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ABSTRACT 

Steers of mixed breeding (441) were assigned to 

different frame sizes according to USDA feeder grade 

standards. All groups were fed the same diet and one 

third of the animals from each group was slaughtered 

after 166, 194 and 214 days. 

Large framed cattle (LF) gained faster but required 

more feed (P<.05) per unit of gain than the other two 

frame sizes. Average daily gain was similar but feed per 

unit of gain increased (P<.05) as the time on feed in

creased. 

The LF cattle had heavier carcasses, larger ribeye 

area, higher protein content, lower lipid content and lower 

quality grades (P<.05) than the SF cattle. No differences 

were found between frame sizes for marbling scores or 

kidney, pelvic and heart fat percentages. 

vii 



1. INTRODUCTION 

In recent years, selection of large-framed cattle 

has resulted in later maturing cattle and the availability 

of large type cattle for use in feedlots. Animal size is 

one of the important factors that affects beef production. 

Several factors are associated with frame size; breed, 

rate of maturity, feed efficiency, maintenance requirement, 

growth rate and daily gain. 

One of the most controversial subjects among animal 

scientists is how to obtain the most efficient production 

of beef given various available resources. To make an 

effective comprison, a sample of each group of cattle that 

were born at the same time were slaughtered at various 

weights after being under different feeding systems and 

feed-lot environments. 

Another important goal of cattle feeders is to 

maximize net returns from their cattle. Net return 

per head equals difference between gross sales and costs 

which include feed, veterinarian services, interest on 

the feeder cattle, transportation, marketing and 

yardage costs. 

1 
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Several studies have been made to determine the most 

efficient size of the cattle from an economic standpoint. 

Klosterman (1972) reported that size in beef cattle is 

related to feed efficiency. By developing small sized 

mother lines, this will help to minimize maintenance re

quirements (which usually tend to be about 87.5% of the 

total energy required by the cattle). Fox and Black (1975) 

found that large-framed cattle are less expensive per 

unit weight to slaughter than small framed, and they 

suggested that choosing the optimum cow sizes must be 

based on a combination of efficiency and management factors: 

(1) advantages are gained from the large-framed cattle when 

the land and feed supply are limited and more edible beef 

can be produced from the same feed input; and (2) the 

relationship between size, carcass weight, and desirable 

composition is positive. 

Replying to all questions concerning the optimum 

size that could be used, Klosterman et al. (1979a) reported 

that large animals usually tend to produce large calves 

which gain more rapidly at a given age than smaller ones. 

Furthermore, there is a high relationship within a breed or 

cattle type between rate of gain and mature size. Thus, as 

extended attention is placed on selection for rate of gain, 

the mature size of the herd can be expected to improve. 
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The objective of this study was to determine the 

effect of frame size, days on feed and their interactions 

on carcass traits and composition. 



2. LITERATURE REVIEW 

2.1 Factors Affecting the Frame Size 

2.1.1 Body Measurements 

Several factors which affect body measurements of 

cattle are: breed, age and reproductive status. In 1964 

Brown and Franks examined eight body measurements. Those 

were: height at withers, height at hips, width at shoulders, 

width at hips, depth at chest, depth at rear of flank, heart 

girth, and body length. Small differences between breeds 

were recorded. 

The animal measurement that best indicates frame 

size is heart girth which also ireflects animal condition 

(Brody, Davis and Ragsdale 1937, Davis et al. 1937, Guilbert 

and Gregory 1952, Yao, Dawson and Cook 1953, Johanson and 

Hildeman 1954, and Kress, Hauser and Chapman 1969). 

Jeffery and Berg (1972a) reported that heart girth 

was more correlated to cow weight than either height or 

body length. Also, the effect of cow body size on calf 

performance was studied, two' high response principal 

measurements; post calving weight (PCW) and average wither 

height, were selected as a determination of cow body size. 

4 
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Tyler et al. (1948) suggested that selection for 

body size in diary cattle could be effective in changing 

body size of following generations. Moreover, at the ages 

of 6 months, 18 months, and maturity, these variables 

(height at withers, circumference of shin bone, heart 

girth and width of hips) were used to confirm the herit-

ability of body size for the Holstein Friesians. Approxi

mately 15, 35-65, 30-60 percent of the variation in body 

size caused by the heritability at 6. 18 and maturity, 

respectively. So, they concluded that heritability of 

body size is not stable but changes with age.-

Chest depth (DC), hook width, (HW), body length 

(BL) and the average biweekly body weight (AW) values were 

used as size measurements and taken in a time between 

succeeding births (Carpenter et al. 1971). Also, 75% of-

the variance of these components was represented as general 

size factors. Correlations of the four variables with 

general size components were high (AW, .93; CD, .92; HW, 

.87; BL, .72). 

For fat hereford steers, Kidwell (1955) found that 

the correlation was .49 between wither height and heart 

girth, .53 between wither height and body length, and .47 

between body length and heart girth. 

Carpenter et al. (1978) pointed out that two prin

cipal components affected cow size and shape were average 
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weights over the production cycle (12 months) and body 

measurements (chest depth, hook width, and body length). 

Approximately 75% and 12-15% of the variance was 

explained as indicator of body size estimated for the first 

and second principal component, respectively. 

In 1956, Brown et al. found that correlation coefficient 

between conformation scores and weight, chest depth, body 

width, and fullness of round were positive. On the other 

hand, negative correlation coefficient between conformation 

scores and chest height was found while body length and 

chest height were not correspondently connected to scores. 

Brown, Brown and Butts (1973) pointed out that unlimi

ted selection based on varied characters such as weight, 

size or gain would yield animals of different dimensions or 

shapes. For example, excessive length was offset by de

creased in depth and weight, and excessive height was op

posed by a decrease in width, and width was usually attained 

by decreasing body depth. 

