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ABSTRACT 

Whole cottonseed (WCS) additions to 90% concentrate diets 'were 

evaluated in two digestion trials. In Trial 1, 12 Holstein bull calves 

(100kg) were allotted to diets containing 0, 20 or 40% WCS. In Trial 

2, 12 beef steers (280kg) were assigned to diets containing 0, 10, 20 

or 30% WCS. In both digestion trials, apparent digestibilities of dry 

matter, crude protein, and gross energy decreased linearly (P<.05) as 

levels of WCS increased. Energy digestibilities ranged from 81 to 72% 

for 0 to 40% WCS diets in Trial 1, and from 82 to 71% for 0 and 30% 

diets, respectively, in Trial 2. Apparent lipid digestibility tended 

to be higher (p>.05) for WCS diets. These digestibility data suggest 

that WCS is utilized less efficiently in high-concentrate diets than in 

high-roughage diets. 

v 



INTRODUCTION 

The production of a 480 pound bale of cotton yields 800 pounds 

of whole cottonseed (WCS) . Traditionally, most of the seed has been 

used for production of cottonseed oil. The major by-products of 

cottonseed oil production are cottonseed meal (CSM) and cottonseed 

hulls (CSH). The percentage of total seed production going to oil 

mills varies depending on the price of cottonseed oil, the price of 

other vegetable oils, and the amount of WCS available. Other uses for 

WCS include animal feed and seed for replanting which requires 

approximately ten percent of the annual production. 

Whole cottonseed which contain high levels of protein, fat and 

phosphorus would be an excellent feed for farm animals were it not for 

the presence of gossypol in the pigment glands,which is toxic to 

non-ruminant animals. Whole cottonseed has been widely used in dairy 

rations where it has been shown to maintain the fat test in high 

producing cows. Over the last few years the prices of WCS have been 

competitive on an energy basis with other feeds and considerable 

quantities have been used by cattle feeders in the Southwest. 

There are no published reports on the value of whole cottonseed 

in high concentrate diets typically fed in beef feedlots. It is 

uncertain whether values contained in current tables of feed 

composition, which were derived from data obtained with relatively high 

roughage diets, are applicable to high concentrate diets. 

1 
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Therefore, this study was conducted to determine the digestibility of 

WCS in high concentrate diets fed to beef steers. 



LITERATURE REVIEW 

Cottonseed is a by-product of cotton lint production. Most of 

the seed produced goes to oil seed mills for extraction of cottonseed 

oil. The major by-products of this processing, cottonseed meal and 

cottonseed hulls, are both well known animal feeds. The seeds 

themselves contain high levels of protein, fat and phosphorus and are 

also used in animal feeding. Cottonseed products can be used 

extensively only in diets for ruminant animals because gossypol, a 

compound present in the seeds, is toxic to monogastric animals. 

Gossypol is not a major problem in ruminant feeding because it is 

detoxified by microbial fermentation in the rumen. Plant breeders are 

developing glandless varieties of cotton which will allow higher levels 

of both cottonseed and cottonseed meal to be used in monogastric 

feeding. 

Beef Production with Whole Cottonseed Diets 

Stanley et al. (1940) used replacement techniques to estimate 

the comparative value of WCS and CSM as energy feeds. Whole cottonseed 

was found to have 102% the value of CSM when seed was substituted at a 

level of 25% into a high roughage (alfalfa hay) diet. Whole cottonseed 

was found to have 78% the value of CSM when substituted at a level of 

15% into a Hegari silage diet. Steers fed WCS had the higher average 

daily gains and were finished at less cost per 100 pounds than those 

fed CSM diets. 

3 
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Hubbert et al. (1961) fed WCS in feedlot type diets to evaluate 

the effects on performance of yearling steers. Diets contained 45% 

roughage (30% alfalfa and 15% CSH). Dietary treatments were control, 

4% tallow and 20% WCS. Average daily gains were equal for steers on 

all three treatments. Both feed intake and feed efficiency were lower 

for steers on the 4% tallow treatment than for control steers. Whole 

cottonseed treatment steers had lower feed intakes and feed 

efficiencies than the tallow treatment steers. The economic return per 

steer on the WCS treatment was almost three times that of the control 

diet steers, and over ten times that of the tallow treatment steers, 

when WCS was priced at the same level as grain and with tallow costing 

3.3 times as much as grain. 

Dairy Production with Whole Cottonseed Diets 

Davis et al. (1946) conducted a 28 day trial with lactating 

cows to evaluate the effect of WCS addition to the diet on milk 

production. Treatments were control and WCS substituted for 2 pounds 

of the control diet concentrate. Alfalfa hay was offered ad libitum 

and concentrate was fed according to milk production. Whole cottonseed 

treatment cows initially produced slightly more batterfat, however they 

produced less butterfat for the last eight days of the trial. Milk 

production was equal for cows on both treatments. A palatability 

problem was also noted for one cow on the WCS diet. 

Ramsey (1953) compared the effects of WCS and CSM on production 

by lactating dairy cows. Grass hay and sorghum silage were offered ad 

libitum. One concentrate consisted of WCS, oats and wheat bran, the 
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second concentrate consisted of CSM and corn. Concentrate was fed in 

accordance with milk production. Cows on the WCS treatment produced 

more butterfat, milk and fat corrected milk than those on the CSM 

diets. 

Moody (1962) used lactating dairy cows to study the effects of 

roughage level and WCS addition on milk production. Treatments were 

alfalfa hay fed at either 1.5 or 2.5% of body weight with both 

treatments receiving the same concentrate, or alfalfa hay fed at 1% of 

body weight with 20% of the concentrate replaced by WCS. There were no 

differences in milk production among the treatments, cows fed alfalfa 

hay at 1.5% or 2.5% of body weight had similar production of fat 

corrected milk. Cows on the WCS treatment produced more butterfat and 

thus had a higher production of fat corrected milk than cows on the 

other two treatments. In a separate trial contained in the same 

report, cows receiving up to eight pounds of WCS per day showed no 

reproductive problems. 

Moody (1968) studied the effects of WCS, cottonseed meats and 

cottonseed oil soap stock on production by lactating dairy cows. A 

control concentrate and concentrates containing 12% WCS, 6% cottonseed 

meats, or 4% cottonseed oil soap stock were evaluated. Roughage was 

either alfalfa hay fed at 1.7% of body weight, or 1.25% of body weight 

as alfalfa hay and 0.5% of body weight as cottonseed hulls. Milk 

production was not affected by treatment. Cows on diets that contained 

either WCS or cottonseed meats had higher butterfat production compared 

to cows on the other treatments. 



