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ABSTRACT

A feeding trial was conducted to determine and 
compare the performance of pigs on a complete mixed milo- 
soybean meal control ration with pigs on three rations in 
which 1/4, 1/2, and 3/4 of the soybean meal protein was 
replaced with cottonseed meal protein. Forty crossbred 
barrows were stratified by weight to four pens for this 
experiment. No significant differences were obtained 
for average daily gains, daily feed intake or feed 
consumed per pound of gain. However9 the results indi
cated that the rations which contained high amounts of 
cottonseed meal and ferrous sulfate slightly depressed 
the performance of pigs in this trial.

One pig from each pen of pigs in the feeding 
trial was selected for a digestion trial. The digestion 
trial was conducted in two periods to determine the 
digestion coefficients of the experimental rations,
There were no significant, differences among the various 
fractions for the different treatments. There was an 
indication that the 3/4 cottonseed'meal ration was 
lowest in digestibility of all the fractions, except for 
ether extract.



Encouraging results were obtained in the 
laboratory when solvent processed cottonseed meal samples 
were quick-frozen. A 21 percent reduction in free 
gossypol content was observed. However, more observations 
are necessary for these results to be conclusive.



INTRODUCTION

In the past few years, hog production in the 
Southwest has increased constantly8 especially in 
Arizona, Accordingly $ there is a real need for nu
tritionally adequate and economical swine rations for 
commercial production. The Southwest grows a large 
portion of the nation’s cotton; therefore, cottonseed 
meal is reasonably inexpensive. Most hog rations 
incorporate soybean meal as the source of supplemental 
protein; however, soybean meal is relatively expensive 
in Arizona because it has to be shipped in from the 
Midwest,

The principal problem with cottonseed meal is 
its toxicity to hogs. Gossypol is the toxic compound in 
cottonseed meal and must be deactivated before effective 
use can be made of cottonseed meal in swine rations.
Since 1915, there have been reports of many trials which 
indicate that iron salts will counteract the toxic 
effects of cottonseed meal, However, most of this work 
was conducted in the 19 208s and 19 30’s, Only in recent 
years has this problem again been the subject of research.
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Cottonseed meal is also a problem because of its 

relatively low lysine content. Only about 64 percent of 
this lysine is available to the animal.

The purpose of this thesis is to report the 
results of a feeding trial and a digestion trial. The 
feeding trial was conducted to determine the average 
daily gains, average daily feed consumption g and the feed 
efficiency of the pigs on a control ration and on three 
levels of cottonseed meal. In the three cottonseed meal 
rations, cottonseed meal replaced 1/4, 1/2 9 and 3/4 of 
the supplemental protein that was supplied by soybean 
meal in the control ration. The rations which contained 
cottonseed meal also had enough added ferrous sulfate to 
produce a 1:1 ratio of iron to free gossypol. The 
digestion trial was conducted to determine and compare 
the digestibility of various fractions of the four 
rations.



REVIEW OF LITERATURE

The earliest recorded statement on the harmful 
effect of cottonseed was made by Voelker in England 
C1859), However, isolation of a definite compound was 
not made until Longmore (1886) isolated a crude pigment 
from cottonseed oil "foots," In 1899, Marchlewski 
extracted, purified, and gave the name "gossypol" to a 
yellow pigment which he had extracted from cottonseed 
"foots," The latter two investigators were not interested 
in the toxic effects of "gossypol," but were interested 
in using it as a dye. In 1915, Withers and Carruth 
presented the first data showing that cottonseed meal 
toxicity was due to gossypol. After extracting gossypol- 
acetate from cottonseed kernels, they found that this 
extract was toxic to rabbits when fed or injected, and 
that the extracted kernels were nontoxic,

Gossypol was prepared in a state of analytical 
purity and its molecular formula ascertained to be 
C3 0H 3 0dgvby Clark (1927), It was also found that the 
dianilide derivative, which is important because of its 
use in the quantitative determination of gossypol, is a 
condensation product formed by 1 mole of gossypol



condensing with 2 moles of aniline, with the elimination 
of 2 moles of water. Of the 8 oxygen atoms in gossypol,
2 have been shown to be present in carbonyl groups, where
as the remaining 6 have been shown to be present in 
hydroxyl groups. Two of these hydroxyl groups behave 
differently than the remaining four$ being much more 
acidic and requiring drastic treatment for the hydrolysis 
of.their acetyl derivative.

The accumulation of the results of studies of 
gossypol led Adams et al, (19 38) to the postulation that 
gossypol is 292-bi-l96$7^trihydroxy-3-methy1-5-isopropyl- 
8-aldehydonaphthyl,

Campbellt Morris9 and Adams (1937) reported that 
gossypol is highly reactive chemically; however, it is 
sensitive to oxidation, particularly in alkaline solution, 
and exhibits a special tendency under the usual experi
mental conditions to yield ill-defined crystalline 
compounds or mixtures which are extremely resistant to 
purification. The reason suggested for the three 
different melting points (184°, 199°, 214°C,) for gossypol 
was suggested to be due to extraction and purification of 
the pure gossypol in different solvents, Gossypol, m.p. 
184°C,9 gives long, slender crystals; gossypol, m.p. 199° 
C», gives long, thick crystals; gossypol, m.p, 214°C.,



gives large, flat crystals $ while gossypol-acetate gives 
long„ flat crystals.

Withers and Carruth (1918) reported that cotton
seed meal was much less toxic than raw cottonseeds mainly 
because of the oxidation of gossypol during cooking. 
Gossypol was found to be toxic to swine. However, it was 
suggested that a cottonseed meal ration with the toxic 
substance disregarded would still have nutritive limi
tations and under restricted conditions lead to failure of 
pigs to thrive. Outdoor exercise, access to forage and 
soil, and improved diets tend to postpone or avert 
cottonseed meal-poisoning of swine.

The mechanism of gossypol detoxification by 
ruminant animals was described by Reiser and Fu (1962).
The gossypol is detoxified in the rumen by binding to 
soluble proteins, this bond being permanent during protein 
digestion. The studies conducted, showed that rumen 
liquor, aerobic or anaerobic incubation, high or low 
temperatures, centrifugation, or proteolytic enzymes had 
no effect on gossypol Content. However, they did show a 
simultaneous disappearance of two moles of e-amino groups 
from lysine to each mole of gossypol.

El-Nockrashy, Lyman, and Dollahite (196 3) carried 
out oral toxicity studies with cottonseed pigment glands, 
gossypol, diamino-gossypol, and gossypurpurin on rats.