Nichols and Whiteman (1966) reported that regressions 

of life-time production measures on the dimensions of ewe 

body size were very small, demonstrating that only slightly 

more kilograms of lamb and wool were actually produced by 

large ewes. 
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2.1.2 Effect of Breed 

Klosterman, Chaill and Parker (1968a) observed 

that Charolais cattle produced heavier and faster gaining 

calves than the smaller Hereford cattle. Furthermore, the 

heavier cows within each breed usually produce heavier and 

faster gaining calves. 

As a result of 19 experiments in which beef steers 

were compared to steers of the Holstein breeds in the 

feedlot, steers of the Holstein breed gained more rapidly 

than steers of other breeds, but the amount of feed needed 

per unit of gain was the same (Henderson 1969) . 

Long, Cartwright and Fitzhugh (1975) compared dif

ferent sizes of Angus, Charolais, Hereford, and Jersey 

cattle. These were herds of small-, medium-, and large-

size straight-breeds with mature cow weight of 430, 500 

and 600 kg, respectively. More live weight was produced 

and gross income was gained from a system using small 

cows. 

No significant differences in efficiency of feed 

utilization were observed between Hereford, Charolais, 

and crossbred steers when they were fed in dry lot 

(Klosterman et al. 1968a). In addition, Holstein steers 

had a higher rate of gain and feed efficiency compaxed to 

beef steers when they were finished nearly about one 

quality grade higher. 
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Brungardt's (1972) data suggest that different 

beef breeds tend to be similar in their growth efficiency 

when cattle are compared at the same weight. However, 

dairy breeds tend to be less energetically efficient 

than beef breeds in the feedlots (Garrett 1971). In 

contrast, Henderson's (1969) showed that Holstein steers 

had higher rates of gain and better feed efficiency than 

beef steers when they were finished to less than one 

quality grade. 

Two slaughter studies were conducted by Garrett 

(1971) to compare the net efficiency of energy utilization 

by Holstein and Hereford cattle. The Hereford cattle were 

20% and 12% more efficient in the two trials in converting 

feed energy to body weight gain. 

Parker, Klosterman, and Ruland (1973) indicated 

that the profit from the crossbred calves from birth to 

weaning was 5.6 percent. Crossbred calves (from mating 

Angus cows to Charolais bulls) were 14.2 kg (7.5%) heavier 

than straightbred Angus calves at weaning. 

2.1.3 Rate of Maturity 

The regression coefficient between mature weight 

and rate of maturing showed a strong genetic conflict be

tween the two growth characteristics, indicating that 

selection for early maturing will produce animals with 

small mature weights (Brown, Brown and Butts 1972). 
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Guenther (1974) observed that animals of different 

sizes reach physiological maturity at different ages. 

Also, not all animal components reached physiological 

maturity at the same time. It becomes apparent that there 

is a specific order for achieving physiological maturity 

for different body components and sub-components. In 

1978 Libsey, Dikeman and Schalles reported that physiologi

cal maturity as determined by carcass composition was highly 

correlated with utilization of energy obtainable for growth 

(NEp) and if cattle were fed to the same NEp efficiency end 

point, differentiations in carcass composition of steers 

of different types would be relatively small. 

O'Mary, Brown and Ensminger (1959) and Ewing, 

Simthson and Stephens (1967) condluded that a moderate to 

high relationship exists between the weight of mature cows 

and the weight of calves weaned under conditions in which 

energy intake was not equalized for cows of different 

sizes. Selection for rate of gain can improve feed ef

ficiency of mature size. However, selection for mature 

size can be expected to increase rate of gain but will not 

strongly affect feed efficiency (Lickley et al. 1960). 

The influence of mature cow weight on the economic 

efficiency for the different sizes was studied by Morris 

and Wilton (1975). They found that at the farm level, the 
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important factor is the gross margin, provided that corre

lations are made only between projects with similar fixed 

conditions. Then, in many cases, large cows provided the 

largest gross margins. Probably the most important ex

ception is if feed prices are high relative to meat prices. 

The effect of mature body size on the biologic and 

economic efficiency of beef production by using a determi

nistic computer stimulation model was studied by Notter 

et al. (1979). There was no evidence shown that the mature 

body size was influenced by the rate of conversion of 

total digestible nutrient to weaning weight or empty body 

weight. As concluded by Klosterman (1972), it is beneficial 

to have cattle that differ in mature size for use under 

different management systems because no great difference 

occurs. 

On the average, the genetic correlations between time 

taken to mature and mature weight were .34, .41, .39 and 

.39 at birth, 6, 12, and 18 months of age, respectively. 

Thus, within a breed, animals genetically heavier at 

maturity tended to take more time to mature (Taylor and 

Fitzhugh 1971). 

Parker, Klosterman and Livesay (1975) indicated that, 

within a specific environment, rate of calf maturity to 

low-choice carcass state is an important ingredient in total 

feed utilization in beef production. Also, for the highly 
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increased beef production systems, a high rate of maturity 

may become a more visible production mark of cattle gene

tically developed for optimum utilization of the accessible 

resources. 
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2.1.4 Feed Efficiency 

To make successful comparisons between beef breeds of 

different sizes and their energy efficiencies, all cattle 

should be at the same physiological maturity or body 

composition. The energy efficiencies tends to be similar for 

all beef types if the compared types have similar body 

composition (Stonaker, Ingalis and Wheeler 1952b, Brungardt 

1972, Klosterman 1972, and Pox and Black 1976c). However, 

when the cattle are fed long enough to grade choice, body 

composition and quality grade is affected by ration energy 

level. 

Kleiber (1936) reported that feed efficiency is 

independent of autonomous rate of gain unless animals of 

similar sizes are compared. Work done by Klosterman, Sanford, 

and Parker (1968b) has shown a high correlation value between 

rate of gain and efficiency of gain. At the same time, rate 

of gain was also positively related to mature size. Thus, 

by selecting for rate of gain large cattle are obtained. 

An identical result was found by Koch et al. (1963) who 

also discovered a positive relationship between rate of 

gain and efficiency of feed utilization within breeds or 

types of cattle. 

Selection for rate of gain increases mature size and 

efficiency of gain (Klosterman et al. 1968b, Kress et al. 

