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CHAPTER I 

INTRODUCTION 

The livestock industry of today is becoming more cognizant of 

the importance of producing animals that will yield carcasses with 

superior meat quality, combined with a high proportion of lean cuts. 

Until recent years, the emphasis placed on the amount of finish as an 

indication of quality in live cattle has presented livestock producers 

with a slightly distorted picture of the characteristics most desirable 

in meat animals. Some animals produce carcasses with a relatively 

small amount of fat and a high proportion of muscle tissue, but with 

meat quality equal, or even superior, to those animals that are much 

fatter. These desirable animals often are difficult to recognize and 

do not always receive proper recognition in livestock shows and 

sales. 

The present widely-used method of selecting superior meat-

type animals on the basis of their carcass characteristics, as deter 

mined by physical and chemical analyses, is a laborious and expensive 

process. Through the use of high frequency sound instruments, re 

search workers now are able to accurately measure the fat covering 
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in live animals. These instruments also are used to measure, with a 

lesser degree of accuracy, the size of selected muscles in live animals. 

These measurements, when properly calculated to animal weight, may 

be used to predict the meatiness, or muscle to fat ratio, of the poten 

tial carcass. 

The development of an accurate and relatively inexpensive 

method of analyzing live animals to determine the palatability of their 

carcasses would be helpful to all segments of the beef cattle industry. 

Therefore, this investigation was undertaken to determine the possible 

carcass quality factors that could be determined from a small section 

of the longissimus dorsi muscle, similar to a biopsy sample taken 

from a live animal, and the relationship of these factors to carcass 

data from the same animals. 



CHAPTER II 

LITERATURE REVIEW 

The biopsy technique for analyzing muscles of live meat ani 

mals is a relatively new technique. However, the application of 

procedures similar to those employed for removing fat biopsies and 

liver biopsies from domestic animals are being practiced by some 

research workers. 

Ewing et al. (1918) developed a technique employing a borer. 

consisting of a twisted clock spring inserted in a cannula, for remov 

ing fat samples from the backfat of hogs. Scott (1920) reported a 

method for removal of fat samples from the ham of live hogs. Scott 

and Black (1951) advanced a biopsy technique for obtaining backfat 

samples in swine as a part of their studies of soft pork. The tech 

niques described in these three reports were limited to the extrac 

tion of subcutaneous deposits of adipose tissue. 

Liver biopsies are routinely taken on domestic animals by 

means of a cannula-like instrument; this being a widely-used proce 

dure for obtaining samples for checking the vitamin A content of the 

liver of live animals. 
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Bray(1953) reported a biopsy technique used on both swine and 

cattle. The biopsied material, removed by incision through skin, fat. 

and muscle tissue, was used for a study of subcutaneous fat deposition. 

histological investigations, and intramuscular fat deposition studies on 

animals in feeding trials. The incision,! 1/2 to 3 inches in length, for 

removing these samples was made parallel to and 1 to 2 inches later 

ally from the vertebral column just posterior to the last rib. These 

incisions appeared to have no noticeable permanent adverse effects 

upon the health of the animals and were completely healed in 3-5 weeks. 

The results of this investigation were reported as being unsatisfactory 

for determining marbling pattern and other muscle characteristics. 

primarily as a result of poor staining techniques. However, the loca 

tion and procedure for removal of the muscle sample was very accep 

table. 

Spurlock et al. (1962) removed small samples of lean (1.5 x 

1,5 X 6.0 cm.)from the semimembranosus and the longissimus dorsi 

muscle of lambs before slaughter. Portions of these muscle samples 

were chemically analyzed for moisture, fat, and protein, A portion 

of the longissimus dorsi muscle sample was cooked by moist heat in 

a pressure cooker for 5 minutes at 15 pounds pressure. After cooling, 

these samples were cut to a uniform size for shear tests on the Warner-

Bratzler shear machine. The sheared pieces were rated for tenderness 
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as determined by chew count. The results were correlated with data 

obtained by accepted carcass evaluation procedures. Percent fat in the 

longissimus dorsi biopsy and percent fat in the semimembranosus biopsy 

were highly correlated with percent intramuscular fat in the muscle of 

origin as well as percent fat in other muscles of the carcass. Although 

no data were presented from the cooking and shearing tests, it is ex 

pected that very little difference in tenderness resulted because of the 

nature of the cooking procedure. However, the biopsy removal proce 

dure was found to be practical and resulted in no permanent disability 

to the animals being tested. 