It was found that both diamino-gossypol and gossypurpurin 
were considerably less toxic than pure gossypol. The 
pigment glands were more toxic than gossypol, so it was 
concluded that the toxicity of the pigment glands is not 
entirely accounted for by their gossypol content. Use of 
gossypol with Sterculic foetida oil, which contains 
cyclopropane fatty acids, increased the toxicity and 
decreased the amount of gossypol in the feces over that 
found when gossypol was used with corn oil. This indi
cated a possible effect of the cyclopropane fatty acids 
in increasing gossypol absorption.

Smith (19 57) fed a cottonseed meal ration con
taining free gossypol in amounts up to 0,03 percent of 
the ration. The most noticeable sympton observed was 
labored, breathing. Death of the animals occurred from 38 
to 79 days after starting on the ration. Post-mortem 
examination of the pigs that died from gossypol showed 
fluid in the pleural, pericardial, and peritoneal 
cavities, edema of the lungs and lymph nodes, degener
ation of the cardiac muscle, intralobular hepatic 
necrosis, and atrophic spleens,

Danke and Tillman (1965) did a study on the 
effect of gossypol upon blood constituents of animals. In 
the first trial, hemoglobin, mean corpuscular hemoglobin.



percentage of packed cells, mean corpuscular volume, and 
volume index were lowered by untreated cottonseed meal.
In the second trial, iron or heat 8 alone or combined, 
increased the percentage of packed cells $ mean corpuscular 
volume, and volume index. Mean corpuscular hemoglobin was 
greatest in rats fed the nontreated ration. Gains, feed 
consumptions and feed efficiency were lowered in the non
treated meal.

Smith and Clawson (1965) studied the effects of 
various rations on the accumulation of gossypol in the 
organs of growing pigs. The dietary variables studied 
were: 1) soybean meal; 2) high quality cottonseed meal 
alone| 3) with added lysine; 4) with injected iron 
dextran; 5) with dietary irons and 6) with an exhaustively 
extracted cottonseed meal. All of these rations contained 
0.06 percent free gossypol except ration 6 and all 
rations were fed at a 15 percent protein level. The pigs 
were killed after 15-17 days on the rations and the organs 
were analyzed for both free and bound gossypol. No 
differences in gossypol content of the organs were 
observed on rations 1 to 3. The free gossypol was lower 
and the bound gossypol was higher in the livers and 
spleens of the pigs injected with iron. The free and 
bound gossypol contents of most of the organs were lowest 
from ration 5 $ the dietary iron. Rations 1 and 5 showed
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the lowest amounts of free gossypol in the feces. The 
gossypol values for organs of pigs consuming the ex
haustively extracted cottonseed meal were lower than 
corresponding values from the organs of pigs fed rations 
1 through 4,

Using a fortified corn-cottonseed meal ration, 
Clawson and Smith (1965) observed the rate of elimination 
of gossypol from swine tissues. The ration contained 0.02 
percent free gossypol and was fed for a period of 6 weeks 
to permit gossypol accumulation in the tissues. At the 
end of 6 weeks9 3 of the pigs were killed and the rest of 
the pigs put on a gossypol-free ration and subsequently 
killed at 6 day intervals. Livers and spleens were 
collected and analyzed for free and bound gossypol. The 
levels of free and bound gossypol decreased following 
removal of the dietary source. The most-rapid decreases 
occurred during the first 6 days of the depletion period. 
Free gossypol was eliminated from the liver more rapidly 
than the bound gossypol; howevert this was not true from 
the spleen. The bile was found to contain about 14 meg, 
per ml, of free gossypol even after 12 days of depletion. 
The level of free gossypol in the bile remained nearly 
constant for the remainder of the depletion period,

Dechary et al, (19 52) determined, in a specially 
devised glass laboratory extractor8 the relative



effectiveness of organic, polar solvents and of solvent- 
water pairs for use in the extraction of gossypol from 
cottonseed flakes. The rate of extraction of gossypol 
with butanone-water pairs increased with the increase in 
the amount of water in the system and with the increase in 
temperature of the extraction system. However, the 
extraction efficiency decreased with the greater amounts 
of water due to packing and swelling of the flakes® Under 
equilibrium conditions, maximum extraction was obtained 
with a butanone solvent containing 2,5 percent water by 
weight. Flakes extracted at 26°C, contained 0,08 percent 
free gossypol and those extracted at 71*0,, 0,054 percent. 
This decrease may be due in part to the reaction of 
gossypol with the protein to form bound gossypol.

For processing cottonseed meal, Lyman, Holland, 
and Hale (1944) recommended the following conditions; (a) 
addition of water so that the sample contains more than 
the minimum 14.5 percent moisture, and (b) a 90 minute 
cooking period with the temperature close to 115°C. They 
found that when cottonseed meal was fed to constitute 25 
percent of the total food consumed, with no water added 
during cooking, the animals lost weight and death 
occurred. When 6 percent water was added, the animals 
gained a little weight and no deaths occurred. When 7.5
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percent water was added$ there was 100 percent gain in 
weight and no death lossese

Hale and Lyman (1957) reported that the re
striction of the free gossypol content of a ration to
0,01 percent or less provided a safe level of self-feeding 
cottonseed oil meal to growing-fattening pigs. On 30 
percent crude protein rations, with more than 0,01 percent 
free gossypol, pigs showed no toxicity symptoms and there 
were no deaths. But with the same level of gossypol and
only 15 percent crude protein, several pigs died. The
pigs which died on the 15 percent ration consumed up to 
39,6 gm. of free gossypol9 but every pig on the 30 percent 
protein ration had consumed more than 40 gm, of free 
gossypol,

Kornegay et al, (1961) observed that toxicity is 
more acute in winter and chronic in summer. During the 
same trial* the toxicity of free gossypol* as measured 
by intake* gain and mortality of swine* was influenced by 
both the source of protein and the level of free gossypol. 
There was a significant protein-source X level-of-free- 
gossypol interaction associated with feed consumption and 
daily gain, A soybean meal ration gave superior per
formance* better feed utilization* and lower death rate 
than either peanut or cottonseed meals.
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With experiments involving chicks, Condon et al,

(1954) investigated the effect of autoclaving, in the 
presence and absence of gossypol, on certain chemical and 
nutritive properties of a cottonseed meal of initial high 
quality. Feeding experiments indicated a progressive 
decrease in the protein quality index of the meals as 
time of autoclaving increased from 0 to 120 minutes.
This reduction was paralleled by similar decreases in 
nitrogen solubility of the meals in 0.02 N sodium hy
droxide . There appeared to be no direct relationship 
between any other property of the meals and their 
nutritive value to chicks. Samples in which 1 percent 
gossypol was bound during autoclaving appeared to be 
equivalent* chemically and nutritionally * to control 
samples autoclaved for the same time.

