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ABSTRACT 

Nutritional quality of an isopropyl alcohol (IPA) 

treated and a glandless cottonseed meal was evaluated in 

comparison with two regular meals. 

Apparent metabolizable energy (AME) was lower and 

true metabolizable energy (TME) and apparent lysine 

availability were higher for the IPA and glandless meals. 

Hen performance measured as percent egg production, 

feed conversion, feed intake, egg output and egg weight were 

equal or better than with soybean meal for hens fed up to 

15% IPA meal. The glandless meal decreased egg production 

at 15% of the diet. Lower levels produced results 

comparable to the basal diet. 

Incidence of yolk discoloration in stored eggs from 

hens fed IPA meal was low (2.6% at the 15% level). Eggs 

tested from hens fed the glandless meal did not develop yolk 

discoloration during storage. 

IPA and glandless meals did not increase the 

proportion of saturated yolk fatty acids as did both regular 

meals compared with the basal diet. 



CHAPTER I 

INTRODUCTION 

Cottonseed meal (CSM) is the main by-product 

resulting from the production of cottonseed oil. Since it 

was first produced more than a century ago, CSM has been 

used to feed all classes of livestock. Although originally 

utilized as a supplement in cattle feed, CSM soon began to 

be used to feed other livestock such as swine and poultry. 

The high protein content and low production cost of CSM make 

it valuable for use as a protein supplement and for cost 

reduction of the feed. 

Initially, cottonseed oil extraction was performed 

exclusively by a mechanical process where the cottonseed was 

crushed by an hydraulic press. During the last 40 years, 

the process has evolved toward solvent extraction in order 

to improve efficiency and control. A variation in pressing 

method was introduced in which a screw-press replaced the 

hydraulic press. Then pre-press solvent extraction and 

direct solvent extraction processes came into commercial 

use, and by 1965 over 51% of the seed was screw-pressed, 21% 

was pre-press solvent processed, 22% was direct solvent 

processed and only 2% was processed by the old hydraulic 

press method. By 1981, only 20% of the cottonseed was 
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screw-pressed processed, while 40% was pre-press solvent 

processed and the remaining 40% was direct solvent processed 

(Jones, 1981). 

In the United States, CSM is the second largest 

source of supplemental protein, more than one-third of which 

is consumed by swine and poultry. Three types of CSM are 

produced containing either 41, 44 or 48% protein. In the 

western states, the 48% protein meal, which contains less 

fat and fiber, is produced extensively and utilized in 

poultry feeds. 

Cottonseed pigment glands contain a yellowish 

compound called gossypol, some of which remains in the meal 

after oil extraction. In its free state this polyphenolic 

compound has proved to be toxic to animals when consumed in 

large amounts. Gossypol toxic effects in poultry, 

particularly in laying hens, have been shown to include 

reduced body weight, egg production, hatchabi1ity, diet 

consumption and interior egg quality (yolk discoloration) 

(Heywang, Denton and Bird, 1949; Heywang and Bird, 1954; 

Narain, Lyman and Couch, 1957). 

Because of the importance of cottonseed meal as a 

source of supplementary protein, glandless (presumably 

gossypol-free) cotton strains were developed more than 20 

years ago and some are now grown commercially. Also, 

different processing methods for reducing the gossypol 

content of cottonseed meal were developed. 



CHAPTER II 

LITERATURE REVIEW 

The utilization of CSM as a protein supplement in 

laying hen diets has been somewhat restricted due to its 

gossypol content. For this reason over the last 15 to 20 

years there has been a great deal of research on the 

development of both gossypol-free cottonseed strains and on 

CSM detoxification methods. 

Gossypol, a polyphenolic compound found in the 

pigment glands of cottonseed, exerts a variety of effects 

when relatively large amounts of its free-form are fed to 

laying hens. These effects include decreased weight gain, 

reduced feed intake and efficiency, decreased egg 

production, and low interior egg quality (egg yolk 

discoloration) (Heywang et al., 1949; Heywang and Bird, 

1954; Narain jit aj_. , 1957; Phelps, 1966 ; El-Abbady, 

El-Kotoury and Samy, 1975). 

In addition to gossypol, the residual cottonseed 

oil in the meal after extraction plays a role in decreasing 

the interior quality of eggs produced by laying hens due to 

the presence of cyclopropenoid fatty acids. An excellent 

review on the biological effects of cyclopropenoid compounds 

by Phelps et al. <1965), shows that these compounds can 
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produce egg yolk mottling and pink-albumen in the presence 

or absence of gossypol, and that they act synergistically 

with gossypol in producing an olive-green discoloration in 

the yolks. 

CSM in Laying Hen Diets and Egg Yolk Discoloration 

Schaible, Moore and Moore (1934) were the first to 

state that the olive-green color which developed in egg 

yolks produced by laying hens fed CSM was due to the 

presence of gossypol. They examined fresh and stored (30 or 

60 days) eggs from hens fed various fractions of CSM and 

found that only those eggs from hens fed gossypol-containing 

fractions developed yolk discoloration. In addition, they 

found that fresh eggs from the same hens developed the 

discoloration when placed in an ammonia atmosphere for a 

short period of time. Also, Schaible and his co-workers 

stated that the addition of ferrous sulfate to the ration 

prevented the development of yolk discoloration. 

^ In 1942, Swensen, Fieger and Upp studied the nature 

of egg yolk discoloration produced by CSM. They isolated 

and identified the CSM fraction responsible for the 

formation of off-color in the yolk as gossypol. Additional 

studies by these workers involved the chemical reactions 

responsible for the discoloration. They found that gossypol 

has a great affinity for ferrous and ferric ions, forming 

compounds having a dark olive-green color, and consequently 
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concluded that this reaction also takes place in the egg 

yolk. They also suggested that ammonia apparently has the 

capacity to liberate iron ions from yolk proteins which in 

turn react with gossypol. Swensen and his co-workers also 

examined the effect of iron salts in the hen diet in 

preventing the color reaction and found that dietary ferric 

chloride inhibited gossypol absorption perhaps due to 

decreased solubility of the iron-gossypol complex. 

Heywang jjt a^. (1949) provided the first 

quantitation of the level of free-gossypol in the diet 

needed to produce egg yolk discoloration. They utilized CSM 

as a source of free-gossypol at dietary concentrations of 

.008, .012, .024 and .036% (80, 120, 240 and 360 ppm, 

respectively). These researchers found that most egg yolks 

had some discoloration after storage for 114 to 118 days and 

that the degree of discoloration increased as the 

concentration of free-gossypol in the diet increased. The 

discoloration varied from olive-green or light chocolate 

brown to nearly black. Heywang and his co-workers also 

reported tjiat bound-gossypol did not adversely affect 

hatchability of the eggs and considered this an indication 

that it was not absorbed from the digestive tract of the 

hen. 