While discussing the progress and advancements in beef carcass 

evaluation in recent years. Cole(1962) stressed the importance of eat 

ing quality as a criterion for the selection of the "meat-type" steer and 

emphasized the need for more proficient techniques for determining 

eating quality in live animals. 



CHAPTER III 

PROCEDURE 

A small section of the longissimus dorsi muscle was removed 

from an area adjacent to the thirteenth rib of the left loin of 40 steers 

representing 5 breeds. These samples were removed through an in 

cision in the hide and fat over the thirteenth rib. The samples, col 

lected over a two-year period, were removed immediately after the 

animals were stunned and bled for slaughter at the University of 

Tennessee Abattoir. These samples, which will hereafter be referred 

to as "biopsies. were chilled for 48 hours at a temperature of approx 

imately 36°F. before being wrapped and frozen in a -20°F, air-blast 

freezer. After freezing, the samples were stored at 0°F, until all 

samples had been collected. This storage period ranged from 6 to 29 

months. 

The samples were cut while still frozen to a uniform size of 

25 X 40 X 60 mm. with an electric band saw. After weighing, the 

samples were cooked from the frozen state in a preheated 250°F. 

Despatch oven until an internal temperature of 155°F. was reached. 

Twenty samples were cooked at each of two cookings on small individ 

ual roasting utensils made from pyrex beakers covered with a drip 
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rack made of one-fourth-inch mesh hardware cloth. 

The cooked samples were weighed after cooling 30 minutes at 

room temperature and then were placed in a 36°F. refrigerator over 

night before cores were removed for shear tests. The drippings from 

each sample were collected in the pyrex beakers and weighed to de 

termine drip loss. Evaporation losses were calculated by determining 

the difference in the weight of the raw sample and the cooked sample 

plus the drippings. 

Two or three one-half-inch cores were removed from each of 

the chilled samples parallel to the muscle fibers. These cores were 

then sheared 1 to 3 times, according to their length, by the Warner-

Bratzler shear machine and an average shear value for each sample 

was determined. 

After the removal of all surface fat, the frozen muscle trim 

mings, obtained by cutting the original sample to a uniform size, were 

chopped and mixed by use of a hand-operated food chopper, This was 

done in a 36°F. cooler to reduce thawing of the samples and minimize 

moisture evaporation. 

Approximately 2 grams of each sample, in duplicate, was then 

dried in a lOO^C. oven under a vacuum of 4 inches of mercury for 5 

hours to determine moisture content. The dried samples then were 

extracted in anhydrous ether for 6 hours to determine ether extract 
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content. Protein content was calculated by difference assuming an ash 

content of 1%. 

Slaughter and carcass evaluations of the steers from which the 

samples were taken were conducted at the University of Tennessee 

Meat Laboratory. Weights of offal, or non-carcass components, were 

taken during the slaughter process to be used in other investigations. 

Carcasses were chilled in a thermostatically-controlled 36°F. cooler 

for 48 hours prior to physical separation. The left side of each car 

cass was divided into wholesale cuts according to the procedure 

recommended by Wellington(1953) except that a conventional square 

cut chuck was made. The round and the 9-10-11 rib section were 

physically separated into muscle, fat, and bone. Samples of the 

longissimus dorsi muscle and the combined fat and muscle from the 

entire 9-10-11 rib section were ground two or three times, mixed. 

and sampled for chemical analyses of moisture, ether extract, and 

protein. 

The right side of the carcass was aged in the 36°F. cooler for 

2 weeks before being cut into roasts and steaks for cooking tests. 

shear value determinations, and tenderness, juiciness, and flavor 

scores by members of laboratory and family taste panels. 

The data obtained from the biopsies were correlated to cor 

responding values from the carcass cuts. These data were 
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statistically analyzed according to the methods and procedures outlined 

by Snedecor(1956). 



CHAPTER IV 

RESULTS AND DISCUSSION 

Prior to the beginning of the analysis of the biopsies, prelim 

inary investigations were conducted to determine the most acceptable 

methods for securing a maximum amount of relevant information from 

these samples. Small sections of the longissimus dorsi muscle were 

cut from beef ribs and analyzed to determine(1) a usable sample 

size, (2) a desirable method of trimming the samples to a uniform 

size, and(3) the best cooking procedure. 

Samples cut to a size of 13 x 13 x 60 mm. and sheared after 

cooking showed much lower correlations with shear values for carcass 

cuts than shear values for cores removed from 25 x 40 x 60 mm. 

samples. These smaller samples became very hard and dry on the 

outside surface while cooking and had much higher and less uniform 

shear values than the cores removed from the larger samples. Samples 

that were trimmed in the frozen state with an electric band saw were 

easier to secure and were more uniform in size than samples that were 

trimmed with a knife or meat slicer after thawing. 