I ■Detoxified•cottonseed meal * as high as 35 percent 
of the total ration$, was fed to weanling pigs by Dyer* 
Cullison* and Hays (1951) with no typical symptoms of 
gossypol toxicity occurring. However* dermatitis* 
depigmentation of the hair coat of the Duroc pigs * a slow 
rate of growth and reduction in feed efficiency were 
encountered. These deficiency symptoms suggest that this 
"detoxified" cottonseed meal is deficient in factors 
essential for optimum growth and the physiological well
being of the pig. They showed that neither vitamin
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nor streptomycin will correct the deficiency. When 
cottonseed meal and solvent soybean oil meal were fed 
together, each making up 50 percent of the supplemental 
protein, the soybean oil meal apparently supplied some 
factor(s) in which cottonseed meal was deficient.

Studies by Earle (1959) showed that animal 
tolerance to gossypol is extremely variable. This 
tolerance varies with the animals themselves, the amount 
of protein and the quality of protein. It also, varies 
with the amount of lysine in the diet and the amount of 
supplemental'lysin#. fed.

Working with chickens, Heywang, Bird, and 
Kupperman (1952) found that most of the gossypol mixed 
with a diet at the 0.012, 0,024, and 0.036 percent levels 
was undetectable by chemical analyses after the mixtures 
had stood for several days. The mixed diets were fed on 
only the 6th and 7th days after mixing. There was no 
decrease in hatchability when gossypol was mixed in the 
diet at the 0.012 and 0.024 percent levels, and only a 
slight decrease when it was mixed at the 0,036 percent 
level. There were no adverse effects on whole egg 
weights at any of the levels. The data from the feeding 
experiment are in good agreement with the results of the 
chemical analysis in that they indicate most of the
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gossypol had been destroyed or inactivated within 144 
hours after it was mixed in the diet,

It was found by Wallace» Cuhha, and Combs (195.5) 
that low-gossypol cottonseed meal could be used as the 
sole protein source for pigs without developing symptoms 
of gossypol poisoning; however, gains and growth were not 
optimum. The addition of several amino acid supporters 
was without effect $ however, the addition of iron sulfate 
proved helpful. This seemed to indicate that the gossypol 
was depressing gains without showing clinical symptoms.

Smith (1961) reported that strains of cotton with 
a lower gossypol content than is found in varieties 
currently grown have resulted from crosses of commercial 
varieties with Upland cotton having the necessary genes 
for reducing the gossypol content. Feeding trials with 
rats showed good growth when meals prepared from three 
crops of these strains of seed were fed at the 10 percent 
protein level. However, the excellent growth when meals 
were prepared from certain genetic lines of cotton having 
relatively high levels of gossypol suggests that other
components may have been improved through breeding,

Lyman, Kuiken, and Hale (1947) reported the
content of 10 different amino acids in 19 samples of 
cottonseed, peanut and soybean products $ including 
cottonseed flour, both hydraulic and solvent extracted 
cottonseed meals, peanut flour, peanut meal, both
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hydraulic and solvent extracted soybean meals, soybean 
protein and soybean feed. With respect to 3 amino acids 
which are of particular significance in nutrition, lysine, 
methionine, and tryptophan, the proteins of cottonseed 
and soybean meals were found to be definitely superior to 
the protein of peanut meal. With the exception of soybean 
protein and soybean feed, the type of commercial process
ing appeared to have little or no effect on the amino 
acid composition of the products.

Using the rat feeding method to determine the 
availability of essential amino acids in cottonseed 
products» Kuiken (1952) found that marked variation in 
individual amino acid availability was characteristic of 
commercial hydraulic cottonseed meal. The availability 
of lysine and methionine was particularly low, with 
values of 64 and 6 7 percent, respectively. Lysine 
availability values as high as 85 percent were obtained 
with special solvent and gland-free meals. The binding 
of gossypol as a result of heating cottonseed meal in 
the presence of either gossypol or pigment glands did not 
reduce amino acid availabilities appreciably unless 
cottonseed oil was also present. Heat treatment as 
severe as autoelaving for one hour at 15 pounds pressure 
did not reduce the availability of the essential amino 
acids in cottonseed meal of low oil content. Lysine was
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found to be more sensitive to heat destruction than the 
other essential amino acids. A reduction of approximately 
10 percent in lysine content was observed when solvent- 
processed cottonseed meal was autoclaved at 15 pounds 
pressure for 60 minutes.

Sure (1953) made a biological study of the protein 
values of three cottonseed meals and one cottonseed flour 
as influenced by different methods of processing, using 
the albino rat as the experimental animal. The protein 
efficiency of these meals and flour was investigated by 
the rat growth method at 10.8 and 5 percent levels of 
protein intake® The best product from the standpoint of 
protein efficiency was a solvent-extracted meal which had 
no heat treatment. The cottonseed flour, which had the 
most drastic heat treatment, showed the poorest protein 
efficiency. The biological value of the protein in this 
product was improved by adding lysine and methionine, as 
these had been either partially destroyed or made un
available during processing.

Conkerton and Frampton (1959) reported that the 
number of e-amino groups of lysine in proteins which are 
free to react with 2,4-dinitrofluorobenzene is reduced 
when the proteins are exposed to reactions with gossypol. 
This reduction in reactive e-amino groups of lysine is
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increased when the pH of the reaction mixture is made 
more basic,

Marshall9s C1905) work indicated that cottonseed 
meal might be used in larger quantities and for longer 
periods when fermented and fed in a slop. Fermenting was 
done by mixing cottonseed meal and dry corn chop in a 
barrel and then covering with water. Fermentation was 
allowed to proceed for 24-4 8 hours and further reduced in 
warm weather,

Autoclaved cottonseed meal was examined for its 
nutritive value for rats by Olcott and Fontaine (1941),
In an ad libitum growth experiment with rats $ they 
reported that steam autoelaving (17 pounds pressure) 
markedly reduced the nutritive value of the proteins in 
gossypol-free (ether-extracted) cottonseed meats. The 2- 
hour-autoclaved meal, when present in quantity sufficient 
to give 12 percent in the diet* permitted a gain in grams 
per gram protein eaten of 0,52 compared with 2,0 for the 
unautoclaved meal. Animals fed the 2-hour-autoclaved 
meal were only slightly benefited by supplementation with 
lysine. Supplementation with histidine was ineffective.

