 

the shoulders and hindquarters. These cattle have distinct 

intermuscular grooves and have reduced subcutaneous fat 

deposition (Menissier, 1982). The overall productivity of 

cattle with double muscling has been extensively examined. 

Birth weights of double-muscled calves exceed birth weights 



of normal calves by 10% to 30% (Kieffer et al., 1971). The 

combination of large birth weights and extreme musculature 

of the calves at birth often leads to calving difficulties 

(Hanset and Jardrain, 1979). Double-muscled calves have a 

faster growth rate during the pre-weaning period (Nott and 

Rollins, 1973), but grow slower than normal calves during 

the post-weaning period (Nott and Rollins, 197 3; Geay et 

al., 1982). The literature is not in agreement regarding 

the feed efficiency of double-muscled cattle. Several 

researchers (Vissac, 1962; Ramondi, 1964; Nott and Rollins, 

1973; Geay et al., 1982) have reported that double-muscled 

cattle gain more efficiently than normal cattle. However 

others (Charlet and Poly, 1965; Arthur et al., 1990) have 

reported that double-muscled cattle have lower average daily 

gains and require more feed per unit of gain. Vissac (1962) 

reported that double-muscled steers had lighter intestinal 

tract, heart, kidney and brain weights than normal steers. 

Charlet and Poly (1965) also reported that double-muscled 

Charolais cattle had lower intestinal tract and organ 

weights than Charolais cattle with a normal muscle 

phenotype. 

The fertility of double-muscled cattle is the major 

drawback for their utilization in commercial beef 

production. Sexual behavior, especially in males is 

negatively affected in double-muscled animals (Oliver and 

Cartwright, 1968). Genital infantilism and delayed puberty 

in heifers is also very common (Menissier, 1982). In males, 

puberty is often delayed and testicular growth is depressed 

(Kidwell et al., 1952). In mature, double-muscled females, 

conception rates and calf crop percentages are lower than 

for normal females (Menissier, 1982). It has also been 

reported that double-muscled cows give from 30% to 50% less 

milk than cows with normal phenotypes (Oliver and 

Cartwright, 1968). In addition to the reproductive 



shortcomings of double-muscled cattle, calf viability is 

lowered in young calves resulting in higher calf mortality 

(Hanset and Jardrain, 1979). There is also a higher 

incidence of macroglossia (enlarged tongue) in double-

muscled calves than in normal calves (Oliver and Cartwright, 

1968) . 

Double-muscled cattle appear to be more susceptible to 

stress (Holmes et al., 1973) than normal cattle. Holmes et 

al. (1972) suggested that double-muscled cattle are more 

excitable when stressed than normal cattle. This may be due 

to increased blood lactate which may enhance stress 

susceptibility. High blood lactate is also related to 

"anxiety neurosis" in humans (Pitts, 1971). Double-muscled 

cattle also have a higher incidence of dark cutting 

carcasses after stress than normal muscled controls (Holmes 

et al., 1973). The dark cutting condition has been 

described by several researchers (Cully, 1807; Kidwell, 

1952; Ashmore et al., 1971). 

The most impressive aspect of double-muscled cattle is 

their ability to produce heavily muscled, lean carcasses 

with larger rib eye areas than normal-muscled cattle (Arthur 

et al., 1989). Double-muscled cattle yield carcasses that 

have higher muscle to bone ratios, higher dressing 

percentages and lower numerical yield grades (Butterfield, 

1966) than normal-muscled cattle. In cattle, there is a 

negative consequence from the reduction of body fat. 

Carcasses from double-muscled cattle do not have adequate 

marbling to grade acceptably under the current USDA quality 

grading system. However, the meat from these carcasses is 

as tender as meat from normal cattle even though it lacks 

the fat and moisture (Kidwell et al., 1952). The tenderness 

of meat from double-muscled cattle appears to be related to 

a reduction in connective tissue in relation to muscle mass 

(Schmitt et al., 1982). 



The inheritance of double-muscling in cattle is not 

fully understood. In a review of published data, Rollins et 

al. (1972) concluded that the inheritance of double-muscling 

in cattle could be satisfactorily explained by an autosomal 

monohybrid model with variable expressivity. Expression of 

the gene in British breeds of cattle seems to be due to a 

partially recessive gene (Kidwell et al., 1952). In the 

Piedmontese breed of Italy, the double-muscled condition is 

caused by a partially dominant to completely dominant gene 

(Ramondi, 1964). Rollins et al. (1972) has established that 

the same gene locus is involved in both the British breeds 

and the European breeds by conducting reciprocal cross 

experiments. 

Swine 

A condition similar to double muscling in cattle is 

also found in the swine population. This trait is known as 

"culard" in Europe and is caused by a gene that has been 

identified as the halothane sensitivity gene. The first 

breed to exhibit the double muscled condition was the 

Pietrain around 1920 (Ollivier, 1982). It is speculated 

that the Pietrain breeders detected a mutation for the 

extreme muscle condition and began to select for the trait. 

The halothane gene is most commonly associated with 

extremely heavily muscled, ultra-lean pigs that are more 

susceptible to stress. The halothane gene is a recessive 

gene with incomplete penetrance (Smith and Bampton, 1977; 

Reik et al., 1983). Reik et al. (1983) reported that 

modifier genes exist in the porcine genome that influence 

the reaction to halothane gas. This major gene causes 

smaller litter sizes, slower growth rates, shorter 

carcasses, larger longissimus muscle area, increased water 

content in lean tissue and reduced fat deposition (Zhang et 

al., 1992). Pigs with the halothane gene are more 
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susceptible to porcine stress syndrome (van Arendonk and 

Kennedy, 1990) and have a greater incidence of PSE pork when 

slaughtered (Carlson et al., 1980). There are clearly 

differences in carcass quality and growth performance 

between pigs that are homozygous for the halothane condition 

and heterozygotes. Pigs with only one copy of the halothane 

gene have higher quality carcasses and grow more rapidly 

than pigs with two copies of the gene (Zhang et al., 1992). 

This gene is found in the swine population throughout the 

world and has caused great economic loss (Simpson et al., 

1986; Webb and Simpson, 1986). The halothane gene has 

positive implications for the swine industry in the areas of 

cutability and protein accretion, but only carefully 

selected heterozygotes should be utilized in swine breeding 

programs (Zhang et al., 1992). 

The literature on double-muscled cattle and swine 

clearly shows that there is an obvious muscle and carcass 

cutability advantage for animals with double-muscling. 

However, there are also many negative characteristics 

associated with animals with this phenotype that limit their 

utilization in the commercial cattle and swine industries. 
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CHAPTER III 

INHERITANCE OF GENETIC MUSCLE HYPERTROPHY 

AND PRODUCTION CHARACTERISTICS OF 

RAMBOUILLET SHEEP WITH MUSCLE 

HYPERTROPHY 

Abstract 

Two hundred thirty-six ewes were mated to heterozygous 

rams which expressed a muscle hypertrophy condition. The 

objectives of this study were to determine the mode of 

inheritance of the muscle hypertrophy condition and to 

evaluate the growth, feed intake, feed efficiency, 

reproductive performance and wool growth of sheep with 

genetic muscle hypertrophy. 

Lambs were subjectively classified at weaning according 

to muscle phenotype by a panel of three evaluators. Three 

hundred eleven lambs were weaned at 90 to 120 d of age. One 

hundred fifty lambs expressed a muscle hypertrophy phenotype 

and 161 lambs expressed a normal muscle phenotype. The 

percentage of lambs expressing a muscle hypertrophy 

phenotype (48.2%) did not differ (P < .001) from the 

expected percentage of 50%. 

Growth rate was similar for lambs of both phenotypes 

regardless of sex. Feed efficiency was also superior (P < 

.05) for both sexes of lambs with a muscle hypertrophy 

phenotype. As a consequence, feed intake was also lower for 

lambs with a muscle hypertrophy phenotype. 

There was no significant difference in reproductive 

performance between females of the two muscle phenotypes. 

Twelve-month grease fleece weight and staple length were 

superior (P < .03) for ewes with a normal muscle phenotype. 

These data suggest that muscle hypertrophy in sheep is 

inherited through a dominant autosomal gene. Lambs with 

genetic muscle hypertrophy are similar to normal-muscled 
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half-siblings in average daily gain and are superior in feed 

efficiency and consume less feed per day. Ewes with muscle 

hypertrophy perform as well reproductively as half-siblings, 

but, produce shorter stapled, lighter fleeces. 

Introduction 

Little is known about the productivity of sheep with 

genetic muscle hypertrophy. There is considerable conflict 

in the literature relative to the growth and feed efficiency 

of double-muscled cattle. Several researchers (Vissac, 

1962; Ramondi, 1964; Nott and Rollins, 197 9; Geay et al., 

1982) have reported that double-muscled cattle gain more 

efficiently than normal cattle. However, others (Charlet 

and Poly, 1965; Arthur et al., 1990) have reported that 

double-muscled cattle grow slower and require more feed per 

unit of gain. Nott and Rollins (1979) reported that double-

muscled cattle grew faster during the pre-weaning period, 

but grew slower post-weaning. Geay et al. (1982) also 

reported a faster rate of gain for Charolais double-muscled 

steers when compared to normal steers. 

Because of the lack of information on sheep with muscle 

hypertrophy, the reproduction, wool characteristics, growth 

rate and feed efficiency of sheep with this phenotype are 

unknown. Currently, the mode of inheritance of the muscle 

hypertrophy condition in sheep is also unknown. Therefore, 

the objectives of this study were to determine the mode of 

inheritance of the muscle hypertrophy condition and to 

characterize reproduction, wool production, growth rate and 

feed conversion of sheep with this unique phenotype. 

Materials and Methods 

Breeding Animals 

Two hundred thirty-six ewes were mated to heterozygous 

rams which expressed a muscle hypertrophy phenotype. Ewes 
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were exposed to rams for a 54 d breeding season that began 

October 1. Ewes were maintained in one flock from the 

beginning of the breeding season until lambs were weaned. 

Ewes lambed unassisted in large pens (6 X 12 meters) in an 

open-air barn and lambs were weighed and eartagged for 

identification within 12 h of birth. Ewes remained in large 

pens for 10 d until ewes and lambs had bonded sufficiently. 

Tails were removed using elastrator bands at 7 d and lambs 

were immunized against Enterotoxemia and Tetanus. Ewes and 

lambs were moved to wheat pasture and remained there until 

lambs were weaned. Lambs had free access to creep feed 

(Table 3.1) from birth until weaning. Weaning weights were 

adjusted for age of lamb, age of dam and type of birth and 

rearing. Lambs were classified subjectively according to 

muscle phenotype by a panel of three evaluators. 