Moody (1978) used lactating dairy cows to compare the effects 

of WCS on milk production when different roughage levels were fed. 

Alfalfa hay was fed at either 2.5% of body weight (52% alfalfa in the 

diet) or 1.25% of body weight (38% alfalfa). At both roughage levels, 

a control concentrate, or a concentrate which provided 10% of the diet 

as whole cottonseed were fed. Cows on WCS treatments produced more 

milk, fat corrected milk, and significantly more butterfat than cows on 

the control diet. 

Anderson et al. (1979) used production by lactating dairy cows 

to evaluate the effect of WCS in the diet. In Trial 1, concentrates 

were either a control, or a concentrate which contained 1.9 kg of WCS. 

At this level, WCS was approximately 7% of the diet. Concentrate was 

fed in accordance with milk production. All cows were fed corn silage 

and alfalfa hay was offered ad libitum. Cows on the WCS treatment had 

higher dry matter intakes and milk production than the control cows. 

Whole cottonseed fed cows produced more butterfat, solids not fat, and 

fat corrected milk than cows fed the control concentrate. 

In Trial 2, three treatments were- studied: a control 

concentrate; a 20% whole cottonseed concentrate fed in accordance with 

milk production; and the control concentrate fed at a level to be 

isocaloric to the cottonseed concentrate. Cows on all three treatments 

received corn silage and alfalfa hay was offered ad libitum. Cows on 

the third (energy equivalent) treatment were offered more concentrate 

than the other cows, in some cases as much as 13 kg per day. Cows on 

this treatment were unable to finish the amounts of concentrate 

offered, therefore they consumed less digestible energy compared to the 
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WCS concentrate cows. Cows receiving WCS in the concentrate produced 

more butterfat and fat corrected milk, and significantly more milk than 

cows on the other two treatments. Cows on the WCS treatment produced 

milk with a lower percentage of protein than cows on the other 

treatments. 

Smith et al. (1979) evaluated the effects of increasing levels 

of whole cottonseed in the diet on production by lactating dairy cows. 

Levels of whole cottonseed were 0, 5, 15 and 25%. AS WCS increased, 

levels of alfalfa in the diet correspondingly declined from 65% to 48%. 

Milk production was higher from cows on the 15% and 25% whole 

cottonseed diets than for cows on the control or 5% whole cottonseed 

diet. Butterfat percentage of milk from the cows receiving the 15% and 

25% whole cottonseed diets was higher due to a higher production of 

butterfat by these cows. Milk from 15% and 25% whole cottonseed cows 

had lower percentages of both protein and solids not fat than milk from 

cows on the control and 5% whole cottonseed diets. Linear regression 

indicated that each 1% increase of whole cottonseed in the diet, 

resulted in a 0.025% increase in butterfat production and a 0.004% 

decrease in both milk protein and solids not fat in the milk. In a 

study of the records of 55 commercial dairies using WCS, no correlation 

was found between whole cottonseed feeding and ketosis, milk fever, 

displaced abomasum or retained placenta. 

In summary, feedlot trials indicate that steers fed whole 

cottonseed in relatively high roughage (alfalfa) diets had equal or 

higher average daily gain and were finished more efficiently than 

steers on the control diets without whole cottonseed. 



8 

In the dairy studies, WCS increased milk production and fat 

corrected milk production. In most cases there was a significant 

increase in butterfat production. Whole cottonseed showed this effect 

regardless of type or level of roughage. Percentages of both solids 

not fat and milk protein were dpressed by WCS feeding, probably due to 

increased production of fat corrected milk. The increases in fat 

corrected milk in some cases are similarly due to an increased 

production of butterfat with no or a small corresponding increase in 

milk production. 

Digestion of Dairy Diets Containing Whole Cottonseed 

Moody (1968) studied the effects of different roughages and 

concentrates on diet digestibility by lactating dairy cows. 

Concentrate supplements contained 12% WCS, 6% cottonseed meats or 4% 

cottonseed oil soap stock. Roughage was fed at either 1.7% of body 

weight using alfalfa hay, or at 1.25% of body weight as alfalfa hay and 

0.5% of body weight as cottonseed hulls. Diets which contained either 

cottonseed hulls or whole cottonseed had lower apparent digestion 

coefficients for dry matter, fat, protein, and acid detergent fiber 

compared to the other treatments studied. 

Moody (1978) used lactating dairy cows to compare the effects 

on diet digestibility when different roughage levels were fed and WCS 

was included in the concentrate. Alfalfa hay was fed at either 2.5% of 

body weight (52% alfalfa in the diet) or 1.25% of body weight (38% 

alfalfa). At both roughage levels concentrates were either a control, 

or a concentrate which provided 10% of the diet as whole cottonseed. 
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In the 52% alfalfa diet, the addition of 10% whole cottonseed increased 

apparent digestion coefficients for dry matter, crude protein, fat and 

acid detergent fiber compared to the control diet. When 10% whole 

cottonseed was substituted into the 38% alfalfa diet, apparent 

digestion coefficients for dry matter, fat and acid detergent fiber 

were depressed. The apparent digestion coefficient for crude protein 

was not changed. 

Smith et al. (1979) evaluated the effects of increasing levels 

of whole cottonseed on digestion by lactating dairy cows. Levels of 

whole cottonseed in the diet increased from 0% to 25%; levels of 

alfalfa in the diet correspondingly declined from 65% to 48%. Apparent 

digestion coefficients for nitrogen, energy and fat were increased with 

increasing levels of whole cottonseed. Apparent digestion coefficients 

for minerals and acid detergent fiber were not changed with increasing 

levels of whole cottonseed in the diet. There was a decrease in the 

apparent digestion coefficient for cellulose as whole cottonseed in the 

diet increased. 

Anderson et al. (1982) studied the effects of whole cottonseed 

on newborn Holstein calves. Treatments were either control concentrate 

with alfalfa hay offered ad libitum; concentrate which contained 25% 

whole cottonseed with alfalfa hay ofered ad libitum; or a concentrate 

with 25% whole cottonseed and no alfalfa hay. All calves received a 

daily ration of bottle fed milk. Dry matter intakes were higher for 

the whole cottonseed calves than the control calves. Calves were 

slaughtered after 6 and 12 weeks on experiment and no undigested whole 

cottonseed was found in the abomasum of any of the calves. In an in 
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vitro study, cellulose digestion was higher with inocula from calves 

which received whole cottonseed than with inocula from calves on the 

control treatment. 