Samples roasted from the frozen state in a 250°F. Despatch 

oven had the following advantages over similar samples broiled 4 
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inches from the heat source in a preheated oven; 

(1) The roasted samples were more uniformly cooked. 

(2) The cores for shear tests removed from the broiled 

samples had a hardened exterior layer and a soft 

watery center resulting from "case-hardening” of the 

samples during broiling. 

(3) The roasted samples more nearly retained their original 

size and shape than the broiled samples or roasted 

samples that were allowed to thaw before cooking. The 

size and shape of the cooked sample is important in order 

that a minimum of 2 one-half inch cores can be obtained 

for shearing. 

The biopsy samples analyzed in this study were collected from 

animals of 5 breeds. The carcass grade distribution of these steers 

within breeds is shown in table I. The carcass weight and grade was 

more or less representative of the majority of cattle marketed from 

feedlots in the southeastern United States. The number of animals 

within breeds varied from 4 for Herefords and Charolais to 13 for 

Angus. 

The average percent total cooking losses for the small biopsy 

samples were much higher than for either loin steaks or rib roasts 

(table II). Greater dehydration of the biopsy samples during cooking 
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TABLE I 

CARCASS GRADE DISTRIBUTION WITHIN BREEDS 

Carcass grade Breed 

Breed Choice Good Standard totals 

Angus 12 1 13 

Brahman 7 4 11 

Charolais 1 3 4 

Hereford 4 4 

Jersey 7 1 8 

Carcass grade 

totals 13 22 5 40 
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was expected because of the smaller size of these samples. The 

biopsies were about one-fifth as large as the loin steaks and about one-

twentieth as large as the rib roasts; therefore, the surface area ex 

posed per total volume for dehydration by the cooking environment was 

much greater in the biopsies than in either loin steaks or rib roasts. 

Biopsies from the Jersey steers had the lowest cooking losses, being 

6.3% lower than the average for all animals. Although these losses 

for biopsies from the Jersey steers were somewhat lower than for 

other breeds, they more or less paralleled losses for the steaks and 

roasts from animals of this breed. The highest percent total cooking 

losses were obtained from biopsies of the Charolais steers. Average 

total cooking losses for biopsies from Angus, Brahman, and Hereford 

steers varied less than 1 %. 

Relatively low simple correlation coefficients(r = 0.02 to r = 

0.51) were obtained when total cooking losses for the biopsy samples 

were correlated with total cooking losses for the loin steaks and rib 

roasts on a within breed basis. However, when all animals were 

considered, the association(r = 0.44) of total cooking losses in 

biopsies and rib roasts was significant at the 1% level of probability. 

Also the association(r = 0.33) of total cooking losses in biopsies and 

loin steaks was significant at the 5% level of probability while the 

association of total cooking losses in loin steaks compared to rib 
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roasts was much lower and only approached significance at the 5% level 

of probability. This indicates that total cooking losses for the biopsies 

were more closely associated with total cooking losses for either of the 

two carcass cuts than were cooking losses of loin steaks and rib roasts. 

Evaporation losses for the biopsies were almost twice as great 

as for the broiled loin steaks and almost two and one-half times as 

great as evaporation losses for the oven-roasted rib roasts when data 

from all animals were analyzed. This same evaporation loss pattern 

with only minor variations was observed when breed means were com 

pared as shown in table III and Appendix table IX. Most of the in 

crease in total cooking loss for biopsies compared to loin steaks or rib 

roasts as shown in table II can be explained by the tremendous com 

parative evaporation loss of biopsies and loin steaks or rib roasts as 

shown in table III. These differences in evaporation losses are part 

ially justified on the basis of the small sample size and absence of out 

side fat on the biopsies compared to rib roasts and much slower cook 

ing of the biopsies compared to the loin steaks. However, the 

evaporation losses for the biopsies were significantly associated with 

evaporation losses for both rib roasts, and loin steaks while evapor 

ation losses between loin steaks and rib roasts were not significantly 

associated at the 5% level of probability when all animals were 

analyzed. 
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The small biopsy samples having little or no external fat pro 

duced less than one-half the amount of drip loss collected from loin 

steaks and approximately 60% of the average drip loss from rib roasts 

as shown in table IV and Appendix table IX. Also, there was a low 

negative association(r = 03 and r = 01) between average drip loss 

from the biopsies and either loin steaks or rib roasts when all animals 

were considered. Average drip losses for loin steaks and rib roasts 

also had a very low association(r = 0.09) in the analysis of all animals. 

