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ABSTRACT 

The lignin ratio technique was used to evaluate 

whole cottonseed (WCS) degradation in the rumen. In trial 

1, the rumen was sampled from fistulated steers fed.either 

0, 60 or 90% concentrate diet with 20% WCS added. For the 

0 and 90% concentrate diets, WCS degradations at 2 and 12 h 

were 78 and 94%, and 66 and 77%, respectively. In trial 2, 

five steers fed a 90% concentrate diet with 20% WCS added 

were slaughtered 6 h after feeding. Rumen WCS degradation 

averaged 68% and abomasum WCS degradation averaged 98%. 

The major portion of the stearate in the rumen and abomasum 

was found as insoluble soap. Fatty acid profile of rumen 

chloroform-methanol acid showed an increase in stearate, 

indicating a rapid hydrogenation of linoleate. In trial 3, 

nylon bag disappearance of WCS in the rumen was very low, 

indicating the necessity for mastication. 

vii 



INTRODUCTION 

In the United States, whole cottonseed (WCS) is 

used primarily for production of cottonseed oil. The major 

by-products of cottonseed oil production are cottonseed 

meal and cottonseed hulls, which are used by the livestock 

industry. Whole cottonseed is sometimes used in beef 

cattle diets when the cost of seed is competitive in energy 

value with grain. In the United States, WCS is used in 

dairy diets for maintaining milk fat percentage with 

high-producing cows. 

Whole cottonseed is high in lipid, fiber and crude 

protein. This makes WCS a good supplement to low quality 

roughage diets. In West Africa, WCS is supplemented to 

ruminant diets during dry seasons. 

In an Arizona study, addition of 20% cottonseed to 

45% roughage diet reduced feed requirements but had no 

effect on daily gain. In another Arizona study, addition 

of 10 or 20% WCS to high concentrate (90%) diets improved 

gain and feed intake but had no effect on feed require

ments. 

A digestion trial with a 30% WCS level in a low 

quality roughage diet improved the apparent digestion 

coefficients of proximate components. In contrast, WCS 

1 
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additions to 90% concentrate diets depressed all digestion 

coefficients with the exception of lipid. In the digestion 

trials with various levels of WCS in the diet, no WCS was 

in the feces. The site of degradation in the alimentary 

tract is not known, but is assumed to be the rumen. The 

extent of mastication when the diet is consumed or the 

extent of degradation in the rumen is not known. The 

objectives of this study were to evaluate: (1) the disap

pearance of intact WCS from the rumen, and (2) the degree 

of cottonseed lipid hydrogenation in the rumen. 



LITERATURE REVIEW 

Whole Cottonseed in Dairy Rations 

In the cotton producing areas of the United States, 

whole cottonseed (WCS) is frequently used as a feed ingre

dient for high producing dairy cattle in order to maintain 

high milk fat level. However, the effect of added WCS on 

digestion and nutrient availability appears to be controver

sial. 

Smith et al. (1981), in a study with dairy cows, 

reported that digestibilities of nitrogen, energy and ether 

extract increased with substitution of WCS for a basal diet 

which contained 65% alfalfa. No effect on digestibility of 

dietary fiber and minerals was observed in this study. 

In a study in which gin-run cottonseed or crude 

cottonseed oil was added to a concentrate feed in addition 

to 2.0 (high) or 1.25 (low) kg of alfalfa hay per 100 kg 

body weight, Moody (1978) observed that WCS increased 

digestibility coefficients of dry matter (DM), ether 

extract, protein and acid detergent fiber (ADF) in the high 

alfalfa ration. However, when WCS was added to the low 

alfalfa ration, these digestibility coefficients were 

depressed. 

3 



Davis and Harland (1946) reported that replacing 

.91 kg of concentrate with .91 kg of WCS did not 

significantly affect production of milk or content of serum 

solids of milk. This was later confirmed by Moody (1962) 

in a study in which a part of barley and cottonseed meal 

(CSM) in a ration was replaced by 30% WCS. No significant 

increase in milk production or fat corrected milk (FCM) was 

observed when the milk fat level was 5.0%. 

Anderson et al. (1979) found that feeding 1.9 kg of 

WCS by replacing an equivalent weight of regular 

concentrate did not affect intake of hay, silage, 

concentrate or total dry matter. However, cows fed WCS 

produced more milk, milk fat (3.52 to 3.57%), FCM and solid 

not-fat (SNF) (P < .05). These observations agree with the 

findings of Ramsey and Miles (1953). 

In a study with 0, 5, 15, 25% WCS in a 4 x 4 Latin 

square design, Smith et al. (1981) did not observe a 

significant difference for total DM intakes and yield of 

milk. Meanwhile, yields of milk fat and 4% FCM were 

increased on both 15 and 25% of WCS diets. 

A trial was conducted with eight or four pounds of 

WCS added to a dairy ration. The level of milk production 

dropped after five months to 69% and 55% of the base month 

amount and FCM to 70% and 54% for the eight and four pound 

levels, respectively (Moody, 1962). 
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A study was reported in which 4 dietary, treatments 

were used: (1) a control ration in the concentrate mix 

containing 10% CSN was fed to meet nutrient needs of cows 

receiving alfalfa hay fed at two pounds per 100 lbs. body 

weight; (2) 25% WCS; (3) 5.2% cottonseed hulls (CSH) equiva

lent to CSH in 2 ;  and (4) 4.5% cottonseed oil (CSO) to be 

equivalent to CSO supplied in (2). The hulls had no 

effect; however, the CSO increased the SNF and milk 

protein. The level of total lipids in blood was 

significantly (P < .05) higher when the cows were receiving 

the CSO. Cottonseed hulls did not seem to affect the blood 

lipid level (Moody, 1962). 

Feeding cottonseed increased the ratio of rumen 

acetic:propionic (Anderson et al., 1978). However, Moody 

(1962) observed that feeding .4 lbs. cottonseed tended to 

lower the rumen volatile fatty acids (VFA) level and 

acetic:propionic acid ratio, although milk fat was not 

affected. 

Feeding WCS increased (P < .05) the level of 

transoleic and stearic acids in milk fat. These fatty 

acids increased with increased WCS levels (Smith et al., 

1981). 

Whole Cottonseed in Beef Cattle Diet 

Stanley and Walker (1940) compared the values of 

whole cottonseed (WCS) and cottonseed meal (CSM) in feedlot 
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type diets. Whole cottonseed was worth 102% of the value 

of the CSM when it was substituted at the level of 25% into 

a 75% alfalfa hay diet. When substituted at the level of 

15% hegari silage, WCS was worth 78.3% of the value of the 

CSM. Steers fed WCS had the higher average daily gains and 

were finished at less cost per 100 pounds than those on CSM 

diets. 

Hubbert et al. (1961) fed WCS in 45% roughage diets 

to assess the effects on the performance of yearling 

steers. Dietary treatments were: (1) control; (2) 4% 

tallow; and (3) 20% WCS substituted for 5% CSM and 15% 

ground sorghum grain. Whole cottonseed was added to supply 

4% fat. There was no effect on average daily gain. 