In summary, the effect of whole cottonseed in diets which 

contained approximately 50% alfalfa (2% of body weight) was to increase 

most apparent digestion coefficients. In diets which contained less 

than 50% alfalfa (2% of body weight), whole cottonseed supplementation 

reduced most apparent digestion coefficients. With lactating cows 

cellulose digestion was decreased with increasing levels of whole 

cottonseed supplementation. In vitro inocula from calves on diets 

which contained whole cottonseed had higher cellulose digestion 

compared to those from control calves. Upon slaughter, Holstein calves 

which had been receiving whole cottonseed showed no undigested whole 

cottonseed in the abomasum indicating that little or no whole 

cottonseed bypassed the rumen undigested under these conditions. 

The effects of whole cottonseed on diet digestion appear to be 

a function of the level of roughage (alfalfa hay) in the diet. 

Effects of Cottonseed Hull on Beef Cattle Performance 
and Diet Digestibility 

Stanley (1940) used replacement techniques to estimate the 

comparative value of cottonseed hulls, Hegari silage, alfalfa hay or a 

combination of Hegari silage and alfalfa hay, in terms of efficiency of 

beef production. Cottonseed hulls were found to have 1.63 times the 

value of Hegari silage, 0.62 times the value of alfalfa hay and 0.72 

times the value of the Hegari silage and alfalfa hay combination. 

Average daily gain was highest for diets which contained no cottonseed 
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hulls, and lowest for the diet containing the highest levels of 

cottonseed hulls. Cottonseed hulls did not behave the same in diets 

which contained silage compared to those which contained alfalfa hay. 

Hale et al. (1969) used high roughage diets to study the 

effects of CSH on digestion of diets by beef cattle. In Trial 1, diets 

from 20% to 60% CSH were fed; the remainder of the diet was alfalfa 

hay. Linear regression indicated the total digestible nutrient content 

of alfalfa hay and CSH were 60 and 38% respectively. The apparent 

digestion coefficient for acid detergent fiber in CSH was 27% and the 

true digestion coefficient for protein was 19%. In Trial 2, total 

digestible nutrients and apparent digestion coefficients for acid 

detergent fiber for CSH in a 72% CSH diet were 44% and 39%, 

respectively. 

Parrott et al. (1970) studied the effects of concentrate levels 

on diet digestibility by steers. Diets contained from 60% to 90% 

concentrate, with roughages consisting of cottonseed hulls, ground 

alfalfa hay, or alfalfa meal. Cellulose digestion coefficients 

decreased as concentrate in the diet increased. Cellulose digestion 

coefficients were 43% for the cottonseed hull diet compared to 60% for 

the mean of the two alfalfa treatments. Gross energy digestibility was 

68% for steers on the cottonseed hull diets compared to a mean of 78% 

for the steers on the two alfalfa diets. Linear regression indicated 

gross energy apparent digestion coefficients of 27% for cottonseed 

hulls, 66% for ground alfalfa hay and 73% for alfalfa meal. Dry matter 

intakes were higher for steers on the cottonseed hull treatment than 

for steers fed alfalfa. The steers on the alfalfa treatments had 
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higher intakes of digestible energy because of the higher apparent 

digestion coefficients for gross energy. 

Owens et al. (1978) studied the effects of cottonseed hull 

supplementation on diet digestibilities by sheep and steers. In Trial 

1 feedlot rations were supplemented with either 5% or 30% cottonseed 

hulls. Cottonseed hull supplementation reduced intakes of total dry 

matter by 13%, of concentrate by 15%, of digestible dry matter by 8%. 

Cottonseed hulls depressed digestibility of dry matter by 26%, and of 

nitrogen by 23%. Cottonseed hulls increased rumen liquid turnover by 

328%, abomasal passage of dry matter by 25%, and microbial protein by 

34%. Microbial protein synthesis (g/lOOg DM digested) was increased 

from 12g. to 25g. with cottonseed hull addition. In a second (high 

roughage) trial, relative intakes of cottonseed hulls and weathered 

prairie hay were compared using sheep and steers. Ad libitum intakes 

of cottonseed hulls were 39% and 75% higher than for the weathered 

prairie hay, for steers and sheep respectively. 

In summary, these data indicate that the relative value of CSH 

in different diets may be variable. Comparisons showed CSH had a lower 

digestibility in diets containing silage compared to those fed "dry." 

Total digestible nutrients and acid detergent fiber digestion 

coefficients obtained for cottonseed hulls using high concentrate diets 

were significantly lower than those obtained with high roughage diets. 

Cottonseed hulls reduced dry matter intake by steers fed some feedlot 

diets, and increased dry matter intakes of steers and sheep on high 

roughage diets. Cottonseed hulls significantly increased rate of 

passage in steers. The increased rate of passage may have prevented 
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optimum digestion of some diets, perhaps by "washing out" of microbes 

needed for the optimum digestion of these diets. 

Fat: A Review 

Nieman (1954) reviewed effects of fatty acids on bacteria. 

Both saturated and unsaturated fatty acids have bacteriostatic and 

bacteriocidal effects, because of their actions on the cell membrane, 

at levels as low as ten parts per million. The greatest antibacterial 

effect was found as the number of carbons in the saturated fatty acids 

approached twelve. Antibacterial effect increased with increasing 

unsaturation and cis-isomers were more inhibitory than trans-isomers. 

Palmquist et al. (1979) reviewed the use of fat in diets for 

lactating dairy cows. The findings of Nieman (1954), involving the 

antibacterial effects of fatty acids, and the different levels of 

inhibition of bacteria by specific fatty acids, were reviewed and 

supported. The effects of fat on diet digestion were thought to be due 

to interactions between type of fatty acid, fiber level of the diet, 

calcium level of the diet, interactions between specific fatty acid fed 

and specific rumen bacteria. 

