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CHAP-EER I 

INTRODUCTION 

Extensive reports of detailed research concerning tissue and 

excretory shrinkage of beef animals from farm to market have been pub 

lished. However,few investigations have been made which dealt with the 

weight losses that occur at the time of slaughter. These losses repre 

sent the components of the offal. Since more and more emphasis is being 

placed upon carcass evaluation and cut-out data as a guide to the selec 

tion of meat-type breeding stock, the need for a valid live weight 

figure becomes critical. 

In the determination of dressing percentage and carcass cut-out 

data, the basis is either the live weight or the carcass weight. The 

data calculations are not as questionable when based on a carcass weight 

because only tissue shrinkage is involved and it is relatively minor. 

However, whe^ these percentages are based on a live weight, the shrinkage 

due to excretion and offal components such as hide, viscera, and diges 

tive tract can vary widely due to breed, pre-slaughter treatment, and 

the live weight figure used in making the calculations. The various 

live animal weights which may be used are: (l) off-feed weight taken 

at the farm or feed lot, (2) slaughter or kill weight taken Just prior 

to slaughtering after the animals have received a prescribed pre-

slaughter treatment, (3) slaughter or kill weight taken without a 

prescribed pre-slaughter treatment, and (k) adjusted live weight based 

on a standard viscera percentage. Because of the variations in these 
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weights, the question may arise, "What live weight should be used in 

determining dressing percentage and carcass cut-out values?" 

Many adjustments have been proposed to account for shrinkage due 

to offal. For example, the National Barrow Show uses a digestive tract 

standard of 12.5 percent of empty body weight to obtain an adjusted live 

weight on which to base dressing percent. Recently, emphasis has been 

placed upon using standard viscera percentages in beef carcass contests. 

These standards are designed to adjust for the loss in weigpit due to 

components of the offal. 

The variations in offal components and pre-slaughter treatment 

have a definite effect upon live weight. If live weight is to be used 

as a basis for the computation of viarious carcass improvement criteria, 

an investigation and report of the offal component percentages certainly 

is warranted. 

The purpose of this study is to provide fundamental knowledge to 

the animal husbandman about the offal component percentages of beef 

animals and to elucidate some of the problems facing the establishment 

of valid offal standards. 



CHAPTER II 

EEVIEW OP LITEEATUEE 

Eesearch relating specifically to offal composition is limited. 

The majority of the literature is concerned vith growth and development 

of the digestive tract, physiology of inminants, and the relationship of 

various organ weights to carcass and live animal data. 

Wardrop (196O), studying the development of visceral organs of 

lambs fed different diets, found that the plane of nutrition can have 

a marked effect upon the growth and development of these organs. How 

ever, as far as the ruminant stomach was concerned, the type of nutrition 

was more important than the plane of nutrition in determining the rate 

of growth. Immediately after birth the four compartments altered rapidly 

in their relative proportions, but by about fifty-six days of age, they 

had reached approximately adult proportions. The same effect was true 

for the liver, heart and kidneys, relative to live wei^t. 

In considering ruminant stomach development with respect to age, 

Kesler et (1951) worked with Holstein calves slau^tered periodi 

cally up to 32 days of age and found that the weights of rumen tissue 

and of the rumen contents increased slowly and steadily with advancing 

age. 

Grossman (19^9) reported that the abomasum of the newborn calf 

has about twice the capacity of the first three compartments combined, 

and that these stomachs reach their definitive relative capacities at 

about one and one-half years of age. 



Various observations were made by Warner^ (195^) on the 

development of the ruminant stomach with respect to age and type of diet. 

Calves receiving dry feed had a noticeable increase in volume and tissue 

deposition of the rumen and reticulum with age, as well as a more exten 

sive papillary development of the rumen wall. These initial changes were 

evident at four weeks of age and increased steadily. Calves fed milk 

alone showed little change. It was postulated from this study that 

chemical entities, probably end products of microbial digestion of feed, 

rather than coarse materials, stimulate the development of the rumen and 

reticulum tissue. 