1969, Brown et al. 1972, and Carpenter et al. 1972ab). 
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Although selection for mature size increases the rate of 

gain, the feed efficiency would not markedly improve. 

The overall values to measure feed efficiency were 

total digestible nutrients (TDN), kilograms of TDN per unit 

of carcass cutout (retail products), and total metabolizable 

energy (ME) per unit of ME available from the total feed fed 

to the cattle to slaughter (Lickely et al. 1960). 

A number of findings were reported by Klosterman 

and Parker (1976) who have shown that large differences 

between types were observed in rate of gain, feed conversion 

efficiency and carcass characteristics of different types 

of cattle fed to similar body composition and for similar 

body weight. 

Within a given age group, no significant differences 

in the amount of hay consumption per 454.5 kg of body weight 

were noticed between Hereford females of large, intermediate, 

and small sizes (Stonaker et al. 1952b). 

2.1.5 Maintenance Requirements 

Maintenance requirement of an animal is connected to 

its size, however, genetic and environmental modification 

may result in different maintenance requirements for cattle 

of the same size ( Stonaker et al. 1952b, and Garrett 

1971). 

A high percentage of feed fed to the animal was 

required for body maintenance (Klosterman et al. 1968b). 
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Only 12.5% of the metabolizable energy fed to the cattle 

was stored as energy in the body of the calf. The other 

87.5% of the total energy was used for maintenance require

ments (Klosterman etal. 1971). In (1970b) Cartwright 

pointed out the larger an animal becomes, the greater the 

maintenance needs for individual. 

Fox et al. (1975) observed that large cows are 

slightly more energy efficient, assuming equal fertility, 

across sizes of cows. As cow size increases 10 percent, the 

maintenance requirement increases 7.5 percent. Although 

maintenance requirements and efficiency of energy for 

heifers and bulls seemed to be identical, heifers store 

nearly one-third more of the energy consumed than bulls. 

The differences are clearly due to appetite differences. 

The megacaloric net energy needed daily for main-

75 
tenance, is assumed to be .077 W* , where W is empty 

kg 
body weight in kg (NRC 1976) . 

Klosterman et al. (1965) found no differences in 

maintenance requirements among growing Hereford heifers 

and bulls. Therefore, any differences in maintenance 

requirements may occur between sizes, breeds, and sexes 

of cattle are partially small, and the differences may be 

related to body composition of physiological age. 

No difference was found by Klosterman et al. (1979b) 

between Charolais and Hereford cows in their maintenance 
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requirement. However, a significant relationship was found 

between degree of fatness of the cow and her maintenance 

needs per unit of weight. 

Brown and Brown (197.1) studied the influence of 

development patterns of the maintenance cost and growth of 

beef cows. They found that early maturing cows were 

heavier at the early ages than slower maturing cows. 

For each animal going to slaughter, industry carries 

about two animals in the breeding herds. Cartwright (1970a) 

outlined a system for maximizing efficiency of gain of 

feedlot cattle and minimizing the maintenance needs of 

breeding herds by developing separate dam and sire lines 

to mate for the production of slaughter cattle. Cow lines 

would be relatively small in body size, early maturing, 

fertile, and would produce the required amount of milk. 

On the other hand, sire lines would be selected for rate 

and efficiency of gain and desirable carcass characteristics. 

This system would solve the problem of maintaining cows small 

in size that would produce efficient feeder cattle. 

2.1.6 Growth Rate and Daily Gain 

Daily gain has often been used as an evaluation of the 

efficiency of weight gain for different cattle frame sizes 

or breeds (Brungardt 1972). Pox and Black (1976b) have 

pointed out that daily gain is viable only in comparisons 

between the same sizes, starting and finishing at the same 

point. 
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A new model based on computer stimulation was devel

oped by Fox et al. (1975) to use the equivalent weight idea 

to compare daily gain and feed efficiency for different 

sizes. Predicted post-weaning average daily gains for 

small-, medium-, and large framed cattle were 2.1, 2.4 and 

2.7 lb/day, respectively. 

Jeffery and Berg (1972b) reported that calves heavier 

at birth tended to surpass in both preweaning and post-

weaning weight. A 1 kg increase in body weight caused an 

increase of 2.86-4.42 kg in calf weight at 365 days of age. 

Also, low positive correlation between cow body weight and 

preweaning performance of cattle was found. Larger framed 

cattle gain more rapidly than smaller framed cattle of 

similar breeds (Stonaker et al. 1952b). 

Dikeman (1973) noted that faster gaining cattle 

normally used feed more efficiently than slower gaining 

cattle because of the reduction of maintenance requirements. 

Feed efficiency was independent of positive rate of gain 

except for animals of the same size (Kleiber 1936). 

Klosterman, Parker and Preston (1975) observed that per unit 

of absolute gain, larger type calves need more net energy 

for gain than smaller type, and that N.R.C. requirements 

are actually different when referred to various breeds, 

crosses and sizes of cattle. At a given age, cattle of 

larger mature size tend to gain more rapidly on less feed 

than cattle of smaller mature size. • 
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Minish et al. (1967) stated that the average daily 

gain increased significantly with each increase in concen

trate fed above 0.454 kg/day. Danner and Fox (1977) found 

that rate of gain, marbling score, and carcass grades were 

high for cattle fed corn silage and concetrate diets vs. 

corn silage. 

The importance of combining breeds with comple

mentary characteristics by crossbreeding to improve the 

weaning weight of the beef was pointed out by Parker et al. 

(1973a). There was only a 5.6 percent advantage in liva-

bility for the crossbreed calves from birth to weaning. 

Also, mating Angus cows with Charolais bulls resulted in 

calves that gained 14.2 kg (7.5%) more than purebred Angus 

calves at the same weight and produced (8.6%) more kilo

grams of calf per unit of metabolic cow size (Parker et al. 

1973b). 

2.2 Slaughter Weight and Carcass Quality 

Recently the most desirable carcass is classified 

under high-good to low-choice quality grade, 2 or 3 yield 

grade and weighted between 272 to 363 kg of carcass 

(Klosterman 1972) . Even though the large framed cattle 

tend to be leaner and have higher daily gains they had 

lower quality grades and higher feed conversion. 