Effects of Cottonseed Oil or Whole 
Cottonseed on Milk Production 

Brown et al. (1962) studied the effect of cottonseed oil on 

milk production by dairy cows. A control concentrate or the control 

plus either 6% cottonseed oil, or tallow were fed. Roughage was fed at 

either 1 or 2.5% of body weight. Cottonseed oil reduced production of 

both butterfat and fat corrected milk compared to control and 6% tallow 
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treatments. Cottonseed oil did not decrease milk production on the 

high-roughage diet. The tallow treatment produced the highest percent 

butterfat of the concentrate treatments examined. The feeding of 

cottonseed oil, even at low levels was thought to inhibit the synthesis 

of fatty acids with between six and twelve carbons in the mammary 

gland. 

Smith et al. (1979) studied the effects of whole cottonseed on 

butterfat production by lactating dairy cows. Milk from 55 commercial 

dairies feeding whole cottonseed was studied. In a separate trial, 

milk from cows recveiving from 0% through 25% whole cottonseed in the 

diet was examined. Whole cottonseed feeding caused a 50% reduction in 

mammary gland synthesis of fatty acids between caproic and lauric. 

Cows receiving the 25% whole cottonseed diet doubled their output of 

both stearate and oleate and increased their production of trans-oleic 

acid by a factor of four. There was no increase in the production of 

linoleic acid by cows fed whole cottonseed. 

Fat: The Effects of Fat Supplementation in the Diet on 
Rate and Efficiency of Body Weight Gain 

Ward et al. (1957) studied the effects of fat and alfalfa ash 

supplementation to the diet on performance by sheep. Supplementation 

of 2.6% oil to high roughage, cottonseed hull based diets reduced both 

average daily gain and feed efficiency compared to the control diets. 

Feeding alfalfa ash in combination with oil reversed the inhibitory 

effects on average daily gain and feed efficiency for the 2.6% fat 

treatment but not for a 10% fat treatment. 
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Cameron et al. (1968) studied the effects of 90, 50 and 10% 

concentrate levels with or without 15% corn oil addition on performance 

by sheep. Performance was reduced by 30% for sheep on the 90% 

concentrate-oil diet compared to the sheep on the 50% and 10% 

concentrate-oil diets. Dry matter intakes were reduced 30% for the 50% 

and 10% concentrate-oil diets, compared to the non-oil treatments. 

Average daily gains by sheep receiving the 50% and 10% concentrate-oil 

diets were equal to those of sheep on the non-oil treatments. Average 

daily gain was lowest for the 90% concentrate-oil diet. Iodine number 

of carcass fat was increased due to corn oil feeding. A correlation 

between carcass fat iodine and fiber level of the diet was found which 

showed that as the fiber level of the diet increased, so did the iodine 

number of carcass fat. 

Esplin et al. (1963) studied the effects of supplementation 

with 4% tallow, hydrogenated vegetable oil or control (no oil) on 

feedlot performance of steers. Treatments did not effect average daily 

gain, feed efficiency on melting point of carcass fat. 

Roberts and McKirdy (1964) studied the effect of 

supplementation with either 5% rapeseed oil, sunflower oil, tallow or 

no oil on characteristics of tissue fat. No differences in the 

percentage of either stearate or oleate in carass fats of steers were 

found due to treatment. An increase in the percentage of palmitic acid 

was found in the carcass fats of steers receiving both tallow and 

control treatments due to higher percentages of palmitate in these 

diets. Steers on the rapeseed oil treatment had a lower percentage of 

saturated fatty acids in the carcass because of increased percentages 
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of both eicosenoic and erucic acids. 

In the trials reviewed, different types of fats were fed to 

different species in different types of diets, therefore direct 

comparisons are not valid. Supplementation of oil to the diets of sheep 

at levels of from 2.6 to 15% reduced average daily gain, feed efficiency 

and feed intake. Alfalfa or alfalfa ash were able to reverse these 

effects when oil supplementation was under 10%. The inhibitory effect 

on average daily gain was reversed when over one half of a 15% diet was 

alfalfa hay. In most of the research in which the level of unsaturates 

in carcass fat was examined, feeding of polyunsaturates resulted in 

higher percentages of unsaturates in the carcass fat. This indicates 

that rumen hydrogenation of polyunsaturated fatty acid is not complete 

and some of these fatty acids are absorbed and deposited in the carcass. 

Effects of Fat Supplementation on Diet Digestibility 

Ward et al. (1957) studied the effects of fat and alfalfa ash 

supplementation to the diet on digestion by sheep and steers. In Trial 

1, sheep fed high roughage diets with 2.4% corn oil had higher apparent 

digestion coefficients for dry matter, either extract, crude protein, 

crude fiber and nitrogen free extract compared to sheep on the control 

diet. In a second high roughage trial using sheep, oil fed at a level 

of 3.6% improved the apparent digestion coefficient for ether extract 

while apparent digestion coefficients for all other dietary components 

were decreased. Most apparent digestion coefficients of sheep fed diets 

containing either alfalfa ash or alfalfa ash plus oil were higher than 
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those of sheep fed the control treatments. Steers fed diets that 

contained 10% oil had higher apparent digestion coefficients for ether 

extract but lower apparent digestion coefficients for all other dietary 

components examined than did steers on control diets. In general, 

alfalfa ash countered most inhibitory effects of oil supplementation on 

the apparent digestion coefficients by sheep and steers when oil 

supplementation was under 5% of the diet. It could not completely 

counter the inhibition of oil supplementation with 10% oil in the diet. 

Grainger et al. (1961) used sheep to study the effects of corn 

oil supplementation to high roughage diets on the digestion of calcium, 

crude protein and cellulose. In Trial 1, 7% oil supplementation reduced 

apparent digestion coefficients of calcium and cellulose compared to the 

control diet. Supplementation of both 7% oil and 4.4 grams of calcium 

together restored apparent digestion coefficients to a level equal to 

the control diets. Fecal soaps were increased, compared to the control 

diet, by both 7% oil, and 7% oil and 4.4 grams calcium. In a second 

45 
trial using control and 5% oil diets the radioisotope [Ca ] was used to 

evaluate the true digestion coefficient for calcium. Apparent digestion 
V 

coefficients of calcium and cellulose were also compared. Sheep fed a 

5% oil diet had lower cellulose digestion than sheep fed the control 

diet. Addition of 3.7 grams of calcium to the 5% oil diet increased 

cellulose digestion, compared to the 5% oil diet, to a level equal to 

the control. True and apparent digestion coefficients for calcium, and 

fecal soap production were all increased with calcium addition. In a 

third trial, the effects of calcium, iron, potassium, magnesium and zinc 
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supplementation on the apparent digestion coefficients of crude protein 