Duplicate blood samples were collected from rams, ewes 

and lambs involved in the study for use in DNA and pedigree 

analysis. Vacutainer tubes (10 ml) with EDTA added as an 

anticoagulant were used to collect blood samples via jugular 

venipuncture. Tubes were inverted five times, placed on ice 

and transported to the laboratory for analysis. 

Feeding Trial 

Forty-two paternal half-sibling Rambouillet ram lambs 

and 54 paternal half-sibling Rambouillet ewe lambs were 

assigned to a growing/finishing trial to evaluate feed 

efficiency and rate of gain differences between lambs of two 

muscle phenotypes. Lambs were about four months of age at 

the initiation of the feeding trial. Lambs were sheared 

before the initiation of the feeding trial to facilitate 

phenotype classification and for improved performance while 

on the gain test. Lambs were subjectively classified 

according to muscle phenotype by a panel of three 

evaluators. Muscle classification was later verified by 
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using a tightly linked random genetic marker for the muscle 

hypertrophy (callipyge) gene (Cockett et al., 1993). 

Twenty-one paternal half-sibling ram lambs with a muscle 

hypertrophy phenotype were divided at random into three 

groups of seven lambs per group. The remaining 21 half-

sibling ram lambs with a "normal" muscle phenotype were also 

divided at random into three groups of seven lambs per 

group. Twenty-seven paternal half-sibling, ewe lambs with 

muscle hypertrophy were randomly divided into three groups 

of nine lambs per group and three groups of nine paternal 

half-siblings with "normal" muscling were randomly selected 

to be used as controls. Twelve, four-month-old crossbred 

(Hampshire X Rambouillet) wethers with muscle hypertrophy 

were compared to 12 paternal half-siblings with a normal 

muscle phenotype in a related growth study. The only 

difference in the designs was that lambs within each 

phenotype were randomly divided into two groups of six lambs 

per group. 

Lambs were fed ad libitum in drylot a 12% crude protein 

corn-soybean meal diet (Table 3.2). The diet exceeded NRC 

(1985) recommendations for growing/finishing lambs. Feed 

and orts were weighed daily for the calculation of feed 

intake and feed efficiency. Lambs were weighed every 7 d to 

monitor ADG, feed efficiency and slaughter weight. Ram and 

wether lambs were fed to a slaughter endpoint of 54.5 kg. 

Ewe lambs were fed to an endpoint of 50 kg. Ewe lambs were 

fed to a lighter final weight so that lambs of each sex were 

at a similar body composition at the end of the feeding 

period. Lambs were housed in an open-air barn equipped with 

fenceline feeders and automatic waterers. Lambs were 

rotated weekly to a new pen to remove pen effects. 
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Reproduction and Lambing Ease 

Twenty-seven ewes of each muscle phenotype were 

retained in the breeding herd over a two-year period. Ewes 

were visually examined and probed vaginally in September of 

their first year to evaluate genital and vaginal 

development. Twenty-seven ewes of each phenotype were 

exposed to fertile rams at about seven months of age. Nine 

ewes of each muscle phenotype were also exposed the next 

fall (as yearlings) to a fertile ram for a 54 d breeding 

season that began October 1. The ram was fitted with a 

marking harness and the date of breeding was recorded. Ewes 

began lambing the first week of March and continued into 

April. Lambs were weighed at birth and eartagged for 

identification. Lambs and ewes were managed in the same 

manner as previously described. Lambs were weaned from ewes 

at about 90 d of age and weighed. Weaning weights were 

adjusted for age of lamb, sex of lamb and type of birth and 

rearing. 

Wool 

Ewe lambs were sheared on June 1 before the beginning 

of the gain test. All ewes were retained in the breeding 

flock and were sheared again on June 1 of their yearling 

year to determine 12 mo grease fleece weight and staple 

length. 

Statistical Analysis 

Data were analyzed using chi-square analysis to 

determine if the segregation of phenotypes was different 

than the expected ratio of 1:1 for a single locus affecting 

the muscle phenotype. Chi-square analysis was also used to 

compare pregnancy rates of ewes with a muscle hypertrophy 

phenotype to their half-siblings with a normal muscle 

phenotype. Growth rate, feed efficiency and wool data were 
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analyzed using the GLM procedure of SAS (1990). Least 

squares means for growth rate and feed efficiency were 

analyzed with a model that included sex, muscle phenotype 

and the interaction between sex and muscle phenotype. 

Results 

Three hundred eleven lambs were weaned at 90 to 120 d 

of age. One hundred fifty (48.2%) lambs expressed a muscle 

hypertrophy phenotype and 161 (51.8%) expressed a normal 

muscle phenotype. Sixty-seven (44%) ram lambs expressed a 

muscle hypertrophy phenotype and 84 (56%) rams expressed a 

normal muscle phenotype. Eighty-three (51.8%) ewe lambs 

expressed a muscle hypertrophy phenotype and 77 (48.2%) 

expressed a normal muscle phenotype. 

Least-squares means for birth weights for ram and ewe 

lambs of both muscle phenotypes are presented in Figure 3.1. 

Birth weights of lambs of the same sex did not differ (P < 

.4) between phenotypes. Means for 90 d adjusted weaning 

weights are presented in Figure 3.2. There were no 

significant differences in weaning weights between lambs of 

each muscle phenotype. Ram lambs of both phenotypes were 

heavier (P < .05) at weaning than ewe lambs. 

Feeding Trial 

Average daily gain was not affected by muscle phenotype 

(Table 3.3). Average daily gain was affected by sex. Ram 

lambs (.36 kg) gained the fastest, ewe lambs (.27 kg) gained 

the slowest and wethers (.30 kg) were intermediate in 

average daily gain (Table 3.3). 

Feed efficiency was affected by muscle phenotype and 

sex. Rams, wethers and ewes with muscle hypertrophy 

required less feed per unit gain than half-siblings with a 

normal muscle phenotype (Table 3.3). Rams were the most 
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efficient in their conversion of feed to gain and ewes were 

the least efficient. 

Feed intake was affected by muscle phenotype. Rams, 

wethers and ewes with muscle hypertrophy consumed less feed 

than their normal-muscled half-siblings (Table 3.3). 

Reproduction and Lambing Ease 

In this experiment, all ewes lambed naturally and no 

assistance was given to any ewe during the lambing season. 

It was impossible to determine which lambs expressed muscle 

hypertrophy until they were several weeks old. Because of 

the lack of dystocia experienced by ewes and the similar 

birthweights and body shape of all lambs, it appears that in 

this experiment there was no difference in the lambing ease 

of lambs that express a muscle hypertrophy phenotype and 

their half-siblings with a normal muscle phenotype. 

Ewes of both phenotypes were normal in their genital 

and vaginal development. There was an extremely low 

conception rate for ewe lambs of both phenotypes. Of the 54 

ewe lambs exposed over the two-year period, only four ewes 

of each phenotype lambed. Because of the low lambing rate 

and an equal number of lambs per phenotype, the lambing rate 

of ewe lambs was not statistically analyzed. In another 

group of 60 unrelated Rambouillet ewe lambs, a similar 

conception rate was recorded during the same time period. 

Nine yearling ewes of each phenotype were marked by the 

ram within the first 34 d. Eighty-nine percent (8) of the 

yearling ewes with a muscle hypertrophy phenotype lambed the 

following spring. Seventy eight percent (7) of the normal 

muscled yearling half-sibling ewes lambed. Ewes with a 

muscle hypertrophy phenotype had a 133% lambing percentage 

(12 lambs) compared to a 78% lambing percentage (7 lambs) 

for half-siblings with a normal muscle phenotype. The 

number of lambs weaned per yearling ewe exposed was not 
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different between the phenotypes (Table 3.4). Weaning 

weights of lambs from yearling ewes of both phenotypes were 

similar (Figure 3.3). There was no dystocia observed in 

ewes of either phenotype. All ewes lambed unassisted and 

there was no death loss due to dystocia in either group. 

Wool 

Means for 12 month grease fleece weight are presented 

in Figure 3.4. Mean 12 month staple lengths of fleeces from 

ewes of each muscle phenotype are given in Figure 3.5. Ewes 

with a muscle hypertrophy phenotype had lighter (P < .01) 

and shorter stapled (P < .03) fleeces when compared to half-

sibling control ewes. 

Discussion 

Ewes experienced no difficulty in delivering lambs 

naturally. When lambs were born, they all exhibited a 

normal muscle phenotype. At about three to four weeks of 

age, the muscle hypertrophy condition became apparent in the 

lambs. Because lambs with muscle hypertrophy did not 

express the extreme musculature at birth, there were no 

problems with dystocia. In cattle, calves are born with 

extreme muscle expression which causes large birthweights 

and extreme dystocia (Kieffer et al., 1971; Hanset and 

Jardrain, 1979). Ewes that deliver lambs destined to have 

muscle hypertrophy are not subjected to the pelvic-fetal 

incompatabilities that double-muscled cows experience during 

parturition. Therefore, the lambing difficulty experienced 

by ewes mated to rams expressing a muscle hypertrophy 

phenotype is not different from the lambing difficulty 

experienced by ewes mated to normal rams. 

Lambs with a muscle hypertrophy phenotype were easily 

distinguished at weaning from their paternal half-siblings 

with "normal" muscling (Figure 3.6). Lambs with muscle 
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hypertrophy were extremely muscular down the top and were 

more expressively muscled in their hind legs and were deeper 

in the twist area. All lambs classified into the muscle 

hypertrophy phenotype group had a distinct dorsal groove 

that extended caudally from the base of the neck to the 

dock. The intermuscular groove was located in the center of 

the back and was due to the large size of the longissimus 

dorsi muscles on each side of the spinous process of the 

vertebra. Another obviously enlarged muscle in lambs with 

muscle hypertrophy was the "jump muscle" (superficial 

gluteal) which is located on top of the rump. The 

superficial gluteal was very pronounced over the rump and 

contributed to the optical illusion that the lambs were 

steep in the rump. The last area that appeared to be 

enlarged in lambs with muscle hypertrophy was the twist. 

This area, located just ventral to the rectum is dominated 

by the gracilis and adductor muscles. Lambs with muscle 

hypertrophy were much deeper in the twist and appeared to 

have more expression of muscle on the inner portion of the 

rear leg. Surprisingly, the muscle hypertrophy condition is 

not apparent in the newborn lamb. Rather, the condition 

becomes noticeable at about four to six weeks of age in 

lambs that are receiving adequate nutrition. Triplet lambs 

and other lambs on a lower plane of nutrition expressed the 

hypertrophy condition three to six weeks later when they 

began to catch up nutritionally. 