In a more specific analysis of offal composition, Zeigler (1958) 

found that the offal fat averaged about 3 percent of a beef animal's 

live weight, ranging from 1 percent in cattle of the U.S. Good grade to 

6.5 percent for U.S. Prime cattle. The liver averaged about 1 percent 

of the live wei^t, the heart 0.35 percent, the tongue O.25 percent and 

the liquid blood 3.5 percent of the live weight. Hide weight varied 

with the breed of cattle. Slaughter records of purebred steers killed 

and dressed in the Peimsylvania State University Laboratory showed that 

hides of Herefords averaged 8.5 percentj Angus, 7.5 percent; and Short 

horns, 6.5 percent of the live weights of the animals, with an overall 

average of approximately 7.O percent. 

Data submitted by Walton^ (193^) concerning yield of blood 

from beef animals slaughtered on farms and ranches in 1932, revealed 

that for an average live weight of 75^ pounds, the yield of blood was 

25.65 pounds, or 3»^ percent of the live weight. 
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Swift and Company (1936) found that on the average only 5^.3 per 

cent of a live steer is considered consumable beeft Of the remaining 

^5'7 percent of the live weight, 10.1 percent has little value and 19*5 

percent is lost when the digestive tract is emptied at the time of 

slaiighter, leaving only l6.1 percent of the offal components which may 

be converted into finished by-products. 

In an experiment designed to study the effects of fatness and 

age on the proportion of carcass and offal, Moulton £t (19?2) re 

ported that, except for the caul and ruffle fat, the percentage of each 

visceral organ comprising the empty body decreased with an increase in 

age and fatness. 

In comparing a purebred dairy cow with a purebred beef cow. Sweet 

et al. (1928) reported that the weights of intestines, intestine con 

tents, stomach and stomach contents were much greater for the Jersey cow 

than for the highly finished Angus cow. 

Kraybill^ (195^) analyzed data from Hereford steers. Short 

horn steers and nineteen pairs of identical twins of different breeds. 

When the ranges in age, fatness and weight were limited, the close 

association between lean body mass and organ weights of spleen, liver, 

heart, kidney eind pancreas was lowered. 

Offal items were weighed by Butler^ (195^) in an effort 

to account for the two to three percent advantage in dressing percentage 

of crossbred Brahman steers over Hereford steers. Most of this differ 

ence was found to be in the paunch. The empty digestive tract was 6.02 

percent of the slaughter weight for the Herefords and 5*3^ percent for 
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the crossbreds. Other "dress-off" items exerted little Influence on the 

two to three percent average yield difference noted constantly over a 

four-year period. 

In a study pertaining to beef production and quality as influenced 

by crossing Brahman bulls with Hereford and Shorthorn cows. Black et al. 

(193^) reported that no statistically significant differences existed in 

hide thickness, intestine length, or in weights of hearts, lungs, spleen, 

thymus gland, brain, shanks and caul, ruffle and paunch fat. However, 

there was a significant difference existing in paunch weights which was 

primarily in capacity rather than the eunoimt of tissue present. 



CHAPTEB III 

PBOCEDDBE 

The animals used in this project were purchased when four to five 

months of age and were fed at the University of Tennessee Bloiint Farm. 

The following breeds and numbers of each were represented: Jersey (19)> 

Guernsey (2), Holstein (214-), Hereford (27), Angus (23), Brahman (l6), 

Santa Gertrudis (12), and Brahman X British breeds (lO). 

In order to keep environmental effects at a minimum, all animals 

within years were raised under the same feeding and management practices. 

During the first year, all animals were individually fed ad libitum. 

However, during the second, third, and fourth years the animals were 

group fed ad libitum. 

During the first three to four months of the feeding period, the 

ration consisted of 25 percent ground hay, k3 percent shelled com, 20 

percent calf starter, 8 percent cottonseed meal, 3 percent molasses, 

0.5 percent dicalcium phosphate and 0.5 percent salt. However, at the 

end of this initial feeding period the 20 percent calf starter was 

replaced by 20 percent com. 