The method by Reid (1974) and Ayala (1974) to 

determine desired endpoint for different cattle frame sizes 
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confirms that valid biological performance comparisons may 

be obtained to evaluate differences in performance of 

different frame sizes or breeds. 

Large cattle yielded slightly more edible beef/Meal 

net energy expended and lower stable economic costs per 

kilogram of edible beef produced (Fox et al., 1975). Mini

mum net energy/kg edible beef produced was used when the 

slaughter weights were in the range in which the body holds 

26-28% fat. High grain rations caused significantly higher 

average daily gain than high silage ration when weight for 

steers within types were corrected to the same final car

cass weight (Crickenberger, Fox and Magee 1977). 

The desired weight and composition of cattle car

cass for slaughter can be obtained by choosing the size of 

the dam. Recently the greatest demand in the market has 

been for cattle less than two years old at slaughter with 

low choice quality, and 2.9 or better yield grade. Be

sides, small-framed cattle arrive at this composition at 

lighter weight than larger framed cattle, and more profit 

can be expected from the smaller size cattle if the con

sumer desires small carcasses (Fox et al. 1975). 

To justify comparisons of performance and economic 

profit for cattle of different frame sizes requires feeding 

cattle bf various sizes or breeds to the same body composition 

(Crickenberger et al. 1977). Pinney et al. (1966) reported 
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that the composition of gain was not affected when the rate 

of gain increased, as more grain was added to the ration. 

Yield grade related primarily to final empty body fat 

content. Several workers found that high grain rations fed 

to the steers increased fat thickness, kidney, pelvic and 

heart fat and yield grades than steers fed high silage diets 

when compared to the same final carcass weight. However, 

feeding cattle high quality silage produced desirable yield 

grades (Crickenberger and Black 1976, Guenther and Escoubas 

1975, Waldman, Tyler and Brungardt 1971, and Jesse et al. 

1976) . 

Burton and Reid (1969) have indicated that the chemical 

composition of the body and energy value were affected by 

interactions of age, body weight, and energy intake. Thus, 

body composition in sheep was not affected by prior energy 

intake, but by age and chiefly by body weight. A positive 

relationship between increases in animal age and increases 

in marbling and quality grade was observed by Clemens et al. 

(1974). 

Zinn, Durham and Hedrick (1970) have found that the 

amount of marbling depends on the degree of fatness, breed 

and age of the animal when different types of cattle are 

compared. A positive correlation between thickness of 

subcutaneous fat and percent of intramuscular fat in Hereford 

and Santa Gertrudis cattle was found by Thoronton, Shaw and 

Hood 1974. 
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Crickenberger et al. (1977) pointed out that marbling 

and quality grade were not significantly (P>.05) affected 

by energy level of the diet. This result agrees with the 

previous work that indicated that the carcass quality was 

not affected by energy level of the diet (Pinney et al. 

1966, and Riley 1969). Harris et al. (1979) noticed that 
i 

steers fed high-energy feed gained faster than steers fed 

low-energy level rations, and yielded carcasses with high 

conformation scores. 

Cattle of a larger mature size, at a given age, will 

carry a higher percentage of muscle, bone and lower per

centage of fat than cattle of smaller mature size. 



3. EXPERIMENTAL METHODS 

3.1 General 

Data were collected from 441 mixed-breed steers 

(Hereford, Angus, Charolais, and their crosses) with dif

ferent frame sizes at the Chaves County Cattle Corporation 

Feedlot in Roswell, New Mexico. Steers were scored for frame 

Size based on the U. S. Feeder Grade Standards (1979). 

Three groups of equal numbers (147) were randomly selected 

to include all frame sizes (Table 1) and they were fed a 

diet which constituted of: 77.5% corn, 12% alfalfa hay, 

6% molasses, 1% animal fat, 3.5% supplement (cottonseed meal 

+ salt + trace minerals + Vitamin A). 

Animals were fed for either 166, 194 or 214 days 

(Table 1). One of the pre-designated groups of animals 

was slaughtered at the end of each feeding period. Carcasses 

were evaluated after 24 hours of chilling by using a USDA 

grader. Hot carcass weight, marbling score, fat thickness, 

ribeye area, and kidney, pelvic and heart fat data were 

collected for quality and yield grade determinations. 

3.2 Prediction of Whole 
Carcass Composition 

The following prediction equations (unpublished 

data, University of Arizona) were used in this research 

21 
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Table 1. Experimental Data 

FRAME SIZE 

SMALL MEDIUM LARGE 

Days on Feed 166 194 214 166 194 214 166 194 214 

Number of Steers 

within each 

feeding period 49 49 49 49 49 49 49 49 49 

Number of steers 

within each 

frame size 147 147 147 

to estimate total carcass composition on a boneless basis 

by using chemical composition of the rib and certain carcass 

characteristics. 

1. Percent Lipid: 

19.5225+(0.2793*Rib Percent Lipid)+(1.3467* 

Yield Grade) + (1.0362*kg cif Kidney Fat)-

(0.4770*Rib Percent Protein)-(0.0172*kg of 

Hot Carcass Weight)+(0.2313*Marbling Score) 
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2. Percent Protein: 

26.3963+(0.165*Rib Percent Protein)-(0.2299* 

Yield Grade)-(0.158*Rib Percent Lipid)-

(0.1426*Rib Percent Moisture)-(0.0014* 

Quality Grade)-(0.4263*Fat Thickness in cm)+ 

(0.0094*Ribeye Area). 

3. Percent Moisture: 

58.4128-(0.2677*Rib Percent Lipid)-(1.1715* 

kg of Kidney Pat)+(0.0332*Ribeye Area in cm^) + 

(0.3455*Rib Percent Protein)+(0.014*kg of Hot 

Carcass Weight). 