Hale and Lyman (1962) fed pigs a cottonseed meal- 
sorghum grain ration containing 14 percent cottonseed 
meal supplemented with 7* 14* and 21 percent fish meal 
and 0,33* 0,66 and 1 percent synthetic lysine. This
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ration contained 0,02 percent free-gossypol. During the 
experiment, no pigs were lost in the groups which received 
14 or 21 percent fish meal nor was there any sigh of 
gossypol toxicity. Although supplementing the rations 
with lysine did not protect against gossypol toxicity, 
the growth rate was increased. Iron salts at a level of 
approximately 500 ppm, supplemented the protective action 
of.the animal protein. Higher levels of iron gave poorer 
growth rates,

Stevenson, Cabell, and Kincaid (1965) reported 
that cottonseed meal rations with iron or soybean meal 
added supported normal growth, while cottonseed meal alone 
did not. They also found that 50 and 75 percent soybean 
meal plus cottonseed meal eliminated all toxic symptoms 
and produced gains slightly better than straight soybean 
meal,

Gallup and Reder (19 36) stated that levels of 2 
and 3 percent NaHCOg, 2 percent CaCOgt 2 percent NaHCOg

(best), and 2 percent CaCOg + 1 percent NaHCOg improved 
the gains of rats being fed gossypol. Gains from all 
four of these were somewhat comparable with gains on 
gossypol free rations. They also indicated that gossypol 
inhibits lipase activity in basic and acidic media. 
Complete inhibition by gossypol in an alkaline medium is
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dependent upon the presence of calcium$ and in an acid 
medium the degree of inhibition is independent of the 
calcium. They also reported that calcium precipitates 
gossypol from an alkaline solution.

Experiments carried out by Bressani et al» (1966) 
showed that cooking a mixture containing cottonseed flour 
in water reduced free gossypol about 52 percent. When 
the same mixture with 1 percent calcium carbonate was 
cookede the free gossypol decreased about 57,5 percent. 
Also, calcium hydroxide consistently lowered free 
gossypol levels after the mixture was cooked. They also 
reported that their experiments showed that the addition 
of ferrous sulfate reduced free gossypol by 40 percent. 
When both calcium hydroxide and ferrous sulfate were 
added, the free gossypol was reduced by 7 3 percent. In 
all of these experiments, the available lysine analyses 
showed the lysine to remain constant, indicating that 
the decrease in free gossypol was not due to binding 
with lysine,

Jonassen and Demint (19 55) carried out extensive 
studies on the interaction of gossypol with the ferrous 
ion, and all of their studies indicated that iron and 
gossypol combine in a 1:1 molar ratio. This was indi
cated both by conductometric and potentiometric 
titration of sodium gossypolate and ferrous chloride.
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Using both ferrous chloride and ferrous perchlorate, they 
obtained an average pK value for the dissociation constant 
of ferrous gossypolate of 7.3. This also indicates that 
iron and gossypol combine in a 1:1 ratio, independent of 
the anion present9 and that ferrous gossypolate is only 
slightly dissociated in solutions,

In 1913, Withers and Brewster fed rabbits cotton
seed meal alone and they died £fteriW#2 days on test. 
However, when rabbits were put on the same feed, but with 
0,3 gm. of citrate of iron and ammonia daily, they all 
lived and were normal after 23 days on feed. They also 
had some rabbits on cottonseed meal and citrate of iron 
that were alive and normal after 58 days,

Gallup (1928) produced gossypol injury by feeding 
albino rats diets containing either 10 Or 20 percent 
cotton seeds of known gossypol content. He found that the 
addition of ferric oxide to their diets was of no value in 
counteracting the effects of gossypol* probably due to the 
insolubility of the ferric oxide. However, he did report 
that ferric citrate and ferrous ammonium sulfate, when 
present in sufficient amounts to furnish 3 gm, of iron 
per 1 gm. of gossypol. Were equally effective in allowing 
the animals to make nearly normal growth for some time.
The addition of smaller amounts was attended with less 
favorable growth.
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The results of an experiment by Barrick et al. 

(1950) showed that iron salts were effective in overcoming 
gossypol toxicity and that A.P.F. gave an added growth 
response. In another experiment, gains were good with 
iron sulfate, A.P.P. and casein added to the basal diet.

In experiments done by Clawson and Smith (1965)9 
ferrous sulfate was added to com-cottonseed meal rations 
with 80e 2409 or 400 ppm. of gossypol to provide 0:1,
0,5:1 and 1:1 ratios of iron to gossypol. The high levels 
of dietary iron were found to be effective in reducing 
tissue residue of gossypol in pigs fed 400 ppm. to about 
the level found when 80 ppm, of gossypol and no iron were 
fed,

Cabell and Stevenson (1966) reported that the 
addition of iron salts to their blended cottonseed meal 
rations was completely effective in preventing symptoms 
and mortality in pigs. The blended meals without iron 
resulted in a 66,7 percent mortality rate. Although the 
ferrous fumerate seemed fully effective at both levels, 
the average daily gains were somewhat below the expected 
normal rate on all ferrous sulfate supplemented rations. 
Analysis of variance of the data showed no significant 
difference at the 5 percent level between the three iron 
treated rations, However, the lots on rations supple
mented with iron gained much less than those with soybean
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meal in them. Feed wastage was greater on the iron 
supplemented rations, indicating effects on palatability.

Lyman C1966) carried out several swine trials 
looking for basic information on the effects of iron 
salts and/or protein of high biological value on gossypol 
and gossypol-like compounds, The results of the first 
trial showed that with a 30 percent protein ration there 
was no indication of any unfavorable physiological effect 
from gossypolg even when as high as 0,03 percent free 
gossypol was present. The protein source was soybean 
meal. Another experiment showed that ferrous sulfate at 
a level of 400 ppm, of iron in the ration did protect 
against gossypol when using protein supplements of 
varying composition. It also showed that when some fish 
meal was included in the protein supplement* both the 
rate of gain and feed efficiency were excellent. In 
another experiment 9 100 ppm, of iron in the form of ferrous 
sulfate was sufficient to protect against 200 ppgu in the 
ration; this is 0.02 percent of the ration. Subsequent 
experiments indicate that more iron salts, jl,jb, 200 ppm. 
in rations containing this amount of gossypol, is 
desirable in order to provide a margin of safety.

Barrentine (1966) indicated with two trials that 
ferrous sulfate would inactivate gossypol in cottonseed 
meal rations for swine. The rations used were 70 percent
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ground yellow corn and 30 percent cottonseed meal. In 
the first experiment he compared solvent and commercial 
hydraulic cottonseed meals with and without ferrous 
sulfate. With both the solvent and hydraulic meals there 
were no signs of toxicity when the ferrous sulfate was 
added and gains were increased. In the second trial, 
solvent meal was tested with and without heat and ferrous 
sulfate. The pigs on solvent meal + ferrous sulfate and 
both of the heat treated meals 9 with and without ferrous 
sulfateB outgained the pigs on untreated solvent meal. 