However, additions of 20% WCS and 4% tallow reduced feed 

requirement per 100 pounds of gain by 9 and 2.7%, respec

tively. 

Hale et al. (1983) evaluated the effect of various 

levels of WCS in finishing diets for yearling steers. 

Dietary treatments were 0, 10, 20, 30% WCS and 2% tallow 

with reconstituted and flaked milo diets. Grain processing 

methods had no effect on the average daily gain or feed 

requirements. The addition of 10 or 20% WCS improved daily 

gain and feed intake when compared to the control diet 

without fat added. However, feed requirements were higher 
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for the 10 and 20% WCS additions when compared to the 

control diet with added fat. 

Whole Cottonseed Digestion Studies 

Moore (1983) investigated the effects of whole 

cottonseed (WCS), cottonseed oil (CSO) or tallow on 

digestibility of wheat straw diets. The dietary treatments 

were control, or 6.3% fat added in the form of 30% WCS, CSO 

or tallow. Dry matter (DM) and organic matter (0M) 

digestibilities were similar for the WCS diet as compared 

to the control diet. However, DM and OM digestibilities 

were slightly lower for the CSO diet and significantly 

lower for the tallow diet (P < .05) when compared to the 

control diet. Dry matter digestibility for the WCS diet 

was higher when compared to the tallow diet (P < .05). 

Crude protein digestibility was higher for the WCS diet (P 

< .05) when compared to the other three diets. Digestion 

coefficients for ADF in the three added fat diets were 

similar (P < .05), indicating that adding WCS is not more 

advantageous than adding free fat to wheat straw diets for 

steers. Digestibilities of both chloroform-methanol (CM) 

and chloroform methanol acid (CMH) lipids increased (P < 

.05) with additions of fat to the diet. 

Daniels (1983) conducted two digestion trials to 

evaluate WCS additions to 90% concentrate diets. In trial 

1, 12 Holstein bull calves (100 kg) were alloted to diets 
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containing 0, 20, or 40% WCS. In trial 2, 12 beef steers 

(280 kg) were assigned to diets containing 0, 10, 20 or 30% 

VICS. 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 in 

trial 1, and from 82 to 71% for 0 to 30% diets in trial 2. 

Apparent lipid digestibility tended to be higher (P < .05) 

for WCS diets. 

Cottonseed Hulls in Beef Cattle Diet 

Hale et al. (1969) conducted two digestion trials 

to determine the digestion coefficients of proximate 

fractions and total digestible nutrients (TDN) of 

cottonseed hulls (CSH). They also conducted a trial with 

heifer calves to determine the value of CSH when 

substituted for approximately 25% of the roughage in an 

alfalfa hay growing ration. In trial 1, dietary treatments 

were 20, 40 or 60% CSH. In trial 2, a high (72%) CSH diet 

was fed to twelve steers. In trial 1, ADF in alfalfa hay 

and CSH was 38 and 64%, respectively. Linear regression 

indicated that the TDN of CSH was 44%. As determined by 

difference, the crude protein of CSH showed a negative 

digestibility. The true protein digestibility for CSH was 

approximately 19%. The lignin digestibility for CSH was a 

negative 10% in CSH as compared to a positive 11% in 
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alfalfa hay. In trial 2, the estimated TDN of CSH on a dry 

matter basis was 44%. The average ADF digestibility in the 

high hull diet was 39% as compared with 2 7% when determined 

by difference,. In the growing trial, addition of CSH to 

either an alfalfa diet or alfalfa molasses diet 

significantly increased (P < .05) feed intake but had no 

effect on weight gain. 

Parrott (1970) studied the effects of concentrate 

level on diet digestibility by steers. Concentrate levels 

fed were 60, 75, and 90%, each with three roughage types 

(coarsely ground alfalfa hay, alfalfa meal, and cottonseed 

hulls). Gross energy digestibility was lower (P < .05) in 

the CSH diets (68.3%) than in the ground alfalfa and 

alfalfa meal diets (77.4 vs. 79.4%, respectively). Linear 

regression indicated gross energy apparent coefficients of 

26.8% for CSH, 72.6% for ground alfalfa and 65.8% for 

alfalfa meal. Cellulose digestibility was affected by the 

level of concentrate. However, cellulose digestion was 

significantly lower in CSH diets than in the two other 

roughages. Dry matter intake of CSH diets was 

significantly greater (P < .05) when compared to either 

ground alfalfa or alfalfa meal diets. Steers fed ground 

alfalfa or alfalfa meal diets had greater digestible energy 

intake than steers fed the CSH diets. 
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Alio and Maman (unpublished data), using manual 

separation, determined that the bran and lint: comprised 

approximately 45% of WCS. This indicates that the 

digestibility of the bran and lint portion of WCS as 

affected by concentrate level becomes important when WCS is 

added to cattle diets., 

Lipid Hydroaenation 

Two important activities of rumen microorganisms 

are: (1) lipolysis of lipids containing esterified fatty 

acids; and (2) hydrogenation of unsaturated fatty acids 

(Reiser, 1951; Shorland et al., 1957; Garton, 1964; Keeney, 

1970). Reiser (1951) observed that when linseed oil was 

incubated with sheep rumen contents, the linolenic acid 

content of the oil fell from 30% to approximately 5%. He 

also observed a proportionate increase of linoleic acid but 

no change in the other acids. Shorland et al. (1957) found 

in vitro that the linolenic acid was more completely 

hydrogenated than linoleic acid but not more than traces of 

di- and trienoic acids remaining. Shorland et al. (1955) 

found that 50% of the pasture linolenic acid was converted 

into stearic acid in the rumen of fistulated sheep. This 

observation agrees with the findings of Hoflund et al. 

(1955) that linolenic acid disappeared more rapidly than 

linoleic acid. Shorland et al. (1957) observed that only 

16.8% of the linolenic acid was converted into stearic acid 
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when a linseed oil mixture was incubated in vitro. It 

appears, therefore, that hydrogenation is more complete in 

vivo than i_n vitro. 

Reiser and Reddy (1956) studied the fatty acid 

composition of depot fat from steers and goats given diets 

containing trigylcerides (cottonseed oil and linseed oil 

rich in C18 unsaturated). Compared with the depot fat of 

control animals not given oils, depot fats of treated 

animals contained more stearic and less oleic acid. This 

was due to absorption and deposition of stearic produced in 

the rumen by bacterial hydrogenation of the C18 unsaturated 

acids present in the oils, since the iodine value of the 

total fatty acids in the rumen contents of the treated 

animals was much lower than that of the fatty acids of the 

oils. This observation was confirmed by Shorland et al. 

(1955) and Garton et al. (1958) in studies in which the 

degree of unsaturation of feed lipids was compared with 

that of the lipids of rumen contents. 