and cellulose in diets containing 0 or 7% oil were examined. Intakes by 

sheep on both the magnesium and zinc diets were insufficient so these 

two treatments were dropped from the study. Sheep fed the 7% oil diet 

had lower apparent digestion coefficients for cellulose and crude 

protein compared to sheep on the control diet. Supplementation of 

calcium to the 7% oil diet increased the apparent digestion coefficient 
i 

for crude protein to a level equal to that of the control diet. It did 

not completely reverse the inhibition of the oil on cellulose digestion 

to a level equal to that of the control diet. Iron supplementation 

partially reduced the inhibition of the 7% oil diets on the apparent 

digestion coefficient of cellulose but not as effectively as the calcium 

treatment. Sheep fed iron with 7% oil treatment had a lower apparent 

digestion coefficient for crude protein than sheep receiving the 7% oil 

supplementation in their diets. Sheep fed potassium with the 7% oil 

treatment had lower apparent digestion coefficients for crude protein 

and cellulose compared to sheep receiving only the 7% oil supplement in 

the diet. 

Davison et al. (1963) used sheep to study the in vitro and in 

vivo effects of lipid addition on digestion. In an in vivo trial, high 

roughage diets with additions of 5% lauric, stearic or oleic acids, were 

compared with a control. Sheep on the lipid added diets had higher 

apparent digestion coefficients for ether extract, and lower apparent 

digestion coefficients for dry matter, organic matter and cellulose 

compared to sheep fed the control diets. Sheep fed either the stearate 
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or oleate diets had lower apparent digestion coefficients for crude 

protein than sheep fed either the lauric acid or control diets. In an 

in vivo trial, diets containing laurate, stearate and oleate all 

decreased the digestion of cellulose compared to the controls. Stearate 

and laurate were more inhibitory on cellulose digestion than was oleate 

under these conditions. In a second in vivo trial, the effect of lipid 

and glycerol additions on cellulose digestions was studied. Butyric 

acid, varleric acid, and glycerol additions resulted in higher apparent 

digestion of cellulose compared to the control diet. Acetic and caproic 

acids had no effect on cellulose digestion. Fatty acids ranging from 

capric to linoleic decreased the apparent digestion of cellulose 

compared to the control diet. Capric, lauric, myristic, palmitic and 

stearic acid treatments all resulted in lower digestion of cellulose 

compared to caprylic acid. Of all the fatty acids with between twelve 

and eighteen carbons which were evaluated, oleic acid had the least 

effect on cellulose digestion. 

Bath et al. (1967) used sheep with rumen fistulas and duodenal 

re-entry cannulas to study the effects of tallow and palm oil addition 

to an oat-hay diet. Tallow additions increased the flow of digesta, 

while palm oil addition did not. Little glyceride reached the small 

intestine without undergoing lipolysis and hydrogenation in the rumen. 

When lipolytic and reducing ability of the rumen was exceeded, further 

lipolysis and hydrogenation occurred in the small and larger intestines. 

Phospholipid levels in the small intestine were higher than those in the 

diet due to the presence of phospholipid of microbial origin. The fatty 
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acid profile of the microbial phospholipid was not the same as that in 

the duodenal digesta because of higher levels of polyunsaturates. These 

results indicate either the absorption or adsorption of dietary lipid by 

microbes in the rumen, and the synthesis of phospholipid by rumen 

microbes using polyunsaturates of dietary origin. 

Stewart et al. (1976) used in vitro techniques to study 

differences in the cellulolytic abilities of bacteria. The bacteria 

were divided into two general groups: those capable of producing the 

entire complement of cellulytic enzymes (cotton thread digesters), and 

bacteria unable to produce the specific enzyme necessary to digest 

highly organized forms of cellulose (filter paper digesters). In Trial 

1 the addition of barley to the inocula had no effect on the percent 

weight loss of cotton thread or titer of filter papers degrading 

bacteria when pH was held at 6.6. A decrease in the titer of filter 

7 2 
paper degrading bacteria from 10 to 10 and a significant decrease in 

the weight loss of the cotton thread was found when pH was allowed to 

decrease to 5.2. In Trial 2, the effect on weight loss of cotton thread 

and titer of filter paper digesters due to fat addition to the cotton 

thread was examined. Tallow was added as 5%, 10%, 15% of the weight of 

thread. Stearate, palmitate, myristate, and oleate were added at 15% by 

weight. Increasing percentages of tallow decreased weight loss of the 

cotton thread. Cotton thread weight loss was highest for the control 

followed by the 5% and then 10% tallow additions. Weight loss of the 

thread was equal for 15% tallow, stearic and palmitic acid additions. 

The inhibitory effect on thread digestion was higher for the 15% 
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myristic acid treatment than for the five fats listed above, and the 

greatest inhibitory effect was with the 15% oleic acid addition. The 

titer of filter paper digesting bacteria was not influenced by fat addi

tion in Trial 2. 

Esplin et al. (1963) studied the effects of 4% tallow or 4% 

hydrogenated vegetable oil addition on the digestibility of a 30% 

alfalfa diet by steers. Additions of both fats increased apparent 

digestion coefficients for dry matter, crude fiber, crude protein, ether 

extract and energy, compared to the control treatment. 

Roberts and McKirdy (1964) fed feedlot type diets to steers to 

study the effects of either control, 5% additions of rapeseed oil, 

sunflower oil or tallow on diet digestibility. Lipid analysis was as 

ether extract or acidified ether extract. Steers on the control diet 

had lower apparent digestion coefficients for lipid, than did those on 

the fat treatments when analysis for lipid was by ether extract. When 

lipid analysis was by acidified ether extract, steers on the control and 

sunflower additions had lower apparent digestion coefficients than those 

steers on other treatments. In comparison to the control group, steers 

on the fat treatments had lower apparent digestion coefficients for all 

dietary components examined, except lipid. 