Harper and Gandy (1967) reported that glandless 
cottonseed meal became a commercial reality in 1966,. 
Advanced plant breeding has brought the quality of 
glandless cottonseed lint up to about the same level as 
that of glanded cottonseed lint$ but the big advantage 
being that with no pigment glands in the cottonseed there 
is no gossypol. This will increase the value of cotton
seed meal tremendously as it can then be safely used as a 
protein source for monogastric animals,

Hansard et al» (1951) described the design and 
operation of adjustable metabolism units which were 
adapted for use in balance studies with barrows or gilts, 
The width of the stall and the length may be readily 
adjusted to the size of the animal. The animal can be
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successfully restricted to the desired area by means of 
these adjustments and a hot wire arrangement from an 
electric fence unit at the rear end of the stall, which 
also keeps the animal from stepping in the feces collection 
tray. Another hot wire can be used at back level to keep 
the animal from climbing the sides. A drawer-type combi
nation feed box and watering unit attached below floor 
level minimized contamination of excreta with feed and 
water. A removable panel in one side of the stand and a 
swine immobilizer unit attachment facilitates bleeding or 
dosing of the animal without removing it from the stall.

Welch, Cordts, and Vander Moot (196 4) found that 
the biggest disadvantage with the stall designed by Hansard 
was the watering device. Therefore$ they fashioned a 
continuous-flow watering device which operated on the same 
principle as pouring water down a stirring rod. A 2-ft. 
section of 1/2-in. galvanized rod was fastened between a 
water pipe and a 1 3/4-in. X 3/4-in. reducing coupling 
which functioned as a funnel and drain. The water flow 
was adjustable so that a uniform flow could be maintained. 
Pigs readily learned to drink from this arrangement, and 
soiling and spillage were not a problem.

Morgan and Davey (1965) described a metabolism 
stall for swine nutrition studies that was simpler to make
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than Hansard's* The stall described provided for the 
separate collection of total urine and feces from male 
swine ranging in size from 50 to 200 pounds. These stalls 
were adjustable wooden cages8 floored with stainless steel 
screens. These screens allowed voided urine to be 
collected on polyethylene film catch panels and funneled 
into collection jars. Feces were collected in poly
ethylene bags secured to the pig by an adjustable harness 
and interchangeable hoop arrangement which permitted easy 
changing of the bags®

Clawson et al. (1955) investigated the applicability
iw .asttw ~

of the chromium oxide-indicator method to a study of the 
digestibility of rations self-fed to pigs on a lot basis®
It was found that digestion coefficients derived from the 
chromium oxide concentrations of the feed and feces were 
in close agreement with those determined in total 
collection trials®

Moore (1957,1958) found that fecal excretion 
patterns were dependent on the length of time between 
feedings, the number of daily feedings, and to some extent 
on the individual pig. When fed at 9:30 A.M. and 3;30 P.M., 
the CrgOg fed at 9:30 A.M. came out in greatest concen
tration between 8:00 and 9:00 A.M. the next morning. When 
fed at 3:30 P.M., the CrgOg came out between 4:00 and 8:00 
P.M. the next day. These findings indicate a relatively
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constant rate of passage of about 24 hours. In other 
trials, a comparison of the conventional and indicator 
methods of determining the daily digestibility coef-" 
ficients when feces were collected quantitatively showed 
that" day-to-day variation in the digestibility 
coefficients of the various nutrients was less when 
determined by the CrgOg method.



EXPERIMENTAL PROCEDURE

A feeding trial was conducted to determine the 
effects various levels of cottonseed meal and ferrous 
sulfate would have on the gains, feed consumption $ and 
feed efficiency of growing swine. Forty crossbred 
barrows, averaging 45„6 pounds in weight, were stratified 
by weights to four pens. The experimental pens were 10 
X 38 feet in size with gradually sloping solid concrete 
floors. All four pens were equipped with automatic 
watering cups„ sprinklers, self-feeders, and shade.
These pens were scraped and washed once a day, 6 days a 
week. The pigs were individually weighed every 14 days 
throughout the trial. Weights were taken at 7:00 A.M. on 
every weigh day. The pigs were numbered with plastic ear 
tags. •

The experimental rations used are shown in Tables 
1 and 2. Due to the difference in lysine content of 
cottonseed meal and soybean meal, the rations varied in 
lysine content. The calculated lysine levels of the 
experimental rations are shown in Table 3. Values from 
both Morrison (1956) and Feedstuffs*(1965) were used to
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Table 1, 16% Protein experimental rations.

Ingredient Control0
%

1/4 d 
CSM

■ %
in e CSM
%

3/4 f
CSM
%

Milo 74,25 7 3,80 73. 35 72 . 85
Soybean meal, 44%, solvent

22.80 17.10 11.40 5. 85
Cottonseed meal, 41%,

solvent 6 . 2 0 12,40 18.50
Ground limestone 1.05 1 . 2 0 1.25 ' 1.40
Dicalcium phosphate 0 . 80 0.60 • 0,50 0.30
Salt 0.50 0.50 0.50 0.50
Trace mineral

supplement3 0 . 1 0 0 . 1 0 0 , 1 0 0 . 1 0

Vitamin-antibiotic
premixb 0. 50 0.50 0.50 0 . 50

Ferrous sulfate - grams 00 5,67 11.25 16.78

^Guaranteed analysis - 8 ,6% manganese, 0,05% cobalt9 0,15% 
iodine, 1 0 .0% zinc $ 1 .0 % copper, and 1 0 ,0% iron. 
Calcium, 18,0% maximum and 16.0% minimum,

^Each pound of premix provided the following; milo, 0,58 
lb. j vitamin A, 400 , 0 0 0 I.U.; vitamin D2 $ 80 ,.000 I .U. } 
riboflavin, 400 mg.; pantothenic acid, 800 mg.; 
niacin, 1,800 mg. 5 choline, 2 , 0 0 0 mg. j vitamin » 2 
mg., and antibiotic, 2.50 gm.

^Calculated calcium, 0.663%, and phosphorus, 0.508%.
^Calculated calcium, 0.667%, and phosphorus, 0.503%,
^Calculated calcium, 0.657%, and phosphorus, 0.517%«
fCalculated calcium, 0.661%, and phosphorus, 0.513%.
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Table 2„ 14% Protein Experimental rations.