The genetic hypothesis of this experiment was that the 

inheritance of muscle hypertrophy was due to a single, 

dominant gene. According to Mendelian genetics, the normal 

segregation of dominant phenotypes when one parent is a 

heterozygote and the other parent is a non-carrier is 1:1. 

These data suggest that the muscle hypertrophy condition is 

controlled by a single, dominant gene. Additionally, there 

was equal segregation of the muscle hypertrophy condition 
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across both sexes. This suggests that muscle hypertrophy in 

sheep is neither sex-influenced or sex-linked. In cattle, 

the mode of inheritance of the double-muscled condition is 

not consistant between biological types of cattle. In 

British breeds of cattle, the expression of the double-

muscled condition is due to a partially recessive gene 

(Kidwell et al., 1952). In the Piedmontese breed, the 

condition is caused by a partially dominant to completely 

dominant gene (Ramondi, 1964). However, the same gene locus 

is responsible for the double-muscled condition in both 

British and European breeds of cattle (Rollins et al., 

1972). In swine, the halothane gene is a recessive gene 

with incomplete penetrance (Smith and Bampton, 197 7; Reik et 

al., 1983). The negative reaction to halothane gas is 

influenced by modifier genes (Reik et al., 1983). It is 

likely that the heavy muscled condition in animals of all 

three species has a similar genetic origin. The gene 

causing muscle hypertrophy in sheep and double-muscling in 

cattle are members of the same (ovine chromosome 18 and 

bovine chromosome 21) syntenic group (Cockett et al., 1993). 

It seems that the genetic basis for the heavy muscled 

condition in these species may be very similar. However, 

modifier genes and other genetic interactions must affect 

the expression of the genes differently for each species. 

This concept would help explain why some species have many 

negative characteristics associated with the heavy muscled 

condition while others are relatively free from problems. 

Lambs with muscle hypertrophy were about the same size 

at birth as half-siblings with a normal muscle phenotype. 

This is in conflict with the literature concerning birth 

weights of double-muscled calves. Double-muscled calves 

usually are 10-30% heavier at birth than normal calves and 

are also extremely heavily muscled at birth (Kieffer et al., 

1971). When lambs with muscle hypertrophy are born, their 
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muscle development is not different from normal-muscled 

lambs. The combination of normal birth weight and normal 

lamb shape allows lambs with muscle hypertrophy to be born 

with the same ease as normal muscled lambs. This should be 

extremely advantageous in a commercial sheep operation. 

Performance of lambs with muscle hypertrophy was not 

different from the performance of normal-muscled lambs 

during the pre-weaning period. This pattern of growth is 

similar to the growth pattern of double-muscled cattle 

during the pre-weaning period (Geay et al., 1982). 

Feedina Trial 

Lambs with muscle hypertrophy had similar average daily 

gains as their half-siblings with a normal muscle phenotype. 

Several reports on double-muscled cattle have indicated that 

steers and bulls with double muscling had lower average 

daily gains than normal-muscled controls (Charlet and Poly, 

1965; Nott and Rollins, 1973; Geay et al., 1982; Arthur et 

al., 1990). In a study comparing double-muscled Pietrain 

pigs with normal-muscled French Landrace pigs, Landrace pigs 

had higher average daily gains than Pietrains (Henry and 

Sellier, 1982). 

Lambs with muscle hypertrophy were superior in feed 

conversion to gain when compared to control half-siblings. 

Several researchers (Vissac, 1962; Ramondi, 1964; Nott and 

Rollins, 1973; Geay et al., 1982) have reported that double-

muscled cattle gain more efficiently than normal cattle. 

However, others (Charlet and Poly, 1965; Arthur et al., 

1990) have reported that double-muscled cattle require more 

feed per unit of gain than normal cattle. Henry and Sellier 

(1982) reported that feed conversion was similar between 

normal and double-muscled swine breeds. 

Lambs with muscle hypertrophy consumed less feed per 

day than control half-sibling lambs. Feed intake and 
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appetite of double-muscled cattle has been reported to be 

lower than both heterozygous double-muscled and normal 

muscled cattle (Holmes and Ashmore, 1972; Thiessen and 

Rollins, 1982). It has also been reported that double-

muscled cattle have a lower intake capacity when compared to 

normal-muscled cattle of the same breed (Geay et al., 1982). 

Similar results have been published by Henry and Sellier 

(1982) in studies with normal- and double-muscled swine 

breeds. 

Reproduction and Lambing Ease 

Lambing percentage was extremely low for ewe lambs of 

both phenotypes. Rambouillet sheep are considered moderate 

to late in sexual maturity (Botkin et al., 1988). Low 

conception rates for Rambouillet ewe lambs are common in the 

Southwestern United States (Botkin et al., 1988). The fact 

that the Rambouillet ewes were born in March and were only 

seven months old at the beginning of the breeding season is 

most likely the primary reason for the low lambing rate 

experienced in this study. 

Lambing percentage and number of lambs weaned per 

yearling ewe exposed was not different between ewes of the 

two muscle phenotypes. There was however, a trend toward 

more lambs born per ewe exposed for ewes exhibiting a muscle 

hypertrophy phenotype. Due to the small number of yearling 

ewes involved in this study, it is difficult to make any 

strong conclusions about the reproductive efficiency of ewes 

with a muscle hypertrophy phenotype. But even with this 

limited amount of data it appears that reproductive 

efficiency is at least equal for sheep with a muscle 

hypertrophy phenotype and their normal-muscled half-

siblings . 

These findings are in contrast to reproductive data 

published on double-muscled cattle. In cattle, genital 
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infantilism and delayed puberty are common (Menissier, 

1982). There is also evidence that cows with double-

muscling have lower conception and weaning rates than normal 

females (Menissier, 1982). In this population of 

Rambouillet sheep, there was no incidence of infantile 

reproductive tracts. Age at puberty was not different than 

is normally expected for Rambouillet ewe lambs. 

The lack of dystocia experienced by ewes expressing a 

muscle hypertrophy phenotype is in contrast to literature 

published on double-muscled cattle. Double-muscled cows are 

reported to have considerable calving problems (Kidwell et 

al., 1952; Hanset and Jardrain, 1973). In a review of 

literature published on double-muscled cows and calving ease 

by Menissier (1982), over 85% of the double-muscled dams 

experienced extreme dystocia and 62% required cesarean 

sections to deliver calves. The size and shape of double-

muscled calves in conjunction with the small pelvic size of 

the dams both contributed to the extreme dystocia problems 

observed in double-muscled cows (Menissier, 1982). The ewes 

in this study seemed to have no difficulty in delivering 

lambs with no assistance. The fact that lambs are born with 

a normal muscle phenotype facilitates ease of lambing in the 

ewe with muscle hypertrophy. 

Weaning weights of lambs from ewes of both phenotypes 

were not different. Since ewes of both phenotypes were 

paternal half-siblings and the ewe flock was highly 

linebred, the genetic variation for milk production is 

assumed to be relatively small. Ewes were all managed in 

the same manner and had access to the same pasture during 

lactation. Therefore, any differences in milking ability 

can be assumed to be attributed primarily to differences in 

nutrient partitioning between ewes of the two muscle 

phenotypes. If weaning weight is used as a measure of milk 

production, then milk production of ewes was not different 
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between the two muscle phenotypes. In cattle it has been 

estimated that double-muscled cows give 30 to 50% less milk 

than cows with normal phenotypes (Oliver and Cartwright, 

1969). Under the conditions of this study, milk production 

in the ewe expressing muscle hypertrophy does not appear to 

be influenced by the hypertrophy condition. 

Wool 

Grease fleece weight and staple length were affected by 

muscle phenotype. Fleece weights of ewes with a muscle 

hypertrophy phenotype were 12.7% lower than fleece weights 

of half-sibling ewes. Staple length was 8.7% shorter for 

ewes with a muscle hypertrophy phenotype. The reduction in 

fleece weight and staple length for sheep with a muscle 

hypertrophy phenotype is not surprising. In all of the 

sheep breeds that have been developed for growth rate and 

muscularity, fleece weight and staple length are 

compromised. It could be hypothesized that physiologically 

there is a priority for how amino acids are used in the 

body. Breeds of sheep that have been selected for wool 

growth partition amino acids more toward wool production, 

while meat breeds partition amino acids more preferentially 

toward muscle growth. Since sheep with muscle hypertrophy 

have more muscle mass than their half-siblings, it is 

possible that more protein is used for synthesis and 

maintenance of muscle tissue in these sheep and less is 

available for wool growth. The ewes in this study were 

maintained on a diet that was just adequate in protein 

percentage. It would be interesting to determine if diets 

with higher than normal protein levels would affect the wool 

production of the two phenotypes differently. 

Even though wool production was negatively affected by 

the muscle hypertrophy phenotype, the wool production of the 
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ewes in this study was still very acceptable compared to 

industry standards. 

Implications 

Genetic muscle hypertrophy has been observed in the 

United States commercial sheep population for less than 10 

years. During this time, many questions have been raised 

about the productivity of sheep with this muscle phenotype. 

These data suggest that the productivity of ewes with a 

muscle hypertrophy phenotype is not different from the 

productivity of ewes with a normal muscle phenotype. 

Results on feedlot performance of lambs with muscle 

hypertrophy suggest that the lambs gain similarly to 

control, half-siblings, but, gain more efficiently with less 

feed intake. 

The utilization of sheep with genetic muscle 

hypertrophy in the U. S. commercial sheep industry should 

allow the feeding segment of the industry to improve the 

overall efficiency of feedlot gain as well as improve the 

composition of the end-product. The impact of this genetic 

tool on the finewool sheep population should be phenomenal. 

