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INTRODUCTION 

According to the Texas Crop and Livestock Reporting Service, 

Texas produced 201,006,000 bushels of grain sorghum in 1962. This 

abundant grain supply is the major feed resource upon which the cattle 

feeding industry is based. It is largely responsible for the rapid 

expansion of drylot feeding of beef cattle in the past few years. 

While grain supplies are plentiful, supplies of roughage are 

somewhat limited in many areas of the state. Competition for avail

able roughage has often caused roughage prices to be relatively high, 

and in many instances grain sorghum can be purchased more economically 

than roughage in the provision of nutrient requirement for fattening 

beef cattle. These price relationships and other factors have 

stimulated a great deal of interest in high-concentrate or all-

concentrate rations for beef cattle. 

Various attempts have been made in the past to fatten cattle on 

all-concentrate rations. Results were usually unsatisfactory. Defi

ciencies developed for various vitamins and minerals which ordinarily 

would have been supplied by the roughage. Now that these deficiencies 

can be corrected by supplying vitamin and mineral supplements, research 

workers have been taking a second look at all-concentrate rations. 

Roughage-free rations have a number of advantages. Concentrate 

feeds such as grain and the various oil meals lend themselves readily 

to mechanized handling, while most roughages do not. If roughage 

handling is to be mechanized, it often requires a relatively large 
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investment in equipment and machinery. Moving, storing, and processing 

large amounts of roughage can be expensive. Self-deeding, which saves 

labor, can be used with all-concentrate rations while it may be diffi

cult to self-feed rations containing a high portion of roughage. 

Recent research shows that feed conversion ratios may be more 

favorable with all-concentrate rations than with rations containing 

small amounts of roughage. Feed costs with all-concentrate rations 

have been 1 to 2 cents cheaper per pound of gain, with rate of gain 

being about equal to that made on rations containing roughage. Carcass 

grades have been about equal to slightly higher in favor of cattle 

receiving the all-concentrate rations. 

Savings in feed handling costs and the cheaper cost of gains 

indicate that with proper vitamin and mineral supplementation all-

concentrate feeding rations do hold some promise. 

Itiis study is an analysis of the effects of feeding all-

concentrate versus high-roughage rations to yearling Holstein steers, 

with the objective of comparing average daily live-weight gains, 

carcass gains, feed consumption, feed costs and adverse physiological 

effects. In addition it is desired to determine if the addition of 

Co-Ral, a systemic insecticide, will have any effect on live-weight 

gains and incidence of abscessed livers. It is also desirable to 

compare differences in economic returns from both types of feeding 

systems in which feed costs, labor, and sale of manure are included. 



REVIEW OF LITERATURE 

The feasibility of feeding all-concentrate rations to fattening 

steers under feedlot conditions has received much attention in recent 

years. Although most of the work in this field has been done in the 

past ten years, Davenport (1897) attempted feeding a milk and grain 

ration to calves from birth to maturity. The animals did well until 

five to six months of age at which time there was a complete loss of 

appetite, apparent nervous disorders, and swelling in the joints. How

ever, when hay or straw was fed following these symptoms, the animals 

recovered and were apparently normal. Post slaughter examination 

revealed no external or internal fat; however, the muscles were plump 

and exceedingly dense. The experiment was concluded with the state

ment that '̂coarse feed was necessary for proper physiological function

ing of the ruminant." McCandlish (1923) believed that the digestive 

tract of the ruminant is large and capacious, and before digestion can 

be normal, bulky feeds must be present to distend the digestive organs, 

stimulate peristalsis, and aid in separating the food particles for 

digestion. 

Bechdel et al. (1926) succeeded in raising dairy heifers to 

weaning age and into lactation on a ration containing no hay; however, 

pulp was used to furnish roughage. During the second week of lactation 

the animals refused to eat and began losing weight rapidly. All reme

dial measures except the feeding of hay proved ineffective. Whether the 

trouble was due to a lack of bulk or a minerrl and/or vitamin 



deficiency, the workers could not tell. Huffman (1928) found that 

feeding corn cobs, oat hulls, and shavings failed to prevent the onset 

of convulsions in dairy calves. This work suggests that hay provides 

some factor other than bulk which is essential in the ration of cattle. 

Mead and Regan (1931) postulated that failure to secure continued 

growth in dairy animals reared on rations devoid of roughage results 

from a deficiency of vitamin A alone or in conjunction with an inadequate 

supply of certain minerals, and not from a lack of roughage per se. The 

addition of cod liver oil and alfalfa ash corrected any difficulties 

observed. 

Practically all workers continued feeding roughages with their 

rations; however, more and more concentrates were being added to the 

feed and the ratio of concentrates to roughages was becoming more 

pronounced. Keith et al. (1955) reported that the teed required for 

each 100««pound gain decreased with an increase in concentrate intake. 

This was true for all ration combinations as the concentrate and 

roughage ratio progressed from 1:3 to 4:1. Pope et̂  £!,• (1957) found that 

the average daily gain of steers and heifers was not greatly influenced 

by different ratios of concentrate to roughage. However, the trend was 

for gain and carcass grade to increase with concentrate. Richardson 

et al. (1958) likewise reported that the average daily gain on cattle 

receiving a 5:1 concentrate to roughage ratio was significantly higher 

than those receiving the 1:1 ratio. The marbling and carcass grade 

scores were also significantly higher. Feed efficiencies increased 

slightly in the high concentrate ration. McCrosky et̂  al̂ . (1961) also 

observed that the daily gain, dressing percentage and carcass grade 

were significantly higher on cattle receiving a high concentrate ration. 
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Matrone et̂  ̂ . (1957) working with a purified diet in lambs, 

reported that growth response was markedly improved when sodium and 

potassium salts of the volatile fatty acids—acetic, propionic and 

butyric—were substituted for starch and a portion of the glucose. 

Preliminary results indicate that lambs fed a diet containing glucose 

and 31,9 per cent of salts of volatile acids performed much better 

than lambs on diets containing either starch and glucose or starch, 

glucose and cellulose. Matrone et ^ . (1959) found that bulk or 

roughage is not essential in the diets of ruminants and that a 

purified diet devised for simple-stomached animals is suitable for 

ruminants provided it is adequately supplemented with sodium and 

potassium bicarbonate. The role of these cations in a purified diet 

is most probably associated with the buffering capacity in the rumen. 

This idea will be discussed later in the review. 

The idea of an all-concentrate ration began stimulating some 

thinking in the late 1950*s. Geurin ejt ̂ . (1959) fed eighty-two 

steers barley versus ground ear corn with each treatment receiving a 

32 per cent fortified protein supplement. Composite results for the 

corn and barley cattle respectively are: daily gain 2.63, 2.95; feed 

per hundredweight gain 865 and 708. Bloating was never observed in any 

of the cattle. From this work it was concluded that cattle fed barley, 

along with a supplement, can gain rapidly and efficiently. Lassiter 

et al. (1960) fed a group of 150-200 pound beef calves a low roughage 

ration containing only 5 per cent alfalfa meal. The average daily gain 

and feed required per pound of gain was 1.04 and 3.57 respectively. 

Feed efficiencies and gains of this magnitude suggested possibilities 

of successful drylot feeding of young ruminants. 