The following codes were used for the quality grades 

in the prediction equations: 

QUALITY GRADE VALUE 

Prime- 800 

Choice+ 775 

Choice 750 

Choice- 725 

Good+ 675 

Good 650 

Good- 625 

Standard+ 575 

Standard 550 

Standard- 525 
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3.3 Statistical Treatment of Data 

Data were analyzed by analysis of variance and 

Duncan's multiple range test was used to compare means. 

Treatment interactions were also evaluated for statistical 

significance (P .05). Nesting affects of frame size within 

days on feed and days on feed within frame size were con

sidered as main affects and interactions. Average daily 

gain and carcass composition by days on feed and by frame 

size were used to estimate the interactions between treat

ments for the quality and yield grades. Prediction equa

tions were utilized to estimate the carcass composition on 

a boneless basis. 



4. RESULTS AND DISCUSSION 

4.1 Feedlot Pierformance Data 
Compared by Frame Size 

Average daily gain, feed required per kg of gain and 

cost per kg gain are listed in Table 2. As expected, the 

average daily gain increase^ with cattle size. This agrees 

with Stonaker et al. (1952b) who found that large framed 

cattle (LF) gain more rapidly than small framed cattle (SF) 

of •similar breeds. However, the LF steers required more 

feed per kilogram of gain than either medium frame (MF) or 

SM steers; 7.04 vs. 6.73 vs. 6.60 kg, respectively. 

Accordingly, cost per kilogram gain increased with the 

animal size. Therefore, large framed cattle appear to be 

less energetically efficient than either MF or SF cattle. 

Performance data nested by frame size within days 

on feed are presented in Table 3. Average daily gain 

increased with the animal size within each period (166, 

194 and 214 days). These results agree with the previous 

research by Willey et al. (1951), Stonaker et al. (1952b), 

Kidwell et al. (1956) and Fox et al. (1975). They reported 

that LF cattle gain faster than SF cattle. Small 

differences (P <. 05) occurred in feed cost between small 

i 
25 
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Table 2. . Perfomance Data by Frame Size 

FRAME SIZE 

SMALL MEDIUM LARGE 

Number of animals 147 147 147 

Average daily gain, kg 1.38a 1. 45b 1.51° 

Feed/kg gain, kg 6.60a 6.73a 7.04b 

Cost/kg gain, $ . 88a . 89a . 93b 

Values on the same line with unlike superscripts 

differ (P<.05). 

* 



Table 3. Performance Data by Frame Size within Days on Feed. 

Days on Feed 166 194 214 

Frame Size Small Medium Large Small Medium Large Small Medium Large 

Number of Animals 49 49 49 49 49 49 49 49 49 

Average daily gain, 
kg 

1.48 1,51 1.54 1.39 1.43 1.47 1. 35a 1.39a * 1.53b 

Feed/kg gain, kg 6.25a 6.41a 6.73b 6.68a 6.81a 7.09b 6.89a 6.99a 7.30b 

Cost/kg gain . 83a . 83a . 88b . 88a . 90a . 94b .92 .94 .96 

Values on the same line with unlike superscripts differ, P <. 05. 
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and medium sized steers regardless of days on feed. However, 

feed costs did increase with the animal size and days on 

feed. 

4.2 Feedlot Performance Data 
Compared.by Days on Feed 

Average daily gain decreased slightly (1.44, 1.43, 

and 1.42 kg) as time on feed increased (166, 194 and 214 

days), respectively (Table 4). These results are consistent 

with those of Zinn (1970), who found that average daily gain 

decreased as time on feed increased. Furthermore, feed 

required per kilogram gain and feed cost increased as the 

time on feed increased for all groups. 

Average daily gain declined significantly (P<.05) as 

the time on feed increased from 166 to 194 days for SF and 

MF sizes (Table 5). Except for the LF cattle, average daily 

gain declined slightly as time on feed increased. Feed 

cost per kilogram gain were affected more by days on feed 

rather than by animal size. This may indicate that feeding 

SF and MF cattle over 166 days is not beneficial, since 

average daily gain decreased significantly (P<.05) as time 

on feed increased. 
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Table 4. Performance Data by Days on Feed. 

Days on Feed 

166 194 214 

Number of Animals 147 147 147 

Average Daily Gain, 
kg 1.44 1.43 1.42 

Feed/kg gain, kg 6.46a 6.86b 7.06C 

Cost/kg Gain, $ . 85a . 90b . 94C 

aKp 
Values on the same line with unlike superscripts differ 

P<. 05. 



Table 5. Performance Data by Days on Feed within Frame Size. 

Frame Size 

Days on Feed 

SMALL MEDIUM LARGE Frame Size 

Days on Feed 
166 194 214 166 194 214 166 194 214 

Number of Animals 49 49 49 49 49 49 49 49 49 

Average Daily Gain, kg 1.48a 1.39b 1.35b 1.51a 1 • 43b 1.39b 1.54a 1.47b 1.53a 

Feed/kg gain, kg 6.25a 6.68b 6.89C 6.41a 6.81b 6.99° 6.73a 7.09b 7.30° 

Cost/kg Gain . 83a . 88b . 92C . 83a . 90b . 94C . 88a . 94b . 96b 

Values on the same line with unlike superscripts differ, P<.05. 
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4-.3 Influence of Frame Size 
oft Carcass Traits 

Carcass composition by frame size is presented in 

Table 6. Small differences in carcass protein percentage 

were found between small and medium frame sizes, and they 

tend to be more alike. However, carcasses from SF and MF 

were significantly (P<.05) lower in protein percentage than 

LF. Whereas lipid percentage decreased and moisture per

centage increased slightly with steer size. This is in 

agreement with Kidwell et al. (1956), who observed that LF 

cattle gain more rapidly and their carcasses will contain 

more protein and less fat than SF cattle. 

In Table 7 carcass data are compared by frame size. 

Hot carcass weight (HCW) increased significantly (P<.05) 

with the steer's size. These results are similar to those 

by Koch et al. (1976) who found that the hot carcass 

weight of LF cattle was significantly heavier than SF 

cattle. 