The muscle hypertrophy gene gives breeders the opportunity 

to dramatically improve the feed efficiency and carcass 

composition of their finewool sheep flocks without 

sacrificing wool quality. A muscular, high cutability lamb 

that also has a fine, white fleece and pelt should soon 

become the most valuable lamb in the commercial sheep 

industry. Historically, the finewool lamb was the backbone 

of the sheep industry. In today's harsh economic climate, 

without government wool subsidies, the commercial sheep 

producer must select sheep with the genetic potential to 

maximize efficiency of gain and carcass composition, and 

also retain productivity and wool value. Finewool sheep 
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with a muscle hypertrophy phenotype appear to be the best 

option available to the sheep industry to fill this need. 
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Table 3.1 Composition of creep diet 

Ingredient Percent 

Cracked corn 
Cottonseed meal 

Soybean meal 

Dehydrated alfalfa 

Cane molasses 

Cottonseed hulls 

Limestone 

Salt 

Ammonium chloride 

Aureomycin 10 

Vitamin A, D and E 

pellets 

premix 

Chemical composition 

Crude protein 

Calcium 

Phosphorus 

Vitamin A, D and E premix 

63.00 

10.00 

10.00 

7.50 

5.00 

2.50 

1.00 

.50 

.40 

.07 

.03 

16.00 

.74 

.37 

.03 
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Table 3.2 Composition of finishing diet 

Ingredient 

Cracked corn 

Cottonseed hulls 

Cane molasses 

Soybean meal 

Dehydrated alfalfa 

Cottonseed meal 

Limestone 

Salt 

Ammonium chloride 

Aureomycin 10 

Vitamin A, D and E 

pellets 

Premix 

Chemical composition 

Crude protein 

Calcium 

Phosphorus 

Percent 

67.50 

10.00 

7.50 

5.00 

5.00 

2.70 

1.25 

.50 

.50 

.04 

.01 

12.20 

.68 

.30 
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Table 3.3 Least-squares means for performance 
traits of ram, wether and ewe lambs 
representing two muscle phenotypes 

Phenotype 

Trait 

Ram lambs ̂. N = 42 

Average daily gain, kg 

Feed conversion (feed/gain) 

Feed intake (kg/day) 

Ewe lambs ̂  N = 54 

Average daily gain, kg 

Feed conversion (feed/gain) 

Feed intake (kg/day) 

Wether lambs^ N = 24 

Average daily gain, kg 

Feed conversion (feed/gain) 

Feed intake (kg/day) 

MH^ 

.36 

4.93 

1.75 

.26 

5.77 

1.48 

.29 

5.73 

1.67 

Normal 

.35 

5.40 

1.90 

.29 

6.07 

1.68 

.31 

6.75 

2.11 

PSE^ 

.010 

.090 

.030 

.010 

.090 

.030 

.007 

.140 

.055 

P-value 

.3777 

.007 

.0155 

.8018 

.0500 

.0039 

.1835 

.0357 

.0002 

^MH = muscle hypertrophy 

bpsE = pooled standard error 
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Table 3.4 Means for lambing percentage and number of lambs 
born and weaned per yearling ewe exposed 

Phenotype 

Trait MH^ Normal PSE^ P-value 

Percentage of ewes lambing 89.0 78.0 .13 .5549 

Lambs born/ewe 1.33 .78 .23 .1056 

Lambs weaned/ewe 1. 0 .18 Ĵ̂ 9 .4354 

^MH = muscle hypertrophy 

t>pSE = pooled standard error 

N = 27 ewes of each phenotype 
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CHAPTER IV 

MUSCLE WEIGHTS AND MUSCLE DISTRIBUTION OF 

RAMBOUILLET RAM LAMBS EXPRESSING 

GENETIC MUSCLE HYPERTROPHY 

Abstract 

Eighteen paternal half-sibling Rambouillet ram lambs 

representing two muscle phenotypes were slaughtered at 54.5 

kg to evaluate the effect of a muscle hypertrophy phenotype 

on mass of muscles in sheep. Lambs were produced from a 

sire assumed to be heterozygous for the muscle hypertrophy 

condition. Nineteen individual muscles were dissected from 

the right side of the carcass to evaluate muscle weights 

relative to carcass weight. Data were analyzed with a model 

including muscle phenotype and right side carcass weight as 

a covariate. Total excised muscle mass was significantly 

higher (32%) for lambs exhibiting muscle hypertrophy than 

for half-sibling controls. In the pelvic limb, the 

superficial gluteal, gluteus medius, adductor, 
semimembranosusf tensor facia latae, semitendinosus, 
gracilis and the muscles of the vastus group were all larger 

in lambs with muscle hypertrophy (P < .001). In the thoracic 

limb, only the biceps brachii (P < .001) and the triceps 

brachii (P < .001) were larger in lambs showing muscle 

hypertrophy. In the torso of the body, both the psoas major 

(P < .0001) and the longissimus dorsi (P < .0001) were 

larger in the lambs with muscle hypertrophy. When the 

muscles of the pelvic limb were combined, they were also 

heavier (P < .0001) in lambs with a muscle hypertrophy 

phenotype. There was no difference in total thoracic muscle 

weight between the two phenotypes, however, lambs with 

muscle hypertrophy had a heavier (P < .0001) total torso 

muscle weight. 
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These data suggest that the degree of expression of the 

muscle hypertrophy condition is dependent upon the location 

of the muscle. Additionally, increased muscle mass appeared 

to be concentrated in the muscles of the leg and loin, thus 

contributing to the most valuable subprimal cuts. 

Introduction 

Lambs slaughtered in the United States have excessive 

fat and inadeguate muscle according to a market basket 

survey (Tatum et al., 1989). New lamb grading standards 

have been implemented by the American Sheep Industry Council 

and the USDA (1992) in an attempt to encourage the 

production of leaner lamb. The new standards should 

encourage lamb producers, feeders and packers to improve 

their strategies to produce a higher value product. 

Producers need to improve the genetic make-up of their 

flocks to produce a lamb that will at least meet market 

expectations. 

Materials and Methods 

Eighteen paternal half-sibling Rambouillet ram lambs 

representing two muscle phenotypes ("normal" and muscle 

hypertrophy) were slaughtered at 54.5 kg live weight. Nine 

lambs exhibited a muscle hypertrophy phenotype and were 

assumed to be heterozygous for the muscle hypertrophy 

condition. The remaining nine lambs were "normal" muscled 

paternal half-siblings. These carcasses were from lambs 

that were described earlier. When lambs reached a slaughter 

endpoint of 54.5 kg, they were fasted for 24 h before 

slaughter. Lambs were humanely slaughtered and carcasses 

were dissected at the Texas Tech University Meat Science 

Laboratory. 

Carcasses were chilled for 24 h post-slaughter, weighed 

and split longitudinally down the midline. Nineteen muscles 
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were dissected from the right side of the carcass to 

evaluate muscle weights relative to the carcass weight. 

Muscles selected for measurement were primarily the large 

muscles of the body as well as additional small muscles that 

could be easily removed from the carcass with a high degree 

of precision. Each muscle was removed by detaching the 

muscle from its origin and insertion. Muscles were trimmed 

of all fat, facia and connective tissue and weighed. 

Muscles from the pelvic limb included the superficial 

gluteal, biceps femoris, tensor facia latae, gluteus medius, 

gracilis, semitendinosus, adductor, semimembranosus, rectus 

femorus, peronius tertius and the three muscles of the 

vastus group. The vastus lateralis, vastus medialis and the 

vastus intermedius were combined into the vastus group 

because of the difficulty encountered in separating the 

three parts of the muscle. The superficial gluteal and the 

biceps femoris were also reported as a single muscle 

(superficial gluteal) because accurate separation of the 

muscles was difficult because of the overlapping of muscle 

fibers. Muscles dissected from the torso of the body 

included the longissimus dorsi, psoas major and the psoas 

minor. The muscles taken from the thoracic limb included 

the supraspinatus, infraspinatus, biceps brachii, triceps 

brachii, extensor carpi radialis and the lateral digital 

extensor. 

Statistical Analysis 

Data were analyzed using the GLM procedure of SAS 

(1990). Data were analyzed with a model including muscle 

phenotype and right side carcass weight as a covariate. 

Dependent variables analyzed included the weights of each 

excised muscle from each region of the body and a summation 

of the total excised muscle weights from each body region. 

The muscles of the pelvic limb analyzed were the superficial 
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gluteal, adductor, semimembranosus, gluteus medius, 

semitendinosus, gracilis, rectus femoris, peronius tertius, 

tensor facia latae, biceps femoris and the muscles of the 

vastus group. The muscles from the torso of the body 

analyzed were the longissimus dorsi, psoas major and psoas 

minor. The biceps brachii, triceps brachii, supraspinatus, 

infraspinatus, extensor carpi radialis and lateral digital 

extensor were variables from the thoracic limb. 

Results 

Mean weights of pelvic limb muscles are given in Table 

4.1. The superficial gluteal, semimembranosus, gluteus 

medius, adductor, semitendinosus, gracilis, and the muscles 

of the vastus group were heavier (P < .001) in lambs with a 

muscle hypertrophy phenotype than in half-sibling controls. 

Rectus femoris, peronius tertius, tensor facia latae, and 

biceps femoris weights were not significantly different 

between phenotypes. The total weight of excised muscles 

from the pelvic limb of lambs with MH was 38% higher than 

the weight of excised pelvic muscles from half-siblings. 

Mean muscle weights for the longissimus dorsi, psoas 

major and psoas minor are presented in Table 4.2. In the 

torso of the body, both the longissimus dorsi and the psoas 

major were heavier (P < .0001) in lambs with a muscle 

hypertrophy phenotype. There was no significant difference 

in the weight of the psoas minor between the two phenotypes. 

Total torso muscle weights were 43% heavier in lambs with MH 

than in controls. 

Means for thoracic limb muscle weights are presented in 

Table 4.3. Only the weights of the biceps brachii and the 

triceps brachii differed (P < .001) between the two 

phenotypes. The other, smaller muscles of the thoracic limb 

were not significantly different in weight between the two 
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phenotypes. The total excised thoracic muscle weight was 

only 13% higher in lambs with MH than for half-siblings. 

Table 4.4 contains the means for the combined weights 

of all excised pelvic, torso and thoracic limb weights. 

Lambs with muscle hypertrophy had more (P < .0001) weight in 

pelvic limb and torso muscles than half-sibling controls. 

However, the weight of the combined muscles of the thoracic 

limb was not significantly different between the two 

phenotypes. Lambs with MH also had more (P < .001) total 

excised muscle weight than half-sibling controls. 