Perhaps some of the first work with an all-concentrate ration 

containing shelled corn as the only grain was conducted in 1961. Wise 

£l al. (1961a) successfully fed an all-concentrate ration containing 

only 1.5 per cent crude fiber to beef calves averaging approximately 500 

pounds at the beginning of the experiment. The ration was composed of 

95 per cent ground shelled corn, 1 per cent urea, 2 per cent cottonseed 

oil, balanced with minerals and vitamins. Following a 91-day experi

mental period the average daily gain and daily feed intake for this 

ration were 1.89 and 11.03 pounds respectively. The feed required per 

pound of gain was 5.83 pounds. 

In a second trial Wise et al. (1961a) fed the same ration as 

mentioned above except that 2.5 pounds of ground Coastal bermuda grass 

hay were included in one ration. In another ration 2.5 pounds of long 

hay were included. In a third ration sodium and potassium bicarbonates 

were included at the 11 per cent level. Hay did not increase consumption 

even when fed ad libitum. The average daily gain for the basal ration 

was 2.5 with no significant differences in the other rations. The addi

tion of the bicarbonates at this level decreased feed intake. It was 

suggested that the inclusion of urea in the basal ration resulted in an 

increased buffering capacity. However, in a subsequent report Wise 

et al. (1961b) showed that urea could be replaced by soybean oil meal, 

giving equivalent protein, without lowering rate of gain. 

Wise et al. (1961a) also observed that during the transition 

period from a ration containing roughage to an all-concentrate diet that 

the calves receiving some roughage had somewhat higher body weight gains 

than those receiving all-concentrate. However, this initial advantage 

was overcome by the all-concentre te cattle later in the experinient. 



Diarrhea was a problem only in the bicarbonate pens. Bloat was no problem. 

Peed was available continuously. 

Thomas ct̂  ̂l^, (1961) fed steam-rolled barley and 2 pounds of 20 per 

cent protein supplement and reported an average daily gain of 2.98 pounds 

on a group of Hereford heifers. The feed required per pound of gain was 

6.43 pounds. 

In some of the most extensive work that has been done, Nicholson 

and Cunningham (1961) in a preliminary trial, reported that removing the 

hay from the control ration significantly reduced (P<0.01) weight gains 

and TDN consumption. These cattle were fed a ration containing ground 

oats 44.25 per cent, ground barley 44.25 p&c cent, linseed oil meal 

10 per cent, and mineral and salt 1.5 per cent. A ration of this compo

sition is relatively high in fiber compared to the ration used by Wise 

et al. (1961a). Anthony £t̂  al,* (1961) also failed to get a significant 

response to high concentrate feeding. In a second experiment Nicholson 

et al. (1962a) fed the same basic ration to a group of 685 pound Hereford 

steers. A second ration contained sodium bicarbonate and a third ration 

contained cod liver oil with the sodium salt. The basal ration had the 

highest daily gain of 1.97 pounds with a feed conversion of 7.6 pounds. 

In more recent work Nicholson et̂  al̂ . (1963) fed forty-two Hereford 

steers weighing approximately 655 pounds. This experiment was to deter

mine the effect of adding buffers to an all-concentrate ration of rolled 

barley with molasses, protein, mineral and vitamin supplementation. The 

steers on the control ration gained 3.44 pounds per day, consumed 20.43 

pounds daily and had a pound of ration per pound of gain value of 6.03. 

The addition of 3 per cent sodium bicarbonate resulted in a significant 

increase in feed intake, but not average daily gain. The addition of a 



8 

mixed buffer did not improve results over those obtained on the control 

ration. 

At the present time most of the research being conducted with all-

concentrate feeding is centered around the use of buffers as mentioned 

above. Apparently the rumen acid level is altered quite markedly. 

Huffman (1928) noted that cattle fed hay or grass with little or no 

concentrates produce an alkaline urine. However, when concentrates 

alone are fed the urine is acid. Balsh et al. (1955) using fistulated 

cows found that diets low in hay have higher concentration of the total 

volatile fatty acids in the reticulo-rumen, resulting in a lower rumen 

pH. The range of the pH over a 24-hour period on the low hay diet was 

4.3-7.0. Emery and Brown (1961) found the average pH on high grain 

ration to be 5.8. Reid £t al̂ . (1957) reported levels of 5.7. 

Matrone et £l. (1959) stated that when a normal roughage diet is 

fed, volatile acids form and are neutralized by buffers of the saliva 

which is high in sodium bicarbonate. Mineral cations are reabsorbed in 

the stomach and are available for recirculation by the saliva. Purified 

diets contain readily fermentable substances, end therefore when fed to 

the ruminant, the rumen acids would be formed more quickly th?.n on a 

normal diet, requiring more buffering capacity at a given time. Further

more, these animals did not ruminate normally; therefore the flow of 

saliva was reduced markedly, and the ruminal buffering capacity of the 

animal was decreased which further caused depressed appetites. Con

ceivably the role of these buffers in the ruminal environment also 

effects shifts in population of the rumen microorganisms and in quan

tities and rate of transport of end products, which in turn affects 

productive energy of the diet. Reid £t £l. (1957) found that sheep 



going "off feed" on high starch rations had a low rumen pH. Nicholson 

et al. (1961), (1962a), (1962b), and (1963); Wise £t al. (1962); Reid 

£l ai. (1957) and others, including Texas Tech, are working with the 

addition of buffers to the all-concentrate ration. 

Perhaps very closely associated with the high rumen acid condition 

mentioned above is the presence of abnormal physiological conditions in 

the kidney, liver and rumen in animals which have been on the all-

concentrate ration. Although little has been reported concerning these 

abnormal conditions, Nicholson et. al. (1962a) reported that of 39 ani

mals slaughtered, 31 had lesions in both kidneys. The lesions were 

similar in nature, being fibrous and yellowish white in color, and 

extending in varying depths into the cortex. In this work the rumens 

of all animals were normal in appearance. In the first experiment 

Nicholson and Cunningham (1961) found some kidney damage which could 

be an indication of toxicity. This damage was found in both the cattle 

receiving hay and those on the all-concentrate ration. 

In the most recent work, Nicholson et. al̂ . (1963) observed kidney 

lesions in only those steers receiving the buffered ration. Twelve of 

13 steers receiving sodium bicarbonate and eight of 13 steers receiving 

the mixed buffers had the kidney lesions. All rumens were examined 

microscopically at slaughter and a few small areas of abnormal tissue 

were observed in several of the rumens. The data from two steers 

receiving the control ration and one steer receiving mixed buffers were 

discarded upon slaughter when severe liver abscesses were founa. fialch 

et al, (1955) noted that diets low in hay caused a considerable slowing 

of rate of contraction of the reticulum e::cept when the animals were 

eating. The rate was slower especially when the c?ttle were lying do\m, 
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suggesting that at certain tines of the day the mobility of the reticulo-

rumen was sluggish. 