In this table, several high correlations may be observed within the 

breeds. Because of the small number of samples, none were signifi 

cant at the 5% level of probability except the loin steak versus rib 

roast correlation within the Brahman breed. This correlation proved 

to be highly significant, indicating a high association between drip loss 

percentage in loin steaks and rib roasts from Brahman steers. 

Although average shear values for one-half inch cores from the 

biopsies were much higher than average shear values for either the 

loin steaks or rib roasts, there was a highly significant association 

between these values when all animals were analyzed, as shown in 

table V and Appendix table X. The higher average shear values for 

the biopsies were probably caused primarily by the temperature of the 

cooked samples when they were sheared. The biopsy samples were 
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chilled overnight in a SS^F. refrigerator to facilitate the removal of 

uniform one-half inch cores for shearing from the small samples while 

the cores from loin steaks and rib roasts were removed and sheared 

after only 30 minutes cooling at room temperature. It appears from 

these data that the relationship between tenderness ratings of biopsies 

and either loin steaks or rib roasts is as high as the relationship 

between loin steaks and rib roasts. Associations for shear values of 

the biopsies and carcass cuts within breeds were not as high in most 

instances as the association for all animals. However, the rank of 

breeds when shear values for biopsy samples and loin steaks were 

compared was quite similar. It is expected that this similarity was 

influenced by the fact that the loin steaks came from the longissimus 

dorsi muscle at a location that closely paralleled the location from 

which the biopsy sample was taken. The shear values for the same 

muscle taken from rib roasts showed less similarity of rank for the 

breeds. However, these roasts were removed from the sixth and 

seventh rib section of the animal rather than from the thirteenth rib 

section from which the biopsies were removed. 

As shown in table VI and Appendix table X, shear values for 

the biopsies were correlated with tenderness ratings as determined by 

a five-member taste panel for broiled loin steaks and rib roasts cooked 

by dry heat in a moderate oven. The negative correlation(r = -.53) 
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TABLE VI 

SIMPLE CORRELATION COEFFICIENTS OF BIOPSY SAMPLE SHEAR 

VALUES AND TASTE PANEL TENDERNESS RATINGS FOR 

LOIN STEAKS AND RIB ROASTS 

Simple correlation coefficients 

Biopsy sample shear Biopsy sample shear 
value vs. loin steaks value vs. rib roasts 

Breed tenderness rating tenderness rating 

Angus 0.04 0.69 

Brahman 72 42 

Charolais -.42 0.25 

>1< 
Hereford 22 97 

Jersey 47 61 

All breeds 32 

Significant at the 5% level of probability. 

>!<>!<Significant at the 1% level of probability. 
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for biopsies versus loin steaks was significant at the 1% level of prob 

ability and the negative correlation(r = -. 32) for biopsies versus rib 

roasts was significant at the 5% level of probability. Both of these 

correlation coefficients indicate a tendency for taste panel tenderness 

scores to increase as shear force decreases. This trend was antici 

pated since a higher taste panel score and a lower shear value desig 

nate a "more-tender" product. These significant correlations indicate 

that average shear value for cores removed from cooked biopsies 

might be used as relatively accurate predictors of taste panel tender 

ness rating for broiled loin steaks or rib roasts from the carcass. 

Moisture content of the biopsy samples, as determined by dry 

ing in a vacuum oven, was lower for each of the breeds than the 

moisture content of a sample of the longissimus dorsi muscle taken 

from the 9-10-11 rib section of the carcass as shown in table VII. 

Although these biopsies averaged 3.9% less moisture than the carcass 

muscle, the correlation coefficient of 0.59 obtained when these values 

were compared for all animals was highly significant. The moisture 

contents of the biopsies and carcass muscles were closely associated 

in the majority of animals tested, especially in the Angus and Jersey 

breeds as shown in Appendix table XI. 

The percentage of each biopsy ssunple and carcass muscle 

sample extracted by ether is shown in Appendix table XI. The average 
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percentage of ether extract from the carcass muscle and biopsy sample 

for each of the 5 breeds and all animals grouped together, along with 

simple correlation coefficients for these values, is shown in table VII. 

The ether extract percentage was higher for biopsies in the Angus and 

Brahman breeds but higher for carcass muscle samples in the 

Charolais, Hereford, and Jersey breeds. When all animals were con 

sidered, the ether extract from the biopsies was 0.13% higher than for 

carcass muscles. The correlation coefficient(r = 0. 56) obtained when 

ether extract percentages for the carcass muscle were compared to 

ether extract percentages for the biopsies from all animals was 

significant at the 1% level of probability. 