Discussion 

Dissection of individual muscles from the carcass 

yielded data that supported the hypothesis that muscles 

hypertrophy at different levels. These data indicate that 

the muscles of the pelvic limb were influenced the most by 

genetic muscle hypertrophy. Visually, sheep with muscle 

hypertrophy appear to have larger hind legs and also appear 

to be wider and deeper through the rack and loin. These 

data support this visual perception. In this study, the 

excised muscles of the pelvic limb from lambs with a muscle 

hypertrophy phenotype were 38% heavier than the same muscles 

excised from the half-sibling controls even though they were 

all slaughtered at the same weight. Of the 10 muscles 

dissected from the pelvic limb, only two muscles (rectus 

femoris and peronius tertius) were not larger in lambs with 

muscle hypertrophy. The least difference among all muscle 

weights was in the tensor facia latae (13%). The other 

muscles of the pelvic limb were between 19% and 55% larger 

in lambs with muscle hypertrophy. The muscles most affected 

by muscle hypertrophy were the semimembranosus, superficial 

gluteal, and adductor. The semimembranosus (which makes up 

most of the inside leg) was 58% larger in lambs with muscle 

hypertrophy than in controls. The superficial gluteal or 
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"jump muscle" was 55% larger in lambs with muscle 

hypertrophy than in controls. The adductor was 47% larger 

in lambs with muscle hypertrophy. Increases in muscle 

hypertrophy have also been reported in Charolais and Maine 

Anjou cattle (Dumont et al., 1982). However in these 

cattle, the percentage increase in pelvic limb muscle 

weights was consistently 15% to 30% lower than the increases 

shown in these data. In a review of papers on double-

muscled cattle, Dumont (1982) reported increases from 9% to 

35% for excised muscle weights from the pelvic limb. These 

differences between the sheep in this study and the data on 

double-muscled cattle can be attributed to several different 

factors. The Rambouillet sheep used in this study were 

lighter muscled than any meat breed currently used in the 

United States. The Charolais used in the previously 

mentioned studies were heavily muscled even without the 

influence of double-muscling. The inherent differences that 

exist within the populations are partly responsible for the 

large differences. It is also important to remember that 

there are differences between the sheep and cattle species 

and these differences must also be taken into account before 

comparisons can be made. In spite of the differences in the 

experimental animals, sheep with genetic muscle hypertrophy 

have a larger increase in the weight of the muscles of the 

hind limb than is normally seen in either normal-muscled 

sheep or double-muscled cattle. 

In the torso of the body a similar increase in muscle 

size was evident. The longissimus dorsi, which is the 

largest muscle in the body was 45% larger in lambs with 

muscle hypertrophy. The psoas major (tenderloin) was 39% 

larger in lambs with a muscle hypertrophy phenotype. The 

small psoas minor was the only excised muscle of the torso 

that was not different between the phenotypes. This can 

possibly be due to its small size and the difficulty of 
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accurate removal from the carcass. The longissimus dorsi 

was only 19% heavier in double-muscled Charolais cattle when 

compared to normal-muscled controls (Dumont, 1982). 

In the thoracic limb, the differences in muscle weights 

between the two phenotypes were much smaller than those in 

the pelvic limb and torso. The only two muscles that were 

larger in the thoracic limb were the triceps brachii and the 

biceps brachii. The triceps brachii (25%) and the biceps 

brachii (22%) were heavier in lambs with muscle hypertrophy 

than in control lambs. The other four excised muscles of 

the thoracic limb were not significantly different between 

the two phenotypes. The thoracic limb muscles of lambs with 

muscle hypertrophy were not enlarged to the same degree as 

muscles from other parts of the body. These data are much 

different than data on cattle with the double-muscled trait. 

In cattle, the muscles of the front limb are enlarged at 

least as much and many times more than the muscles of the 

hind limb (Dumont, 1982). It is clear that there are 

differences in the degree of muscle hypertrophy between 

sheep and cattle. 

Most double-muscled cattle are born expressing the 

double-muscled condition. Sheep, however, express the 

muscle hypertrophy condition at about six to eight weeks of 

age under normal conditions. There is clearly a difference 

in the expression of the muscle hypertrophy/double-muscled 

condition in sheep and cattle. The increases in muscle mass 

between the two species are not consistent from muscle to 

muscle or even limb to limb. It is possible that the 

mechanism of muscle enlargement is different for the two 

species. In cattle, it is fairly clear that muscle 

enlargement is due to a combination of muscle hypertophy and 

muscle hyperplasia (Swatland and Kieffer, 1974). In sheep, 

the increase in muscle size and weight is most likely due to 

muscle hypertrophy without significant hyperplasia. 
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Implications 

About 58% of the value of a USDA yield 2.0 lamb carcass 

is in the leg and loin of the carcass (Botkin et al., 1988). 

Over 78% of the value of the carcass is in the leg, loin and 

rack. These data suggest that lambs with genetic muscle 

hypertrophy have a higher percentage of leg and loin muscle 

in their carcasses when compared to their normal-muscled 

half-siblings. In this study, the leg (38%) and the muscles 

of the loin and rack (43%) were heavier in lambs with muscle 

hypertrophy than in controls. The muscles of the shoulder 

were only 13% heavier in lambs with muscle hypertrophy. 

These data suggest that in sheep with muscle hypertrophy, 

the muscles of the hindlimb and the torso of the body are 

enlarged to a higher degree than the muscles of the 

shoulder. The shift in muscle mass from the shoulder to the 

leg, loin and rack should significantly increase the retail 

value of lamb carcasses. 

This muscle distribution advantage coupled with the 

advantages in efficiency of gain and carcass cutability 

should allow sheep with this muscle phenotype to be a very 

profitable phenotype of sheep for the sheep producer. 
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Table 4.1 Mean pelvic muscle weights for Rambouillet ram 
lambs expressing different muscle phenotypes. 

Muscle 

Superficial gluteal, g 
Tensor facia latae, g 
Gluteus medius, g 
Gracilus, g 
Semitendinosus, g 
Adductor, g 
Semimembranosus, g 
Rectus femoris, g 
Vastus group, g 
Peronius tertius,^ g 

Phenotype 

MH^ 

569.6 

91.2 

392.6 

85.9 

164.1 

232.8 

520.9 

208.5 

386.7 

56.2 

Normal 

365.6 

79.8 

269.3 

66.3 

138.4 

158.7 

328.9 

179.2 

319.9 

51.6 

PSE^ 

11.0 

3.5 

7.4 

4.1 

4.9 

6.9 

10.0 

11.2 

14.1 

2.4 

P-value 

.0001 

.05 

.0001 

.0001 

.004 

.0001 

.0001 

.1124 

.008 

.2503 

^MH = muscle hypertrophy 

bpsE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 4.2 Mean thoracic limb muscle weights for Rambouillet 
ram lambs expressing different muscle phenotypes. 

Phenotype 

Trait MH^ 

1 3 5 . 4 

1 8 1 . 1 

4 9 . 5 

3 0 1 . 9 

5 3 . 9 

2 8 . 3 

Normal 

1 2 8 . 9 

1 7 5 . 5 

4 1 . 2 

2 4 0 . 9 

4 8 . 8 

2 6 . 7 

PSE^J 

4 . 9 

9 . 5 

1 . 3 

8 . 2 

2 . 2 

1 .7 

P - v a l i 

. 4 1 6 7 

. 7 1 2 2 

. 0 0 1 

. 0 0 0 2 

. 1 5 9 0 

. 5 6 1 6 

Supraspinatus, g 
Infraspinatus, g 
Biceps brachii, g 
Triceps brachii, g 
Extensor carpi radialis, g 
Lateral digital extensor, g 
^MH = muscle hypertrophy 

bpsE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 4.3 Mean torso muscle weights for Rambouillet ram 
lambs expressing different muscle phenotypes. 

Trait 

Longissimus dorsi, 
Psoas major, g 

Psoas minor, g 

g 

Phenotype 

MH^ 

986.5 

138.3 

42.6 

Normal 

682.4 

98.6 

35.9 

PSEt> 

17.3 

5.5 

3.6 

P-value 

.0001 

.0003 

.2519 

^MH = muscle hypertrophy 

^PSE = standard error of mean 

N = 9 carcasses of each phenotype 
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Table 4.4 Mean excised muscle weights (by muscle group) for 
ram lambs expressing different muscle phenotypes 

Trait 

Pelvic limb, g 

Thoracic limb. 

Torso, g 
g 

Phenotype 

MH^ 

2708.6 

750.1 

1167.5 

Normal 

1957.8 

662.2 

816.9 

PSE^ 

43.7 

19.4 

20.7 

P-value 

.0001 

.01 

.0001 

^MH = muscle hypertrophy 

^PSE = standard error of mean 

N = 9 carcasses of each phenotype 
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CHAPTER V 

CARCASS CHARACTERISTICS AND RETAIL YIELD 

OF RAMBOUILLET RAM LAMBS EXPRESSING 

GENETIC MUSCLE HYPERTROPHY 

Abstract 

Eighteen paternal half-sibling Rambouillet ram lambs 

representing two muscle phenotypes were slaughtered at 54.5 

kg to evaluate carcass characteristics, cutability and 

composition. Lambs were produced from a sire assumed to be 

heterozygous for the muscle hypertrophy condition. 

Carcasses were broken into wholesale and retail cuts to 

evaluate percentage bone-in retail yield of carcasses at 

various fat trim levels and percentage boneless retail cuts. 

Retail cuts were trimmed to . 64 cm and 0 cm fat trim and 

then the bones were removed to determine boneless yield at 0 

cm fat trim. Carcasses were also separated into fat, muscle 

and bone and chemical carcass composition was determined 

using proximate analysis. Results indicated there were no 

significant differences in linear measurements taken prior 

to or after slaughter. All organ weights were similar 

between phenotypes with the exception of the large 

intestine. Lambs with muscle hypertrophy had higher (P < 

.0005) dressing percentages, leg and conformation scores (P 

< .0001), and larger (P < .0001) longissimus muscle areas. 

All other carcass measurements were similar between the 

phenotypes except marbling score, which was higher (P < 

.008) for lambs with a normal muscle phenotype. Lambs with 

a muscle hypertrophy phenotype had a higher (P < .0001) 

percentage of total boneless retail yield than normal-

muscled controls. Retail yield of the shoulder did not 

differ (P < '3) between phenotypes. All other percentages 

of boneless retail cuts were higher (P < .02) for lambs with 

muscle hypertrophy. Carcasses from lambs with a muscle 
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hypertrophy phenotype had higher protein (P < .005), 

moisture (P < .0001) and ash (P < .0006) percentages than 

control half-siblings. Lambs with muscle hypertrophy also 

had a lower percentage of fat (P < .005) and bone (P < .002) 

in their carcasses. 

These data suggest that ram lambs with muscle 

hypertrophy have an advantage in retail yield, muscle:bone 

ratio, carcass chemical composition and carcass conformation 

when compared to their normal-muscled half-siblings. Lambs 

with muscle hypertrophy yield carcasses that have a higher 

percentage of their weight in the rack and leg than 

controls. 

Introduction 

Consumers in the U. S. prefer larger loin chops that 

have less external fat (Shelley et al., 1970; Robinson, 

1989). The current U. S. commercial lamb production system 

produces lambs that are excessively fat and lightly muscled. 