Garton et al. (1958) observed, in slaughtered sheep 

seven hours after the last feed that 80-90% of lipid in the 

rumen, abomasum and upper part of the small intestine 

(S.I.) was in the form of free long-chain fatty, acids with 

an iodine value about 70. In the lower part of the S.I., 

the free fatty acids comprised 68% of the total lipids with 

an iodine value of 48. This indicates that unsaturated 
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free fatty acids are absorbed from S.I. in preference to 

saturated fatty acids. 

In study in which large quantities (5 g acid/700 ml 

rumen samples) of unsaturated fatty acids (oleic, linoleic, 

linolenic) were incubated under carbon dioxide with rumen 

fluid content for two days, Shorland et al. (1957) found 

that 15.6-22.6% of each acid was completely hydrogenated to 

stearic acid; the change in composition of the fatty acid 

was least marked with oleic acid, 59.0% remaining unhydro-

genated as compared with 18.9% for linoleic acid and 0.7% 

for linolenic acid. . ... 

Shorland et al. (1957) also found trans-isomers of 

unsaturated fatty acids in significant amount (though not 

present in pasture lipids). The trans acids were formed to 

the extent of 17.2, 47.9 and 67.3% from oleic acid, 

linoleic acid and linolenic acid. Other than that which 

was completely hydrogenated, almost all the linolenic acid 

was converted to the mono-unsaturated state. Shorland et 

al. (1957) found that linoleic acid was not readily 

hydrogenated. A considerable amount of di-unsaturated acid 

remained; some was converted to a positional isomer of 

linoleic acid in which the double bonds were in the 

conjugated form and apparently resistant to hydrogenation. 

These results agree with the findings of Ward et al. (1964) 

that the rumen is a site of hydrogenation. However, Ward 
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et al. (1964) found that 20 minutes after incubation of 

labelled linolenic acid in the artificial rumen, the major 

acid is a non-conjugated cic-cis dienoic acid. 

Erwin et al. (1963) observed that with administra

tion of safflower oil in the rumen and abomasum of sheep 

for 28 days, the stearic and oleic acid proportions of 

liver lipids increased markedly while linoleic acid 

decreased 50%. They suggested that stearic acid, probably 

originating from hydrogenation of the unsaturated acids in 

safflower oil by rumen microflora, was readily absorbed by 

sheep. 

Bath and Hill (1967) observed that the C18 dienoic 

and trienoic acids were absent immediately after feeding a 

diet of hay and oats, although there was approximately 40% 

C18 polyunsaturated acids in the diet. They also found a 

decrease in the percentage of monoenoic acid in ruminal 

lipids with time after feeding and more variable amount in 

the duodenal lipid. In the same manner, Hawke and 

Robertson (1964) observed that the proportions of the major 

fatty acid components in the rumen after an overnight fast 

varied considerably. Stearic acid was quantitatively the 

most important fatty acid, followed by palmitic and oleic 

acids. Hawke and Robertson (1964) also found that after a 

rise in the proportions of unsaturated fatty acids after 

feeding, there was a progressive shift from linolenic to 
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oleic acid. This may be due to a delay in release of plant 

lipid, as there were considerable increases in the propor

tions of palmitic acid 6.5 h after the commencement of 

feeding. Moody (1978) made the assumption that when 

cottonseed oil was fed in the seed form it was released 

slowly enough to be hydrogenated by the reducing media of 

the rumen. 

Four and a half and six hours after the infusion of 

linseed oil into the rumen, Hawke and Robertson (1964) 

observed a very rapid decrease in the proportion of 

linolenic acid accompanied by increases in the proportions 

of linoleic, oleic, and stearic acids. These observations 

were in accord with the findings of Ward et al. (1964). 

In a study with a fistulated nonlactating Guernsey 

cow on a daily ration of 9.1 kg alfalfa hay, Keeney and 

Katz (1966) observed a markedly constant lipid content over 

a period of several hours after feeding. They explained 

the differences between their results and those of Hawke 

and Robertson (1964) and Ward et al. (1964) on the basis of 

the exclusion of solid ingesta during the isolation or the 

preparation of the samples. The data of Katz and Keeney 

(1966) suggest that it may be possible to determine whole 

cottonseed degradation in the rumen by determining the 

changes in long-chain fatty acid levels after feeding WCS. 



MATERIALS AND METHODS 

Three sets of trials were conducted to evaluate 

whole cottonseed (WCS) degradation in the rumen. 

Trial 1 

This trial consisted of rumen samplings at various 

times after feeding to evaluate the rumen degradation of 

WCS. Two rumen fistulated steers were available for the 

trial and were fed either a 100%, 40% or 10% roughage diet. 

One steer remained on the 100% roughage level for the 

entire trial. The other steer was initially on 40% 

roughage, then was changed to 10% roughage after four 

collections. When the steer was changed to the 10% 

roughage, a 14-day adjustment period was allowed prior to 

rumen sampling. 

Twenty percent WCS was added to the diets at the 

time of feeding, and steers were fed twice daily at 0700 

and 1900 h at a level of 2.73 kg per feeding. The 100% 

roughage diet was coarsely ground alfalfa and the 60 and 

90% concentrate diet formulation prior to mixing with the 

20% WCS is shown in Table 1. The fistulated steers were 

housed in individual pens (2.4 x 4.9 m). One-half of each 

pen on the feed bunk side was covered by shade. Water was 

supplied by automatic waterers. 

15 
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Table 1. Ingredient Composition of Experimental Diets. 

60% Concentrate 90% Concentrate 

Ground Alfalfa Hay 40.0 10.0 

Steam-processed flaked 
milo 

54.0 84.9 

Molasses 5.0 3.0 

Urea - . 6 

Salt .5 .3 

Dical .5 .5 

Ground Limestone _ .7 

100.0 100.0 

Vitamin A 3300 IU/kg 3300 IU/kg 
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Rumen samples from the steer fed all-roughage were 

collected during two consecutive days each week. The 

samples were collected on the first day 12 h after the 

1900 h feeding (just before the 700 h feeding) and 2 h 

after the 700 h feeding. On the second day they were 

collected again 12 h after the 1900 h feeding and 6 h after 

the 700 h feeding. With the all roughage, more than 1 h 

was required for the steer to consume the 2.73 kg of feed. 

A total of five collections were made in five consecutive 

weeks. 

For the steer fed 40% roughage, initially collec

tions (2) were made 12. h after the 1900 h feeding, 0.5, 2 

and 6 h after the 700 h feeding on the same day. Due to 

the restricted feeding level, the third and fourth collec

tions were made on three consecutive days. The first day, 

collection was made 12 h after the 1900 h feeding and 0.5 h 

after the 700 h feeding. For the second and third days, 

collections were made in the same manner as the first and 

second days for the steer on all roughage diet, respec

tively. For the steer on 10% roughage, five collections 

were made in the same manner as the third and fourth 

collections for steer fed 40% roughage. 

Prior to each collection, rumen contents were 

thoroughly mixed and samples were taken from dorsal and 

ventral sacs and put into a stainless steel pan (24 x 15 x 
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5 cm). The samples were dried in a forced air oven for 48 

h at 55°C. For each dried sample, WCS was separated, 

weighed and percentage WCS calculated. The WCS was then 

remixed in the dry sample for analysis. 