The amount of carcass data on cattle receiving an all-concentrate 

ration has been limited. Generally, however, all information which has 

been reported has favored the all-concentrate ration. Jacobson and 

Fenton (1955) studied the effects of three levels of nutrition and age 

on the quality of beef from Holstein heifers. The three levels of 

feeding represented 60 per cent, 100 per cent, and 160 per cent of the 

amounts of TDN according to the upper limits of Morrison^s (1949) stand

ards for growing dairy calves. With an increase in the level of nutri

tion the weight of the raw muscle and fat increased, while the moisture 

content decreased. Significantly higher tenderness scores were recorded 

for the cooked loin roasts from animals on higher levels of nutrition. 

(Higher scores indicate more tenderness). Likewise the muscles from 

the cattle on high concentrate had lovjer "chew" scores. The flavor of 

the loin roast from the higher levels of nutrition was scored signif

icantly higher. There were no significant differences in shear values. 

Richardson et̂  al. (1958) reported that the marbling and carcass grade 

scores were significantly higher on those cattle receiving n high 

concentrate ration. Pope et̂  al̂ . (1957) observed the same results. 

Craig et̂  al. (1958), studying the color characteristics of lean 

and fat on pasture and drylot cattle, reported that differences in color 

of lean were due to varying amounts of fat and moisture rather than to 

the differences in quality of the pigment present. Meat coming from 

drylot cattle was brighter under all conditions of measturement. The 

cattle from the drylot also graded higher. In general, the cattle 

receiving the highest grain supplementation produced meat with th^ 
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least moisture, most fat, and highest grade. Black et al. (1943), using 

alio grain, found that the highest gaining steers consumed the most feed 

and had a higher carcass grade. The average carcass grade for full-fed 

cattle was significantly higher than those fed at a lower level. Pull-

fed cattle averaged 1.5 per cent more dressing percentage than limited-

fed cattle. Physical and chemical fat determinations showed ribs of 

full-fed steers contained significantly more fat than the limited-fed 

steers. 

Geurin rt al. (1959) found no significant difference in the 

dressing per cent or carcass grade in cattle receiving barley and ground 

ear com. Wise et al. (1961a) noted the dressing per cent, carcass 

grade, and marbling score were slightly higher in those cattle receiving 

the basal ration containing 95 per cent ground shelled corn. Nicholson 

et al. (1962a) reported that the dressing per cent and carcass score 

results suggest that animals receiving rations containing propionate 

and bicarbonates were better finished animals than those receiving the 

basal ration. Nicholson et̂  al. (1%3) found the carcass specific 

gravity from cattle receiving the sodium bicarbonate were significantly 

lower than carcasses from cattle receiving the control ration or mixeo 

buffers. The carcass specific gravity for the control ration was 1.070. 

The physical condition of the grain seems to have little effect 

in digestibility of the ration. In all trials reviewed the grain was 

either ground, rolled or cracked. Hayer rt £l. (1961) compared feeding 

steam-rolled versus dry-rolled barley in an all barley fattening ration. 

No consistent differences in rate of gain or feed conversion were ob

served due to barley preparation. In one trial Nicholson (1962b), 

comparing ground versus rolled barley, found no significant advantage 
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in d i g e s t i b i l i t y or nitrogen retent ion in the two rat ions . 

In every experiment reviewed, which used an al l-concentrate 

ra t ion . Vitamin A was added. Hayer ct̂  a l . (1961) supplemented with 

10,000 units of vitamin A per day and resu l t s suggested that th i s was 

i n s u f f i c i e n t . On the other hand, Nicholson £ t a l . (1963) supplemented 

with 2,000,000 I.U. per ton in one t r i a l . In th i s same t r i a l , Nicholson 

et a l . (1963) supplemented vitamin D2 to supply 1,000,000 I.U. per ton. 

The review of l i t era ture indicates that feeding an al l-concentrate 

rat ion i s f e a s i b l e provided i t i s supplen^nted with the proper vitamins 

and minerals in the correct quantit ies which otherwise would have been 

supplied by the roughage. 



EXPERIMENTAL PROCEDURE 

One hundred fifty yearling Holstein steers, averaging 595 pounds, 

were placed on trial September 3, 1962, for 140 days. The average pur

chase price of these steers, including freight, was $20.70 per hundred

weight. The animals for each treatment were selected by stratified 

randomization and were later segregated into groups of fifteen. Assign

ment of treatments to pens was accomplished later. 

These steers were placed in 30 by 40 feet open-air, concrete pens. 

Prior to the experiment the cattle received sweet sorghum silage, ad 

libitum, one pound of dry-rolled milo, and one pound of solvent processed 

cottonseed meal. Water was available in clay circulating water bowls. 

When placed on the experiment, the 120 steers receiving the all-

coneentrate ration (table 1) were started directly on this ration. There 

was no Warming-up period. The concentrate level for the high-roughage 

pens was set at 8 pounds of milo and 2 pounds of cottonseed meal per head 

daily. Ad libitum feeding from open concrete troughs was continued 

throughout the 140-day experimental period. 

The silage used in the trial was grown on the Texas Tech Farm and 

was from a number of silage producing varieties. At the beginning of the 

experiment, the concentrates were being dry-rolled and mixed at a local 

mixing plant; however, within a month, the rolling and mixing were 

accomplished in facilities immediately adjacent to the feedlot. The 

feed, both silage and concentrates, for each pen was weighed and hand-fed 

13 



14 

separately. Bach pen was fed twice daily. Feeding personnel cheeked 

for any spoiled or wet feed, and only four times during the experiment 

was feed removed and weighed back. During the latter part of the 

feeding trial, extreme cold, damp weather was experienced. A record 

low of ^17 degrees was reported diuring this period. 

TABLE 1. COMPOSITION OT RATIONS 

High- All** All-concentrate 
Ingredients roughage concentrate plus Co-Ral 

% % % 

Sweet sorghum silage 80.5 

Dry-rolled milo 14.8 89 89 

Cottonseed meal 3.7 10 10 

CowRal 20 ppm 

Vitamin A 6,800,000 I.U. per ton of concentrates 

Salt .5 .5 .5 

Carbotex .5 .5 .5 

Systemic insecticide made by Chemagro Corporation. 

One steer receiving the all-concentrate ration and one steer 

receiving the Co-Ral died during the last month of the experiment. No 

sickness was detected preceding death. Cause of death was unknown. Post-

slaughter investigation also revealed that one steer receiving the all-

concentrate ration had hardware disease; consequently, the carcass was 

condemned. 

Body weights were recorded at 28-day intervals during the trial 

for the all-concentrate and Co-Ral cattle. Twenty-eight day weights were 
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not recorded throughout the trial for the high-roughage cattle. All 

weights were farm weights with a 4 per cent shrink. Weights were taken 

at daylight each weighing period without withholding feed or water. In 

addition to live weight gain, the records include feed consumption per 

pen, carcass information, and post-slaughter liver conditions. 

The 59 steers receiving the all-concentrate ration and the 30 

steers receiving the high-roughage ration were slaughtered immediately 

following the 140-day feeding period in a local, federally inspected 

slaughter plant. The 59 steers receiving Co-Ral were held for an 

additional three weeks pending government approval for slaughter. The 

government requested that a sample of these cattle be slaughtered and 

the livers investigated for any contamination. The remainder of these 

animals were slaughtered following receipt of a negative report. The 

carcass information from these steers is not included because of the 

additional feeding period. 