Ribeye area increased significantly (P<.05) with 

animal size. This result indicated that ribeye area is 

affected more by animal size than by days on feed. No 

meaningful differences were found between frame sizes 

for marbling score, quality grade or kidney, pelvic and 

heart fat percentage. Clemens et al. (1974), Koch et 

al. (1976) and Wooten et al. (1979) found that marbling 



32 

Table 6. Comparison of Carcass Composition Data by 
Frame Size. 

Trait 
Frame Size 

Trait 
Small Medium Large 

Composition 

Protein, % 14.00b 14.15b 14.48° 

Lipid, % 35.22 34.68 34.50 

Moisture, % 48.60 48.90 48.91 

Total carcass composition on a boneless basis. 

hC 
Values on the same line with unlike superscripts differ, 
P<.05. 

Table 7. Carcass Data Compared by Frame Size. 

Trait 
Frame Size 

Trait 
Small Medium Large 

Hot Carcass wt., kg 307.5a 322.lb 352.2° 

Marbling Score small small- small+ 

Quality Grade choice- good+ choice' 

Fat Thickness, cm. 1.56 1.49 . 1.36 

2 
Ribeye Area, cm 70.0a 74.9b 79.3° 

Kidney Fat, % 

in •
 

C
M
 in • 

C
M
 

2.6 

Yield Grade 3.4 3.4 3.3 

abc 
Values on the same line with unlike superscripts differ, 
P<.05. 

4 
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score and quality grade were affected only by days on 

feed. Fat thickness diminished as the frame size 

increased and perhaps some of that fat was distributed as 

intramuscular fat, resulting in high marbling scores. 

4.4 Influence of Days on Feed 
on Carcass Traits 

Carcass composition data compared by days on feed 

are shown in Table 8. Protein and moisture percentages 

decreased as the time on feed increased. Only significant 

differences were found in protein and moisture percentages 

when the animals were fed to 214 days. On the other hand, • 

fat percentage showed signficant (P<.05) increase at 214 

days. These are in close agreement with the results 
\ 

reported by Guenther et al. (1965) who found that maximum 

rate of lean deposition occurred during the advanced part 

of the feeding period and declined as the animals reached 

maturity. But, fat deposition occurred rapidly during 

the later period of feeding. The same observation was 

pointed out by Fox et al. (1975), that fat deposition 

increased and protein content decreased as the time on 

feed extended. 

In 1976, Jesse et al. noticed that empty body protein 

content and carcass protein percent decreased as steer 

weight increased from 227 to 545 kg. Possibly, empty body 



34 

Table 8. Comparison of Carcass Composition3 Data by 
Days on Feed. 

Trait 

Days on Feed 

Trait 166 194 214 

Composition 

Protein, % 14.51b 14.27b 13.88° 

Lipid, % 33.25b 34.58b 36.47° 

Moisture, % 49.83b 48.94b 47.71° 

aTotal carcass composition on a boneless basis. 

be 
Values on the same line with unlike superscripts differ, 
P<.05. 

moisture and carcass moisture dropped as the steers' weight 

raised, whereas empty body fat and carcass fat percent 

increased with steers' weight. In addition, Wooten et al. 

(1979) showed that protein percentage for the chief 

wholesale cuts decreased (P<.05) and lipid percentage 

elevated when the body weight increased. This revealed 

that the largest increase in carcass protein and lean 

occurred in the initial portion of the feeding period, 

indicating that protein deposition is faster than lipid 

deposition. 
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Hot carcass weight increased significantly (P^.05) 

as time on feed increased from 166 to 194 days (Table 9). 

The greatest increase in fat content (1.34 to 1.85 cm in 

fat thickness and 2.5 to 2.6 percent in kidney fat) 

occurred after the steers reached 341.3 kg. This agrees 

with earlier studies by Haecker (1914) who recognized that 

the biggest change in body fat occurred after the cattle 

achieved 318 kilograms. Close agreement was also observed 

with the results published by Jesse et al. (1976). They 

found that the biggest increase in fat deposition occurred 

after the cattle had an empty body weight of 314 kg. 

As fat content increased yield grade increased 

(Table 9). A survey conducted by Garrett (1971) showed 

that carcasses from yield grade 2 had lower fat" (P<i.05) 

than those from yield grade 4. 

Overall, marbling score increased as time on feed 

increased. Koch et al. (1976) noted that regression of days 

on feed with quality grade and marbling score was highly 

significant. Furthermore, marbling score seemed to be 

more closely related with span of time on feed rather than 

concentrated level in the feed (Wooten et al. 1979), even-

though slight decrease in marbling scores was recorded 

(from small+ to small) as the time on feed increased (from 

194 to 214 days). This was probably caused by the high 

fat deposit at the same time which affected intramuscular 
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Table 9. Carcass Data Compared by Days on Feed. 

Days on Feed 

166 194 214 

Hot Carcass Wt., kg 309.4a 330.3b 341.3b 

Marbling Score small- small+ small 

Quality Grade good+ choice- choice 

Fat Thickness, cm 1.20a 1. 34a 1.851 

2 
Rxbeye area, cm 72.6a 74.8ab 76. 8b 

Kidney fat, % 2.5 2.5 2.6 

Yield Grade 3. la 3. 3a 3. 8b 

aVjQ 
Values on the sme line with unlike superscripts differ, 
P<. 05. 

fat percent. Garrett et al. (1971) demonstrated that 

marbling score at the 12th rib was significantly (P<.05) 

linked to body fat content. 

4.5 Comparison of Carcass Composition 
and Traits by Frame Size within 

Days on Feed 

Carcasses from LF steers fed to 166 days contain 

the highest protein (14.73%) and water (49.80%) content, 

and the lowest fat percent (33.25), (Table 10). In 

contrast, carcasses from SF steers fed to 214 days yield 

the lowest protein (13.67) percent and contain 47.63 
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Table 10. Comparison of Carcass Composition3 Data by 
Frame Size within Days on Feed. 