Sheep with genetic muscle hypertrophy appear to be a 

solution to this industry problem. Muscle hypertrophy in 

sheep has been in the commercial sheep population for around 

10 years. However, this genetic tool has not been widely 

accepted or utilized in commercial breeding programs. The 

common perception in the sheep industry is that sheep with 

this phenotype possess the negative characteristics of 

double-muscled cattle. However, there is no evidence in the 

scientific literature to support this assumption. 

This experiment was conducted because of the lack of 

knowledge concerning sheep with this phenotype and the need 

for a lean, heavily muscled market lamb. The objectives of 

this study were to evaluate the dressing percentage, carcass 

characteristics and percentage retail yield of lambs with 

muscle hypertrophy compared to their paternal half-siblings. 
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Materials and Methods 

Slaughter and Dressing Procedures 

Nine lambs representing each muscle phenotype were 

slaughtered at 54.5 kg. Lambs were fasted for 24 h before 

slaughter. Live weight and linear measures were recorded 

before slaughter. Internal organ weights were obtained 

immediately after evisceration. The heart, liver, lungs, 

kidneys, rumen, small intestine, large intestine, spleen and 

testicles were weighed. Mesentery fat was removed from all 

thoracic organs and weighed. The liver, spleen and kidneys 

were removed, rinsed with water, allowed to drip dry for 

three minutes and weighed. Fat was removed from the heart 

and testicles and they were rinsed and allowed to drip dry 

for three minutes before weighing. The trachea, glands and 

other tissue were trimmed from the lungs before rinsing, 

drying and weighing. The rumen, small intestine and large 

intestine were opened, the contents were removed and the 

organs were rinsed and allowed to drip dry for three minutes 

before weighing. Mesentery fat was stripped from each organ 

as the organ was cleaned. The mesentery fat was allowed to 

drip dry for three minutes in a wire basket before weighing. 

Kidney and pelvic fat remained on the carcass during 

evisceration. Kidney and pelvic fat weights are reported 

with the carcass data. 

Linear measurements were obtained from lambs before 

slaughter and from their carcasses 24 h post-mortem. Lambs 

were measured for height at the withers, body length (base 

of neck to the dock), neck length (atlas joint to the base 

of the neck), hindsaddle length (posterior edge of the last 

rib to the posterior edge of the pin bone), foresaddle 

length (base of the neck to the posterior edge of the last 

rib) and scrotal circumference. 
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Carcass Fabrication 

Carcasses were weighed and split longitudinally down 

the midline. The right and left sides were weighed. Linear 

carcass measures of carcass length, foresaddle length and 

hindsaddle length were made on the right side of the 

carcass. Carcass length was determined by measuring from 

the anterior edge of the first rib to the anterior edge of 

the aitch bone. Foresaddle length was determined by 

measuring from the anterior edge of the first rib to the 

posterior edge of the 12th thoracic vertebra. Hindsaddle 

length was determined by measuring from the anterior edge of 

the 13th thoracic vertebra to the anterior edge of the aitch 

bone. 

The left side of the carcass was broken into wholesale 

cuts. The wholesale cuts were the leg, loin, rack, and 

shoulder. The wholesale cuts were weighed and totalled 

before they were processed into retail cuts. 

Bone-in retail cuts were weighed, trimmed to .64 cm fat 

thickness and reweighed. The trimmed retail cuts were then 

trimmed to 0 cm fat thickness and reweighed. The bone was 

then removed and the boneless, closely trimmed retail cuts 

were weighed. 

Actual 12th rib fat thickness, adjusted fat thickness 

and longissimus muscle (LM) area were measured and recorded. 

Leg score, carcass conformation score, marbling score, LM 

lean color, lean firmness, texture, primary flank streakings 

and USDA guality grade were evaluated. The scoring system 

used for LM lean color, LM lean firmness and LM lean texture 

was an 8-point scale (8 = bright red, firm or fine, 

respectively, and 1 = dark, soft or coarse, respectively). 

Chilled carcass weight was determined before 

fabrication. The fore and hindsaddles were separated and 

weighed and the kidney-pelvic fat was removed from the 

hindsaddle and weighed. 
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The primal leg (French leg) was separated from the 

primal loin by making a straight cut perpendicular to the 

midline between the last two lumbar vertebra. The flank was 

removed from the leg by cutting along the natural seam 

between the flank and the sirloin tip. The hindtrotter was 

removed from the leg by breaking through the epiphyseal 

plate and the achilles tendon was removed flush with the 

muscle surface. The short cut leg (American leg) was made 

by cutting through the stifle joint and removing the shank 

from the primal leg. 

The flank was removed from the loin by a straight cut 

from a point 2.54 cm from the lateral end of the LM on the 

eye end to a point 2.54 cm from the LM on the sirloin end. 

The breast and shank were removed from the foresaddle by a 

straight cut perpendicular to the rib side and through the 

cartilaginous juncture of the first rib and the sternum. 

The shoulder was separated from the rib between the 4th 

and 5th ribs by a straight cut perpendicular to the 

backbone. Rib ends were removed from the rack by a straight 

cut from a point 2.54 cm from the lateral end of the LM on 

the eye end to a point 2.54 cm from the lateral end of the 

LM on the blade end. The neck was removed from the shoulder 

by a straight cut perpendicular to the length of the neck. 

Carcasses were separated into muscle, fat and bone to 

determine carcass composition. Muscle and fat tissues were 

ground twice and then homogenized using a commercial meat 

homogenizer (Robot-Coop). Muscle and fat samples were 

collected and analyzed for protein, moisture, fat and ash 

using proximate analysis procedures (AOAC, 1990). 
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statistical Analysis 

Data were analyzed using the GLM procedure of SAS 

(1990). A model that used muscle phenotype as the source of 

variation was used to examine differences in internal organ 

weights and linear measurements between muscle phenotypes. 

Organ weights analyzed by the model were the heart, liver, 

lungs, kidney, stomach, large intestine, small intestine, 

spleen and testicles. Linear measurements analyzed were 

height, body length, neck length, hindsaddle length, 

foresaddle length, carcass length, carcass foresaddle 

length, carcass hindsaddle length and scrotal circumference. 

A model with muscle phenotype as the source of variation was 

used to examine differences in carcass characteristics 

between phenotypes. Dependent variables were actual 12th 

rib fat thickness, adjusted fat thickness, longissimus 

muscle area, leg conformation score, USDA yield grade, 

conformation score, primary flank streakings; longissimus 

muscle color, firmness and texture; kidney and pelvic fat 

percentage; and marbling score. A model using muscle 

phenotype as the source of variation was used to examine 

differences in retail yield between the muscle phenotypes. 

Dependent variables were the weights of the retail leg, 

loin, rack and shoulder at various fat trim levels and 

boneless. Carcass composition differences between the 

phenotypes were examined by analyzing percentage protein, 

moisture, fat, bone and ash. Muscle phenotype was the only 

source of variation included in the statistical model. 

Results 

Means for dressing percentage of lambs with different 

muscle phenotyeps are presented in Figure 5.1. Lambs with a 

muscle hypertrophy phenotype had higher (P < .0005) dressing 

percentages than half-siblings with normal-muscling. 
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Means for internal organ weights and testicles are 

presented in Table 5.1. Lambs with normal muscling had 

heavier large intestines (P < .03) than lambs with muscle 

hypertrophy. The mean weights for liver, lungs, kidneys, 

stomach, small intestine, spleen and testicles were not 

significantly different between the two phenotypes. 

Mesentery fat weights were not different for the two 

phenotypes. 

Means for linear measurements of lambs with two muscle 

phenotypes are presented in Table 5.2. There were no 

significant differences in lamb height, length, neck length, 

hindsaddle length or foresaddle length between the two 

phenotypes. Carcass length, hindsaddle length and 

foresaddle length were not different between the two 

phenotypes. There was no significant difference in scrotal 

circumference between the phenotypes. 

Means for carcass characteristics are presented in 

Table 5.3. There were no significant differences in 12th 

rib or adjusted backfat thickness between the two muscle 

phenotypes. Leg score and conformation score were higher 

(P < .0001) for lambs with a muscle hypertrophy phenotype. 

Longissimus muscle area was 80% larger (P < .0001) in lambs 

with muscle hypertrophy than in half-siblings (Figure 5.2). 

Means for longissimus muscle color, longissimus muscle 

texture and longissimus muscle firmness were not 

significantly different between the muscle phenotypes. 

Flank streakings were not significantly different between 

the phenotypes. Means for kidney and pelvic fat did not 

differ significantly between phenotypes. 

Means for percentage fat, fat trim, seam fat and bone 

are presented in Table 5.4. Means for total carcass fat 

(P < .004) and subcutaneous fat trim (P < .009) were lower 

for lambs with muscle hypertrophy than for lambs with a 

normal muscle phenotype. Seam fat differences between 
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muscle phenotypes approached statistical significance (P < 

.09). Lambs with muscle hypertrophy had a lower (P < .007) 

percentage of bone in their carcasses than half-siblings 

with normal-muscling. 

Carcass yield means of bone-in and boneless retail cuts 

are presented in Table 5.5. At the 5% significance level, 

there was no significant difference in retail yield 

percentage at any fat trim level between lambs of different 

phenotypes. However, there was a trend favoring lambs with 

muscle hypertrophy. When boneless, retail cuts were trimmed 

to 0 cm fat thickness, lambs with muscle hypertrophy yielded 

a higher percentage of lean meat than half-sibling controls. 

Table 5.6 contains the means for carcass yields of 

bone-in and boneless retail cuts from the shoulder of lambs 

with different phenotypes. Means were not significantly 

different between lambs of the two muscle phenotypes at any 

fat trim level or boneless. 

Shown in Table 5.7 are the means for carcass yields of 

bone-in and boneless retail cuts from the rack of lambs with 

different muscle phenotypes. Lambs with muscle hypertrophy 

had a significantly higher percentage of their carcass 

weight in retail cuts from the rack at all levels of fat 

trim. Retail yield percentage from the rack of lambs with 

muscle hypertrophy was also higher (P < .02) when the bone 

and tail were removed from the trimmed cuts. 

Table 5.8 contains the means for retail yield of the 

loin for lambs of different phenotypes. Retail yield did 

not differ significantly between phenotypes at any level of 

fat trim in the bone-in cuts. When the bone and 2.54 cm 

tails were removed, carcasses from lambs with a muscle 

hypertrophy phenotype yielded a higher (P < .01) percentage 

of boneless, retail loineye than control carcasses. 