The animals were slaughtered at a weight of 900 pounds or at 

twenty months of age, whichever was reached first. All animals received 

the same pre-slaughter treatment. Off-feed weights were taken twenty-

foiu: hours previous to slaughter and kill weights were recorded just 

prior to slau^ter. Thus, each animal was given an equal twenty-four 

hour shrinkage without feed or water. 
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During the first year of this study, both Guernsey and Jersey 

breeds were used. However,during the second and following years, only 

Jerseys were used. Hereafter in this thesis where reference is mde to 

Jerseys, both Guernsey and Jersey breeds will be included. 

The University of Tennessee Meats Laboratory facilities were used 

for slaughtering and processing. The methods and procedures used were 

those outlined by Deans (1951) in the Eeport of Proceedings, Fourth 

Annual Reciprocal Meat Conference, with the following exceptions: (l) 

the hyoid bones were not unjointed from the skull, (2) the brain and 

pituitary gland were not removed from the head, (3) the hide was not 

trimmed, (!«■) the stomachs and intestines were emptied of their contents, 

washed thoroughly and allowed to drip dry for approximately three hours 

before weighing, (5) the spinous processes of the thoracic vertebrae 

were not scribed. 

The carcasses were shrouded, chilled in a 3^-36° F. cooler for a 

minimum of twenty-four hours, and were then weired to obtain a chilled 

carcass wei^t. The carcasses were graded to the nearest one third of 

a grade by a federal grader. The left side was held for detailed 

physical separation and chemical analyses. The right side was used for 

organoleptic studies in cooperation with the University of Tennessee 

Home Economics Department. 



CHAPTER IV 

RESULTS ARB DISCUSSION 

A partial description of the steers used in this project is given 

in Tables I emd II. Table I shows the carcass grade distribution within 

breeds, which are more or less representative of the cattle marketed in 

the southeastern area of the United States. The grades and total numbers 

of each are: Prime (2), Choice {2k), Good (k?). Standard (52) and 

Utility (8). The pre-slaughter, carcass grade, and yield information by 

breed is presented in Table II. The average off-feed weights ranged 

from 782 to 899 pounds, with a mean of 859 pounds. The Holsteins which 

had the highest rate of gain and usually were slaughtered first, had an 

average off-feed weight of 897 pounds, only to be exceeded sli^tly by 

the Santa Gertrudis with an average off-feed weight of 899 pounds. The 

slow gaining, late matiaring Jerseys had the smallest off-feed weight and 

usually were fed to twenty months of age. 

The kill weights for all breeds averaged 5I pounds less than the 

off-feed weights. 

The average twenty-four hoiar pre-slaughter shrink loss ranged 

from k.9 to 6.8 percent with a mean for all breeds of 5»9 percent. The 

Holsteins, which had one of the heavier off-feed weights, had the highest 

pre-slaughter shrink loss of 6.8 percent, while the Jerseys, which had 

the smallest off-feed weight, followed closely with 6.0 percent. The 

higher percentages for these dairy breeds becomes quite obvious when 

reference is made to Appendix Table I which contains the percentages of 
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the digestive tract components. The average pre-slau^ter shrink losses 

for Brahman, Brahman crosses, and Santa Gertrudis, were h.9, and 

5-7 percent, respectively. These data wovild indicate that, as the amount 

of Brahman blood increases, the percent pre-slaughter shrink loss de 

creases. An agreement with the work of Butler^al. (195^) is found 

when a comparison of the pre-slau^ter shrink losses of Brahman crosses 

and Herefords are considered. The Brahman crosses have a lower percent 

of pre-slaughter shrink loss. The British breeds of Hereford and Angus 

had intermediate values for the percent pre-slaughter shrink loss. 

