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Introduction
The Experimental Techniques in Meat Science and
Muscle Biology course, taught at the University of
Georgia, is an experiential learning opportunity for
students interested in expanding their bench top
research abilities. The Callipyge lamb and β-agonist fed
lamb models, used over the last five years, have
provided excellent opportunities for students to simulate
“real world” research projects where they measure a
number of meat quality traits on the same animals
starting with harvest and continuing through
consumption. These models provide large differences in
most measured traits, making it easy to determine
whether procedures have been done correctly and
providing confidence when plausible findings are made.
There is also a large body of scientific literature for both
models, which provides opportunities for students to gain
experience with scientific writing as they develop, in
many cases their first, JAS-format manuscript.
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Sheep with the Callipyge gene, as well as, those fed β-agonists produce carcasses with extreme muscle growth and compromised meat quality and thus are excellent models for studying these important

aspects of meat science. The Experimental Techniques in Meat Science and Muscle Biology course, at the University of Georgia, is a graduate-level course designed to introduce students to current research
techniques utilized to measure quality, quantity, and functional properties of muscle as food, in a hands-on experiential learning environment. In addition, students with an interest in muscle foods improve their
scientific and creative thinking skills by developing, writing, and presenting research proposals and manuscripts. The course begins with the harvest process and monitors rigor development through pH,
temperature, and R-value measures. Next, specific gravity and carcass composition are determined, followed by procedures to quantify calpain and calpastatin activity, collagen solubility and content, myofibril
fragmentation index, sarcomere length, fiber type and distribution, and postmortem proteolysis using gel electrophoresis. Indicators of muscle growth, including RNA, DNA, and protein content are then measured.
As the semester nears completion, meat color is measured through a retail display simulation, followed by sensory and instrumental measures of meat texture. Since the retail display includes measurements of
color across time, these data are used to introduce students to statistical analysis using SAS. Along with the hands-on laboratories, lectures are presented to enhance the students understanding of the principles
upon which methods are based. Experts within the college and from USDA-ARS introduce students to the latest technologies and provide access to their laboratories. The use of Callipyge sheep and those fed β-
agonists results in large, measurable differences in the traits of interest when compared to normal sheep. Students are able to immediately and easily identify these differences, which assists them in developing
confidence in their laboratory skills. The ability to utilize a single model system (either Callipyge or Clenbuterol-fed sheep) throughout the semester gives the students a sense of continuity and helps develop a
greater understanding of the relationship between the measured attributes and meat quality. Finally, the ability to measure all the attributes of interest in one model system allows students to experience the
research process from beginning to completion. This includes data collection, analysis, and presentation in the form of a manuscript, ready for submission to a scientific journal. In conclusion, students improve the
likelihood of success in their future research endeavors through an increased understanding of the relationships between muscle biology and meat quality; the methodologies to measure them; and through
experience in the publication process.

Summary
The Callipyge lamb and Clenbuterol-fed lamb models are excellent for use in an
experiential learning environment where laboratory skills are being enhanced. The
ability of students to measure meat quality traits, where large differences exist,
makes for development of confidence in their abilities. In addition, the opportunity to
measure a large number of meat quality traits on the same animals simulates a
“real-world” research project and allows for continuity throughout the semester. This
results in the accumulation of data that can be organized into a scientific
manuscript, giving students an opportunity to hone their scientific writing skills. In
comparing the models, the CLEN-fed lambs produced larger differences in the
measured traits than the Callipyge lambs and thus may result in a better
educational experience. However, one must also consider the cost of the β-agonist
(about $100/lamb) and the fact that there are feed handling issues and product
losses, as product from the β-agonist fed lamb is not approved for human
consumption. In contrast, meat from Callipyge lambs can be consumed; however,
due to the compromised tenderness of this model its availability is shrinking. If a
readily available source of Callipyge genetics is available then it may be the more
feasible model; however, the fact that CLEN-fed lambs can be produced from any
ovine genetic source results in enhanced flexibility for the instructor.