Days on Feed 166 

Frame Size Small Medium Large 

Composition 

Protein, % 14.35 14.44 14.73 

Lipid, % 33.18 33.31 33.25 

Moisture, % 49.83 49.84 49.80 

Days on Feed 194 

Frame Size Small Medium Large 

Composition 

Protein, % 14.00 14.38 14.42 

Lipid, % 35.53 33.72 34.48 

Moisture, % 48.39 49.44 49.00 

Days on Feed 214 

Frame Size Small Medium Large 

Composition 

Protein, % 13.67b 13.68b 14.29c 

Lipid, % 36.85 36.86 35.76 

Moisture, % 47.63 47.50 48.00 

^otal carcass composition on a boneless basis. 

be 
Values on the same line with unlike superscripts differ, 
P<.05. 
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percent water, and the highest lipid percent (36.85). A 

good interpretation for these results was given by Burton 

(1969). He noticed that above 31% body fat, the protein 

and water percents increased at declining rates and the 

fat percent increased at growing rates, as body weight 

raised. The only significant result (P<.05) was found in 

protein percent for the LF steers fed to 214 days. 

As expected, hot carcass weight of the LF cattle 

regardless of days on feed was significantly heavier (P<.05) 

than MF or SF cattle (Table 11). Moreover, ribeye area 

significantly developed (P<.05) as the animal size increased 

within each period. No difference was found in marbling 

score between frame sizes within each period. However, 

yield grade decreased as the animal size increased or as 

body fat content decreased. The quantity of fat in' the 

body was mainly associated with quality grade, marbling 

score (Pc.Ol) and to a smaller range of yield grade (P<.05), 

Garrett (1971). 

Overall, larger framed cattle fed to longer periods 

than SF cattle showed the heavier hot carcass weight, larger 

ribeye area, high marbling score, high quality grade and 

lower fat percentage (P<.05). 



Table 11. Carcass Data Compared by Frame Size within 
Days on Feed. 

Days on Feed 

Frame Size 

166 

Small. Medium Large 

Hot Carcass wt. kg 289.3 

Marbling Score small-

Quality Grade good+ 

Fat Thickness, cm 1.23 

2 a 
Rxbeye area, cm 69.0 

Kidney fat, % 2.4 

Yield Grade 3.0 

302.2a 

small-

good+ 

1.23 

71.7 

2.5 

3.2 

ab 

336.6" 

small 

choice-

1.15 

77.2b 

2.5 

3.1 

Days on Feed 

Frame Size 

194 

Small. Medium Large 

Hot Carcass wt., kg 307.4 

Marbling Score small+ 

Quality Grade choice-

Fat Thickness, cm 1.41 

2 a 
Rxbeye area, cm 67.3 

Kidney Fat, % 2.6 

Yield Grade 3.5 

323.2 

small-

good+ 

1.32 

75.2b 

2.5 

3.2 

360.2 

modest-

choice-

1.29 

81.8C 

2.5 

3.2 
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Table 11, Continued 

Days on Feed 

Frame Size 

214 Days on Feed 

Frame Size Small Medium Large 

Hot Carcass wt., kg 324.7a 339.9ab 359.3b 

Marbling Score small small+ small 

Quality Grade choice- choice- choice-

Fat Thickness, cm 2.01 1.89 1.64 

Ribeye area, cm^ 73.6a 77.7ab 78.9b 

Kidney Fat, % 2.6 2.5 2.7 

Yield Grade 4.0 3.8 3.7 

ELIDC 
Values on the same line with unlike superscripts differ, 
P<.05. 

4.6 Comparison of Carcass Composition 
and Traits by Days on Feed 

within Frame Size 

Carcass composition data compared by days on feed 

within frame size are shown in Table 12. Protein and 

mositure percentages decreased significantly (P<.05) when 

the time on feed increased from 194 to 214 days. Except 

for the LF steers, the decrease was slightly important and 

was non-significant. Small framed cattle were gaining fat 

at much quicker rate and more significantly affected 

(P<.05) as the time on feed increased. Eventhough, LF 
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carcasses did not exhibit any significance differences in 

protein and moisture percentages they still decrease 

slightly as the time on feed increased. Also, fat per

centage followed the same pattern. 

Hot carcass weight of SF cattle increased signifi

cantly (P<.05,) when feeding period was prolonged (Table 13). 

However, the only significance increase in hot carcass 

weight for MF or LF cattle was particularly observed when 

the time on feed increased from 194 to 214 days. This 

probably demonstrated to what extent of feeding period 

each size should be finished. 

Koch et al. (1976) pointed out,that the effect of 

days on feed was significant (P<.05) for marbling score 

and quality grade. Table 13 data revealed that all frame 

sizes significantly (P<.05) increased in marbling score and 

quality grade with time on feed. As well, quality grade 

increased .as fat thickness increased. This agrees with 

other results reported by Garrett and Hinman (1969) that 

carcasses grading choice were fatter than those grading 

good. Fat deposition for SF cattle as the time on feed 

increased was greater than those of LF cattle fed to the 

same period. This could be an indication that feeding 

SF cattle for long periods is not lucrative from the 

economic standpoint. 
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Table 12. Comparison of Carcass Composition3 Data by 
Days on Feed within Frame Size. 

Frame Size Small 

Days on Feed 166 194 214 

Composition 

Protein, % 14.35b 14.00bc 13.68C 

Lipid, % 33.18b 35.53bc 36.85C 

Moisture, % 49.83b 48.39b0 47.63C 

Frame Size Medium 

Days on Feed 
166 194 214 

Composition 

Protein, % 14.44b 14.38b 13.67c 

Lipid, % 33.31b 33.72b 36.86C 

Moisture, % 49.84b 49.44bC 47.50° 

Frame Size 
Large 

Days on Feed 166 194 214 

Composition 

Protein, % 14.73 14.42 14.29 

Lipid, % 33.25 34.48 35.71 

Moisture, % 49.80 49.00 48.00 

aTotal carcass composition on a boneless basis. 

bodValues on the same line with unlike superscripts differ, 
P<. 05. 



43 

Table 13. Carcass Data Compared by Days on Feed within 
Frame Size. 