Six years later, Heywang, Bird and Altschul (1955) 

reported the results of a study designed to determine the 

minimum level of free-gossypol to produce yolk 
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discoloration. Six diets containing approximately .001, 

.002, .003, .004, .005 and .008% (10, 20, 30, 40, 50 and 80 

ppm, respectively) free-gossypol were fed and egg storage 

time varied from 24 hours (considered fresh) to six months. 

The storage temperatures were 1.7°C (35°F) for the 1, 2, 

3, 4 and 6 month storage times and 10 to 12.8°C (50 to 

55°F) for the 1, 3, 4 and 7 day storage times. Yolk 

discoloration was measured according to an arbitrary visual 

standard which assigned a "0" for none, "1" for one-fourth 

of the egg or less, "2" for one-fourth to one-half and "3" 

for more than one-half. Heywang and his co-workers found 

that egg yolk discoloration occurred when layers were fed as 

little as .001% free-gossypol and the eggs stored under 

refrigeration for only 3 days; 5.6% of such eggs had yolk 

discoloration. They also found that diets containing 

between .002 and .005% free-gossypol produced some 

discoloration in 2 to 3% of the fresh eggs examined; 

whereas, about 16% of the fresh eggs from diets containing 

.008% free-gossypol developed discoloration. Both the 

percentage of eggs with discolored yolks and the degree of 

discoloration increased with the level of free-gossypol in 

the diet and the length of the storage period. 

Frampton, Piccolo and Heywang (1961) reported that 

there was only a poor correlation between the intensity of 

yolk discoloration and the free-gossypol content of CSM fed 

to laying hens. This suggested that some other component of 
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the meal might also b.e responsible for egg yolk 

discoloration. These results and the work of Masson £t 

al. ( 1957) and Shenstone and Vickery ( 1959 ) on the effects 

of sterculic acid on interior egg quality, led Kemmerer, 

Heywang and Vavich (1961) to study the effects of 

Sterculia foet ida oil on interior quality of stored 

eggs. They employed crystalline free-gossypol as a source 

of free-gossypol and St ercu1i a foet ida oil (containing 

approximately 40% sterculic acid) as a source of sterculic 

acid. The eggs were stored for 3 to 6 months at 

approximately 2°C. They found that 6 mg of gossypol daily 

produced significantly (P<.01) more discoloration than 3 mg 

and that Sterculi a foet ida oil fed simultaneously 

greatly increased the degree of yolk discoloration with both 

3 and 6 mg gossypol. Also, at the 3 mg level of gossypol, 

50 mg of Sterculi a foet ida oil enhanced discoloration 

more than did 25 mg of the oil. The yolk discoloration was 

very similar to that caused by CSM feeding and usually 

attributed to gossypol. As Sterculia foet ida oil is 

known to cause an increase in the permeability of the 

vitelline membrane, they speculated that the diffusion of 

alkaline components from the white into the yolk (egg yolk 

became alkaline due to Sterculi a f oet ida oil feeding) 

caused the formation of a gossypol-iron complex which was 

responsible for the discoloration. 
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Two subsequent studies (Kemmerer ̂ t jrl., 1962, 

1963) evaluated the effect of cottonseed oil on 

discoloration in cold-stored eggs. In the first study, hens 

were fed 0, 3 and 6 mg gossypol/day, each with dietary 

levels of 0, 2.5 and 5% pure cottonseed oil. Eggs were 

stored for 1 and 3 months at 1.7°C. They found that 3 mg 

gossypol produced only slight yolk discoloration, whereas 6 

mg produced significantly (P<.01) more; although neither 

level produced enough discoloration to be of practical 

importance. However, when cottonseed oil was also fed both 

levels of gossypol increased egg yolk discoloration 

significantly (PC.01) to a degree that would be of practical 

importance. In the second study (Kemmerer et al., 

1963), the levels of gossypol utilized were 0, 3, 10 and 36 

mg/day each with cottonseed oil levels of 0, .1, .2, .5 and 

2% (as a percent of the diet). Eggs were stored for 2, 3 

and 6 months at 1.7°C. In this study, Kemmerer and 

co-workers found that cottonseed oil levels of .2% and 

greater intensified yolk discoloration (P<,01) produced by 

the 3 mg gossypol/day intake, whereas .1% cottonseed oil did 

not. 

Based on the studies mentioned above it can be 

noted that: 1) The causative agents in egg yolk 

discoloration are gossypol and cyclopropenoid compounds 

found in the residual cottonseed oil. 2) The mechanisms by 

which yolk discoloration develops depend on the polyphenolie 
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compound gossypol reacting with iron ions to form an 

olive-green complex. The eyelopropenoid compounds found in 

cottonseed oil increase yolk membrane permeability, 

promoting an increase in yolk pH and enhancing the 

conditions for formation of the gossypol-iron complex. 3) 

Minimum levels at which gossypol causes discoloration in the 

yolk are not well established. Heywang ̂ t jH. (1955) 

suggested that gossypol concentrations as low as 10 ppm 

could produce yolk discoloration in eggs stored for as 

little as 3 days, but no reference was made to the level of 

cottonseed oil in the meal. Kemmerer ̂ t _al_. ( 1963) 

reported that a daily gossypol intake of 3 mg along with a 

dietary level of .1% cottonseed oil did not produce yolk 

discoloration in eggs stored up to 3 months. However, these 

results were obtained with gossypol-acetic acid and 

partially refined cottonseed oil. 4) The degree and 

incidence of yolk discoloration increases with storage time, 

and the ammonia test can be useful in predicting the time 

required for discoloration to develop. 5) Iron salts may be 

useful in preventing gossypol-induced yolk discoloration. 

The effect of iron supplementation in laying hen 

rations containing CSM was further studied by Fletcher ê t 

al. (1953) employing a 10% CSM diet (30 ppm free-gossypol) 

with and without .5% ferrous sulfate. Most of the eggs 

produced by hens fed the diet without iron supplementation 

developed yolk discoloration during storage (60 to 150 
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days), while very few of the eggs produced with the 

iron-supplemented diet showed yolk discoloration. 