The ranges in hot and chilled carcass wei^ts varied widely 

while the ranges in percent cooler shrinkage were relatively small. 

Carcass grades ranged from average Standard minus to low Choice 

minus, with a mean for all breeds of low Good. The dairy breeds of 

Holstein and Jersey, with their long, angular, thin-fleshed carcasses, 

had an average carcass grade in the lower one half of Standard, while 

the Brahmans and Brahman crosses had an average carcass grade in the 

upper one half of Standard. The higher grading beef breeds were those 

containing British blood. The Angus with the highest average carcass 

grade of low Choice minus, slightly out graded the Herefords which had 

an average carcass grade of high Good plus. The Santa Gertrudis had an 

average carcass grade of average Good minus, which was slightly above 

the mean for all breeds. 

The dressing percentages, based on an off-feed weight, ranged 

from 53.9 to 59*7 percent, with an all breed mean of 57*6 percent. The 

Santa Gertrudis had the highest off-feed dressing percentage with 59*7 
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percent. The Holsteins and Jerseys had the lowest off-feed dressing per 

centages with 55. and 53'9 percent, respectively. The low dressing 

percentages for these dairy breeds are due to a larger percent of their 

live weight being "tied up" in visceral components, as may be observed 

in Appendix Table III. As expected, the dressing percentages based on 

kill weights for all breeds were higher than the off-feed dressing per 

centages. 

The average percent of kidney knob ranged from 3'5 "to 6.2 with 

a mean of percent for all breeds. The Jerseys had the highest 

percent kidney knob and the lowest dressing percentage. Had the kidney 

knob been removed from the carcasses at the time of slau^ter, the yield 

figures would be comparatively much lower. 

The pre-slau^ter £ind yield information presented in Table III 

shows some very distinct trends with respect to carcass grade. With 

an exception of the Choice and the Good grades, there was a general 

increase in off-feed wei^t with an increase in carcass grade. The 

same among grade effects were observed for kill wei^ts. 

The Utility and Standard grades had the largest percentages of 

pre-slaughter shrink loss, with 6.6 and 6.2 percent, respectively. The 

Good grade had a slightly lower average percent pre-slau^ter shrink 

loss than Choice and Prime. 

Although there was a wide range in hot and chilled carcass 

wei^ts, the percent cooler shrink loss varied only O.3 percent. It 

was greater in the lower grading carcasses than in the higher grading 

carcasses. 
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Dressing percentage, vhen based on either off-feed or kill wei^t, 

showed a very distinct increase with increases in carcass grade. This 

is largely a ftmction of the heavier live wei^ts of the upper grades, 

along with their additional covering of fat, as compared to the lower 

grades. 

Although the Prime grade had the hi^est percent kidney knob, 

these among grade differences are not as great as the differences among 

breeds. This is probably confounded by the fact that the lower grading 

dairy breeds usually have a higher percentage of kidney knob than the 

higher grading beef breeds. 

The offal component percentages presented in Table IV are the 

most important factors influencing the wei^t losses which occur at the 

time of slaughter. 

The Holstein and Jersey breeds had the highest percentages for 

all the variables presented in Table IV, with the exception of percent 

ruffle and caul fat and hide. This largely accounts for their low 

dressing percentages. The breeds containing Brahman blood had the lower 

values for csnasum and abomasum, ruffle and caul fat, total digestive 

tract and viscera. However,as the percent of Brahman breeding increased, 

the percent of hide increased, which agrees with the work of Carpenter 

et (1961). The Herefords and Angus represented intermediate per 

centages for the variables presented in Table IV. 

In analyzing the data presented in Table V on a grade within 

breed basis, there were no significant differences observed in percent 

omasum and abomasum, small and large intestines, liver, and total 
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gastrointestinal tract. These results may be due to the fact that the 

beef breeds largely were graded in the upper three grades while the dairy 

breeds were representative of the lower grades. 