A USDA meat grader scored the marbling, conformation, maturity, 

and carcass grade. Carcass weights, rib-eye measurements, and liver 

conditions were obtained by the Texas Tech Meat Industries personnel. 

The data from this experiment were analyzed according to proce-

dtures outlined by Snedecor (1950) and appear in the Appendix. Assum

ing all variables were fixed, all tests of significance were made 

using an individual mean square. A chi-square test was used to check 

for significant differences of abscessed livers. 

College students were employed to feed and care for the steers in 

the experiment. The minimum hourly Wige of $1.25 per hour was charged 

in the labor study. An estimated income from the sale of manure was 

included in an economic evaluation. 



RESULTS 

Prior to the beginning of the experiment all the steers were 

placed on a basic silage ration as outlined previously. When placed 

on trial September 3, 1962, the average daily consinaption by steers 

receiving the all-concentrate mixtures (table 1) was 42 pounds. The 

steers were observed very closely for any abnormalities. For two days 

these steers were listless, dull, consumed very little feed and had all 

the external symptoms of sick cattle. The third day a few of the steers 

were back on feed and appeared to be normal. This all-concentrate mix

ture was fed ad libitum throughout the trial. Bloating was no problem. 

The feces were atypically thin, however, the steers were not considered 

to be scouring. There were no death losses during this transition 

per iod. 

The 30 steers receiving the high-roughage ration were placed on 

trial the same day. The daily concentrate ration per head for these 

cattle was set at 8 pounds of milo and 2 pounds of meal. Silage was 

^^^ J^ iĴ t)itum throughout the trial. 

In this experiment the high-roughage cattle have been compared 

only with the all-concentrate cattle. The steers receiving the all-

concentrate plus Co-Ral have been compared with the steers receiving 

the all-concentrate control only on a live weight basis, since the 

Co-Ral steers were held on feed an additional three weeks. All of the 

steers were weighed and the feeding experiment was terminated on 

January 21, 1963. 

16 
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The initial and final live weights and average daily gain are 

presented in table 2. All live weights throughout the experiment are 

based on a 4 per cent shrink. The Co-»Ral steers had a slightly higher 

gain than did the cattle on the all-concentrate control. The all-

concentrate cattle gained significantly (P<.01) faster than did the 

roughage cattle. The analysis of variance tables for all comparisons 

are presented in the Appendix. 

TABLE 2. LIVE WEIGHT GAINS OF STEERS RECEIVING A HIGH-ROUGHAGE RATION 
OR AN ALL-^CCMCBNTRATE RATION WITH OR WITHOOT CO-RAL 

Criterion 

No. Animals 
Days on experiment 
Av. initial wt. lb. 
Av. final wt. lb. 
Av. daily gain lb. 

High-
roughage 

30 
140 
595 
830 
1.68 

All-
concentrate 

60 
140 
595 
903 
2.20** 

All-concentrate 
plus Co-Ral 

60 
140 
594 
913 
2.29 

**(P less than 0.01) 

A closer examination of the interim gains (table 3) reveals that 

the Co-Ral fed steers gained significantly faster than the control steers 

during the second and third periods. Differences in gains between the 

control and Co-Ral groups were comparable in the fourth period. How

ever, during the fifth period differences in gain in favor of the 

control cattle approached significance. 

The steers receiving the high-roughage ration gained more than 

2 pounds per head daily during the first 57 days, as indicated in table 4 

Gains in one pen increased during the next 22 days; however, in the other 

pen gains were decreasing. Throughout the remainder of the feeding 

trial, the gains of these cattle continued to decrease. 
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TABLE 4* INTBRXM LXVB WfilCHIT GAXhB FOR HOLSTEIN STEERS 
RECEIVING THE HICSJ-ROUGHAGE RATICW^ 

Criterion Pen 17 Pen 18 

Gain 9/3 to 10/30, lbs. 
ADG, lbs. 

Gain 10/31 to 11/21, lbs. 
ADG, lbs. 

Gain 11/22 to 12/27, lbs. 
ADG, lbs. 

Gain 12/28 to 1/21, lbs. 
ADO, lbs. 

1887 
2.21 

762 
2.31 

724 
1.34 

227 
.61 

1875 
2.19 

623 
1.89 

789 
1.48 

180 
.48 

Overall gain, lbs. 3600 3465 
ADG, lbs. 1.71 1.65 

Refer to table 3 for approximate comparison 
with all-concentrate rations. 

Differences in gain were also studied by using carcass weights. 

Only the carcass gains from the high-roughage and all-concentrate 

cattle are presented, tlie estimated initial carcass weight was based 

on the initial weight with a 4 per cent shrink multiplied by 52 per 

cent. This dressing percentage (52 per cent) was based on some actual 

carcass data at the station and was average for this type of cattle at 

this weight. There is ? highly significant difference in carcass gain. 

(table 5) This agrees with differences in live weight gain. 

The carcass gain value is based on the average carcass grade for 

the two treatments and the price of standard carcasses in Chicago on 

July 5, 1963. One can readily see that the gain value of the all-

concentrate cattle was almost 50 per cent greater than that of the 
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high-roughage c a t t l e . 

TABLE 5 . MEAN CARCASS GAINS FOR HOLSTEIN STEERS 

Criterion 
High-

roughage 

Estimated i n i t i a l carcass wt . , lbs . ' 
Final carcass w t . , l b s . 
Carcass gain 
Carcass gain value 

309.20 
476.60 
167.40 

57.75 

A l l - ^ 
concentrate 

310.50 
537.03 
226.53** 
78.15 

**(P less than 0.01) 

^Corrected for two carcasses which were not available. 

^Based on initial live weight (4% shrink) times 52% (average 

dressing percentage). 

^Based on $34.50 cwt. carcass weight, standard grade, Chicago, 

July 5, 1963. 

The total feed consumed by the high-roughage steers was almost 

three times as much as that consumed by both groups receiving the all-

concentrate ration (table 6). However, when converted to net energy 

values, the high-roughage pens were actually consuming less than the 

all-concentrate pens. On a pound of feed per pound of gain basis, the 

all-concentrate cattle were significantly (P<0.05) more efficient than 

the high-roughage cattle. The addition of Co-Ral to the all-concentrate 

ration did not significantly improve efficiency. 

The total cost of the feed was based on the average amount of 

each type of feed consumed multiplied by the value of that feed per 

hundredweight. Although the total cost for the all-concentrate is 

higher, the average carcass gi.in for these cattle was also higher. 
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Consequently, the cost of feed per 100 pounds of carcass gain i s $7.18 

l e s s for the a l l -concentrate rat ion . 

TABLE 6, MEAN FEED CONSUMPTION AND EFFICIENCY FOR HOLSTEIN STEERS FED 
HIOH-ROUOHAGE OR AN ALL-CONCENTRATE RATION WITH C» WITHOUT CO-RAL 

Criterion 

All-
High- All- concentrate 

roughage concentrate plus Co-Ral 

Feed consumed, total, lbs. 
Silage 
Milo 
CSM 

Feed consumed, daily, lbs. 
Silage 
Milo 
CSM 

Total daily feed consumption, lbs. 