In a similar study, Heywang (1957) tested the 

effectiveness of ferrous sulfate for inactivating gossypol 

and reported that discoloration developed with as little as 

20 ppm-free gossypol and as high as .5% ferrous sulfate. He 

concluded that ferrous sulfate had failed to inactivate 

gossypol. Reports by Reese and Heiderbrecht (1966) and 

Zimmerman et_ a_K ( 1966) confirmed the results of 

Fletcher _al_. ( 1953) that iron supplementation could 

partially or totally prevent yolk discoloration. A possible 

explanation for these differences could be the level of 

residual oil contained in the diets employed by Heywang 

(1957). 

In a later report, Waldroup and Goodner (1973) 

found that diets containing up to 50 ppm free-gossypol could 

be used for laying hens provided that iron was supplemented 

at a rate of 4 parts iron to 1 part gossypol. They also 

reported that egg yolk discoloration with levels of 75 or 

100 ppm free gossypol could be partially prevented by 

providing 8 parts iron to 1 part gossypol. 

During the last 15 to 20 years glandless cottonseed 

strains have been developed. CSM from glandless seeds 

(presumably gossypol-free) have been utilized as protein 

supplements in laying hen diets and their effect on interior 

egg quality determined. 



1 1  

Heywang and Vavich (1965a) compared five glanded 

CSM having free-gossypol and residual oil contents of .05 

and.95%, .02 and 4.84%, .01 and .47%, .01 and .95%, and .01 

and 1.07%, respectively. Two glandless meals with 

respective free-gossypol and residual oil contents of 0 and 

.40%, and .1 and 5.8% were also studied. Two levels of each 

meal, 10 and 20%, were fed and the eggs were stored for 15 

days at 10 to 12.8°C (50 to 55°F) or for 3 to 6 months at 

1.7°C (35°F). The 10% level of glanded meals produced 

yolk discolorations in 32 to 93% of eggs tested, while no 

discoloration developed in eggs from either glandless meal. 

At the 20% level yolk discoloration developed in 67 to 100% 

of eggs from glanded CSM and in only 7% of eggs from one 

glandless meal. The authors suggested that some of the 

bound-gossypol contained in the glanded CSM was released in 

the digestive tract, thus accounting for the discrepancy in 

results for glandless and glanded meals with the same 

free-gossypol content (the bound-gossypol content of the 

glandless meals did not exceed .01%). 

In a similar study, Heywang, Heiderbrecht and 

Kemmerer (1965) tested four glanded and four glandless CSM 

at levels of 10 and 20% of the diet. The free-gossypol 

content of the glanded meals ranged from .01 to .48% and the 

bound-gossypol content between .05 and .90%. The glandless 

meals contained no free-gossypol and only.01% 

bound-gossypol. The incidence of yolk discoloration after 
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storage for three months was higher than expected in eggs 

from some of the glandless meals, although the intensity of 

discoloration was relatively light. The high residual oil 

content (.95 to 1.2%) of these glandless meals could account 

for the occurrence of discoloration. The authors also 

considered the possibility that some bound-gossypol was 

released in the intestinal tract because of a discrepancy in 

the results for two glanded meals differing only in 

bound-gossypol content (both contained .01% free gossypol 

and .35% residual oil). 

Nutritional Quality of Cottonseed Meal 

The nutritional quality of CSM has been the subject 

of research for many years. CSM is primarily used as a 

protein supplement in poultry diets; consequently, most of 

the research has focused on the protein quality of the meal. 

Lyman, Chang and Couch (1953) studied the protein 

quality of CSM using chick growth and a chemical index 

method. CSM was fed as the sole source of dietary protein, 

and chick growth, total gossypol content, lysine 

availability and nitrogen solubility in .02 N sodium 

hydroxide were measured. Gossypol is believed to react with 

protein (especially with epsilon-amino groups of lysine) 

during the oil extraction process, forming a 

protein-gossypol complex which is insoluble and resistant to 

digestion (Clark, 1928). Lyman and co-workers found that 
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the total gossypol content of the meal was inversely related 

to protein quality (as measured by chick growth) and that 

available lysine decreased as the total gossypol content of 

the meal increased. These workers also found a linear 

relationship between percent nitrogen solubility and percent 

gossypol content (when less than .85%) with protein quality. 

In 1955, Couch, Chang and Lyman studied the effect 

of free-gossypol on chick growth and the effectiveness of 

additional lysine in improving the quality of the meal. 

They found that a free-gossypol content above .06% in the 

ration decreased growth, and that the addition of lysine 

increased growth rate at all levels of gossypol, but did not 

change gossypol tolerance levels (as measured by growth 

rate, mortality and feed efficiency). In another study, 

Heywang and Bird (1955), investigated the relationship 

between body weight and free-gossypol with two breeds of 

birds. Growth, feed consumption and feed efficiency were 

adversely affected when diets of young chicks contained more 

than .016% free-gossypol for White Leghorns or .02% for New 

Hampshi res. 

Narain jit jU. ( 1960 ) reported that increasing 

the amount of protein in the diet produced an increase 

(P<.05) in free-gossypol tolerance (measured as weight 

gain). Diets containing 17, 21 and 42% protein were 

employed, and significantly higher weight gains were 

obtained with chicks fed the 21 and 42% protein rations. 
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They speculated that the extra dietary protein combined with 

a larger proportion of free-gossypol, thus reducing its 

growth depressing effect. In addition, they said that more 

lysine would be available to the animal at the higher 

dietary protein levels. 

The sequence in which essential amino acids become 

limiting for growth of chicks fed CSM was studied by 

Anderson and Warnick (1966). They utilized diets containing 

18% CSM and a mixture of the amino acids thought to be the 

most deficient in the meal. Lysine was found to be the most 

limiting of the essential amino acids, followed in order by 

methionine, isoleucine, threonine and leucine. A number of 

years earlier, Milligan e± iiK (1951) had found that 

when diets containing CSM as the only source of protein were 

fed to young chicks, the lysine requirement for optimum 

growth was 1% during the first six weeks and that .8% lysine 

monochloride must be added to reach this level. 

In a review on the utilization of CSM in poultry 

diets, Phelps (1966) stated that solubility of CSM nitrogen 

in alkali and measurement of available lysine are useful 

chemical methods for estimating protein quality. Waldroup 

(1981) reported that the total amount of lysine in CSM is 

4.09% of dietary protein as compared to 6.31% for soybean 

meal. Almquist and Halloran (1975) performed a biological 

assay to determine total available lysine using a 44% 

protein CSM with a total lysine content of 1.8% (as a 
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percent of the meal) and found that only 1.6% (88%) was 

effectively available. 