Trial 2 

Three steers in October and two steers in November 

were fed for 11 days in individual pens (2.4 x 4.9 m) at 

the Campbell Avenue Farm. The diet was a 90% concentrate 

diet (Table 1), with WCS added at the 20% level a time of 

feeding. All five steers were slaughtered in the meat 

laboratory on the twelfth day, 6 h after the morning 

feeding. Feed intake for the last seven and one-half days 

for each individual steer is shown in Table 2. 

At the time of slaughter, when the steers were 

eviscerated, the pyloric junction was ligated. Total rumen 

contents from each steer were poured into tarred cans and 

weighed. Samples were taken after a thorough hand mixing 

of the contents. Total abomasum contents were collected. 

Samples from the upper part of the small intestine were 

poured into tarred stainless steel pan (24 x 15 x 5 cm). 

Samples from rumen, total abomasum and small intestine were 

weighed and dried at 55°C in a forced air oven for 48 h. 

The dried samples were used to determine total 

rumen and abomasum contents. For each dry sample, WCS, if 

any, was separated, weighed and percentage of intact WCS 



Table 2. Daily Feed Intake (kg) of Individual Steer Last 7-1/2 Days Prior to 
Slaughter. 

Days 

Steers Slaughtered in October Steers Slaughtered in November 

Days #1 #2 #3 #4 #5 

1 9.1 9.1 9.1 7.3 9.1 

2 9.1 7.3 • 9.1 9.1 9.1 

3 9.1 7.3 9.1 9.1 9.1 

4 9.1 7.3 9.1 9- 1  9.1 

5 9.1 6.8 9.1 9.1 9.1 

6 6.8 5.9 9.1 9.1 9.1 

7 7.3 7.3 7.3 9.1 9.1 

8 1  2.73 2.73 2.73 4.5 4.5 

^ Morning feeding only. 
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calculated. For the three steers slaughtered in October, 

WCS was remixed to the samples for analysis. For the other 

steer, WCS was not included in the samples for analysis. 

Samples were ground in the Wiley Mill to pass 2 mm 

screen. For acid detergent fiber (ADF) and lignin determi

nations, subsamples from five steers samples were reground 

in a cyclone grinder to pass a 1 mm screen. 

Dry matter was determined according to Association 

of Official Analytical Chemists (AOAC) methods (1980). 

Acid detergent fiber-lignin was determined according to the 

methods described by Goering and Van Soest (1970). 

Lipid was measured using chloroform-methanol (CM) 

and chloroform-methanol-acid (CMH), as described by 

Marchello et al. (1971). The method was as follows: 

approximately 3 g of dry sample was placed into a 125 ml 

Erlenmeyer and 80 ml of CM (2:1 V/V) or CMH (60:40:1 V/V/V) 

were added to the sample. Flasks were covered with 

aluminum foil and allowed to stand 24 h with occasional 

swirlings. Contents were filtered with suction through a 

glass crucible into a 250 ml filtration flask. Solids were 

rinsed with CM or CMH and discarded. Eighteen ml of deion-

ized water were added to the filtrate which was then 

swirled vigorously and poured into a 100 ml graduated 

cylinder. The cylinders were covered and allowed to stand 

(overnight) until three phases separated. The volume of 
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the lower phase (chloroform) was recorded, and 30 ml 

aliquot was pipetted into a tarred 125 ml Erlenmeyer flask. 

Chloroform was evaporated at 75°C in a forced air oven for 

24 h. Flasks were weighed and lipid was calculated by 

difference. 

Fatty acid profiles were determined on .CM and CMH 

samples by using a model 800 Perkin Elmer gas chromatograph 

equipped with a flame ionization detector. The lipid phase 

consisted of 10% DEGS-PS on 80/100 supelcoport. Column 

temperature was 175°C; flow rate was 20 ml/min. Injector 

and detector temperature was 160°C. Five ml of the lower 

phase (chloroform) of CM and CMH were pipetted and 

esterified with sodium methylate. The methyl esters were 

extracted from the reaction mixture with hexane prior to 

injection into the gas chromatograph. Percentage of 

predominant fatty acids was determined using an integrator. 

Trial 3 

The nylon bag technique was used to determine the 

rate of whole cottonseed degradation in the rumen of steers 

fed either a 10% or all roughage diet. Twenty, 41 or 80 ym 

pore size nylon bags with 18 x 9 cm internal dimensions and 

19 x 10 cm external dimensions were put into the rumen for 

12, 24, 48 or 72 h. Each bag was filled with 10 g of WCS. 

All bags were removed from the rumen at the same time, 

washed through a faucet water and dried in a forced air 
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oven for 36 h. The bags were transferred in a vacuum oven 

for 24 h, weighed and percentage dry matter disappearance 

calculated. Data were analyzed by a three-way analysis of 

variance. 

In trials 1 and 2, rumen WCS degradation was deter

mined using the lignin ratio technique. As the level of 

ADF-Lignin in the WCS is high, this makes lignin an 

adequate internal marker. The formula used to calculate 

rumen and abomasum degradation was: 

% WCS degradation in the rumen = 

inn /inr, % lignin in feed % WCS in rumen x  
100 - (100 x %  liff n i n  l n  r u m e n  * t  w c s  l n  f e e d  > 



RESULTS 

Trial 1 

Percent whole cottonseed (WCS) in the rumen samples 

collected 2 and 6 h after feeding from a steer fed all 

roughage were similar but higher than that of 12 h sampling 

time (Table 3). Using lignin as an internal marker, 61 to 

91% of the WCS was degraded by 2 h. Degradation at 12 h 

ranged from 90 to 95% (Table A). This indicates that most 

of the WCS was masticated or degraded within 2 h after 

eating. 

Percent chloroform methanol (CM) for the 2 and 6 h 

was similar but 35% higher than CM for the 12 h sample 

(Table 3). However, the percent chloroform methanol acid 

(CMH) for the three time samplings was similar. Thus, the 

percent insoluble soap for 12 h sampling was twice as high 

as that of the insoluble soap in the 2 and 6 h samplings. 

For the data presented in Table 5 with the fistu-

lated steer on a 60% concentrate diet, all time samplings 

were taken on the same day. Percent WCS for 12 h sampling 

was 8.2 while for 0.5, 2 and 6 h the WCS % was 15.2, 20.8 

and 17.4, respectively. The high value for 2 and 6 h time 

samplings may be due to the loss of rumen liquid during the 

0.5 h sampling. The CM % for the 4 time samplings was 

23 



Table 3. Percent Whole Cottonseed, Chloroform Methanol (CM), Chloroform Methanol 
Acid (CMH) Lipids and Insoluble Soaps as Affected by Time in the Rumen 
of a Fistulated Steer on All Roughage Diet. 