Figure 2. Normal-muscled and Callipyge lambs

Figure 8. Fiber size and typing of control and Clenbuterol-fed lamb muscle.
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ABSTRACT:     The present experiment was conducted to determine the effect of the 
callipyge phenotype on composition traits and many attributes closely related to 
tenderness.  Two lambs, one carrier and one non-carrier of the callipyge gene, were 
slaughtered.  The callipyge lamb did have higher weights for 12 muscles, especially those 
muscles in the hindsaddle.  Phenotype did not affect temperature decline, pH or R-values 
postmortem.  Longissimus MFI was lower at 2 and 21 d postmortem and WBS was 
higher at 2 and 21 d postmortem for the callipyge phenotype.  Calpastatin activity was 
higher for the callipyge but there was no difference in m-calpain.  Collagen content was 
higher for the normal phenotype.  DNA, RNA and protein concentrations in this study did 
not agree with previous studies.  The SDS-PAGE showed less myofibril degradation in 
the callipyge muscle.  Due to decreased fat content, the callipyge phenotype had a lower 
TBARS concentration.  These results show higher protein synthesis and reduced protein 
degradation of the callipyge phenotype. 
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Introduction 

 
     A heritable muscular hypertrophy condition in sheep has been identified (Freking et 
al., 1998).  The callipyge phenotype is inherited in a non-Mendelian pattern.  
Heterozygous individuals that inherited the gene from the sire are the ones that display 
the phenotype (Freking et al., 1998).  This muscle hypertrophy condition provides a 
number of advantageous traits to the sheep production industry.  The callipyge phenotype 
greatly improves lamb carcass composition (Koohmaraie, 1995) thus allowing the lamb 
industry to increase the efficiency of lean meat production.  However, this improvement 
in lean composition comes with a price.  It is well documented that this hypertrophy 
condition greatly reduces longissimus tenderness and postmortem aging occurs at a 
slower rate than in normal lambs (Koohmaraie, 1995; Duckett, 2000; Shackelford, 1997).  
This decrease in tenderness compared to normal phenotypes seems to be associated with 
an increased elevation in calpastatin activity (Koohmaraie, 1995).  The objective of the 
present study was to determine the effects of the callipyge gene on composition traits and 
attributes closely related to meat quality and tenderness. 

     Carcass Dissection and Proximate Composition.  Individual dissected weights are 
reported in table 1.  The actual weights of the two types of carcasses, normal-muscled 
and callipyge, were as expected.  Callipyge lambs should produce a heavier muscled 
carcass especially in the hindsaddle.  The percentage of the side weight for carcass lean 
for the callipyge lamb was approximately nine percent higher.  Also as expected, 
callipyge lambs will be slightly lighter boned and have a much higher muscle to bone 
ratio.  The specific gravity of the two types of lambs did not differ.  The normal-muscled 
lamb had a specific gravity of 1.045 and the callipyge lamb had a specific gravity of 
1.043.  Since there was no difference in specific gravity, the prediction equations were 
not able to accurately determine percent fat and lean for the two carcasses (figures not 
shown).  The prediction equations underestimated the lean percentage and overestimated 
the fat percentage.  Nor could the prediction equations take into account the differences 
in the two carcass types. 
     As expected, the proximate compositions showed the callipyge lamb to have a higher 
protein percentage and water percentage and the normal-muscled lamb to have a higher 
fat percentage (table 2).  The data did show the inverse relationship of fat to water.  
However, the nitrogen analyzer showed a slightly higher percentage of protein in both 
sample types than the NIT.  But this is to be expected because the nitrogen analyzer 
would take into account all protein (sarcoplasmic, myofibrillar and collagen). 
 