After the development of glandless strains of 

cottonseed, attention turned to determining their 

nutritional quality. Jonston and Watts (1964) studied the 

chick feeding value of meals prepared from glandless 

cottonseed. They measured protein efficiency ratios (PER), 

weight gain and feed consumption for four different meals 

(uncooked, cooked and cooked with added gossypol for both 

glandless and glanded commercial CSM) with 0% and .3% added 

lysine and .3% added lysine plus .2% methionine. They found 

that in general glandless meals (very low free-gossypol) had 

a better nutritional value than the glanded CSM. Heat 

treatment improved the quality of the glandless meal even 

when gossypol was added, although the quality of the meal 

with added gossypol was lower than that of the meal without 

gossypol. In addition, lysine supplementation improved the 

nutritional value of the glanded meal indicating that 

gossypol combines with the free amino groups of proteins and 

reduces the nutritional value of the meal. 

Waldroup e_t aj.. ( 1968) conducted a series of 

experiments to evaluate low-gossypol glandless CSM in 

broiler diets in comparison with a soybean meal based 

control diet. Glandless CSM significantly (P<.05) improved 

weight gain in chicks when it replaced 50% of the protein 

supplied by soybean meal. There were no significant 
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differences in feed conversion ratios when glandless CSM 

replaced 25, 50 or 100% of the soybean meal protein. An 

evaluation of the amount of lysine supplementation needed to 

support optimum growth and feed utilization showed that 

lysine supplementation was necessary only when more than 75% 

of the soybean meal protein was replaced by glandless CSM. 

The total amount of lysine required to maintain optimum 

growth was estimated to be no more than 1.2% of the diet. 

The net protein utilization (NPU) value of 

glandless CSM was determined by Fisher and Quisenberry 

(1971). They found a significant increase in 3-week weight 

gain and NPU for chicks fed glandless CSM compared to chicks 

fed glanded CSM. The NPU value (66.1%) was similar to that 

reported for methionine-supplemented soybean meal (Fisher 

et al., 1962). 

Performance of Layers Fed Cottonseed Meal 

Heywang and Bird (1954) determined the effect of 

dietary gossypol content on egg production, feed consumption 

and live weight of hens fed rations containing raw or 

solvent-extracted CSM. In the first part of the experiment, 

White Leghorn pullets were fed diets containing 0, .008, 

.012, .016, .020, .025 and .033% free-gossypol. Both the 

number of eggs produced and the total diet consumption 

decreased at the .016% (160 ppm) level of free-gossypol by 5 

and 8%, respectively. In the second part of the experiment, 
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diets containing .008, .012, .016 and .020% free-gossypol 

were fed and the authors again found that the .016% level of 

free-gossypol adversely affected feed consumption and egg 

production. Body weight, however, was not adversely 

affected, even at the .020% free-gossypol level. 

Narain ̂ t a_l. ( 1957 ) conducted two experiments 

with the same group of hens. Each experiment lasted for 

four weeks with a four-week recovery period in between, 

during which the layers were fed a gossypol-free diet. 

Gossypol levels of .02 to .35% were fed and egg production, 

feed consumption, egg weight and body weight gain were 

measured, Gossypol levels of .04% or higher depressed body 

weight, and feed consumption was reduced at all levels (.02% 

or higher). Egg production and egg size were reduced as the 

level of free-gossypol increased. These studies 

demonstrated that gossypol not only causes egg yolk 

discoloration, but can also have a negative effect on egg 

production when present in relatively large amounts. 

However, Heywang and Vavich (1965a) and Quisenberry and 

Gonz61ez-Delfino (1971) showed that diets containing 
t 

low-gossypol CSM can be fed to layers and good production 

obtained without yolk discoloration. 

Heywang and Vavich (1965b) compared the performance 

of hens fed diets in which the protein was provided by 

either soybean, glandless or glanded CSM. Five dietary 

treatments were employed: all-soybean meal (0% 
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free-gossypol), al1-glandless CSM (.003% free-gossypol), 

half-glandless CSM/half-soybean meal, all-glanded CSM (.04% 

free-gossypol) and half-glanded CSM/half-soybean meal. Egg 

production did not vary significantly among the five diets. 

Also, average feed consumption, feed consumption per dozen 

eggs laid and gain in body weight were nearly the same for 

all treatments. There was a small decrease in whole egg 

weight for the all-soybean meal diet whieh promoted higher 

egg production. 

Quisenberry and Gonzdlez-Delfino (1971) carried 

out two experiments comparing the performance of laying hens 

fed diets in which the source of protein was glandless CSM 

(.0094% free-gossypol) or soybean meal (0% free-gossypol); 

the diets were supplemented with lysine and methionine to 

meet the National Research Council (NRC, 1977) 

recommendations. In the first experiment, soybean meal-fed 

hens gained significantly more weight and laid heavier eggs, 

while the glandless CSM-fed hens laid more eggs on less 

feed. In the second experiment an all-sesame meal diet and 

a mixed protein diet containing animal protein were also 

fed. The glandless CSM-fed hens in this study gained 

significantly more weight, had a higher rate of lay, larger 

egg size and higher feed efficiency than the soybean- or 

sesame-fed layers, except for feed efficiency in the latter. 

Hens fed glandless CSM performed as well as those fed the 

diet containing animal protein, except in body weight gain. 
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It can be concluded from these studies that 

satisfactory performance can be expected of hens fed CSM 

containing very low amounts of free-gossypol and that such 

meals are less expensive than conventional protein sources. 

The studies conducted for this thesis were designed 

to examine the effects of a glandless CSM and an isopropyl 

alcohol extracted CSM on laying hen performance and interior 

* 

egg quality in comparison with soybean meal and with regular 

(glanded) CSM. 



CHAPTER III 

ENERGY EVALUATION OF COTTONSEED MEALS 

In two separate experiments the apparent 

metabolizable energy (AME) and true metabolizable energy 

(TME) contents of two glanded CSM, a glandless CSM and an 

isopropyl alcohol (IPA) treated CSM were determined. 

One of the criteria for evaluation of the nutritive 

value of feedstuffs is the amount of metabolizable energy 

(ME) they contain since ME measurements provide an estimate 

of the availability of energy to the animal. 

Experimental Procedures 

One of the glanded meals (NCPA-Reg) and the 

glandless meal were obtained from the National Cottonseed 

Products Association, Memphis, TN. The Oilseed Processing 

Division of Anderson Clayton, Phoenix, AZ provided the 

second regular meal (AC-Reg) and the IPA CSM employed in 

these studies. The IPA meal was isopropyl alcohol washed 

(after hexane extraction of the oil), desolventized at 

87.8°C (190°F) for 12 minutes and dried at 65.6°C 

(150°F) for 15 minutes. 