Expressed in Table 5.9 are means for retail yield of 

bone-in and boneless retail cuts from the leg at various fat 
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trim levels and with the bone removed. The leg from lambs 

with muscle hypertrophy represented a significantly higher 

percentage of carcass weight at all levels of fat trim than 

the leg from half-siblings. Lambs with muscle hypertrophy 

also had a higher (P < .0001) yield of short-cut boneless 

leg than control half-siblings. 

Presented in Table 5.10 are the carcass composition 

means for lambs of both muscle phenotypes. Lambs with 

muscle hypertrophy had a higher percentage (P < .001) of 

protein, moisture and ash in their carcasses than control 

half-sibling lambs. Lambs with a muscle hypertrophy 

phenotype also had less (P < .001) fat and bone than their 

half-siblings. 

Discussion 

Lambs with muscle hypertrophy had higher dressing 

percentages than lambs with a normal muscle phenotype. 

Dressing percentage is most influenced by the amount of 

muscle, fat, fill and wool on the lamb. To more clearly 

evaluate the effect of muscle hypertrophy on carcass yield, 

the digestive tract was evaluated as a possible explanation 

for the differences in dressing percentage between the 

muscle phenotypes. In this experiment, the only internal 

organ that differed significantly in weight between the 

phenotypes was the large intestine. The large intestine was 

11% heavier (P < .03) in lambs with a muscle hypertrophy 

phenotype than in controls. Since the internal organ 

weights were similar between the phenotypes, it is logical 

to conclude that dressing percentage differences between 

phenotypes were not affected by internal organ weight or gut 

fill. This is not in agreement with the literature on 

double-muscled cattle. In double-muscled cattle, digestive 

tracts are lighter (Vissac, 1962; Charlet and Poly, 1965) 
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and have less intake capacity (Geay et al., 1982) than 

tracts from normal-muscled cattle. 

Scrotal circumference and testicular weight did not 

differ significantly between lambs of the two phenotypes. 

These data are not in agreement with the data published on 

double-muscled cattle. In cattle, double-muscled bulls have 

lighter testicles and less scrotal circumference (Kidwell et 

al., 1952) than normal muscled bulls. More than 25 ram 

lambs with a muscle hypertrophy phenotype have been used in 

this experiment and others over a three year period and 

there has been no evidence of reduced fertility or reduced 

libido in any ram lamb used in these studies. 

Linear measurements of lambs with muscle hypertrophy 

did not differ significantly from half-sibling measurements. 

The common perception in the sheep industry is that lambs 

with muscle hypertrophy are "short bodied" and have a lower 

percentage of their body length in the hindsaddle than 

normal sheep. The percentage of hindsaddle by length did 

not differ between phenotypes. However, because of the 

additional muscle mass in the leg and loin, there was a 

significantly higher percentage of trimmed hindsaddle (by 

weight) from the carcasses of lambs with a muscle 

hypertrophy phenotype. Sheep with muscle hypertrophy 

actually have an advantage in percentage of hindsaddle 

rather than the deficiency of hindsaddle that has been 

incorrectly hypothesized in the past. 

External fat at the 12th rib and kidney and pelvic fat 

were not different between phenotypes. The lambs in this 

study were all intact males and were slaughtered at a weight 

of 54.5 kg. If wether lambs were fed and allowed to grow to 

a heavier weight, it is likely that larger differences would 

be seen between phenotypes. In spite of the similar amount 

of external fat for lambs of each phenotype, the two 

phenotypes of lambs still differed in total fat percentage. 
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The difference was in the amount of intermuscular and 

intramuscular fat in the carcasses. Seam fat deposition in 

lambs with muscle hypertrophy is reduced. During dissection 

of carcasses, it was obvious that carcasses expressing 

muscle hypertrophy contained less seam fat, especially in 

the leg. 

The leg score and subseguently the conformation score 

of lambs with muscle hypertrophy was higher for lambs with 

muscle hypertrophy. In the leg, the sirloin and lower leg 

were obviously enlarged and contributed to higher scores for 

both the leg and overall conformation (Figure 5.3). The 

USDA numerical yield grade (calculated using the old 

formula) was lower for lambs with muscle hypertrophy. 

However the difference only approached statistical 

significance (P < .1879). When the new grading formula was 

used, the phenotypes did not differ in yield grade. The 

current yield grade formula will not accurately assess the 

yield of retail cuts from lambs with extreme muscling 

described in this study. 

There appeared to be no difference in muscle guality 

between the two muscle phenotypes. Longissimus muscle 

color, firmness and texture did not differ. Kidwell et al. 

(1952) reported that meat from double-muscled cattle was 

coarser in texture than meat from normal cattle. There was 

more muscle texture variation within the muscle hypertrophy 

phenotype than within the normal phenotype. The amount of 

marbling within the longissimus muscle differed between 

phenotypes. This is consistent with the seam fat and 

external fat deposition patterns discussed earlier. The 

deposition of marbling and external fat in lambs with muscle 

hypertrophy appears to be similar to fat deposition patterns 

of double-muscled cattle (Kidwell et al., 1952; Menissier, 

1982). Lambs with muscle hypertrophy do not deposit as much 

fat as their normal-muscled half-siblings. Energy appears 
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to be partitioned differently for the two muscle phenotypes. 

Lambs with muscle hypertrophy may have a systemic mechanism 

which favors the utilization of energy for the accretion of 

protein rather than fat. This may also help explain the 

superior feed efficiency of lambs with muscle hypertrophy 

discussed in a previous chapter. This partitioning of 

energy toward muscle growth rather than fat deposition is 

similar to the tissue growth patterns of lambs fed p-

adrenergic agonists such as clenbuterol and cimaterol (Yang 

and McElligott, 1989). It seems that the mechanistic 

controls of muscle and fat deposition may be similar between 

lambs fed P-adrenergic agonists and lambs with genetic 

muscle hypertrophy. Clearly, a natural means of obtaining 

these carcass compositional improvements is preferable to 

synthetic compounds that are unlikely to be approved by the 

FDA in the United States. 

Lambs with muscle hypertrophy had a lower percentage of 

total carcass fat, and fat trim than their half-siblings. 

The difference in the percentage of seam fat between the 

phenotypes approached statistical significance. This 

reduction of carcass fat in lambs with muscle hypertrophy is 

similar to reports on double-muscled cattle. In the 

literature, double-muscled cattle have been reported to have 

less external fat, seam fat and marbling than normal cattle 

(Menissier, 1982). The reduction of carcass fat in lambs 

with muscle hypertrophy is beneficial to the packer because 

it reduces the amount of fat that must be trimmed from the 

carcass and should increase the value of the carcass because 

of the reduction in waste trim. 

The yield of untrimmed retail cuts was 4.4% higher for 

lambs with muscle hypertrophy. This difference was not 

statistically different because of the variation within the 

phenotypes. At the .64 and 0 cm fat trim levels, the 

percentage of retail product in lamb carcasses with muscle 
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hypertrophy increased to 5.5% more than half-siblings. The 

only significant difference in total retail yield between 

the phenotypes was at the 0 cm fat trim level with bones 

removed. At this cutting level, lambs with muscle 

hypertrophy yielded 7.3% more boneless, trimmed product than 

their half-siblings. These results are not surprising 

because of the improved muscle:bone ratio of lambs with 

muscle hypertrophy which was discussed earlier in this 

chapter. It is also interesting to note that these retail 

yield differences are higher than values from studies that 

involved feeding P-adrenergic agonists to lambs. If the lamb 

packing industry moves toward a marketing scheme that sells 

boxed, trimmed and boneless product, lambs with a muscle 

hypertrophy phenotype should have a clear advantage. 

Retail yield of the shoulder was not significantly 

different for carcasses of either phenotype. This is 

consistent with other data from this study that suggest that 

there is little hypertrophy of the muscles of the shoulder. 

This is advantageous because the shoulder is the least 

valuable retail cut from a lamb carcass. It is therefore 

beneficial for the shoulder to represent a smaller 

percentage of carcass weight. Interestingly, there was no 

increase in the retail yield of the shoulder from lambs fed 

the p-adrenergic agonist L644,969 even though percentage of 

retail yield increased in the leg, loin and rack. 

Retail yield from the rack was higher for lambs with a 

muscle hypertrophy phenotype. The yield of all retail cuts 

was approximately one percent higher for lambs with muscle 

hypertrophy. The loins from lambs with muscle hypertrophy 

yielded approximately .5 % more retail product than the 

loins from lambs with normal muscling. This difference was 

not statistically significant until the tail and bone were 

removed from the loin. There was a 1.3% advantage in 

boneless retail yield for lambs with muscle hypertrophy. 
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The largest difference in retail yield was found in the 

retail leg. Lambs with muscle hypertrophy had more than a 

2% advantage in the retail yield of the leg. When the bone 

was removed, lambs with muscle hypertrophy yielded over 4% 

more retail product than controls. The leg is the largest 

retail cut from a lamb carcass and has the highest retail 

value. This large difference in the retail yield of the leg 

between the muscle phenotypes is not surprising because of 

the muscle distribution data discussed in the previous 

chapter. 

Lambs with muscle hypertrophy have a clear advantage in 

dressing percentage and retail yield of the leg and rack. 

Lambs with a muscle hypertrophy phenotype have an unusual 

combination of carcass characteristics. Not only do they 

have higher dressing carcasses, but they also have leaner 

carcasses with less bone than their half siblings with 

normal muscling. This unigue combination of muscling, 

leanness and dressing percentage should allow lambs with 

this phenotype to excel in any value-based marketing system. 

Total body composition analyzed by proximate analysis 

also differed between the phenotypes. This analysis of body 

composition is simply another method to assess differences 

in composition between the two phenotypes. Proximate 

analysis of carcasses also indicated that lambs with muscle 

hypertrophy had more muscle and less fat in their carcasses 

than control half-siblings with a normal muscle phenotype. 

Implications 

The gene responsible for muscle hypertrophy in sheep is 

a relatively new genetic phenomenon that most likely 

resulted from a mutation. This study is the first to 

evaluate the carcass composition and cutability of sheep 

with a muscle hypertrophy phenotype. Additional research 

needs to be conducted to better understand sheep with this 
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unique muscle phenotype. Many questions remain unanswered 

in the areas of muscle biology, growth physiology, 

palatability, stress susceptibility and longevity of sheep 

with a muscle hypertrophy phenotype. Sheep with muscle 

hypertrophy present an interesting experimental model 

because of the similarities between these sheep and sheep 

fed p-adrenergic agonists. The discovery of metabolic 

pathways involved in fat and muscle tissue growth of lambs 

with muscle hypertrophy could greatly enhance our current 

understanding of animal growth physiology. 