 
Table 1.  Effect of phenotype on dissected muscle weights and percentage of total 

carcass weight for twelve muscles 
 Normal Callipyge 

Muscle Weight, kg % of the side Weight, kg % of the side 

Gluteus medius 0.35 2.5 0.46 3.0 

Biceps femoris 0.45 3.3 0.54 3.6 

Semitendinosus 0.17 1.2 0.19 1.3 

Semimembranosus 0.67 4.9 0.87 5.7 

Adductor 0.16 1.2 0.18 1.2 

Psoas major and minor 0.18 1.3 0.28 1.8 

Longissimus dorsi 0.90 6.6 1.19 7.9 

Subscapularis 0.08 0.6 0.09 0.6 

Triceps brachii 0.36 2.7 0.30 1.9 

Supraspinatus 0.20 1.5 0.15 1.0 

Infraspinatus 0.27 2.0 0.23 1.5 

Deep pectoral 0.25 1.8 0.37 2.4 
 

Figure 10. The final product, a JAS-formatted manuscript.

Calpastatin and Calpain Activity in Ovine Muscle

0

0.2

0.4

0.6

0.8

1

31 40 49 58 67 76 85 94 10
3

12
9

13
8

14
7

15
6

Test Tube Number

A
sb

so
rb

an
ce

 a
t 2

78
 n

m

Calpastatin µ calpain m calpain

Figure 6. Lamb muscle DEAE-Sephacel 
elution profile for the calpain system.
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Figure 7. SDS-PAGE of normal-muscled 
and Callipyge loin muscle.
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Figure 9. Warner Bratzler shear force of 
aged loin muscle from both models.
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Figure 5. Muscle yield comparisons across 
both models.

Figure 2:  Direct measure of pH of 0ppm and 10ppm clenbuterol-fed lambs 
during rigor formation
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Figure 3:  R-value of 0ppm and 10ppm clenbuterol fed lambs during rigor 
formation
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Figure 4. pH and R-value changes over 
time postmortem.

Figure 3. Carcasses from normal-
muscled and Callipyge lambs.

TENTATIVE COURSE OUTLINE

Jan 11 & 13 Introduction / General Laboratory Methods and Safety Issues

18 & 20 -  Harvest two lambs (18 Jan 05)
-  Changes in metabolic activity during rigor formation - pH and R-values
-  Collect samples for remainder of semester (electrophoresis, MFI, sarcomere

length, RNA/DNA/protein, fiber typing, collagen, tenderness)

25 & 27 -  Determination of carcass composition by dissection and specific gravity

Feb  1 & 3 - Harvest two lambs (01 Feb 05)  
-  Separation of proteins using ion-exchange chromatography - begin

calpain/calpastatin extraction

8 & 10 -  Calpains continued - Assay of proteo lytic activity

15 & 17 -  Developing an enzyme assay procedure
-  Measuring enzyme kinetics

22 & 24 -  Separation of soluble and insoluble collagen
-  Colorimetric determination of hydroxyproline concentrations

Mar 1 & 3 -  Analyze sarcomere lengths by laser diffraction
-  Myofibrillar fragmentation index
-  Pre-proposals due

8 & 10 -  Indicators of muscle growth differences: RNA/DNA/Protein
-  Presentation of pre-proposals

15 & 17 Spring break

22 & 24 -  Differential staining of red, white and intermediate fibers - Dr. Sylvia Poulos
-  Determination fiber types and diameter
-  Introduction to computer assisted microscopic analysis

29 & 31 -  Color stability and lipid oxidation in meat during retail display
-  Introduction to SAS
-  Statistical analysis of data collected

Apr 5 & 7 -  Separation of proteins using electrophoresis - Dr. Julie Northcutt
-  Western blots for identification of specific proteins
-  Demonstration of isoelectric focusing

12 & 14 - Determining the fatty acid composition of lipids - Dr. Mike Azain 
- Full proposals due

19 & 21 - Textural analysis of meat products - Ms. Beth Savage / RRC
- Sensory analysis of meat products - Ms. Beth Savage / RRC

26 & 28 - Proximate composition in meat using chemical analysis - Dr. Mark Froetschel

May 3
5

-  Final Exam from 9 - 12 am
- Journal articles due

Figure 1. Course syllabus for Experimental Techniques in
Meat Science and Muscle Biology.
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