Assays for protein, moisture and residual oil were 

carried out on each of the four CSM under study according to 

AOAC (1980) methods. Gross energy (GE) contents were 

2 0  
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determined with a Parr Oxygen Bomb Calorimeter and the meals 

were analyzed for starch using an enzymatic assay (Keppler 

and Decker, 1974; Dintzis and Harris, 1981). A 

Spectra-Physics SP8000A high pressure liquid chromatograph 

(HPLC) with a 5p RP-18 column was employed to determine 

amino acids (Lindroth and Mopper, 1979) and free-gossypol 

(Abou-Donia, Lasker and Abou-Donia, 1981). In addition, the 

nitrogen solubility of each meal was determined (Lyman _et 

aj_., 1953). 

Experiment I 

AME of each CSM was determined with chicks (Hill 

and Anderson, 1958). One hundred and forty-four day-old 

Hubbard chicks were fed 12 different diets (12 treatments 

with two replicates, six birds per replicate). A basal diet 

(Table 1) was formulated using a linear program and the 

experimental diets were mixed by dilution of the basal diet 

with 20, 40 and 60% of each CSM. The chicks were fed the 

basal diet for an 11-day pre-experimental period, and were 

then fed the experimental diets for two weeks. Feed and 

fecal samples collected during the last week of the study 

were analyzed for chromium oxide (Edwards and Gillis, 1959), 

GE, protein and amino acids. 

Regression analyses (Steel and Torrie, 1960) were 

performed using percent CSM as the independent variable and 

dietary ME as the dependent variable. The regression 



Table 1. Percentage composition of basal diet 

Ingredient % of Diet 

Soybean meal (48.5%) 59.50 
Milo 22.87 
Animal Fat 7.00 
Vitamin mix Pr-9 4.17 
Dicalcium phosphate 3.08 
Calcium carbonate 1.92 
Salt .42 
Trace mineral mix .40 
Chromium oxide .40 

Total 100.00 

Nu tr i ent ® 

Protein,% 32.00 
ME, kcal/kg 1300.00 
Calcium, % 2.56 
Available Phosphorus, % .95 

^Supplied the following per kg of diet: 
15,387 IU vitamin A, 2564 ICU vitamin Dg, 

7.34 mg riboflavin, 45.87 mg niacin, 18.35 mg 
calcium pantothenate, 22.1 tig vitamin 

9.17 IU d-alpha tocopheryl acetate, 3.75 mg 
menadione sodium bisulfite, 729.75 mg choline 
chloride, and 208.5 mg ethoxyquin. 

2Supplied the following (ppm): 80 Fe, 240 Zn, 
240 Mn, 16 Cu, and 4 Mo. 

•> 
Calculated analysis 
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equations were employed to estimate the ME of each CSM by 

substituting 100% into the proper equation. 

Experiment II 

AME and TME were determined with laying hens 

(Sibbald, 1976). Twenty-five 26-week old Shaver Stareross 

288 laying hens, divided into five groups with five 

replicates were used for this five-day study. Feed was 

removed from birds 48 hrs before testing, then 15 g of the 

test materials (CSM) were force-fed to four groups and feces 

collected over the next 48 hrs. The fifth group was fasted 

throughout the experiment and the feces collected and 

analyzed to account for endogenous urinary energy (UE ) 

and metabolic fecal energy (FEm) for use in calculating 

TME. Feed and fecal samples were analyzed for GE, protein, 

amino acids and starch. 

Results and Discussion 

Compositions of the four CSM are shown in Table 2. 

Protein contents of the meals varied from a high of 54.55% 

for I PA CSM to 45.16% for NCPA-Reg CSM. Amino acid 

compositions were not appreciably different among the meals 

when differences in protein content were considered. 

Nitrogen solubility was 51.15 to 56.25% for the regular 

meals and considerably lower for the glandless meal at 

37.46% and very low for the IPA meal at 12.88%. Overheating 

during the oil extraction process may be responsible for the 



Table 2. Composition of cottonseed meals 

Nutrient AC-Reg IPA NCPA-Reg Gland less 

Protein, % 48. 75 54. ,55 45. 16 48. ,16 
Starch, % 36. ,79 36. ,76 39. .39 39. ,67 
Free-gossypol, % • 061 • ,002 « ,039 a ,012 
Ether-extract, % • ,70 i ,15 1. 70 a ,90 
Moisture, % 7. ,37 8. ,83 8. ,48 7. ,45 
N-solub i1i ty, % 51. ,15 12. ,88 56. 25 37. ,46 
Gross energy, kcal/g 4. ,384 4 i ,248 4. ,344 4. ,357 

AMINO ACIDS % g/16g N % g/16g N % g/16g N % g/16g N 

Aspartie acid 4. 74 9. 73 4. 70 8. 62 3. 94 8. 73 4. 35 9. 05 
Glutamic acid 10. 40 21. 33 10. 44 19. 15 8. 52 18. 87 9. 38 19. 48 
Ser i ne 2. 32 4. 76 2. 27 4. 16 1. 82 4. 03 2. 03 4. 21 
Histidine 1. 13 2. 31 1. 43 2. 62 » 81 1. 80 • 85 1. 77 
Glycine 2. 20 4. 51 2. 66 4. 88 1. 94 4. 30 2. 02 4. 19 
Threoni ne 1. 64 3. 37 1. 81 3. 31 1. 39 3. 08 1. 50 3. 12 
Arginine 8. 84 11. 99 6. 43 11. 79 5. 37 11. 88 5. 57 11. 57 
Alan ine 2. 36 4. 84 2. 35 4. 31 1. 85 4. 10 2. 00 4. 15 
Tyros ine 1. 35 2. 76 1. 32 2. 41 1. 14 2. 52 1. 17 2. 43 
Methionine • 88 1. 80 • 79 1. 44 • 72 1. 60 * 81 1. 68 
Vali ne 2. 52 5. 17 2. 49 4. 56 2. 05 4. 55 2. 28 4. 73 
Phenylalanine 3. 01 6. 18 3. 06 5. 61 2. 56 5. 66 2. 84 5. 90 
Isoleucine 1. 94 3. 99 1. 86 3. 41 1. 57 3. 48 1. 77 3. 68 
Leucine 3. 15 6. 46 3. 25 5. 96 2. 64 5. 84 2. 85 5. 91 
Lys i ne 1. 73 3. 55 2. 19 4. 01 1. 73 3. 83 1. 75 3. 63 
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low value obtained for the glandless meal, and the low 
* 

solubility of the IPA meal could be a result of denaturation 

of protein during alcohol treatment. 