Collection Time (h) 

12 2 6 

Collec
tion 

Number 

Whole 
Cotton
seed 
(%) 

CM 
Lipid 
(%) 

CMH 
Lipid 
(%) 

Insol
uble 
Soap 
(%) 

Whole 
Cotton
seed 
(%) 

CM 
Lipid 
(%) 

CMH 
Lipid 
(%) 

Insol
uble 
Soap 
(%) 

Whole 
Cotton
seed 
(%) 

CM 
Lipid 
(%) 

CMH 
Lipid 
(%) 

Insol
uble 
Soap 
(%) 

1 1.4 6.3 12.2 5.9 2.8 7.2 11.7 4.5 4.2 6.8 11.4 4.6 

2 1.7 6.7 12.7 6.0 7.6 11.3 12.4 1.1 6.1 8.8 13.4 4.6 

3 1.4 8.5 15.1 6.6 4.3 10.8 13.2 2.4 4.5 11.7 14.2 2.5 

4 2.8 7.6 14.4 6.8 6.6 10.8 12.8 2.0 4.2 9.0 13.8 4.8 

5 1.4 7.6 15.5 7.9 8.6 11.0 12.9 1.9 9.0 11.3 13.6 3.8 

Mean 1.7 7.3 14.0 6.7 6.0 10.2 12.6 2.4 5.6 9.5 13.3 3.8 

Q  
See text for collection sequence. 

12 h after evening feeding or just before morning feeding. 
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Table 4. Whole Cottonseed Degradation in the Rumen of a 
Fistulated Steer Fed an Alfalfa Diet as Deter
mined with Lignin as an Internal Marker. 

' Collection Time . h 
Collection 

Number 12 a  2 

1 95.9 90.7 

2 94.9 75.8 

3 95.1 00
 

•C
-

• I-
1 

4 90.8 77.0 

5 95.0 60.6 

Mean 94.3 77.6 

a  12 h after 
feeding. 

evening feeding or just prior to morning 
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Table 5. Average Percent Whole Cottonseed, Chloroform 
Methanol (CM), Chloroform Methanol Acid (CMH) 
Lipids and Insoluble Soaps as Affected by Time 
in the Rumen of a Fistulated Steer on a 60% 

a 
Concentrate Diet. 

Collection 
Time 

( h )  

WCS 
(%) 

CM 
(%) 

CMH 
(%) 

Insoluble 
Soap 
(%) 

12 b  8.2 12.6 21.0 8.4 

0.5 15.2 13.2 19.0 5.8 

2 20.8 13.3 18.2 4.9 

6 17.4 13.1 22.0 8.9 

Mean of two collections 
time samplings made the 

made 
same 

on separate 
day. 

days with all 

k 12 h after 
feeding. 

evening feeding or just before morning 
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similar and higher than the CMH values for 0,5 and 2 h 

samplings. Consequently, the insoluble soap values for the 

12 and 6 h samplings were higher than for the 0.5 and 2 h 

samplings (Table 5). 

For data presented in Table 6, only two sampling 

times were taken on a single day. Percent WCS was higher 

for the 0.5 and 2 h sampling times than for the 6 h 

sampling time. The lowest value for WCS was at 12 h. In 

this respect it was smilar to the data in Table 5. How

ever, WCS % for all sampling times was lower than WCS % 

when all samplings were made the same day. The increase at 

0.5 and 6 h could be expected due to the ingestion of the 

WCS and the low value for 12 h probably represents degrada

tion in the rumen and perhaps rumination. 

Percent CM for the 4 sampling times was similar. 

However, CMH % for 12 and 6 h was similar and higher than 

that of 0.5 and 2 h sampling times. Insoluble soaps were 

the lowest at 2 h with both samplings, probably due to the 

slow release of cottonseed oil. Values for insoluble soaps 

in Tables 5 and 6 were similar, even though the WCS percent

ages were markedly different. 

Data presented in Table 7 were obtained with a 

fistulated steer fed a 90% concentrate diet. For the four 

sampling times there was a wide variation within collection 

number. However, based on the mean values WCS % for 2 and 
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Table 6. Average Percent Whole Cottonseed, Chloroform 
Methanol (CM), Chloroform Methanol Acid (CMH) 
Lipids and Insoluble Soaps as Affected by Time 
in the Rumen of a Fistulated Steer on a 60% 
Concentrate Diet. 3  

Collection 
Time 
(h) 

WCS 
(%) 

CM 
(%> 

CMH 
(%) 

Insoluble 
Soap 

m 

12 b  2.6 12.0 20.4 8.4 

0.5 7.0 10.7 16.0 5.3 

2 8.6 11.1 16.0 4.9 

6 6. 4 12.1 19.2 7.1 

Mean of two 
sequence. 

collections. See text for collection 

k 12 h after 
feeding. 

evening feeding or just before morning 



Table 7. Percent Whole Cottonseed, Chloroform Methanol (CM) and Chloroform 
Methanol Acid (CMH) Lipids and Insoluble Soaps as Affected by Time 
in the Rumen of a Fistulated Steer on a 90% Concentrate diet. 3  

Collection Ti«e th) 

12 0.5 2 6 

Collec
tion 
Nuaber 

Vhole 
Cotton
seed 
(I) 

Of 
Lipid 
(X) 

CHH 
Lipid 
(X) 

Insol
uble 
Soap 
(X) 

Vhole 
Cotton
seed 
(X) 

Ql 
Lipid 
(X) 

cm 
Lipid 
(X) 

Insol
uble 
Soap 
(X) 

Whole 
Cotton
seed 
(X) 

CM 
Lipid 
(X) 

CMH 
Lipid 
(X) 

Insol
uble 
Soap 
(X) 

Whole 
Cotton
seed 
(X) 

CH 
Lipid 
(X) 

cm 
Lipid 
(X) 

Insol
uble 
Soap 
(X) 

1 6.9 16.2 19.9 3.7 29.2 15.6 16.5 .9 8.7 17.1 20.2 3.1 9.6 15.4 18.8 3.4 

2 19.7 17.7 18.8 1.1 25.6 14.8 15.8 1.0 13.4 17.4 18.2' .8 17.3 15.7 20.1 4.4 

3 12.3 17.5 20.1 2.6 26.8 17.6 19.8 2.2 23.3 16.2 19.2 3.0 14.7 17.8 19.4 1.6 

4 5.8 15.3 21.1 516 13.4 16.4 21.0 4.6 13.7 14.4 19.8 5,4 16.3 17.0 21.0 4.0 

5 10.0 16.3 17.8 1.5 20.8 13.0 14.4 1.4 20.0 16.0 17.8 1.8 26.0 16.4 17.1 .7 

Mean 10.9 16.6 19.5 2.9 23.2 15.5 17.5 2.0 15.8 16.2 19.0 2.8 16.8 16.5 19.3 2.8 

a See text for collection sequence. 

k 12 h after evening feeding or just before aornlng feeding. 



30 

6 h sampling times was similar but lower than that of 0.5 

h, which was more than double the value for 12 h. The high 

value for 0.5 h probably represents an increase due to the 

ingestion of WCS. The lowest value for WCS % was at 12 h. 