Figroid (1971) studied the effects of fat additions using steers 

that were fed feedlot diets with 60, 75 or 90% concentrate. Additions 

of 0, 5, 10 and 15% tallow were made at each concentrate level. Fat 

additions to all diets reduced the digestibilities for both dry matter 

and energy as compared to the control diets. Steers fed the tallow 
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diets had higher apparent digestion of crude protein than the control 

steers. Acid detergent fiber digestion coefficients were not affected 

by fat addition to the 60% or 75% concentrate diets. However, as the 

level of tallow was increased in the 90% concentrate diet the apparent 

digestion coefficients for acid detergent fiber decreased. As the level 

of tallow in the diets was increased, the apparent digestion coefficient 

for lipid decreased. Fecal soap production by the steers increased with 

increasing levels of fat in the diet. The apparent digestion 

coefficient for calcium dropped with the increase in fecal soaps for 

steers on the 60% and 75% concentrate diets, but not for steers on the 

90% concentrate diet. 

In summary, the effect of fat additions on nutrient 

digestibility is not the same for all diets. Fatty acids were shown to 

be inhibitory to microbial activity, with C^2 having the greatest 

antibacterial activity among saturated fatty acids and inhibition 

increasing with degree of unsaturation. Additions of calcium, alfalfa 

or alfalfa ash reversed raost negative effects of fat and diet digestion 

when fat in the diet was approximately 5% or less but were only 

partially effective for fat additions greater than 5%. Calcium reacts 

with the fatty acid to form insoluble soaps in the rumen. In this form, 

fatty acids are not absorbed or adsorbed by the bacterial cell membranes 

and are therefore not able to carry out their bacteriostatic or 

bacteriocidal effects. In the majority of these studies, addition of 

fat in the diet increases fat digestion. 



MATERIALS AND METHODS 

Two digestion trials were conducted to evaluate the addition of 

WCS to high concentrate diets. Trial 1 was conducted following 

completion of an 8 week study of gossypol toxicity in which calves were 

fed diets containing 0, 20, and 40% WCS. Twelve Holstein bull calves 

weighing approximatly 100 kg were allotted, four per treatment, to 

diets which contained various levels of WCS (Table 1) . No fat was 

added to the control diet. Five percent CSH was added to the control 

diet in an attempt to equalize ADF percentages between the control and 

20% WCS diets. Diets were formulated to be isonitrogenous. During the 

gossypol toxicity study and prior to the digestion trial, two calves on 

the 40% WCS diet died; a third calf from this treatment group died 

immediately upon completion of the digestion trial. All three calves 

died suddenly. The two calves which died prior to the start of the 

digestion trial were not replaced. 

Digestion Trial 1 consisted of a 21-day preliminary period 

followed by a 7-day total fecal collection. Throughout the study the 

calves were confined to individual pens with concrete floors to 

facilitate fecal collection. Calves were fed ad libitium during the 

preliminary period with fresh feed being offered at 0700 and 1500 hr 

daily. For the collection period, feed intakes were held constant at 

95% of the ad libitium intake established during the last week of the 

preliminary period. Fresh drinking water and block salt were available 

at all times. During the collection period total feces from each calf 

23 



Table 1. Ingredient Composition of Experimental Diets, Trial 1. 

Trial ia 

Level of WCS, % 

Ingredient IFN 0 20 40 

Alfalfa hay, ground 1-00-063 5.00 5.00 5.00 
Cottonseed hulls 1-01-599 5.00 
Sorghum grain, steam 
processed-flaked 4-04-404 66.80 58.50 48.00 

Whole Cottonseed 5-01-608 - 20.00 40.00 
Soybean meal 5-04-604 13.40 6.80 .75 
Urea 5-05-070 -
Molasses 4-04-696 8.00 8.00 8.00 
Animal Fat 4-00-409 -
Dicalcium phosphate 6-01-080 .70 .50 
Limestone 6-02-632 .60 .70 1.25 
Salt 6-04-151 .50 .50 ._50 

Total 100.00 100.00 100.00 

avitamin A added to provide 4400 IU/kg. 
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were collected daily, weighed and thoroughly mixed. An aliquot of 

approximately 500 g was taken and dried for 48 hr at 45C in a forced 

air oven. Upon completion of the collection period dried daily samples 

from each calf were composited, ground through a 2 mm screen in a Wiley 

mill, and sub-sampled for chemical analysis. Feed samples and orts, 

where applicable, were handled in the same manner. 

Digestion Trial 2 was conducted using 12 steers of mixed beef 

breeding fed diets containing 0, 10, 20, or 30% WCS (Table 2) . 

Starting diets contained 60% concentrate and the percentage of 

concentrate was increased to 90% prior to initiation of the 21-d 

preliminary period. WCS was substituted into the diet primarily for 

sorghum grain. The control diet contained 2% tallow. Conduct of the 

digestion trial and analysis of samples was as described in Trial 1. 

Final dry matter (DM) and organic matter (OM) in all samples 

were determined according to AOAC (1980) procedures. Gross Energy (GE) 

was determined using isoperibolic bomb calorimetry. Kjeldahl nitrogen 

was determined using a Technicon Autoanalyzer (AOAC,1980) and acid 

detergent fiber (ADF) was determined by the procedures of Goering and 

Van Soest (1970). Lipid (CMH lipid) was analyzed using chloro

form rmethanol:hydrochloric acid (60:40:1; v/v/v), in a modification of 

the method described by Marchello et al. (1971). Details of the method 

are as follows: Approximately 3 g of sample dry matter was placed into 

a 125 ml Erlenmeyer flask and 80 ml of chloroform:methanol:hydrochloric 

acid (60:40:1;v/v/v) were added soaking the contents. Flasks were 

covered and allowed to stand overnight with occasional swirling. 

Contents of the flask were filtered using suction through one layer of 



Table 2. Ingredient Composition of Experimental Diets, Trial 2. 

Trial 2 
and Feedlot Trial 
Level of WCS, % 

Ingredient IFN 0 10 20 30 

Alfalfa hay, ground 1-00-063 10.00 10.00 10.00 10.00 
Cottonseed hulls 1-01-599 -
Sorghum grain, steam 
processed-flaked 4-04-404 82.80 75.50 65.70 55.70 

Whole cottonseed 5-01-608 ' - 10.00 20.00 30.00 
Soybean meal 5-04-604 -
Urea 5-05-070 .70 .15 
Molasses 4-04-696 3.00 3.00 3.00 3.00 
Animal fat 4-00-409 2.00 
Dicalcium phosphate 6-01-080 .30 -
Limestone 6-02-632 .70 .85 .80 .80 
Salt 6-04-151 .50 .50 .50 .50 

Total 100.00 100.00 100.00 100.00 

Vitamin A added to provide 3300 IU/kg; monesin added at 30 g/ton. 
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Whatman "glass fibre" paper. Solids were rinsed once with the solvent 

and discarded. The filtrate was decanted into a 100 ml graduate 

cylinder, and 18 ml of deionized water were added. The cylinder was 

covered and shaken vigorously until the mixture appeared homogeneous. 