All of these variables were highly significant at the P -<C (O.Ol) 

level for among breed differences, with the exception of percent liver 

(Table V). These differences may be attributed to the type and specific 

purpose for which these various breeds are used. Detailed information 

concerning the data presented in Tables IV and V may be found in Appen 

dix Tables I, III and V. 

Table VI gives the relationship of viscera weight to hot carcass 

wei^t by breed. This table was prepared in an attempt to more criti 

cally examine the possible use of a standard viscera percentage in 

evaluating beef carcasses. The observed viscera wei^t, as it will be 

referred to, was obtained after all animals had received a twenty-four 

hour pre-slaughter shrinkage without feed or water. 

The average viscera weights ranged from ISH.lj- to 165.7 pounds, 

with a mean of 162.6 pounds. Eolsteins and Jerseys had the heaviest 

viscera wei^ts with 165.7 and 191*6 pounds, respectively, which 

materially exceeds the mean for all breeds. The Brahmans had the 

lowest average viscera weight with 13^.^ pounds while the Brahman 

crosses had an average viscera wei^t of 151*2 pounds, and the Santa 

Gertrudis had an average viscera wei^t of I56.6 poiinds. Hereford and 

Angus average viscera weights were almost identical. 

It is assumed that the pre-slaughter shrink loss is due primarily 

to an excretory loss and not an actual tissue shrinkage since the animals 
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were not exposed to a prolonged treatment without feed or water. Saffle 

et (i960) found no significant tissue shrinkage in swine during a 

fast of 72 hours. 

In order to arrive at an "off-feed" viscera weight, assuming the 

animals had received no twenty-four hour pre-slaughter shrinkage, the 

poTinds of pre-slaughter shrink loss have been added to the observed 

viscera wei^t to give a viscera plus twenty-four hour shrink loss 

figure. This "off-feed" viscera weight divided by hot carcass weight 

will be used to evaluate the standard viscera percentage employed at 

the i960 Waterloo Meat Animal Show. The standard viscera percentage 

used at this particular show was k2.9 percent of the hot carcass weight. 

The average viscera weight divided by the hot carcass wei^t 

ranged from k2.k to 27.3 percent with a mean of 32.^ percent (Table Vl). 

The Herefords and Angus had values of 29.7 eind 30.5 percent, respec 

tively. These values were sli^tly higher than those of the Brahmans, 

Brahman crosses, and Santa Gertrudis, which had percentages of 27-3; 

29.0 and 28.8 percent, respectively. 

In analyzing the viscera weight divided by the hot carcass 

weight, it becomes quite obvious that the only breeds which approach 

the viscera standard of k2.9 percent are the Holsteins and Jerseys with 

36.8 and k2.h percent, respectively. Since these are dairy breeds, it 

would be rather impractical to exhibit them in a beef carcass contest. 

These data indicate that any attempt to standardize viscera percentages 

may introduce serious error, particularly if the animals are kept away 

from feed and water twenty-foxir hours previous to slaughter. 



21 

When the twenty-four hour pre-slaughter shrink loss is added to 

the observed viscera wel^t and this total divided by the hot carcass 

weight, the range Is 53'^ to 35«8 percent with a mean of k2,^ percent. 

This average percent of viscera plus twenty-four hour shrink loss for 

all breeds, Is 0.1»- percent below the Waterloo viscera standard. Further 

more, It was obtained after adding the pre-slau^ter shrink loss to the 

observed viscera weight and treating the value as If the animals had 

received no pre-slau^ter shrinkage. The Holstelns and Jerseys were 

considerably above the mean for all breeds In average percent of viscera 

plus twenty-four hour shrink loss with 1+8.9 53.^ percent, respec 

tively. The Angus with 1+0.9 and the Herefords with 39*2 percent more 

closely approached the mean for all breeds, but were still approxi 

mately two percent below It. The Brahman, Brahman crosses, and Santa 

Gertrudls had values of 35'^^ 38.0 and 38.3 percent, respectively, 

which were considerably below the mean for all breeds. 