Daily feed consumption, therms 

Feed/pound of gain, therms 

Total feed cost , $ 

Feed cost/cwt. carcass gain, $ 

*(P less than 0.05) 

^Based on values in Morrison, F. B., Feeds and Feeding (22nd ed.). 

Appendix II, 1959. 

^Based on following prices: Silage - $7.00/ton; Milo - $1.80/cwt.; 

CSM - $3.50/cwt. 

6,155.20 
1,116.00 

279.00 

43.98 
7.95 
2.00 

53.93 

12.83 

7.63 

51.40 

30.70 

2,434.10 
270.34 

17.39 
1.93 

19.32 

14.75 

6.72* 

53.28 

23.52 

2,377.67 
293.80 

16.98 
2.00 

18.98 

14.49 

7.04 

53.08 

-

In discussing the carcass data the Co-Ral cattle have been omitted 

because of the longer feeding period. The information in taole 7 shows 

that the differences in carcass data were either significant or hijhly 

significant in favor of the all-concentrate cattle. The highly significant 
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difference in dressing per cent is probably influenced by the amount of 

fill at weighing time. It is interesting to note that the silage cattle 

were not fed in the morning prior to weighing, while the all-concentrate 

cattle had feed before them at all times. 

TABLE 7. MEAN CARCASS DATA FROM HOLSTEIN STEERS 

Criterion High-r oughage All-concentrate 

No. of pens/treatment 
Mean Dressing per cent 
Mean Conformation score 
Mean Marbling score 
Mean Carcass grade 
Mean Rib Eye area, sq. in. 

2 
53.47 
4.63 
5.47 
14.10 
8.88 

4 
56.89** 
5.72** 
7.36* 
15.10** 
9.53** 

*(P less than 0.05) 

**(P less than 0.01) 

Conformation scores: low standard-4, standard-5, high standard-6 

Marbling scores: Traces-5, Traces plus-6. Slight minus-7, 
Slight*8 

^Carcass grade: standard-14, high standprd-15 

The differences in the conformation and marbling scores, as 

scored by the USDA meat grader, indicate that the all-concentrate cattle 

were fatter throughout. The significant differences in these two 

measurements naturally led to a highly significant (P< 0.01) difference 

in carcass grade. 

The price received for the carcasses is based on the mean carcass 

grade. There is only one-third difference in the mean carcass grsde; 

however, there were some carcasses from the high-roughage cattle which 
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graded utility. Had the price been based on individual receipts, there 

probably would have been a greater difference in price. 

A highly significant difference in the rib-eye area in favor of 

the all-concentrate cattle was observed; however, on a square inch per 

100 pound carcass weight basis, there were no significant differences. 

Post-slaughter examination of the livers revealed that 42 out of 

the 57 livers (74 per cent) from steers fed the all-concentrate ration 

were abscessed, while only one of the livers from the 30 cattle receiving 

silage had abscesses (table 8). In the Co-Ral cattle, 32 of the 54 

livers had abscesses. The difference in incidence of abscessed livers 

in the all-concentrate and high-roughage cattle is highly significant. 

Differences in incidence between the Co-Ral and all-concentrate were 

also highly significant. 

TABLE 8. OCCURRENCE OF LIVER ABSCESSES IN HOLSTEIN STEERS RECEIVING A 
HIGH-ROUGHAGE RATION OR AN ALL-CONCENTRATE RATION 

V ITH AND WITHOUT CO-RAL 

Good 

Bad 

Good 

Bad 

All-concentrate Silage 
B — 28.83 
0 « 15.00 
E « 28.17 
0 = 42.00** 

57 

All-concentrate 
E « 19.02 
0 = 15.00 
B = 38.04 
0 = 42.00** 

B = 15.18 
0 » 29.00 
E = 14.84 
0 « 1.00 

30 

Co-Ral 
E = 17.98 
0 = 22.00 
E = 35.96 
0 = 32.00 

44 

43 

87 

37 

74 

57 54 111 

**(P less than 0.01) 
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One factor creating some interest in all-concentrate feeding is 

the amount and cost of labor involved in feeding roughages. A labor 

study was conducted to estimate the number of hours involved in feeding 

this group of cattle (table 9). 

TABLE 9, ESTIMATED LABOR COSTS PER PEN INVOLVED IN FEEDING HOLSTEIN 
STEERS AN ALL^ONCENTRATE RATION OR A HIGH-ROUGHAGE RATION 

(140 DAYS) 

Criterion 

Migh*rottghâ ge rat 
Feeding^ 
Weighing 
Cleaning pens 
Management 
Total 

All-concentrate r 
Feeding^ 
Weighing 
Cleaning pens 
Management 
Total 

ion 

at ion 

Hours 

140 
2 
2.5 
7 

151.5 

46.62 
2 
2.5 
7 
58.12 

t 

$ 

$ 

Total 
Labor 
Cost^ 

175.00 
2.50 
3.13 
8.75 

189.38 

58.28 
2.50 
3.13 
8.75 
72.66 

No. 
of 

animals 

15 
15 
15 
15 

15 
15 
15 
15 

Labor cost 
per 
animal 

$ 

T 

$ 

i 

11.67 
.17 
.21 
.58 

12.63 

3.89 
.17 
.21 
.58 

4.85 

vvage per hour - $1.25 

^Includes removal, hauling, grinding, mixing, weighing and 
distribution where applicable. 

These figures could not be applied directly to a commercial 

operation, but they do give some indication of the differences in labor 

involved in feeding these two types of rations. The primary difference 

is in the amount of time involved in removing the silage from the pit 

and getting it to the trough. As stated previously, the feed for each 

pen was weighed and hand-fed separately. The time required for feeding 
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the high-^oughage cattle was three times as much as for the all-concentrate 

cattle. An additional means of cutting labor costs would be to feed from 

a self-feeder. Although this was not done in this experiment, experience 

has proven that concentrates are much better adapted to a self-feeding 

operation. 

Since manure can be sold for an added income to any feeding opere-

tion, a study was conducted to estimete the amount of manure produced by 

the cattle on each ration. This study was conducted during the summer 

of 1963. At that time it was impossible to get the weight of manure from 

cattle consuming 40 pounds of silage per head daily. An estimate was 

made from previous observations and from averages given by Morrison (1959). 

Actual weights for the all-concentrate manure were obtained for a 

pen containing cattle receiving an all-concentrate ration. These cattle 

were consuming approximately the same as were the cattle in the experi

ment. The weight presented in table 10 is the amount removed from a pen 

using a mechanical scraper and loader, and represents the amount avail

able for sale. 

TABLE 10. ESTIMATED GROSS RETURN PER PEN FROM MANURE PRODUCED BY HOLSTEIN 
STEERS RECEIVING AN ALL-CONCENTRATE OR A HICU-ROUGHAGE RATION (140 DAYS) 

Total No. of 
Criterion Tons Value/ton value fnimals Value/animal 

All-concentrate 10.22^ $2.50 $25.55 15 $1.70 

High-roughage 31 $2.50 $77.50 15 $5.17 

^f^Based on averages given by Morrison, F. B., Feeds and Feedinf^, 
(22nd ed.), p. 568, 1959. 