The filtrate was allowed to stand (overnight) until it separated into 

three phases: a top one which contained the water and methanol 

fractions; a thin middle layer of contaminants at the meniscus, and the 

bottom chloroform-lipid phase. The volume (ml) of the chloroform-lipid 

phase was recorded and 50 ml pipetted into tared 125 ml Erlenmeyer 

flasks. Chloroform was evaporated by placing the flasks in a forced 

air oven at 75 C for 24 hours. Flasks were weighed and lipid was 

calculated by difference. Digestibility data were statistically 

evaluated using analysis of variance for a completely randomized 

design, Duncan's multiple range test and linear regression (Steele and 

Torrie, 1960). 

Digestible energy (DE) values for WCS were calculated from 

regression of determined DE content of the experimental diets versus 

percentage of gross energy provided by WCS. 



RESULTS 

Chemical composition of the diets used in Trial 1 are listed in 

Table 3. Diets were approximately isonitrogeneous and ADF percentages 

of the the control and 20% WCS diets were similar. Acid detergent fiber 

percentage of the diet increased dramatically as level of WCS increased 

from 20% to 40% and ranged between 12.5% and 22.3%. Chloroform:metha-

nol:hydrochloric acid lipid increased with WCS supplementation to the 

diet, ranging from 7.3% in the control diet to 15.8% in the 40% WCS 

diet. Gross energy ranged from 4.49 mcal/kg to 5.12 mcal/kg in control 

and 40% WCS treatments respectively, relfecting the differences in lipid 

content of the diets. 

Mean body weights, dry matter intakes and apparent digestion 

coefficents are in Table 4. There were no significant differences in 

either body weight or intake among treatments. The 40% WCS group con

sumed slightly more dry matter per kg of body weight. Apparent diges

tion coefficients for dry matter, organic matter and gross energy 

decreased (P<.05) with each addition of 20% WCS to the diet. Apparent 

digestion coefficients of crude protein also decreased with additions of 

WCS to the diet, although the difference was statistically significant 

only for control and 40% diets. Acid detergent fiber digestion 

decreased dropped (PC.05) from 49% on the control diet to 32.7 and 32.6 

on the 20 and 40% WCS diets, respectively. The only digestion coeffi

cient to increase with the addition of WCS was CMH lipid which increased 

linearly. Although the differences in CMH digestion were large, they 
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Table 3. Chemical Analysis of Experimental Diets. 

Trial 1 
Level of WCS, % 

Component 00 20 40 

Dry Matter, % 90.30 90.50 91.90 

Composition, dry matter 
basis Crude protein, % 15.40 14.80 15.60 

Acid detergent fiber, % 12.50 14.30 22.30 

CMH lipid, % 7.30 11.20 15.80 

Ash, % 4.90 4.80 5.60 

Gross energy, Mcal/kg 4.49 4.77 5.12 



30 

Table 4. Mean Body Weights, Dry Matter Intakes and Apparent 
Digestion Coefficients for Holstein Calves in 
Trial 1. 

Item 00 

Level of WCS, % 

20 40 SD 

No. of calves 

Mean body wt., kg 

Dry matter intake, kg/d 

Apparent digestion 
coefficients, % 

Dry matter 
Organic matter 
Crude protein 
Acid detergent fiber 
CMH lipid 
Gross energy 

4.00 

127.00 

3.80 

81.9. 
82.9' 
74.9' 
49.0C 

64.7. 
80. 7C 

4.00 

130.00 

3.80 

77. r 
78.2 
70.6 
32.71 

70.1L 
77.1 

a,b 

2 . 0 0  

116 .00  

3.60 

69.4 
69.8^ 
66.7 
32.6 
77.0 
72. 2C 

15.00 

0.70 

2 . 0 0  
2 . 0 0  
2.70 
5.60 
6.60 
1 . 8 0  

3 b c 
' ' 'Means on the same row with different superscripts are different 

(P<.05) . 
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were not statistically significant (P>.05) due to large within treatment 

variability. This could have been due to animal variability in lipid 

digestion or to difficulties in the extraction methodology. 

The substitutive effects of WCS on chemical composition of the 

diets used in Trial 2 are shown in Table 5. Crude protein increased as 

WCS in the diet increased and ranged from 11.9% on the control to 15.0% 

with the 30% WCS diet. Percentage of ADF in the diets ranged from 11.2 

for the control to 19.9% for the 30% WCS. CMH lipid increased from 8.3 

(control) to 13.6% (30%) as WCS in the diet was increased. Gross energy 

increased correspondingly from 4.50 mcal/kg to 4.87 mcal/kg. 

In Trial 2 all three steers on the 30% WCS diet had a tendency 

to sort out the WCS. Several steers on the 20% WCS diet occasionally 

sorted out the seed but in minimal amounts. No problem with WCS 

acceptance was found with the steers on the 10% WCS treatment. 

The trend of decreasing apparent digestion coefficents for dry 

matter, organic matter,crude protein and gross energy with the increase 

of WCS in the diet which was observed in Trial 1 was also apparent in 

Trial 2 (Table 6). Digestibilities of DM, GE and CP were lower (p<.05) 

for the 20 and 30% WCS diets than for those containing 0 or 10% WCS. No 

differences (p>.05) were observed in the digestibilities of these 

fractions between 0 and 10% or between 20 and 30% WCS diets. Organic 

matter digestibility was highest (p>.05) for the control diet and lowest 

(p<.05) for the 20 and 30% WCS diets. Addition of 10% WCS to the diet 

decreased ADF digestibility 17.4 percentage units compared with the 

control diet (p<.05). Digestibilities of ADF in the 10 and 30% WCS 
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Table 5. Chemical Analysis of Experimental Diet, Trial 2. 