In this respect, it is in accord with data shown in Tables 

3, 5 and 6. Using lignin as an internal marker, 44 to 80% 

of WCS was degraded by 2 h (Table 8). Degradation at 12 h 

ranged from 60 to 86%. This indicates that most of the WCS 

was masticated or degraded within 2 h after eating. Whole 

cottonseed degradation coefficients with the steer on all 

roughage diet were higher than those with the steer on the 

90% concentrate. This may be explained by the fact that it 

took more than one hour for the steer on the all roughage 

diet to eat 2.73 kg of feed while the steer on 90% 

concentrate diet consumed the 2.73 kg of feed in less than 

15 minutes. This implies less mastication of the WCS with 

the 90% concentrate diet. 

Based on the means, CM % for all the sampling times 

were similar (Table 7). In this respect the 12, 2 and 6 h 

samplings were different than with the steer on the all 

roughage diet in which the 2 h values were much higher than 

the 12 and 6 h sampling. The CMH % for 12, 2 and 6 h were 

similar but higher than that of the 0.5 h sampling time. 

This may relate to the effect of time on the release of oil 

from WCS. The mean values of insoluble soap for the 
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Table 8. Whole Cottonsee'd Degradation in the Rumen of a 
Fistulated Steer Fed a 90% Concentrate Diet as 
Determined with Lignin as an Internal Marker. 

Collection Time, h 
Collection 

Number 12 a  2 

1 85.5 80. 4 

2 60.6 72.4 

3 75. A 56.0 

4 85.5 75.5 

5 77.0 44.4 

Mean 76.8 65.7 

8  12 h after 
feeding. 

evening feeding or just prior to morning 
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sampling times were similar, and for the 2 and 6 h sampling 

times were similar to the same times for the all roughage 

die t. 

Trial 2 

Whole cottonseed (WCS) percentages and degradation 

in the rumen and abomasum as determined with slaughtered 

steers are presented in Table 9. There was a wide varia

tion in the WCS percentages in the rumen, even though all 

the five steers had been fed the experimental diet for the 

same length of time prior to slaughter. Steers 4 and 5 had 

the highest feed intake and the highest rumen WCS, while 

steer 2 had the lowest feed intake and the lowest rumen 

WCS. This suggests that steers with high feed intake tend 

to masticate less WCS. The extent to which WCS may be 

regurgitated from the rumen and remasticated cannot be 

determined from these trials. 

Percent WCS in the abomasum ranged from 0 to 4.6% 

with 4 steers having less than 0.3% WCS in the total 

abomasum content. The high level of WCS in the abomasum 

for steer 3 may be a loss of abomasal liquid due to 

puncture of the abomasum during slaughter. 

Using lignin as an internal marker, rumen cotton

seed degradation ranged from 50 to 91%. As expected, 

steers with the higher levels of rumen WCS had the lowest 

WCS degradation. Abomasum WCS degradation for steers 1, 2, 



Table 9. Rumen and Abomasum Whole Cottonseed Percentages and Degradation as 
Determined with Slaughtered Steers using Lignin as an Internal 
Marker. 3  

Steer 
Number 

Total Rumen 
Dry Matter 

(g) 

Rumen Whole 
Cottonseed 

(%) 

Rumen 
Cottonseed 
Degradation 

(%) 

Abomasum 
Whole 

Cottonseed 
(%) 

Abomasum 
Cottonseed 
Degradation 

.(*) 

1 6313 14.0 76.7 0.1 99.9 

2 3034 5.1 90.8 0 100.0 

3 4041 17.7 65.6 4.6 92.1 

4 6667 17.9 59.1 0.28 99.4 

5 6751 30.8 50.2 0.26 99.6 

Mean 5361 17.1 68.5 1.0 98.2 

0 
All steers were slaughtered 6 h after morning feeding. 
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4 and 5 was 99.9, 100.0, 99.4 and 99.6%, respectively. 

Steer 3, with the highest abomasum WCS, had the lowest 

degradation coefficient (92.1%). These results suggest 

that nearly all the WCS was masticated or degraded in the 

rumen. This is supported by the findings of Anderson et 

al. (1982) in a trial with dairy calves slaughtered after 6 

and 12 weeks on the experiment. They did not find under-

graded WCS in the abomasum of any of the calves. 

For data presented in Table 10, analysis was made 

with contents not containing WCS for steers 4 and 5. 

Percent rumen CM for steers 1, 2 and 3 ranged from 11.2 to 

13.0% and for steers 4 and 5, 6.8 and 6.0, respectively. 

This difference probably relates to the exclusion of WCS 

prior to rumen sample analysis. 

The abomasum CM % for steers 1, 2 and 3 was 6.7, 

9.3 and 11.8%, respectively, and for steers 4 and 5 were 

6.3 and 6.6%, respectively. Percent small intestine (S.I.) 

CM for steers 1 and 4 was similar but higher than for 

steers 3 and 5 (Table 10). 

The percent rumen CMH was similar for steers 1, 2 

and 3 (Table 10). In contrast, abomasum CMH for steer 3 

was double that of steer 1 and 25% higher than that of 

steer 2. For steers 4 and 5, rumen and abomasum CMH were 

similar and lower than for steers 1, 2 and 3. Small intes

tine CMH for the 4 steers were similar. Rumen-insoluble 
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Table 10. Rumen, Abomasum and Small Intestine Chloroform 
Methanol (CM) and Chloroform Methanol Acid (CMH) 
Lipids as Determined with Slaughtered Steers Fed 
90% Concentrate Diet. a  

Insoluble Insoluble 
Steer CM CMH Soap Soap 
Number (%) (%) (%) (g) 

1. Rumen 11.2 12.2 1.0 63.2 
Abomasum , ' 6.7 7.4 0.7 2.4 
Small Intestine 20.3 28.9 8.6 -

2. Rumen 11.4 12.6 1.2 36.4 
Abomasum 9.3 10.6 1.3 0.8 
Small Intestine - - - -

3. Rumen 13.0 13.4 0.4 16.2 
Abomasum , 11,8 14.0 2.2 0.9 
Small Intestine 18.4 25.8 7.4 -

4. Rumen 6.8 8.0 1.2 80.0 
Abomasum , 6.3 7.8 1.5 3.6 
Small Intestine 19.9 26.7 6.8 -

5. Rumen 6.0 6.8 0.8 54.0 
Abomasum , 6.6 8.0 1.4 3.8 
Small Intestine 16.0 27.2 11. 2 — 

Steers 1, 2 and 3 analysis on all contents, steers 4 and 
5 analysis on contents not contaning whole cottonseed. 

Amounts of insoluble soaps were not available. 

c 
Data were not available for small intestine. 
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soap average 0.9% and was similar for all steers but much 

lower than for the 6 h sampling with the fistulated steer 
* 

on the 90% concentrate diet. Abomasum-insoluble soaps 

percent ranged from 0,7 to 2.2%, with steer 3 having the 

highest value. Small intestine-insoluble soaps percent for 

steers 1, 3 and 4 were similar but lower than that of steer 

5. The absolute levels of insoluble soap in the rumen aver

aged 50 g, while the absolute amounts in the abomasum were 

low. 