1/4 1/2 3/4
Ingredient Control0 CSMd CSMe CSM

% % % %
Mild OO00 80,10 79.72 79,33
Soybean meal, 44%,

solvent 17.20 12.90 8.60 4, 30
Cottonseed meal, 41%, 

solvent =a> 4,60 9.28 13.97
Ground limestone 0 . 80 1 . 0 0 1 . 0 0 1,05
Dicalcium phosphate 0.50 0. 30 0,30 0.25
Salt 0.50 0.50 Oan0 Oan0

Trace mineral supplement^ O H O 0 , 1 0 0 .10 0 , 1 0

Vitamin-antibiotic
premix° OLOO 0.50 0,50 0,50

Ferrous sulfate— grams 4.10 8.40 12,70

^Guaranteed analysis - 8.0% manganese,9 0.05% cobalt, 0.15% 
iodine9 1 0 .0% zinc, 1 .0 % copper9 and 1 0 .0% iron. 
Calcium, 18.0% maximum and 16.0% minimum.

bpach pound of premix provided the following? mild $ 0.58 
lb. 5 vitamin A, 400,000 I,U.; vitamin Dg, 80 ,000 I.U. ; 
riboflavin, 400 mg.| pantothenic acid, 800 mg.| niacin, 
1,800 mg.; choline, 2 , 0 0 0 mg. ; vitamin B1 2 , 2 mg., and 
antibiotic, 2.50 gm.

^Calculated calcium, 0.502%, and phosphorus, 0.438%.
^Calculated calcium, 0.507%, and phosphorus, 0.424%.
^Calculated calcium, 0.502%, and phosphorus, 0.430%.
^Calculated calcium, 0.509%, and phosphorus, 0.436%.
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Table 3. Calculated total lysine in rations.

Ration
Treatment 16% Protein 14% Protein

Control 
1/4 CSM 
1/2 CSM 
3/4 CSM

% % 
,8691 .7239
,8079 .6766
,746 8 .6 304
,6881 .5843
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calculate the rations and lysine levels. The rations were 
calculated to meet the requirements set by N.R.C. (1964).

The supplemental protein in ration 1 (control) 
was supplied entirely by 44 percent soybean meal. In 
ration 2 (1/4 CSM), one-fourth of the supplemental protein 
was supplied by 41 percent solvent extracted cottonseed 
meal; in ration 3 (1/2 CSM), one-half of the supplemental 
protein came from cottonseed meal; and in ration 4 (3/4 
CSM)„ three-fourths of the supplemental protein came from 
cottonseed meal. A ferrous sulfate-milo premix was used 
to supply iron in a 1 : 1 ratio with the free gossypol in 
the rations. The milo which was used in the rations and 
the premix was finely ground.

The rations were mixed in 1,0 0 0 -pound batches at 
the University Feed Mill. All feed was sacked and stored 
in a Butler building at the Campbell Avenue Farm. The 
sacks of feed were individually weighed before feeding.
The pigs were fed from self-feeders. The feeders and feed 
were weighed on each weigh day to measure feed intake.

The pigs were started on the 16 percent protein 
experimental rations and switched to the 14 percent 
protein rations when they reached 75 pounds. The trial 
was terminated when the average pig weights of each pen 
reached approximately 2 0 0 pounds.



When the average pig weight reached approximately 
1 0 0 pounds, one pig from each pen was taken out for use 
in a digestion trial* These individuals were selected 
on the basis of being the most nearly average pig in the 
pen for average daily gain and weight*

The digestion trial was conducted in individual 
sheep metabolism crates* These crates had built-in 
apparatuses for the collection of urine and feces 5 how
ever 9 urine was discarded* The floors in these crates 
were made of steel mesh of 1-inch squares * These crates 
were 2 feet wide, 4 feet long, and 3 feet high, and the 
floors were about 2 1/2 feet off the ground* Each crate 
was supplied with a removable feed can and water can*
The water cans were removed after the pigs were watered 
individually four times a day* The water was removed 
because the pigs were inclined to transfer feed to the 
water cans, making weigh-back of feed almost impossible* 
The crates were placed on a concrete slab and under shade* 
The concrete slab was kept clean during the entire trial 
so that spilled feed could be recovered*

The pigs were kept on the same rations that they 
were on in the pens. The pigs were in the crates for a 
preliminary period of 4 days before the first trial was 
started. During this period, two fecal markers were 
tried. First, yellow iron oxide was tried, but it could
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not be detected in the feces. Red iron oxide was used 
next and was readily visible in the feces. Therefore, 
red iron oxide was used as the marker for all of the 
trials. Both iron oxides were supplied in powdered form. 

Four pounds of feed were given to the pigs at 
7;00 A.M. to start the trial. Of these 4 pounds, 1 1/2 
pounds were thoroughly mixed with 1 teaspoon of red iron 
oxide. Three days later$ the iron oxide was given again. 
Collections were started as soon as the red marker 
appeared in the feces. Feces were collected and weighed 
every 24 hours during the three-day trial. The trial 
ended with the appearance of the next marked feces.
Samples were, retained and dried for each 24-hour period. 
Three trials were run in succession with the marked feces 
indicating the end of one trial and the start of the next.

The samples from the first trial were not ana
lyzed because the pigs were not on constant feed at the 
start of the trial. Feed samples were also taken during 
the second and third trials (Period I and Period I D  » 
dried, and analyzed.

Chemical analyses of the feed and feces were 
conducted according to the methods set forth by A.O.A.C, 
(1955). The digestion coefficients of the various 
fractions were calculated using the following formula:
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Intake-Output
Intake

The cottonseed meal used was analyzed for free gossypol 
according to A.O.C.S, Official Method Ba 7-5 8 C1958)„
All statistical tests and analysis used were as outlined 
by Steel and Torrie (1960)3

Experiments were also conducted for physically or 
chemically deactivating the gossypol in cottonseed meal. 
Both expeller and solvent extracted meals were subjected 
to various treatments. Samples were thinly spread in 
aluminum trays and then subjected to ultra-violet light 
for 5 or 10 minutes. In another experiment9 samples which 
had been placed in polyethylene tubes were quick-frozen 
at -65°C. for 5 or 10 minutes in an alcohol-dry ice 
solution. Other samples were quick-frozen in liquid 
nitrogen (-196*0.) in a semen storage tank. These 
samples were also placed in polyethylene tubes which were 
lowered into the liquid nitrogen on a piece of nylon 
line„ All of the gossypol samples were analyzed for free 
gossypol content according to A.O.C.S. (1958) methods.