Frame Size Small 

Days on Feed 166 194 214 

Hot Carcass wt., kg 289.3a 307.4b 324.1° 

Marbling Score small- small+ small+ 

Quality Grade good+ choice- choice-

Fat Thickness, cm 1.23a 1.41a 2.01b 

2 Ribeye Area , cm 
<0 o

 .
 

(T
* VO 

67.3a 73.6b 

Kidney fat, % 2.4 2.6 2.6 

Yield Grade 3. 0a 3.5ab 4. 0b 

Frame Size Medium 

Days on Feed 166 194 214 

Hot Carcass wt., kg 302.2a 323.2b 339.9b 

Marbling Score small- small- small+ 

Quality Grade good+ good+ choice-

Fat Thickness, cm 1.23a 1. 32a 1. 89b 

2 
Ribeye area, cm 71.7 75.2 77.7 

Kidney Fat, % 2.5 2.5 2.5 

Yield Grade 3. 2a 3. 2a 3. 8b 
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Table 13, Continued. 

Frame Size Large 

Days on Feed 166 194 214 

Hot Carcass wt., kg 336.6a 360.2b 359.3b 

Marbling Score small small+ small+ 

Quality Grade choice- choice- choice 

Fat Thickness, cm 1.15a 1.29a 1.64' 

2 
Ribeye Area, cm 77.2 81.8 78.9 

Kidney Fat, % 2.5 2.5 •
 

C
M
 

Yield Grade 3. la 3.2a 3. 7b 

sbc 
Values on the same line with unlike superscripts differ, 
P<.05. 
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Research conducted with maturity features of cattle 

explain that the larger framed cattle appear to reach 

maturity at older ages and/or heavier weights than smaller 

framed cattle (Taylor 1968 and Brown et al. 1972). 

Presumably, this indicates that large frame cattle need 

more time to distribute satisfactory aggregate of intra

muscular fat to produce high quality grades. 

< 



5. CONCLUSION 

The purpose of this investigation was to study the 

influence of frame size and days on feed on the feedlot 

performance and carcass characteristics of steers. 

LF cattle gain more rapidly and their carcasses 

contained more protein and less fat than MF or SF cattle, 

but they require more feed per kilogram of gain than either 

MF or SF cattle. However, feed cost per kilogram of gain 

was affected more by days on feed, than by animal size. 

Therefore, LF cattle appear to be less energetically 

efficient than either MF or SF cattle. 

SF cattle reached physiological maturity at younger 

ages and/or lighter weights than LF cattle. At the same 

time, the largest increase in carcass protein and lean 

content occurred in the initial portion of the feeding 

period, indicating that protein deposition is occurring at 

a faster rate than lipid deposition. On the other hand, 

the greatest increase in fat deposition occurred at heavier 

weight and/or older ages. This revealed that feeding SF 

cattle for longer periods could result in greater fat 

deposition than occurred in LF cattle. 

46 
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These results indicated that hot carcass weight and 

ribeye area increased significantly with animal size. In 

contrast, marbling score and quality grade were improved 

with days on feed. Feeding SF cattle to 194 days did not 

increase fat thickness, whereas, hot carcass weight, 

marbling score and quality grade increased significantly. 

Since there are no obvious economic profits for any 

specific frame size of cattle, the following considerations 

should be emphasized: 

1. Select animals that are efficient within a frame 

size. 

2. Other than developing specific cattle size to 

reduce maintenance requirement, select 

animals that will produce the most desirable 

carcass composition of weight, yield, and quality 

grade under specific environmental situation. 

3. Using proper nutritional management, convenient 

bank management under the optimum environment by 

using different feeding systems with various 

feeding periods, can be resulted in greater 

economic benefit than by attempting to increase 

returns by feeding a specific frame size of 

cattle to specific feeding period. 
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4. It is desirable to have cattle varying in 

mature size to use under different management 

systems since no large difference exists. 

5. The most important exception is probably made 

for the large framed cattle when feed prices 

are relatively high to meat prices. 



6. SUMMARY 

Four hundred forty one steers of mixed breeding 

(Hereford, Charolais, Angus and their crosses) were 

assigned to different frame sizes (small, medium and large) 

according to USDA feeder grade standards. Three groups 

of equal numbers (147) were randomly selected to include 

ail frame sizes at the beginning of the trial. All 

groups were fed same diet which consisted of: 77.5% 

corn, 12% alfalfa hay, 6% molasses, 1% animal fat, 3.5% 

supplement (cottonseed meal + salt + trace minerals + 

Vitamin A). Animals were fed for either 166, 194 or 214 

days. One third of the animals from each group was 

slaughtered at the end of each feeding period. 

Carcassed were evaluated after 24 hours of chilling 

by using a USDA grader. Hot carcass weight, marbling score, 

fat thickness, ribeye area and kidney, pelvic and heart 

fat data were collected for quality and yield grade 

determinations. Prediction equations were used to estimate 

total carcass chemical composition in this study. 

LF cattle gained more rapidly than SF cattle. But, 

LF cattle require more feed per kilogram of gain than 

either MF or SF; 7.04 vs. 6.73 vs. 6.6 kg, respectively. 

49 
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Small differences (P<.05) in feed cost occurred between 

SP and MF cattle regardless of days on feed. However, 

feed costs did increase with animal size and days on feed. 

Average daily gain decreased (P<.05) as the time on 

feed increased. Feed required per kilogram of gain and 

feed cost increased with the time on feed for all groups. 

Protein percentage increased significantly (P<.05) 

with animal size. Whereas, lipid percentage decreased and 

moisture percentage increased slightly with animal size. 

Hot carcass weight, ribeye area increased significantly 

(P<.05) with animal size; but fat thickness diminished as 

frame size increased. 

Protein and moisture percentages decreased signifi

cantly (P<.05) as time on feed increased to 214 days. In 

contrast, fat percentage was significantly increased. Hot 

carcass weight, fat thickness, ribeye area, and yield grade 

increased (P<.05) with days on feed. Furthermore, marbling 

score increased (P<.05) with time on feed. 
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