2 
Based on actual weight of manure from cattle on nn identical 

ration. 
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Based on these estimates, the high-roughage cattle produced three 

times as much manure as did the all-concentrate cattle (table 10). The 

total daily feed consumption was likewise almost three times as great 

for the high-roughage cattle. 

The value per ton of maniure is based on the average price feed-

lots are charging in this area and agrees with an estimate given in 

Morrison (1959). The advantages ?nd disadvantages of each type of 

manure were considered; however, manure is generally sold as fertilizer 

disregarding any differences in chemical makeup. 

An overall economic evaluation can be made by considering the 

original purchase price, feed and labor costs, and the return from sale 

of manure and the sale of the cattle. There are additional costs such 

as interest on the investment, facilities and equipment, taxes, insurance, 

and general operating expenses; however, these were not considered in 

this study. 

The economic factors considered are presented in table 11. Con

sideration of any of the factors mentioned above would only favor the 

all-concentrate cattle since more time, facilities and equipment are 

needed to feed a roughage ration. One can readily see that the high-

roughage cattle did not ever recover their feed costs. A difference in 

net return of $23.28 from this group of cattle is enough to cause r>ny 

feeder to evaluate his feeding operation. 

The differences in net return from these cattle stimulated 

further study. Since milo and meal were included in ooth rations, this 

is not a study of feeding all-concentrates or no concentrates. Conclu

sions from this study can be applied only to this same type of cattle 

under similpr feeding conditions. The amount of cottonseed meal consumed 
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per animal da i ly on each of the two rations was approximately two pounds. 

Any dif ference between the two rations w i l l then be attributed to the 

amounts of s i l a g e and milo fed. 

TABLE 11 . AVERAGE COST COMPONENTS OF ECONOMIC RETIENS FROM FEEDING 
HOLSTEIN STEERS AN ALL-CONCENTRATE RATION OR A HIGH-ROUSIAGE 

RATION (140 DAYS) 

Criter ion High-roughage All-concentrate 

No. of animals 30 60 
I n i t i a l l i v e weight, l b s . 595 595 
I n i t i a l cost^, $ 123.17 123.17 
Feed c o s t , $ 51.40 53.28 
Labor c o s t , $ 12.63 4.85 
Total c o s t , $ 187.20 181.30 
Pinal carcass w t . , l b s . 476.60 537.03 
Final carcass value^, $ 164.43 185.28 
Manure return, $ 5.17 1.70 
Gross return, $ 169.60 186.98 
Net return, $ -17.60 5.68 

Al l carcass information and feed costs based on 58 s t e e r s . 

Purchase pr ice , including freight - $20.70/cwt. 

"^Based on $34.50/cwt. carcass weight, standard grade, Chicago, 
July 5 , 1963. 

In table 12 the mean values per pen for each ration are given. 

In t h i s table the price of the s i l age i s held constant at $7.00 per ton 

and the price of the milo varies from $1.50 to $2.30 per hundredweight. 

The net return in every instance from the all-concentrate c a t t l e i s 

considerably more than that from the high-roughage c a t t l e . The net 

return from the al l -concentrate c a t t l e w i l l be the basis for comparing 

the value of the high-roughage ra t ion . The pmounts of each feed 

consumed remain constant and only the price of the milo v a r i e s . 
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TABLE 12. MEAN PEN GAIN, FEED CONSUMPTION, FEED COST AND DIFFERENCES 
IN NET RETURN 

No. of aniflials 
Carcass gain, Ibs.^ 
Carcass gain value , 
Feed consumed 
Silage» tons 
Milo, lbs. 
GSM, Ibs^ 

Feed costs , $ 
Silage 
CSM 
Milo # 1,50/ewt. 

@ 1.80/cwt. 
@ 2.00/cwt. 
© 2.30/cwt. 

Net return, $ 
Milo € 1,50/cwt. 

@ 1,80/ewt. 
<© 2.00/cwt. 
@ 2.30/cwt. 

Milo © 1.50/cwt. 
® 1.80/cwt. 
^ 2.00/cwt. 
@ 2.30/cwt. 

$ 

In net 
Return 

321.02 
265 
228 
172 

.36 

.25 

.59 

High-

2 

16 
4 

-roughage 

15 
,511 
866.30 

46.16 
,740.00 
,185.00 

323.12 
146.48 
251.10 
301.32 
334.80 
385.02 

145.60 
95.38 
61.90 
11.68 

Differences 
Per ton 
of silage 

6.95 
5.75 
4.94 
3.74 

All-concentrate 

14.5 
3,284.75 
1,133.24 

35,294.50 
3,920.00 

137.20 
529.42 
635.30 
705.89 
811.77 

466.62 
360.74 
290.15 
184.27 

Value of silage 
per ton 

.05 
1.25 
2.06 
3.26 

^Corrected for 2 steers who died during later part of the 

experiment. 

^Based on $34.50/cwt. carcass weight, standard carcass, Chicago, 

July 5, 1963. 

"^Prices* Silage - $7.00/ton, CSM - $3.50/cwt. 

The differences in net return are expressed under three headings. 

First, there is a difference in the net return. This is a difference in 

the net return from the high-roughage cattle and the net return from the 
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all<»eoncentrmte cattle at varying prices of milo. The differences per 

ton of silage are computed by dividing the differences in net return 

by 46.16 tons. This tonnage represents the amount of silage fed the 

high^roughage cattle. Finally, the value of silage per ton is found 

by subtracting the differences per ton of silage from the original 

price paid for the silage, or in this case, $7.00 per ton. 

In other words, this feeder coitld pay only $.05 per ton for 

silage if milo was $1.50 per hundredweight and the meal was $3.50 per 

hundredweight, in order to have the same net return as was received 

from the all«<concentrate cattle. To check this statement, consider 

the following: 

Silage 46.16 tons @ $ .05 $ 2.31 

Milo 16,740 lbs. @ $ 1.50 251.10 

CSM 4,185 lbs. @ $ 3.50 146.48 

Total $ 399.89 

Carcass gain value $ 866.30 

Total feed cost Less 399.89 

Net return for high-roughage 

Net return for all-concentrate 

Any differences between these two figures may be accounted for by 

rounding off large decimals. Checks for the other prices of milo per 

hundredweight can be made in the same manner. 

Rather than compute the value of silage per ton for every price 

of milo, this value can be read directly from figure 1. The price of 

the silage is set at $7.00 per ton. The solid line represents the values 
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of silage when the carcasses were selling for $34.50 per hundredweight. 

The dotted line represents the carcass price of $37.83 per hundredweight. 

This last price was the average paid for standard carcasses in 1962 et 

Chicago, according to the Economic Research Service (1963). 

One should keep in mind that the value of silage per ton is 

based on a comparison of the net return from the all-concentrate cattle 

and the high*roughage cattle. Consequently, as the price received for 

carcasses increases, the net return for the cll-concentrate cattle 

increases rxcordingly, which will lower the comparative value of silage 

per ton. The method of computation, using $37.83 per hundredweight as 

the carcass price, is presented in table 13 in the Appendix. 

This same method can be used to compute the value of the silage 

per ton using any carcass gain value and price paid for the silage. 

However, one should remember that the values presented herein apply to 

the specified conditions in this experiment. 