RESULTS AND DISCUSSION

Average daily gains $ daily feed intake, total 
days on feed, and feed required per pound of gain are 
presented in Table 4, Although there were no significant 
differences among any of the treatments due to the lack 
of observations, there were certain trends indicated.
This trial indicated that replacing 1/4 of the supple
mental protein in the control ration with cottonseed meal 
enhanced average daily gain and average daily consumption, 
as well as reduced the number of days on feed, However, 
feed per pound of gain was lower on the control ration. 
When higher levels of cottonseed meal were used, the trend 
went in the opposite direction. It should be noted that 
the improved performance of the pigs on the 1/4 CSM 
ration could easily be due to pig differences. As shown 
by the weights in Table 9, there was greater variation in 
the final weights of the control pigs, which ranged from 
159 pounds to 229 pounds, than with those of the pigs on 
the 1/4 CSM ration, which ranged from 177 pounds to 217 
pounds. There were greater variations of final weights 
within the pens that were on the higher levels of cotton
seed meal,

34
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Table 4, Results of feeding trial,

Treatment

Control 1/4 CSM 1/2 CSM 3/4 CSM

Pen number 2 3 1 4
Number of pigs/pen 10 10 10 9a
Av„ initial pig

wte 9 lb a 45.6 45.6 45.6 46.0
Av. final pig wt.„

lb. 200,3 199.5 200.0 202.0
Av. days on feed 110.0 105.0 114.0 117.0
Av. daily gainB lb. 1.41 1.46 1. 35 1, 33
Av, daily

consumption, lb. 4.64 5,06 4.86 4.92
Feed per pound of

gains lb. 3. 30 3.45 3.58 3.69

One pig died 4 days after the trial was initiated. The 
pig was found dead with its head lodged between the 
bottom rail of the fence and the concrete floor.
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Average daily gains were decreased and daily feed 

intake $ total days on feed, and feed required per pound 
of gain were increased for the pigs on the two rations 
containing higher amounts of cottonseed meal than for 
the pigs on the control ration. Work by Cabell and 
Stevenson (1966) has shown that high levels of iron can 
cause decreased palatability. However, in their trials, 
they were adding iron at levels of 0,56 and 0,2 8 percent 
of the ration and the rations for this trial only contained 
0.009 to 0,028 percent iron. The levels of iron in this 
trial were not high enough to cause decreased palata
bility.

This trial indicates that growth rates could have 
been reduced by low lysine levels in the rations con
taining higher amounts of cottonseed meal. These trends 
can be explained by the relatively low lysine content of 
cottonseed meal. The calculated total lysine content of 
the rations was shown to decrease as the amount of cotton
seed meal in the rations was increased, Kuiken (1952) 
reported that the availability of lysine in cottonseed 
meal was about 64 percent. Hale and Lyman (196 2 ) obtained 
increased growth rates by the addition of synthetic 
lysine to a 14 percent cottonseed meal ration. However* 
they stated that added lysine would not protect pigs from
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gossypol toxicity9 but that iron salts would. Results of 
their work indicated higher levels of iron retarded 
growth rate„

Upon analysis 9 the cottonseed meal used in this 
trial was found to contain 0,033 percent free gossypol.
The 3/4 CSM ration was calculated to contain ,0046 percent 
free gossypol. None of the pigs showed signs of toxicity 
at any time during the trial. Smith (1957) reported that 
death occurred after 38 to 79 days on a ration containing 
0,03 percent free gossypol. Hale and Lyman (19 57) reported 
that the restriction of the free gossypol content of the 
ration to 0 * 0 1 percent or less provided a safe level for 
feeding cottonseed meal to growing-fattening pigs. Analy
sis of fecal material collected during this trial resulted 
in the following values on an air dry basis; 0,0059 
percent free gossypol from the control pigs; 0,0084 per
cent free gossypol from the pigs on the 1/4 CSM ration $ 
0,0076 percent free gossypol from the pigs on the 1/2 CSM 
ration| and 0,016 percent free gossypol from the pigs on 
the 3/4 CSM ration. Assuming that the control ration 
contained no free gossypol would lead to the assumption 
that something else in all of the rations was giving the 
same analytical results as free gossypol. This would 
leave only traces of free gossypol in the fecal samples8 
indicating a high amount of binding between iron and free
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gossypol, or a high rate of absorption of the free 
gossypol. Considering that none of the pigs showed the 
toxicity symptoms, would indicate that very little free 
gossypol was absorbed by the pigs. These indications 
are, to some degree, in agreement with radioactive studies 
reported by Lyman and Widmer (1966).

The modified sheep metabolism crates used in the 
digestion trial being reported did not work as well as 
was expected. Problems arose with spillage of feed and 
water8 feces collection, and pigs turning around in the 
crates.

The results of the chemical analyses of the 
rations are presented in Table 5. There were no signifi- 
cant differences among the various fractions of the 
different treatments. For Period I, the control ration 
contained 3.36 percent CF and 2.72 percent EE; the 1/4 
CSM ration contained 3.64 percent CF and 2.22 percent EEs 
the 1/2 CSM ration contained 3.89 percent CF and 2.60 
percent EE; and the 3/4 CSM ration contained 4.24 percent 
CF and 2.04 percent EE, These figures show that cotton
seed meal is higher in crude fiber and lower in fat 
content than soybean oil meal. This is in agreement with 
Feedstuffs’ (1965). Similar results were obtained in 
Period II.
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Table 5« Proximate analyses of feeds on a dry matter 
basis.

Ration CP CF EE NFE Ash
% % % % %

PERIOD I
Control 16,14 3, 36 2,72 73,40 4,37
1/4 CSM 16.06 3,64 2 . 2 2 73.76 4.32
1/2 CSM 16, 39 3,89 2,60 72,63 4,49
3/4 CSM 16,46 4,24 2,04 72.97 4,28

PERIOD II
Control 16,0 8 3.12 2,92 73,67 4,21
1/4 CSM 15,96 3.76 2,14 73.88 4,27
1/2 CSM 16,06 4, 38 2.30 72,72 4,54
3/4 CSM 16,55 4.39 2.46 72,15 4,46
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The results of the chemical analyses of the fecal 

samples are presented in Table 6 , There were no signifi
cant differences among the various fractions of the 
different treatments. However, the percent fat excreted 
tended to decrease from 10.65 percent in the feces from 
the control ration to 6.63 percent in the feces of the 
pigs on the 3/4 CSM ration in Period I , and from 9.90 
percent to 7. 0 2 percent for the respective rations in 
Period II, as the amount of cottonseed meal the pigs were 
consuming increased.