Trial 2 
Level of WCS, % 

Component 00 10 20 30 

Dry matter, % 92.0 

Composition, 
Dry matter 
basis, Crude protein, % 11.9 

Acid detergent fiber, % 11.2 

CMH lipid, % 8.3 

Ash, % 4.4 

Gross energy, Mcal/kg 4.5 

92.7 92.9 93.3 

13.2 13.7 15.0 

13.5 17.0 19.9 

9.9 11.6 13.6 

4.9 4.2 4.6 

4.57 4.74 4.87 
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Table 6. Mean Body Weights, Dry Matter Intakes and Apparent 
Digestion Coefficients for Steers in Trial 2. 

Level of WCS, % 

Item 0 10 20 30 SD 

Mean body wt., kg 316 341 317 302 14.6 

Dry matter intake, kg/d 6.0 7.2 6.4 5.7 0.8 

Apparent digestion 
coefficients, % 

Dry matter 
h 

83.0 79.7b ,-b 
72.5 70.8° 1.9 

Organic matter 84.6 80.8° 73.4 71.8d 1.9 

Crude protein 70.9 68.9 65.1 63.9 3.7 

Acid detergent fiber 56.2b 38.8C 31.8d 35.0C' d 3.0 

CMH lipid 63.1 76.6 68.5 75.1 6.9 

Gross energy 81.6b 78.7 71. 3° 71.0° 2.2 

a 
Each value xs the mean of three steers. 

b e d  
' ' Means on the same row with different superscripts are different 

(PC.05). 
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diets were not different (p<.05) but ADF digestibility was lower (p<.05) 

in the 20% WCS diet than in the 10% WCS diet. 

Digestibilities of CMH lipid were higher in all WCS diets than 

in the control diet, although the response did not follow a linear 

trend. Digestibilities of CMH lipid for 0, 10, 20 and 30% WCS diets 

were 63.1, 76.6, 68.5 and 75.1%, respectively. Although they were 

large, the differences were not statistically significant (p>.05), 

perhaps due to within treatment variation in fecal soap production. 
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DISCUSSION 

In both trials of this study with high concentrate diets, 

digestion coefficients for all major dietary components, except CMH 

lipid, decreased linearly (p<.05) with increasing levels of WCS. Lipid 

digestibilities tended to be higher (p>.05) in diets containing WCS. 

In contrast, Smith et al.(1981) reported digestibilities of 

nitrogen, ether extract and energy improved as increasing levels of WCS 

(up to 25%) were supplemented to high roughage diets (50 to 60% alfalfa 

hay) for lactating cows. Digestibilities of other diet fractions except 

cellulose were not affected. Cellulose digestions decreased, with 

increasing seed in the diet. 

This discrepancy in results may be due to differences in the 

roughage levels of the diets. Moody (1978) reported that addition of 

aproximately 10% WCS improved digestibilities of dry matter, fat and ADF 

in a high roughage diet (52% alfalfa hay) but depressed digestibilities 

of these fractions in a lower roughage (38% alfalfa hay) diet. The 

digestibility of crude protein was improved by the addition of 10% WCS 

to the high roughage diet, however there was no effect in the low 

roughage diet. Moody (1968) found that WCS added to a low roughage 

(1.7% of body weight) diet decreased the digestion of dry matter, fat, 

protein and ADF. 

Cottonseed contains 21% oil and between 33 to 45% hulls. Both 

of these fractions have been shown to influence digestibility of diet 
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components, and to have different effects in high and low roughage 

diets. 

The WCS diets used in these trials contained the equivalent of 

up to 8.4% cottonseed oil and up to approximately 15.5% cottonseed 

hulls. Hale et al. (1969), Parrot et al. (1970) and Owens et al. (1978) 

all showed that addition of CSH to high concentrate diets depressed 

digestibilities of diet fractions in the same manner as WCS additions 

did in this study. Owens et al. (1978) also reported that CSH increased 

the rate of passage of a feedlot diet by three times. 

The results of this study also supports the findings of Roberts 

and McKirdy (1964) who found that digestion coefficients for all 

components except lipid in a feedlot diet decreased due to 5% fat 

addition. Apparent digestibility of lipid was increased. Figroid 

(1971) also found that increasing levels of fat addition to a feedlot 

diet depressed the digestion of gross energy, dry matter and ADF. The 

results are not in agreement with those of Esplin et al. (1963) who 

found digestion coefficients for all components of a 30% alfalfa hay 

feedlot diet increased with the addition of 4% fat. 

In high roughage studies addition of 3% fat to the diet 

depressed the digestion of all dietary components except ether extract 

(Ward et al., 1957 and Davison et al., 1963). Ward et al. (1957) found 

that addition of 2.4% fat to the diet increased all apparent digestion 

coefficients. 

In this study the only apparent digestion coefficient which 

increased due to WCS addition was CMH lipids. Smith et al. (1979) and 

Moody (1978) found that WCS additions to high alfalfa hay diets improved 



37 

lipid digestibility. However, Moody (1968; 1978) reported that addition 

of WCS to a low roughage diet depressed lipid digestion. 

Bath et al. (1967) reported that fat increased the flow of 

digesta in sheep fed an oat-hay diet. 

No palatability problems were encountered with the calves in 

Trial 1, even when 40% WCS was fed. In Trial 2, all three steers on the 

30% WCS diet sorted the seen from the remaining ration while those 

receiving the 20% WCS diet showed the same trend, but did consume the 

seed after the rest of the ration was finished. No palatability 

problems were observed for steers receiving the 10% WCS diet. The only 

reference to a palatability problem with seed was reported by Davis et 

al (1946) who found a problem with one cow. 

In summary, the decreased digestion of all major dietary 

components, except CMH lipid due to WCS addition were probably due to 

the affects of hulls and oil contained in the seed. The low 

digestibility of CSH (33 to 45% of seed), particularly in high 

concentrate diets; and the depression of digestibility due to oil 

addition, are well documented in the literature. In addition, an 

increased rate of passage due to CSH (Owen et al; 1978) or fat (Bath et 

al; 1967) may have contributed to a decreased digestibility of most 

dietary components. The increase in CMH lipid digestibility may have 

been caused by more lipid in the diet. 

The findings of this study support those of Moody (1978), who 

found that 10% WCS would decrease digestion of most dietary components 

in a diet that contained under 50% alfalfa hay. In this study, additons 
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of more than 10% WCS decreased digestibility of most dietary components 

in high concentrate diets. 

The inclusion of WCS in high concentrate feedlot diets will 

depend on the comparative price of WCS to grain. More studies are 

called for to define the interactions of the oil and hull fractions of 

the seed as well as the effects of WCS on rate of passage. 
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