DISCUSSION 

Apparently cattle can be started and maintained on an ad libitum 

diet of all-concentrates. It is quite obvious from these data that 

concentrates are a cheaper source of TDN than are roughages (at the 

prices quoted), and that cattle do not require roughage in order to 

perform satisfactorily. The teaching that the rumen evolved to utilize 

roughage is probably correct. However, it does not mean that ruminants 

need roughage simply because they have a rumen. Nor does it mean that 

the rumen is not functioning. Kuhnley (1963) indicated that more 

bacteria are present in the all-concentrate ingesta than in the roughage 

ingesta. These bacteria, however, are more of the starch digesting types. 

Caution should be exercised In starting cattle directly on an all-

concentrate ration. It is suggested that light cattle be fed 4 per cent 

of their body weight for three days and heavy cattle 3 per cent for 

three days before being placed on the self-feeder. 

The advantage of .52 pounds average daily gain in favor of the 

all-concentrate cattle in this experiment should be considered. Both 

groups were receiving ad libitum feed. The difference in gain could 

possibly be explained by the difference in the amount of energy consumed. 

The daily feed consumption, expressed in therms, W3s 12.83 and 14.75 

for the high-roughage and all-concentrste rations respectively (table 6). 

Garrett £t al. (1959) indicates that there may be a difference in 

maintenance and production energy requirements. It is generally 

32 
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accepted that the net energy of a feed, when expressed as net energy per 

100 pounds, is higher for maintenance than it is for gain. Thus, as 

animals eat more feed and gain more rapidly, the net energy per unit of 

feed declines. Close inspection of table 4 reveals that the average 

daily gain for the high-roughage cattle decreased rapidly following the 

second weighing period (79 days). This difference in energy require

ments for maintenance and gain may possibly account for the differences 

in gain of the high-roughage and all-concentrate cattle. Also, the 

cattle consuming the high-roughage ration were possibly requiring more 

energy in the digestion process than were the all-concentrate cattle. 

Further study is needed concerning this problem. 

The problem of liver abscesses in the all-concentrate cattle is 

a serious one. Newsom (1938), Madin (1949), and Jansen eit al. (1954) 

have reported incidents of abscessed livers in cattle receiving high 

concentrate rations. Several of the abscessed livers from steers in 

this study were examined histologically. The abscessed area was walled 

off from the remainder of the liver. The abscessed livers were larger 

and weighed more than did normal livers. This suggests that the liver 

had attempted to compensate for the area lost to the abscess. Further 

study is needed to isolate the cause of the abnormal condition. 

The incidence of liver abscesses in steers receiving silage in 

this study was only 1 in 30. This would indicate that the incidence of 

abscesses decreases with the addition of high levels of roughage. 

Possibly the feeder should seek a "balance" between gains and the 

incidence of abscesses until the cause has been establisheo. It shoulc 

be worthwhile to the feeder to sacrifice a small portion of gain in 

order to provide the packer a salable product. 



SUMMARY 

One hundred fifty yearling Holstein steers averaging 595 pounds 

were placed on trial September 3, 1962, for 140 days. Sixty of the 

steers received an all-concentrate ration composed of 89 per cent dry-

rolled alio, 10 per cent cottonseed meal and supplemented with vitamins 

and minerals. Sixty steers received the same concentrate ration out

lined above plus Co-Ral, a systemic insecticide, at the level of 20 ppm. 

Thirty steers were fed a high-roughage ration composed of 80.5 per cent 

sweet sorghum silage, 14.8 per cent milo, 3.7 per cent cottonseed and 

supplemented with vitamins and minerals. 

The high-roughage cattle have been compared only with the all-

concentrate control cattle. The steers receiving the all-concentrate 

plus Co-Ral have been compared with the steers receiving the all-

concentrate control only on a live weight gain basis and in the incidence 

of abscessed livers. 

As shovn in table 2 the Co-Ral steers had a slightly higher gain 

than did the all-concentrate control steers. The all-concentrate cattle 

gained significantly faster than did the roughage cattle. On a carcass 

gain basis the all-concentrate steers gained significantly faster. Daily 

feed consumption, using net energy values, for the two rations were 

similar, but the all-concentrate steers were significantly more efficient. 

The all-concentrate steers had significantly higher marbling, 

conformation and carcass grade scores. The dressing per cent and rib-

eye area were also significantly higher; however, on a per 100 pound 

34 
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carcass weight basis, there was little difference in the rib-eye area. 

Seventy^four per cent of the steers receiving the all-concentrate 

ration had abscessed livers. Forty-one per cent of the Co-Ral steers 

had abscessed livers, while only one of the 30 steers receiving silage 

had abscesses. Causes of these abscesses are unknown. 

Differences in net return from the steers receiving the high-

roughagt and all^concentrate rations were studied. Using the net return 

from the all-concentrate ration as the basis, the value of silage in the 

ration is compared at varying prices of milo. On this basis the dollar 

value of silage in a beef cattle fattening ration is certainly less 

than previously estimated. 

A labor study indicated that almost three times as much labor was 

involved in feeding the high-roughage ration in this experiment. The 

high«*roughage cattle produced three times as much manure as did the all-

concentrate cattle. From an economic standpoint, the high-roughage 

cattle failed to pay for the feed consumed, while the all-concentrate 

steers returned $5.68 above feed and labor costs. 

From this experiment, it was concluded that feeding an all-

concentrate ration is quite practical, provided the ration is supple

mented with proper vitamins and minerals in the correct quantities 

which otherwise would have been supplied by the roughage. 
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TABLE 1 . ANALYSIS OF VARIANCE OF LIVE V/BIQir GAIiiS C»J STEERS RECEIVING 
AN ALL-CONCENTRATE RATION OR A HIQI-ROUGHAGB RATION 

Source of v a r i a t i o n 

T o t a l 
Intermediate 
Treatments 
Pens/Treatment8 
I n d i v i d u a l s 

Degrees 
o f freedom 

89 
5 
1 
4 

84 

Sum 
of Squares 

396 ,007 .8 
121,955.6 
103 ,728 .0 

18,227.6 
274 ,052 .2 

Mean square 

103 ,728 .0 
4 , 5 5 6 . 9 
3 ,262 .5 

F 

22 .76** 
1.4 

**(P less than 0.01) 

TABLE 2 . ANALYSIS OF VARIANCE OF LIVE WEIOff GAINS 
AN ALL-CONCENTRATE RATION WITH OR WrrHOUT 

Source o f V a r i a t i o n 

Tota l 
Intermediate 
Treatments 
Pens/Treatments 
Ind iv idua l s 

Degrees 
of freedom 

119 
7 
1 
6 

112 

Sum 
of Squares 

457,732.6 
33 ,119 .1 

3 ,933 .0 
2 9 . 1 8 6 . 1 

424,613.5 

ON STEERS RECEIVING 
CO-RAL 

Mean square 

3 ,933 .0 
4 , 8 6 4 . 3 
3 ,791 .19 

F 

.81 
1.28 

TABLE 3. ANALYSIS OF VARIANCE OF LIVE WEIGHT GAINS ON STEERS RECEIVING 
AN ALL-CONCENTRATE RATION WITH AND WITHOUT CO-RAL, 1ST PERIOD 