Chloroform methanol acid (CMH) disappearance in the 

rumen and abomasum of steers slaughtered 6 h after feeding 

using lignin as an internal marker is presented in Table 

11. Rumen CMH disappearance for steers 1, 2 and 3 averaged 

38%, while the average rumen CMH disappearance for steers 4 

and 5 was 60%. In the abomasum, the average CMH disappear

ance for the 5 steers was 57.4%, with the CMH disappearance 

ranging from 35.0 to 72.4%. 

For data presented in Table 12, contents containing 

WCS were used for analysis. For rumen CM extract, linoleic 

acid (C18:2) was the predominant fatty acid and averaged 

45%, while stearic acid (C18:0) had the lowest value and 

averaged 9%. The unsaturated fatty acids comprised more 

than 63% of the total fatty acids. This could be due to 

the fact that WCS fatty acids consist of 75% C18:l and 

C18:2. For the abomasum CM, oleic (C18:l) had the highest 
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Table 11. Chloroform Methanol Acid Disappearance as 
Determined in the Rumen and Abomasum of 
Slaughtered Steers Using Lignin as an Internal 
Marker. 

Steer Number Rumen Abomasum 

m m 

1 45.0 72.4 

2 38.4 51.5 

3 29.6 34.9 

4 50.6 58.2 

5 70.3 70.1 

Mean 46.8 57.4 



Table 12. Fatty Acid Profile of Chloroform Methanol (CM) and Chloroform 
Methanol Acid (CMH) Extracts of Rumen, Abomasum and Small Intestine 
(S.I.) of Slaughtered Steers Fed a 90% Concentrate Diet (Steers 1, 2 

and 3). 

Steer <1 Steer 12 Steer 13 

CH CMH CH CMH CH CMH 

Fatty 
Acids 

Rumen 
(X) 

Abona-
sun 
(X) 

S.I. 
(X) 

Rumen 
(X) 

Aboma
sum 
(X) 

S.I. 
(X) 

Rumen 
(X) 

Aboma
sum 
(X) 

S.I.a Rumen 
(X) 

Aboma
sum 
(X) 

S.I.a 

(X) 
Rumen 
(X) 

Aboma
sum S.I. 
(X) (X) 

Rutnen 
(X) 

Aboma
sum 
(X) 

S.I. 
(X) 

C16:0 24.6 25.2 24.8 22.6 21.7 24.1 25.7 27.6 - 21.3 21.2 - 26.0 29.7 19.6 23.1 23.0 21.3 

C18:0 8.0 14.2 41.4 31.6 39.7 39.0 9.8 21.0 - 43.1 47.2 - 8.5 23.0 64.7 34.9 41.0 50.9 

CI 8:1 21.9 32.1 15.7 20.6 25.6 20.3 21.2 30.1 - 15.3 17.5 - 19.0 33.0 2.6 13.2 20.4 6.7 

C18:2 45.4 28. A 16.5 24.0 12.3 12.8 43.6 21.3 - 19.2 10.9 - 46.6 14.3 11.8 27.8 10,5 1B.1 

a Data were not available for small intestine. 



39 

value and averaged 32% for all three steers. The 32% 

compare to 21% for rumen contents, which indicates consid

erable hydrogenation of the C18:2 by the time the ingesta 

had reached the abomasum. The unsaturated fatty acids 

percent ranged from 47.3 to 60.5%. In the small intestine, 

stearic acid had the highest value, ranging from 41.4 to 

64.7% while the linoleic acid had the lowest value, ranging 

from 10.5 to 16.5%. This indicates rapid saturation of 

linoleic acid and less for oleic acid. The saturated fatty 

acids in the small intestine comprised 64.4 to 84.4% of the 

total fatty acids as compared to an average of 37% for the 

rumen contents. 

For the rumen CMH extracts of steers 1, 2 and 3, 

stearic acid was the predominant fatty acid and averaged 

36.5% (Table 12). This value compares to 9.0% for the 

rumen CM. The difference is probably due to the high level 

of stearate in the insoluble soap that could not be 

extracted by the CM. Linoleate was markedly reduced at the 

expense of the stearate. The saturated fatty acids 

averaged 59% of the total fatty acids as compared to 37% 

for the rumen CM extracts. 

For data shown in Table 13 for steers 4 and 5, 

contents not containing WCS were used for analysis. For 

the rumen and abomasm CM extract, linoleic acid was the 

major fatty acid while stearic acid was the minor fatty 



Table 13. Fatty Acid Profile of Chloroform Methanol (CM) and Chloroform Methanol 
Acid (CMH) Extracts of Rumen, Abomasum and Small Intestine (S.I.) of 
Slaughtered Steers Fed a 90% Concentrate Diet (Steers 4 and 5). 

Steer #4 Steer #5 • 

CM CMH CM CMH 

Aboma- Aboma- Aboma- Aboma-
Fatty Rumen sum S.I. Rumen sum S.I. Rumen sum S.I. Rumen sum S.I. 
Acids (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) . (%) 

C16:0 24.6 20.4 21.8 23.0 21.9 20.3 21.2 22.6 22.9 22.7 22.2 20.1 

C18:0 10.7 8.2 43.2 42.2 33.8 39.6 11.8 9.9 34.1 36.6 42.4 37.2 

C18:l 25.9 30.2 20.5 21.1 30.4 23.1 30.0 26.7 18.9 27.4 24.7 24.9 

C18:2 38.8* 40.5 10.9 11.2 11.8 13.3 37.0 38.9 21.4 10.7 8.8 13.7 
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acid. In this respect, these results agree with the data 

shown in Table 12. For both the rumen and abomasum CM 

extract, the unsaturated fatty acids comprised more than 

60% of the total fatty acids. In the small intestine, 

stearic acid was the major fatty acid. The saturated fatty 

acids in the small intestine comprised 65 and 56% of total 

fatty acids for steers 4 and 5, respectively. Even though 

WCS was not included in the contents for analysis, these 

results agree with data shown in Table 12. From both 

Tables 12 and 13, for the rumen and abomasum CM extracts, 

the unsaturated fatty acids were predominant while for the 

small intestine CM extracts, the unsaturated fatty acids 

were markedly reduced. 

For the rumen CMH extracts of steers 4 and 5, 

stearate was also the major fatty acid and averaged 39% as 

compared to 11.2% for the rumen CM extracts (Table 13). 

The saturated fatty acids averaged 62% of the total fatty 

acids, while for the rumen CM extracts they were only 34% 

of the total fatty acids. 

For the abomasum CMH extracts of all steers, stear

ate was the major fatty acid and averaged 41% (Tables 12 

and 13). This value compares to 15% for the abomasum CM 

extract. The saturated fatty acids averaged 63% of the 

total fatty acids and compared to 40% for the abomasm CM 

extracts. For the small intestine CMH exracts, the stearic 
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acid was also the major fatty acid and averaged 42% (Tables 

12 and 13). This value compares to 56% for the CM extract. 