From a commercial viewpoint, lambs with muscle 

hypertrophy offer tremendous potential for improving the 

cutability of lamb carcasses. Producers, feeders and 

packers in the sheep industry needs to feed and market lambs 

with muscle hypertrophy in more rigorous commercial settings 

to more clearly evaluate their potential impact on the 

commercial sheep industry. If commercially proven, sheep 

with this muscle phenotype could have an immediate positive 

impact on the sheep industry. 
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Table 5.1 Mean organ weights for Rambouillet ram lambs 
representing two muscle phenotypes 

Phenotype 

Organ 

Heart, g 

Liver, g 

Lung, g 

Kidney, g 

Stomach, g 

Large Intestine, 

Small Intestine, 

Spleen, g 

Testicles, g 

g 

g 

MH^ 

208.4 

868.6 

532.6 

64.6 

1227.2 

422.4 

899.3 

94.8 

259.3 

Normal 

228.7 

898.3 

535.7 

69.5 

1292.1 

470.4 

886.3 

97.2 

272.8 

PSÊ J 

22.7 

50.8 

13.0 

2.5 

39.6 

14.4 

45.2 

6.9 

22.7 

P-value 

.6788 

.6841 

.8679 

.1882 

.2631 

.0310 

.8413 

.8096 

.6788 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

N = 9 lambs of each phenotype 
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Table 5.2 Linear measurements of Rambouillet ram lambs 
representing two muscle phenotypes =^^== 

Trait 
Height, cm 

Body length, cm 

Neck length, cm 

Hindsaddle length, cm 

Foresaddle length, cm 

Carcass length, cm 

Carcass hindsaddle, cm 

Carcass foresaddle, cm 

Scrotal circumference, cm 

Phenotype 

MH^ 

69.4 

66.7 

21.8 

40.7 

25.8 

72.9 

43.3 

28.7 

29.9 

Normal 

69.5 

66.6 

22.8 

40.3 

26.2 

73.8 

44.3 

29.0 

29.0 

PSE^ 

1.0 

.86 

.83 

.89 

.74 

.76 

.73 

.72 

1.0 

P-value 

.9262 

.9214 

.4181 

.7433 

.7087 

.4335 

.3519 

.7641 

.5739 

^MH = muscle hypertrophy 

bpsE = pooled standard error 

N = 9 lambs of each phenotype 
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Table 5.3 Carcass characteristics of Rambouillet ram lambs 
representing two muscle phenotypes 

Trait 

Phenotype 

MH^ Normal 

Actual 12th rib fat thickness, mm 

Adjusted fat thickness, mm 

Longissimus muscle area, cm^ 

Leg score^ 

USDA yield grade 

Conformation^ 

Marbling score^ 

Longissimus muscle lean color® 

Longissimus muscle lean firmness^ 

Longissimus muscle textureg 

Kidney, pelvic fat 

Primary flank streakings^ 

5.1 

5.9 

17.6 

14.4 

2.7 

14.4 

5.9 

7.5 

10.3 

11.0 

3.1 

11.0 

325.6 417.8 

6.1 6.3 

5.8 

6.0 

1.9 

6.3 

6.8 

2.6 

211.1 211.1 

PSE^ 

.2 

.2 

.82 

.24 

.18 

.24 

21.5 

.22 

.46 

.47 

.38 

25.4 

P-value 

.6133 

.2352 

.0001 

.0001 

.1879 

.0001 

.0079 

.4829 

.5071 

.2572 

.2137 

1.00 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

^10 = Choice", 11 = Choice^, 12 = Choice"*", 13 = Prime", 

14 = Prime^, 15 = Prime"*" 

^100 = traces^, 200 = slight^, 300 = small^, 400 = modest^ 

^Scored on an 8-point scale (1 = dark red, 8 = pale pink) 

^Scored on an 8-point scale (1 = very soft. 8 = very firm) 

gscored on an 8-point scale (1 = very coarse, 8 = very fine) 

N = 9 carcasses of each phenotype 
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Table 5.4 Effect of muscle phenotype on the percentage of 
total fat/ fat trim, seam fat and bone of ram lambs 

Phenotype 

Trait 

Total fat % 

Fat trim % 

Seam fat % 

Bone % 

MH^ 

18.4 

7.4 

3.0 

19.3 

Normal 

23.6 

9.6 

3.8 

22.8 

PSE^ 

.10 

.52 

.29 

.79 

P-value 

.0044 

.0089 

.0918 

.0067 

^MH = muscle hypertrophy 

bpsE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.5 Effect of muscle phenotype on carcass yields of 
bone-in and boneless retail cuts from the leg, loin, 

rack and shoulder at various fat trim levels 

Phenotype 

Trait MH^ Normal PSE^ P-value 

Yield of bone-in cuts, % 

Untrimmed 

.64 cm fat trim level 

.00 cm fat trim level 

Yield of boneless cuts, % 

.00 cm fat trim level 

61.9 

59.9 

55.7 

57.5 

54.4 

50.3 

1.8 

1.9 

1.9 

.1056 

.0628 

.0720 

40.2 32.9 1.01 .0001 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.6 Effect of muscle phenotype on carcass yields of 
bone-in and boneless retail cuts from the 

shoulder at various fat trim levels 

Phenotype 

Trait MH^ 

15.9 

15.7 

14.9 

Normal 

15.1 

14.9 

14.3 

PSÊ * 

1.04 

1.05 

1.10 

P-value 

.5936 

.5932 

.6807 

Yield of bone-in shoulder, % 

Untrimmed 

.64 cm fat trim level 

.00 cm fat trim level 

Yield of boneless shoulder, % 

.00 cm fat trim level 8.9 8.0 .66 .3441 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.7 Effect of muscle phenotype on carcass yields of 
bone-in and boneless retail cuts from the rack at 

various fat trim levels and tail lengths 

Phenotype 

Trait MH^ Normal PSE^ P-value 

Yield of bone-in rack with 

2.54 cm tail, % 

Untrimmed 

.64-cm fat trim level 

.00 cm fat trim level 

Yield of boneless loin eye, % 

2.54-cm tail 

No tail 

8.2 

8.1 

7.2 

4.6 

3.4 

6.9 

6.8 

6.2 

3.6 

2.9 

.35 

.34 

.34 

.19 

.16 

.0238 

.0140 

.0520 

.0034 

.0201 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.8 Effect of muscle phenotype on carcass yields of 
bone-in and boneless retail cuts from the loin at 

various fat trim levels and tail lengths 

Phenotype 

Trait MH^ Normal PSE^ P-value 

Yield of bone-in loin with 

2.54 cm tail, % 

Untrimmed 

.64-cm fat trim level 

.00 cm fat trim level 

Yield of boneless loin eye, % 

2.54-cm tail 

No tail 

8.6 

8.6 

7.8 

6.0 

5.2 

8.1 

8.1 

7.1 

5.2 

3.9 

.65 

.65 

.54 

.49 

.31 

.5606 

.5606 

.4149 

.2705 

.0104 

^MH = muscle hypertrophy 

t>psE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.9 Effect of muscle phenotype on carcass yields of 
bone-in and boneless retail cuts from the leg 

at various fat trim levels 

Phenotype 

Trait MH^ Normal PSE^ P-value 

Yield of bone-in leg, % 

Untrimmed 27.8 25.4 .89 .0735 

.64-cm fat trim level 26.3 23.4 .92 .0407 

.00-cm fat trim level 23.7 20.1 1.14 .0427 

Yield of boneless sirloin, % 

.00-cm fat trim level 4.7 3.5 .31 .0130 

Yield of short-cut boneless leg, % 

.00-cm fat trim level 22.6 18.2 .51 .0001 

^MH = muscle hypertrophy 

^PSE = pooled standard error 

N = 9 carcasses of each phenotype 
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Table 5.10 Effect of muscle phenotype on carcass 
composition of Rambouillet ram lambs 

Component 

Protein, % 

Moisture, % 

Fat, % 

Bone, % 

Ash, % 

Phenotype 

MH^ 

13.0 

50.0 

14.9 

18.3 

.67 

Normal 

11.3 

43.5 

18.9 

22.4 

.57 

P-value 

.001 

.001 

.001 

.001 

.001 

^MH = muscle hypertrophy 

N = 9 carcasses of each phenotype 
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Figure 5.3. Photograph of carcasses from half-sibling 
Rambouillet ram lambs expressing 
different muscle phenotypes. The carcass 
on the left is from a lamb that expressed a 
muscle hypertrophy phenotype and the 
carcass on the right is from a lamb that 
expressed a normal muscle phenotype. 
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CHAPTER VI 

CONCLUSIONS AND DISCUSSION 

Genetic muscle hypertrophy in sheep is caused by a 

single, dominant gene that alters the phenotypic appearance, 

feed efficiency, carcass composition and muscle weight 

distribution of sheep expressing the muscle hypertrophy 

condition. This research has answered some of the guestions 

which have been asked about the productivity and carcass 

merit of sheep with this muscle phenotype. It appears that 

some characteristics of sheep with muscle hypertrophy are 

similar to characteristics of double-muscled cattle and 

swine. However, most of the similarities are found in 

traits that are considered positive in all three species. 

Heavily muscled animals of all three species share a muscle 

and carcass coposition advantage over their normal-muscled 

counterparts. However, in this study, sheep with muscle 

hypertrophy did not exhibit the negative characteristics 

expressed by double-muscled cattle and swine. Sheep with 

muscle hypertrophy did not exhibit the same level of 

dystocia, stress, fertility problems or reduced milk 

production that are common in double-muscled beef cattle. 

Sheep in this study were comparable to normal-muscled half-

siblings in birth weight, weaning weight and growth rate. 

The mode of inheritance of the muscle hypertrophy condition 

in sheep appears to be different than the mode of 

inheritance of double-muscling in cattle and swine. It is 

likely that the heavy muscled condition in these livestock 

species was caused by a genetic mutation. However, the 

influence of the heavy muscled gene on other genes and their 

expression is clearly different between the species. 

Based on the results of these experiments, the muscle 

hypertrophy condition in sheep should have a positive impact 

on the commercial sheep industry in the United States. This 
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impact will be even greater if the industry implements a 

value-based marketing system that pays a premium for 

muscular, high cutability lambs. 

Many guestions about sheep with muscle hypertrophy 

remain unanswered. Additional research is needed to more 

clearly understand the mechanisms that control growth and 

protein deposition in sheep with this unigue phenotype. 
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