Degrees Sum 
Source of variation of freedom of squares Mean square 

Total 118 71,972.44 
Sub-total 7 6,728.51 
Treatments 1 615.40 615.40 .60 
Pens/Treatments 6 6,113.11 1,018.35 1.73 
Individuals 111 65,243.93 587.7v 
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TABLE 4 . ANALYSIS OF VARIANCE OF LIVE WEIGHT GAINS ON STEERS RECEIVING 
AN ALL-CONCENTRATE RATION WITH OR WITHOUT CO-RAL, 2ND PERIOD 

Source of v a r i a t i o n 
Degrees 

of freedom 
Sum 

of squares 

Total 
Sub-total 
Treatments 
Pens/Treatments 
Individuals 

118 
7 
1 
6 

111 

63.075.11 
7,021.22 
4,499.32 
2,521.90 
56,053.89 

Me?n square 

4,499.32 
420.32 
504.99 

10.70* 
.83 

*(P less than 0.05) 

TABLE 5. ANALYSIS OF VARIANCE OF LIVE WEIGHT GAINS ON STEERS RECEIVING 
AN ALL-CONCENTRATE RATION WITH CHI WITHOUT CO-RAL, 3RD PERIOD 

Source of variation 
Degrees 
of freedom 

Sum 
of squares Mean square 

Total 
Sub-total 
Treatments 
Pens/Treatments 
Individuals 

118 
7 
1 
6 

111 

73,389.47 
3,010.94 
1,626.50 
1,384.44 

70,378.53 

1,626.50 
230.74 
634.04 

7.05* 
.36 

*(P less than 0.05) 

TABLE 6. ANALYSIS OF VARIANCE OF LIVE WEIGHT GAINS ON STEERS RECEIVIhfG 
AN ALL-CONCENTRATE RATION WITH OR WITHOUT CO-RAL, 4TH PERIOD 

Source of variation 

Total 
Sub-tot VTI 
Treatments 
PensAreatments 
Individuals 

Degrees 
of freedom 

118 
7 
1 
6 

111 

Sum 
of squares 

90,675.85 
9,208.86 
418.96 

8,789.90 
81,466.99 

Mean square 

418.96 
1,464.98 
733.94 

.29 
2.00 
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TABLE 7 . ANALYSIS OF VARUNCE OF LIVE WEIGaff GAINS ON STEERS RECEIVING 
AN ALL-CONCENTRATE RATION WITH OR WITHOUT CO-RAL, 5TH PERIOD 

Source o f v a r i a t i o n 

T o t a l 
S u b - t o t a l 
Treatments 
Pens/Treatments 
Individuals 

Degrees 
of freedom 

118 
7 
1 
6 

111 

Sum 
of squares 

82,717.28 
5 ,253.86 
2,379.88 
2,873.98 
77,463.42 

Mean square 

2,379.88 
479.00 
697.87 

4.97 
.59 

TABLE 8. ANALYSIS OF VARIANCE OF DRESSING PER CENT FOR HOLSTEIN STEERS 

Source of variation 
Degrees 
of freedom 

87 
5 
1 
4 
82 

of 
Sum 
squares 

618,90 
232.78 
231.22 
1.56 

386.12 

Me an square F 

231.22 592.87** 
.39 .08 

4.71 

Total 
Intermediate 
Treatments 
PensAreatments 
Individuals 

**(P l e s s than 0 .01) 

TABLE 9, ANALYSIS OF VARIANCE OF CONFORMATION SCORES FOR HOLSTEIN STEERS 

sssr 

Source of variat ion 

Total 
Intermediate 
Treatments 
Pens/Treatments 
Individuals 

Degrees 
of freedom 

87 
5 
1 
4 
82 

of 
Sura 
squares 

182.08 
24.29 
23.52 

.77 
157.79 

Me an square F 

23.52 121.87** 
.19 .10 

1.92 

**(P l e s s than 0.01) 
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TABLE 10. ANALYSIS OF VARIANCE OF MARBLING SCORES FOR HOLSTEIN STEERS 

Source of variation 
Degrees 
of freedom 

Sum 
of squares 

*(P less than 0.05) 

Mean square 

Total 
Intermediate 
Treatments 
Pens/Treatments 
Individuals 

87 
5 
1 
4 

82 

1,131.90 
99.56 
71.03 
28.53 

1,032.34 

71.03 
7.13 

12.59 

9.96* 
.57 

TABLE 11. ANALYSIS OF VARIANCE OF CARCASS GRADE FOR HOLSTEIN STEERS 

Source of variation 
Degrees 
of freedom 

Sum 
of squares 

Total 
Intermediate 
Treatments 
Pens/Treatments 
Individuals 

87 
5 
1 
4 
82 

143.99 
21.61 
19.91 
1,50 

122.38 

Mean square 

19.91 
.38 

1.49 

53.09** 
.25 

**(P less than 0.01) 

TABLE 12. ANALYSIS OF VARIANCE OF RIB-EYE AREA (SQ. IN.) FOR HOLSTEIN 
STEERS 

Source of variation 
Degrees 
of freedom 

Sum 
of squares 

Total 
Intermediate 
Treatments 
Pens/Treatments 
Individuals 

82 
5 
1 
4 
77 

Mean square 

168.88 
8.87 
7.84 
1.03 

160.01 

7.84 
.26 

2.08 

30.39** 
.12 

**(P less than 0.01) 



41 

TABLE 13. AVERAGE PEN GAIN, FEED CCMeUMPTION, FEED COST AND DIFFERENCE 
IN NET RETURN 

No. of animals 
Carcass g ;ain, lbs. 
Carcass gain value,^ $ 
Feed consumed 
Silage, tons 
Milo, lbs. 
CSM, lbs. 

Feed cost 
Silage 
CSM 
Milo fe 

® 
@ 

(& 

'S» 5 

1.50/cwt, 
1.80/cwt. 
2.00/cwt. 
2.30/cwt. 

Net return, $ 
Milo ̂  

^ 

@ 

@ 

Milo tS 
lî' 

<§ 
(y 

1.50/cwt. 
1.80/cwt. 
2.00/cwt. 
2.30/cwt. 

1.50/cwt. 
1.80/cwt. 
2.00/cwt. 
2.30/cwt. 

In 1 let 
return 

346.79 
291, 
254 
198 

.13 

.02 

.36 

High-roughage 

15 
2,511 
949.91 

46.16 
16,740.00 
4,185.00 

323.12 
146.48 
251.10 
301.32 
334.80 
385.02 

229.21 
178.99 
145.51 
95.29 

Differences 
Per ton 
of silage 

7.51 
6.31 
5.50 
4.30 

All-concentrate 

14.5 
3,284.75 
1,242.62 

35,294.50 
3,920.00 

137.20 
529.42 
635.3D 
705.89 
811.77 

576.00 
470.12 
399.53 
293.65 

Value of silage 
per ton 

-.51 
.69 

1.50 
2.70 

^Corrected for 2 steers who died during latter part of the 

experiment. 

^Based on $37.82/cwt., average price paid for standard carcass 

during 1962, Chicago 

^Prices: Silage - $7.00/ton, CSM - $3.50/cwt. 
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