The saturated fatty acids averaged 63% and compared to 68% 

for the CM extracts. With the small intestine materials 

there were problems in drying and the samples were not 

ground. The extent of lipid extraction is not known, which 

may have influenced the fatty acid profile. 

Trial 3 

Nylon bag dry matter disappearance of WCS as 

affected by bag pore size, time and steer diet is shown in 

Table 14. At 12 h dry matter disappearance was negative, 

probably due to influx of rumen material. In the analysis 

of variance the 12 h time period was not used. 

Considering both diets, dry matter disappearance at 

72 h averaged only 10%. However, the disappearance of WCS 

for all time periods was higher (P < .05) with all the 

roughage diet (8.0%) than with the 90% concentrate diet 

(5.1%) (Table 15). The WCS in this trial could not be 

masticated, which probably accounts for the low dry matter 

disappearance. In trial 1, 66% of the WCS has disappeared 

from the rumen 2 h after feeding on the 90% concentrate 

diet and 78% on the roughage diet. 

Dry matter loss from the WCS probably was primarily 

lint, as all seeds were intact for all time periods in the 

rumen. Observation at the 48 and 72 h incubation showed 
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Table 14. Nylon Bag Dry Matter Disappearance of Whole 
Cottonseed as Affected by Bag Pore Size, Time 
and Fistulated Steer Diet. 

Time (h) 

12 24 48 72 

Bag Pore Size 

20 lim 
90% concentrate diet -0.6 0.8 2.0 9.7 
Roughage diet -1.4 3.2 6.2 9.2 

41 ym 
90% concentrate diet -1.2 1.1 8.2 6.8 
Roughage diet -1.4 5.4 6.7 15.3 

80 ym 
90% concentrate diet 
Roughage diet 

-0.4 
- 0 . 8  

0.4 
3.0 

6.7 10.7 
10.6 14.6 
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Table 15. Analysis of Variance for Nylon Bag Dry Matter 
Disappearance of Whole Cottonseed in the Rumen 
of a Fistulated Steer Fed Either a 90% Concen
trate Diet or an All Roughage Diet. — Data in 
Table 14. 

Source DF SS MS 

Reps 1 5.063 5.063 

Time 2 506.407 253.203** 

Pore Size 2 38.945 19.473* 

Diet 1 71.402 71.402** 

Time x Pore Size 4 26.253 6.563* 

Time x Diet 2 6.141 3.070 

Pore Size x Diet 2 3.162 1.581 

A x B x C 4 56.593 14.148* 

Error 17 37.082 2.181 

Total 35 751.048 

* P < .05 

** P < .01 
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that WCS contained less lint than the original seed. 

Visual appraisal showed a distinct difference in the amount 

of lint from seed incubated in the rumen of the steer on 

roughage as compared to the seed from the steer on the 90% 

concentrate diet. There was much less lint on the WCS from 

the roughage steer, and this agrees with the data presented 

in Table 14. Gin-run cottonseed contains about 45% lint 

and bran. 

Time and diet effects were significant at the 1% 

level, while pore size and the interaction time x pore size 

effects were significant at the 5% level (.Table 15). The 

nylon bag dry matter disappearance increased with large 

pore bags as time increased. This could be due to the fact 

that with large pore bags, more rumen microorganisms had 

access to the WCS as compared to the small pore bags. 



GENERAL DISCUSSION 

* 

Using lignin as an internal marker for 0 and 90% 

concentrate diets, WCS degradation as determined with rumen 

fistulated steers at 2 and 12 h was 78, 94 and 66 and 77%, 

respectively. This suggests that , steers on the all rough

age diet masticated and degraded more WCS than steers on 

high concentrate diet. The difference in degradation in 

this study as affected by diet probably related to the time 

required to consume the feed. Thus, it may be more advan

tageous to feed WCS to steers on an all roughage diet than 

to steers on a 90% concentrate diet. Conversely, the 

reverse may be desirable as the fat and protein will be 

released more slowly in the rumen. 

For steers slaughtered 6 h after feeding, WCS 
( 

degradation in the rumen averaged 68%. Disappearance of 

the WCS by the time the ingesta reached 

averaged 98%. This indicates that the WCS 

degraded in the rumen. Regurgitation of WCS 

possible. 

Whole cottonseed degradation in the rumen appeared 

to be influenced by the level of feed intake and also by 

the absolute amount of WCS added. In the slaughter trial, 

the steer with the highest feed intake had the lowest WCS 
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the abomasum 

was probably 

could also be 
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degradation (50%), while the steer with the lowest feed 

intake had the highest WCS degradation (91%). 

Nylon bag dry matter disappearance of WCS with the 

all roughage diet and the 90% concentrate diet was 8.0 and 

5.1%, respectively. Considering both diets, the nylon bag 

dry matter disappearance was only 10% at 72 h. The WCS 

degradation appeared to be entirely due to loss of lint. 

The low dry matter disappearance indicates that mastication 

or regurgitation is necessary for WCS degradation by the 

rumen microorganisms. 

For 0, 60 and 90% concentrate diets fed to fistu-

lated steers, CM and CMH for the 90% concentrate diet were 

the highest at all time samplings. However, the insoluble 

soap mean values for 60% concentrate diet were higher than 

for the 0 and 90% concentrate diets at all time periods. 

In the slaughter trial, rumen CM for steers 1, 2 

and 3 was similar to 6 h sampling with the fistulated steer 

fed 60% concentrate but lower than that of 90% concentrate 

at 6 h sampling. The rumen CMH for steers 1, 2 and 3 were 

lower than for 60 and 90% concentrate diets at 6 h time 

sampling. This may be related to the level of feed intake 

between the slaughtered steers and the fistulated steers as 

well as to the difference in WCS degradation in the rumen 

between the two systems. 
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The CM and CMH values for the rumen ingesta were 

lower for steers 4 and 5 than for steers 1, 2 and 3. The 

lower CM value can be explained on the exclusion of WCS 

from steers' A and 5 rumen sample, but the lower CMH value 

is difficult to explain. 

In the rumen and abomasum CM extracts, linoleic 

acid was the major fatty acid. This was no doubt due to 

the high level of linoleic acid (60%) in the cottonseed 

fat. In contrast, in the rumen and abomasum CMH extracts, 

stearic acid was the major fatty acid. As WCS contains a 

low level of stearic acid (3%), this suggests a rapid 

hydrogenation of the linoleic acid as it is released from 

the WCS in the rumen. The major portion of stearic acid 

was found as insoluble soaps. 

In the small intestine CM and CMH extracts, stearic 

acid was the major fatty acid and linoleic acid was 

markedly reduced as compared to linoleic acid in the rumen. 

The saturated fatty acids were predominant. This may 

indicate that in the small intestine, the unsaturated fatty 

acids were absorbed in preference to the saturated fatty 

acids. 
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