The digestion coefficients and TDM values of the 
various fractions of the proximate analysis are presented 
in Table 7. The results of the statistical analyses of 
these various fractions are given in Table 8 . There were 
no significant differences among the various fractions 
for the different treatments. However, there was an indi
cation that the 3/4 cottonseed mea'l ration was lowest in 
digestibility of all the fractions except ether extract. 
The values obtained for the 1/4 CSM ration were highest 
in all fractions except ether extract. The values for 
the control and 3/4 CSM rations were as follows: DM,
82.58 and 78.54; TDM, 82,38 and 78.68 ; NFE e 92,01 and 
89.09; CFa 27.06 and 24,98; and CP, 71.36 and 66,96. These 
figures indicate that the high level of cottonseed meal
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Table 6 , Proximate analyses of feces on a dry matter. 
basis

Pig CP
%

CP
%

EE
%

NFE
%

Ash
%

PERIOD I
18 8a 26.79 1 2 . 6 8 10.65 33.68 16.19
172b 27.42 12.91 1 0 . 0 2 33.17 16.49
167° 28.02 14.62 8.47 34.74 14.15
183d 25.72 16.10 6.63 38.98 12.58

PERIOD II
18 8a 26.50 14.76 9.90 34.06 14.78
172b 27.62 14.95 8.75 33.08 16.01
16 7° 27.23 16.36 8 . 2 0 34.08 14.13
183d 27=05 15. 33 7.02 36.98 13.62 .

^Control ration. 
*>1/4 CSM ration. 
cl/2 CSM ration. 
(*3/4 CSM ration.
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Table 7„ Digestion coefficients and total digestible 
nutrients of the experimental rations*

Ration
Fraction C o n t r o l 1/4 CSM 1/2 C S H 3/4 GSM

Dry matter 82.58 84.26 oCMCO 78,54
Nitrogen free 

extract 92.01 92,99 91.87 89.09
Crude fiber 27.06 40,90 35,90 24,98
Ether extract 36.92 33.15 .O'CMCM 37,04
Crude protein 71.36 72,82 70,69 66,96
Total digestible 

nutrients3 82.38 83,44 82.06 78.68

aDry matter basis»
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depressed DM8 NFE9 CF$ and CP digestibilitys as well as 
depressing TDN values. The EE digestibility coefficients 
were approximately the same for the control and 3/4 CSM 
rations.

In laboratory experiments conducted by the author, 
no reduction in free gossypol was obtained when samples 
were subjected to an ultra-violet light. Some samples of 
solvent processed cottonseed meal showed slight reductions 
in amounts of free gossypol when quick-frozen at -65°C, 
for 5 minutes. However, the most encouraging results were 
obtained when solvent processed samples were quick-frozen 
at -196°C, for 2 minutes. The control samples for this 
experiment were found to contain 0,038 percent free 
gossypol, while the quick-frozen samples contained 0,030 
percent free gossypol. This is a reduction in free 
gossypol of 21 percent. The prospects are good for this 
detoxification method $ however, more observations are 
needed before the results can be conclusive.



SUMMARY

A feeding trial was conducted to determine the 
average daily gains e daily consumption, total days on 
feed, and feed per pound of gain when comparing a complete 
mixed milo»soybean meal control ration to three rations 
in which cottonseed meal replaced 1/4, 1/2, and 3/4 of 
the supplemental protein supplied by soybean meal in the 
control rationse Forty crossbred barrows were stratified 
by weight to four pens® There were no significant differ
ences among the treatments® However, there was an 
indication that the ration with the small amount of 
cottonseed meal C1/4) increased average daily gains and 
daily consumption over the control ration. The control 
group showed' the best feed conversion of all the groups.
It was also indicated that the higher levels of cotton
seed meal depressed gains, intake $ and efficiency and 
increased total days on feed when compared to the control 
group*

When the pigs on the feeding trial reached 
approximately 1 0 0 pounds in weight, one pig from each 
group was put in a metabolism stall for a digestion trial® 
The digestion trial was based on total collections and
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red iron oxide was used as a fecal marker. Chemical 
analyses for the various fractions of the feed and feces 
resulted in only slight differences. The statistical 
analyses of the digestion coefficients of the various 
fractions revealed no significant differences. However9 
there were indications that the high amount of cottonseed 
meal C 3/4) reduced the digestibility of all fractions 
except ether extract.

In laboratory experiments $ it was found that 
quick-freezing solvent processed cottonseed meal samples 
reduced the free gossypol content by 21 percent. These 
samples were quick-frozen in polyethylene, tubes in a 
semen storage tank containing liquid nitrogen (-196*0.). 
This technique revealed some promise, but more obser
vations are needed to make definite conclusions.



APPENDIX

Explanation of Abbreviations

A.P.P. .= Animal protein factor
CF = Crude fiber
CP = Crude protein
CSM = Cottonseed meal
°Co = Degree Centigrade
df - Degrees of freedom
DM 2 Dry matter
EE s Ether extract
gnu = Gram
in. 2 Inch
meg, = Microgram
m.p. = - Melting point
NFE = Nitrogen free extract
ppm. = Parts per million
TDN = Total digestible

nutrients
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Table 8. Analysis of variance of digestion coefficients.

Mean Squares
Source of variation i df NFE DM CP CF EE Ash TDN

Replications 1 0 . 1 0 0.08 0.28 26.28 41.73 0 . 0 2 0.24
Treatments 3 16.85 11.71 12.48 111.87 27.93 27.23 8.73
Error 3 3.51 4.38 11.30 151.30 96.33 54.52 4.20

-F-4



Table 9. Initial and final individual pig weights.

Pen 1 
1/2 CSM

Weight Pen 2 
Control

Weight Pen 3 
1/4 CSM

Weight Pen 4 
3/4 CSM

Weight
TnitTFinT TnTtfa TTn. iHrtrTHr Tnit. Pin.
lb. lb. lb e lb a lb. lb. lb. lb.

180 53 177 191 53 229 178 51 2 1 0 187 50 2 0 2

167 47 191 188 48 192 199 49 183 166 49 214
19 3 47 239 184 47 2 1 0 176 47 2 1 0 169 47 154
2 0 0 47 192 394 47 192 16 8 46 217 170 46 209
174 46 236 194 46 2 0 0 391 46 184 195 44 209
165 45 177 196 45 229 177 45 198 183 45 19 3
190 44 214 182 44 159 173 45 177 179 44 20 3
197 44 189 393 43 2 0 1 181 43 195 189 41 205
171 42 , 194 185 42 208 186 42 208 198 48 229
192 41 191 175 41 183 172 42 213

Av0 45, 6 2 0 0 . 0 A V a 45. 6 200.3 AV. 45. 6 199.5 Av. 46.0 2 0 2 . 0
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