The GE content of the four meals were quite similar 

and varied from 4.384 to 4.248 kcal/g. Starch values were 

also relatively consistent, varying from 36.76 to 39.67%. 

Residual oil levels were .15, .70, .90 and 1.7% for the IPA, 

AC-Reg, glandless and NCPA-Reg meals, respectively. 

As expected, the free-gossypol content of IPA CSM 

was low (.002%) in comparison with .061% in AC-Reg and .039% 

in NCPA-Reg CSM. The glandless meal was produced from a 

cottonseed genetically controlled to be devoid of pigment 

glands and supposedly gossypol-free. However, analysis of 

the meal showed that it contained .012% free-gossypol, 

although this level is low compared with the regular meals. 

Experiment I 

For AC-Reg CSM the regression equation y = -.0067x 

+ 3.046 (correlation coefficient, r - -.999) was obtained, 

where y represents the ME content of the diet and x 

represents the level of CSM supplementation (Table 3). By 

substituting 100% for the independent variable (x), the ME 

of this meal was calculated to be 2.374 kcal/g. This meal 

contained the highest residuaLoil level at 1.70% (Table 2). 

The regression equation for IPA CSM was y = ~.009x + 3.011 

(r = -.986) which gives an ME value of 2.111 kcal/g. For 



Table 3. Apparent dietary metabolizable energy measured with chicks 

Dietary Treatment ME (kcal/g) 
Regression Coefficients 

ME (kcal/g) % of GE m 
«* 

1 d i et 3. 044 

+ 20% AC-Reg 2. 917 
+ 40% AC-Reg 2. 775 

+ 20% I PA 2. 798 
+ 40% I PA 2. 618 
+ 60% I PA 2. 504 

+ 20% NCPA-Reg 2. 874 
+ 40% NCPA-Reg 2. 816 
+ 60% NCPA-Reg 2. 57 3 

+ 20% Glandless 2. 987 
+ 40% Glandless 2. 632 
+ 60% Gland less 2. 341 

2.374 

2. Ill 

2.312 

1.889 

54.2 -.0067 3.046 -.999 

49.7 -.009 3.011 -.974 

53.2 -.0073 3.047 -.974 

43.4 -.0123 3.12 -.968 

Regression equation: y = mx + b where: y = dietary ME 
m = slope 
x = % CSM 
b = y-intercept 

* * 
r = correlation coefficient 

to 
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NCPA-Reg CSM the regression equation obtained was y = 

-.00735x + 3.047 (r = -.974) and the ME value was 2.312 

kcal/g. ME of glandless CSM was 1.889 kcal/g obtained from 

the regression equation y = -.01232x + 3.12 (r = -.968). 

The ME values obtained for the two regular CSM 

samples represented 53.2 and 54.2% of the GE; while the 

value for IPA CSM was 49.7% of the GE and the glandless meal 

had an ME value for chicks which was 43.4% of the GE. 

Hill and Totsuka (1964) obtained ME values ranging 

from .1.7 to 2.28 kcal/g for three commercial CSM and Zablan 

et al. ( 1963) reported an ME content of 2.026 kcal/g. 

The NRC (1977) lists the MEn of expeller CSM at 2.32 

kcal/g and that of solvent meal as 2.40 kcal/g. The regular 

CSM samples in our study agree fairly well with the NRC 

values and are at the upper range of those reported by Hill 

and Totsuka. The low ME of IPA CSM may be explained on the 

basis of the low residual oil content of this meal. The 

value obtained for the glandless CSM is low compared to that 

obtained by Hill and Totsuka (1964) who reported an average 

value of 2.24 kcal/g for three glandless CSM. 

Experiment II 

AME and TME values for the AC-Reg, IPA, NCPA-Reg 

and glandless CSM were measured with laying hens. Sibbald 

(1976) proposed that AME measurements be corrected for FEm 
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and UEe to obtain the TME of the feed. A fasting control 

group is utilized to estimate FEmand UEa values. m G 

AME values determined with laying hens (Table 4) do 

not agree with those obtained in the chick study. The 

AC-Reg CSM had an AME of 1.744 kcal/g for laying hens while 

the value determined with chicks was 2.374 kcal/g; these 

represent 39.8 and 54.2% of the GE of this meal (Tables 3 

and 4). The NCPA-Reg meal was also apparently less well 

utilized by the laying hen than by chicks. The AME value 

for laying hens for this meal was 2.044 kcal/g while the 

chick value was 2.312 kcal/g (13% more). The AME values for 

IPA CSM determined with both chicks and hens were similar at 

2.111 and 2.108 kcal/g, respectively. The glandless CSM had 

a higher AME value for hens than for chicks (Tables 3 and 

4). 

AME values were 63.2 to 72.7% of the TME values in 

the hen study. Since the AME values for laying hens were 

not a consistent percentage of the TME value the reliability 

of the TME procedure is questionable. The low feed intakes 

employed in this study (15 g) would tend to magnify any 

procedural differences encountered in the collection and 

analysis of the samples. Therefore, the values obtained in 

Experiment I with chicks are probably more indicative of the 

energy values of the samples tested. 

True and apparent amino acid availabilities were 

estimated from amino acid analyses of the meals and the 



Table 4. Apparent and true metabolizable energy measured with laying hens 

Criteria AC-Reg IPA NCPA-Reg Glandless 

GE, kcal/g 4. 384 4. 248 4 .344 4 .357 

App. ME, kcal/g1 1 .  744 (39 .8) 2. 108 (49. 6) 2 .044 (47 .1) 2 .024 (46 .5) 

True ME, kcal/g1 2. 758 (62 .9) 3. 122 C
O

 
•
 5) 2 .810 (64 .7) 3 .039 (69 .7) 

App. D. M. Dig., % 61. 2 65. 6 47 .8 51 .6 

True D. M. Dig., % 73. 6 77. 9 60 .2 64 .0 

^Values in parentheses indicate % of GE 

£3 
C D  
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fecal samples obtained in the TME experiment (Table 5). A 

usual problem encountered with CSM is poor availability of 

lysine due to the binding of gossypol to lysine during 

processing. True lysine availabilities were quite high for 

all of the meals tested and varied from 81.9 to 91.7%. When 

the values for the fasting hens were not used in the 

calculations, the apparent lysine availabilities were 

considerably lower. The two regular CSM samples had 

available lysine values of 49.7 and 54.3%. The NCPA-Reg 

meal with the lowest free-gossypol content had the lower 

apparent lysine availability of 49.7%; while the other 

regular meal with .061% free-gossypol had the higher value 

for lysine availability (Table 5). 