If only the breeds of Angus and Hereford are considered, the 

standard viscera percentage Is still 2.9 percent too high, even when 

the pre-slaugd+ter shrliik loss Is added to the observed viscera wel^t. 

If the large viscera weights and pre-slau^ter shrink losses of Hol 

stelns and Jerseys were removed from Table VI, the all breed average 

for viscera plus twenty-four hour shrink loss divided by hot carcass 

wel^t, would be 38.i+ percent. 

The data In Table VII shows the relationship of viscera weight to 

hot carcass weight by grade. The average viscera weights ranged from 

156.1+ to 169.6 pounds. Utility had the highest average percent viscera 
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based on hot carcass wei^t with li-l.O percent while the Prime grade had 

the lowest value of 28.0 percent. Again, these percentages are below the 

standard viscera percentage used at Waterloo. 

A range of 37«3 percent for Prime to 53-l percent for Utility was 

observed when the hot carcass wei^t was divided into the combined 

viscera plus twenty-four hour pre-slau^ter shrink loss weight. 

As shown in Tables VI and VII, there are hi^ly significant 

differences among breeds and among grades for the percent of viscera 

and viscera plus twenty-four hour shrink loss divided by hot carcass 

weight. 

One of the main objections to the adjustment of live weight by 

using a standard viscera percentage is the fact that, more often than 

not, the live wei^t would be increased. If this adjusted live weight 

is used to determine dressing percentage, it becomes apparent that 

"true" dressing percentage will be lowered. Therefore, adjustment for 

a live weight would depress dressing percentage and consequently carcass 

value would be lowered. 

From the data presented in Tables VI and VII, and from the pre 

vious discussion, it appears that there is no need to adjust for live 

weight when the animals are given the same pre-slau^ter treatment. 

Also, the establishment of a standard viscera percentage seems rather 

invalid because of the biological variability of animals. However, if 

a viscera percentage is to be used in adjusting for a live weight, it 

would be more valid to use a value determined from data concerning breed 

and grade within breed differences than it would be to apply a standard 
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viscera percentage figure to all animals regardless of breed or carcass 

grade. 



CHAPTEE V 

SUMMABT AHD CONCLUSIONS 

Detailed offal information was obtained from 133 steers repre 

senting six breeds and five U.S.D.A. carcass grades. The animals were 

raised under the same environmental conditions from approximately four 

months of age and full fed a high concentrate ration to twenty months of 

age or 900 poimds, whichever was reached first. All animals received 

a twenty-four hour pre-slaughter shrinkage without feed or water. De 

tailed percentages and actual weights of offal components are presented 

in the Appendix Tables. 

In analysing breed differences in full offal components, highly 

significant differences were found in percentages of rumen, reticulum 

and esophagus, omasum and abomasum, small and large intestines, ruffle 

and caul fat, total gastrointestinal tract, hide and viscera. The 

grade within breed differences for omasum and abomasum, small and large 

intestines, total gastrointestinal tract and liver, were not statisti 

cally significant. 

Definite trends in percentages of offal components were observed 

for the types and breeds studied. As the percentage of Brahman breeding 

increased, the percentage of hide increased while the percentages of 

total viscera and pre-slaughter shrinkage decreased. The Holstein and 

Jersey dairy breeds, with few exceptions, exhibited higher offal com-i 

ponent percentages than the beef breeds. 

The percentages of pre-slaughter shrink and cooler shrink are 
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generally larger for the lower grading breeds than the hi^er grading 

breeds. 

Hl^ly significant differences were observed among breeds and 

among carcass grades when hot carcass weight was divided into the average 

viscera and viscera plus twenty-four hour pre-slaughter shrink weig^tit. 

Also, the Eimong breed percentages for these two variables had a wider 

range than the among grade percentages. When breed differences are 

considered the adjustment for live weight, by using a standard viscera 

percentage, is subject to error. 

The data presented in this thesis indicate that there are large 

and significant breed differences existing in percentages of offal 

components. 
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