Protein content of carcass muscle and biopsy samples was de 

termined by the difference in the combined weight of moisture and 

ether extract and the weight of the original sample, assuming that 1% 

of the weight was ash. This value was 2.84% higher for biopsy sam 

ples than for carcass muscles when all animals were compared as 

shown in table VII. A relatively low association(r = 0.21) was ob 

served when protein content of biopsies was compared to protein 

content of the carcass muscle for all animals. However, when 

protein content was calculated on a dry sample basis, the percentage 

protein content of the biopsies more closely paralleled the protein 

content of the carcass muscle. 
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Average subjective marbling scores for the biopsy samples had 

a highly significant association(r = 0.76) with average subjective 

marbling scores for the corresponding carcasses when all animals 

were considered. As shown in table VIII and Appendix table XII,there 

was less than one-half degree difference in the mean marbling score 

for biopsy samples and carcasses from all animals. In the Angus, 

Hereford, Brahman, and Jersey breeds biopsy samples had slightly 

more marbling than carcasses while the biopsies from the Charolais 

steers had slightly less marbling than the carcasses. However, 

these differences in mean marbling score within breeds were very 

small with the greatest difference within any breed being 0.7 of one 

marbling score difference. This high association indicates that 

marbling scores for biopsy samples may be used as relatively ac-

curate predictors of carcass marbling. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Small sections of the longissimus dorsi muscle, removed from 

40 steers of 5 breeds at the beginning of the slaughter process, were 

analyzed to determine marbling score, chemical composition, shear 

value, and cooking losses. The data obtained from these "biopsies' 

were correlated to corresponding values for carcass cuts. 

Shear values for broiled loin steaks and oven-roasted rib 

roasts were much lower than those for the oven-roasted biopsies. 

However, the relationships among breed means were very similar 

and the association between biopsy shear values and shear values of 

either loin steaks or rib roasts was significant. The correlations 

between biopsy shear values and taste panel tenderness ratings like 

wise were significant. 

Moisture content of the biopsies was slightly lower than, but 

closely paralleled, the moisture content of the longissimus dorsi 

muscle sample from the 9-10,-11 rib section of the carcass. The cor 

relation of ether extract percentage of the biopsies with carcass muscle 

ether extract percentage was significant at the 1% level of probability. 

Marbling score for the biopsies appeared to be a relatively accurate 

27 
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predictor of carcass marbling as was shown by a highly significant cor-

relation when these two values were compared. 

Total cooking losses for the biopsies were much higher than for 

the larger carcass cuts having a greater volume per surface area ex-

posed to the dehydration of the cooking environment, However, the 

association of total cooking losses of the biopsies compared to loin 

steaks and rib roasts was significeint when all animals were compared. 
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APPENDIX TABLE XII 

SUBJECTIVE MARBLING SCORE FOR BIOPSY SAMPLES 

AND CARCASSES FROM 40 STEERS 

Animal Biopsy sample Carcass 

number marbling score# marbling score# 

A7-1 

A8-1 

A9-1 

AlO-l 

All-1 

A12-1 

A31-2 

A61-2 

A91-2 

AlOl-2 

A141-2 

A191-2 

A251-2 

B20-1 

B143-1 

B176-1 

B760-1 

B762-1 

B812-1 

Bl-2 

B2-2 

B3-2 

B65-2 

B600-2 

C3-2 

C5-2 

C9-2 

ClO-2 

6 

6 

6 

7 

7 

7 

4 

9 

6 

7 

6 

6 

5 

3 

4 

3 

5 

3 

4 

4 

5 

4 

3 

4 

5 

4 

5 

4 

7 

6 

4 

5 

7 

6 

6 

7 

6 

6 

7 

6 

6 

3 

3 

4 

4 

3 

2 

3 

5 

4 

2 

3 

5 

5 

6 

4 
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APPENDIX TABLE XII(continued) 

Animal Biopsy sample Carcass 
#number marbling score marbling score# 

H13-1 4 4 

H14-1 7 6 

H17-1 5 5 

H18-1 6 4 

Jl-1 7 8 

J2-1 6 8 

J5-1 8 8 

Jl-2 7 6 

J2-2 8 7 

J4-2 6 4 

J5-2 8 7 

J6-2 8 6 

Mean 5.6 5.2 

#Key to marbling score: 1 = devoid; 12 = extremely abundant. 
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