Apparent lysine availability for IPA CSM was 59.9% 

which is low in relation to its gossypol content. The IPA 

treatment of the meal occurs after oil extraction, so even 

though the free-gossypol content is reduced after treatment, 

some gossypol binding of lysine has occurred during oil 

extraction and lysine availability is reduced. The 

glandless meal had the highest lysine availability of the 

meals tested with a value of 62.1%. This is understandable 

in view of the very low amount of gossypol occurring 

naturally in the seed and, consequently, in the meal. The 

relatively low value obtained with this meal might indicate 

overheating during processing since a comparable value for 

soybean meal would be expected to be 75% or higher. 



Table 5. Apparent and true amino acid availabilities (%) 

AC-Reg IPA NCPA-Reg Gland less 
Amino Acid 

App. True App. True App. True App. True 

Aspartic acid 75.3 88.0 73.7 85.5 72.2 84.4 76.1 87.6 
Glutamic acid 80.4 90.6 79. 2 90.3 78.0 89.2 81.4 90.7 
Ser ine 79.8 86.9 73.1 86. 5 72.6 86.0 76.1 86.3 
Histidine 81.7 94.5 77.9 93.2 80.7 90.0 85.9 97.9 
Glycine * * * * * * * * 

Threonine 41.7 81.3 56.8 88.6 49.0 97.3 60.1 98.6 
Arginine 87.5 91.7 84.3 90.2 84.7 90.5 87.5 93.0 
Alanine 68.3 84.8 65.9 80.0 61.7 79.3 68.5 81.7 
Tyros i ne 71.3 85.4 70.6 79.9 68.0 84.5 73.7 87.8 
Methionine 68.2 85.1 66.8 80.5 60.7 78.5 68.0 86.6 
Vali ne 74.5 85.5 70.8 81.8 69.1 81.9 76.0 86.5 
Phenylalani ne 79.4 80.7 77.8 87.2 74.3 82.7 79.7 86.1 
Isoleucine 65.8 82.6 62.6 91.4 50.3 72.7 66.9 85.0 
Leuci ne 76.3 84.6 72.4 80.7 72.2 80.9 77.5 82.9 
Lysine 54.3 83.2 59.9 87.3 49.7 91.7 62.1 81.9 

* 
Not calculated 



C H A P T E R  I V  

NUTRITIONAL EVALUATION OF 1PA AND GLANDLESS CSM 

The nutritional quality of both common (glanded) 

and glandless CSM has been extensively studied. Protein 

quality (especially lysine availability) in laying hens has 

been reviewed, and it has been found that CSM can replace 

part of the soybean meal commonly utilized in the diet 

without any detrimental effects on layer performance, 

provided the level of free-gossypol in the diet is below 

about 150 ppm (Heywang and Bird, 1954; Heywang and Vavich, 

1965b; Waldroup jet jH. , 1976). 

Experimental Procedure 

Four hundred and forty-eight 26-week old Shaver 

Starcross 288 laying hens were randomly assigned to cages in 

groups of four birds per cage. Thirteen experimental diets 

(Table 6) formulated by linear programming to meet NRC 

(1977) nutrient recommendations for the laying hen were fed 

ad 1ib i turn for twelve 28-day periods. Each test CSM was 

added to the basal ration at 5, 10 and 15% levels, 

principally in substitution for soybean meal. Chromium 

oxide was added to the feed initially, And fecal samples 

collected from one replicate per treatment three weeks after 

initiation of the experiment. Feed and fecal samples were 

3 2  



Table 6. Composition of experimental diets (laying hen performance study) 

AC-Regular CSM IPA Treated CSM 
Ingredient Basal 

5 .0% 10 .0% 15. 0% 5. 0% 10. 0% 15. 0% 

Mi lo 61. 37 61 .46 61 .55 60. 00 62. 00 62. 55 61. 00 
Soybean meal (48.5%) 21. 30 16 .25 11 . 21 7. 74 15. 56 9. 83 6. 37 
Ground limestone 8. 42 8 .41 8 .40 8. 40 8. 55 8. 75 8. 84 
Dehydrated alfalfa 5. 00 5 .00 5 .00 5. 00 5. 00 5. 00 5. 00 
Dicalcium phosphate 1. 33 1 .30 1 .27 1. 24 1. 30 1. 28 1. 23 
Tallow 1 1. 00 1 .00 1 .00 1. 00 1. 00 1. 00 1. 00 
Vitamin mix Pr-9 1. 00 1 .00 1 .00 1. 00 1. 00 1. 00 1. 00 
Salt • 35 .35 .35 * 35 • 35 • 35 • 35 
DL-Methionine 2 • 13 .12 . 12 • 09 • 13 • 13 m 11 
Trace mineral mix • 10 . 10 .10 * 10 • 10 • 10 • 10 
AC-Regular CSM 5 .00 10 .00 15. 00 -

IPA CSM - - 5. 00 10. 00 15. 00 

Calculated Nutrient Analys is 

Protein, % 17. 00 17 .00 17 .00 17. 66 17. 00 17. 00 17. 95 
Fat, % 3. 04 3 .01 2 .99 2. 95 3. 02 3. 00 2. 97 
ME, kcal/kg 2750 2750 2750 2750 2750 2750 2750 
Calcium, % 3. 71 3 .70 3 .68 3. 50 3. 76 3. 81 3. 64 
Avail, phosphorus, % • 35 .35 .35 • 35 • 35 • 35 • 35 
Lysine, % • 87 .80 .73 • 72 • 80 • 72 • 72 
Methionine, % • 63 .63 .63 • 63 • 65 • 63 • 63 

^Supplied the following per kg of diet: 3,690 IU vitamin A, 615 ICU vitamin 
D j j, 1.76 mg riboflavin, 11 mg niacin, 4.4 mg calcium pantothenate, 5.3 yg 

vitamin 2,2 d-alpha tocopheryl acetate, .9 mg menadione sodium 

bisulfite, 175 mg choline chloride, and 50 mg ethoxyquin. 

2Supplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu, and 1 Mo. 



Table 6 (cont'd). Composition of experimental diets 
(laying hen performance study) 

NCPA-Regular CSM Glandless CSM 
T n fv n a/1 i an 41 1  ng l  6U 1  6  11  I  1  ng l  6U 1  6  11  I  

5 .0% 10 .0% 15 .  0% 5 .  0% 10 .0% 15 .  0% 

Mi lo 61 .15  60 .94  60 .  63  61 .  41  61 .45  60 .  50  
Soybean meal (48 .5%)  16 .68  12 .07  7 .  57  16 .  32  11 .35  7 .  75  
Ground limestone 8 .29  8 .16  7 .  97  8 .  40  8 .37  7 .  99  
Dehydrated alfalfa 5 ,00  5 .00  5 .  00  5 .  00  5 .00  5 .  00  
Dicalcium phosphate 1 .29  1 .26  1 .  23  1 .  29  1 .26  1 .  22  
Tallow . 1 .00  1 .00  1 .  00  1 .  00  1 .00  1 .  00  
Vitamin mix Pr-9 1 .00  1 .00  1 .  00  1 .  00  1 .00  1 .  00  
Salt . 35  . 35  « 35  * 35  . 35  • 35  
DL-Methionine ^ . 18  . 13  • 12  • 12  . 11  * 09 
Trace mineral mix . 10  . 10  • 10  • 10  . 10  • 10  
NCPA-Regular CSM 5.00 10 .00  15 .  00 -

Glandless CSM — - 5 .  00 10 .00  15 .  00 

Calculated Nutrient Analys i s 

Protein, % 17 .00  17 .00  17 .  05  17 .  00 17 .00  17 .  58  
Fat, % 3 .00  2 .98  2 .  95  3 .  01  3 .00  2 .  95  
ME, kcal/kg 2750  2750  2750  2750  2750  2750  
Calcium, % 3 .65  3 .59  3 .  50  3 .  69  3 .66  3 .  50  
Avail, phosphorus, % . 35  . 35  * 35  m 35  . 35  • 35  
Lysine, % . 81  .75  • 72  « 80  . 73  • 72  
Methionine, % . 63  . 63  • 63  * 65  . 63  • 63  
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analyzed for chromium oxide, GE, protein, amino acids and 

starch. 

Birds were weighed initially and at the end of the 

experiment. Eggs were collected daily and weighed two days 

per period. Records of feed consumption and egg numbers 

were also maintained throughout the 336 days of the study. 

Egg output (g egg/bird/day) was calculated from egg weight 

and production data. Feed intake, egg output and egg weight 

were summarized every 28 days and evaluated by analysis of 

variance (Steel and Torrie, 1960). 

All eggs for one day per period were saved and 

stored for 56 days at 7.2°C (45°F) to be examined for yolk 

discoloration. Discoloration was evaluated on an arbitrary 

visual scale which assigned scores from 0 to 4 depending 

upon intensity: 0 for none, 1 for slight discoloration, 2 

for olive-green, 3 for intense dark-green and 4 for 

chocolate brown color. Eggs having a score of 2 and above 

were considered susceptible to rejection in market channels. 

The fatty acid content of egg yolks was determined 

by gas chromatography. The yolk fat was extracted with 

chloroform and the fatty acids methylated using 14% (w/v) 

boron trifluoride in methanol. Fatty acid methyl esters 

were separated using a Shimadzu GC-8 gas chromatograph and a 

glass column packed with 15% DEGS on acid washed Chromosorb 

W employing a column temperature of 195°F and detector and 

injector temperatures of 250°C. Peak areas were integrated 
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by a Spectra-Physics SP4270 Integrator and the concentration 

of each fatty acid calculated as a percent of the total. 

Results and Discussion 

The nutritional quality of an IPA-treated and a 

glandless CSM was evaluated in comparison with two regular 

CSM. Percent egg production was not significantly (P<.05) 

affected, except at the 15% levels of AC-Reg and glandless 

CSM where production decreased significantly with respect to 

the basal diet (Table 7). When IPA CSM was fed at the 10 

and 15% levels, an increase in production was recorded, 

although it was not satistically significant. Feed 

conversion was significantly (P<.05) poorer at the 15% level 

of AC-Reg, IPA and glandless CSM and at the 5% level of 

NCPA-Reg CSM supplementation. As a general pattern feed 

conversion was worse when the CSM samples were fed, although 

only the levels mentioned attained statistical significance. 

Feed intake was higher for hens fed CSM except for the 5% 

levels of AC-Reg and IPA CSM. All of the other meals and 

levels of supplementation produced significantly higher feed 

intakes ranging from 114.0 to 120.3 g/b/d as compared to 

111.4 g/b/d for the basal diet (Table 7). 

The only negative effect produced on egg output was 

at the 15% level of AC-Reg CSM supplementation. There were 

significant (P<.05) increases in egg output at the 10% IPA 

and 5% glandless CSM levels, but generally egg output was 



Table 7. Effect of cottonseed meal on laying hen performance (336 days) 

Dietary 
Treatment 

% 
Product i on 

Feed 
Convers i on 
(kg/doz) 

Feed 
1ntake 
(g/b/d) 

Egg 
Wei ght 
(g) 

Egg 
Output 
(g/b/d) 

Basal Diet 76.5abe 1.8lef 111.4g 62.ibcd 47.1cde 

5% AC-Reg 77.0abc 1.79 f U1.5fe 61. 9ede 47.3b(!d 

10% AC-Reg 7 6.6ab° 1.83def 114.0ef 61.3de 46.7cde 

15% AC-Reg 71.9e 1. 9 7 ab 114.9Cde 6L.9bCde 44.3. 

5% I PA 76.labC 1.83Cdef 113.7ef* 62.4abC 47.2Cde 

10% I PA 79.2a 1.82def 117.3bc 63.0a 49.58 

15% I PA 77.2abC 1.92abC 120.3& 62.6abC 48.0abo 

5% NCPA-Reg 75.5bCd 1.9iabcd 115.5ede 62.lbC 46.6Cde 

10% NCPA-Reg 75.5bcd 1.89bcde 114.0® 61.1G 45.8def 

15% NCPA-Reg 75.6bCd 1.88bCdef 116.5ed 62.6abC 47.lcde 

5% Glandless 78.3ab 1.86Cdef 119.lab 63. 2a 49.3ftb 

10% Glandless 74.9Cde 1.90b°de 114.8de 62.lbcd 46.3Cdef 

15% Glandless 7 2.6de 1.99a 116.6Cd 62.7Sb 45.2ef 

a"^Means within 
different (P< 

a column not 
.05). 

having common letter superscripts are significantly 

CO 
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not affected as compared to that produced by feeding the 

basal diet. Egg weight was significantly decreased at the 

10% level of NCPA-Reg supplementation and increased at the 

10% IPA and 5% glandless CSM levels, as compared to the 

basal diet (Table 7). 

Percent production, feed conversion, feed intake, 

egg output and egg weight were equal or better for hens fed 

the IPA CSM in comparison with the basal diet. Feeding 

glandless CSM resulted in decreased production at the 15% 

level of supplementation, but otherwise performance was 

equal to or better than that produced by feeding the basal 

diet. Feeding the regular meals produced a decrease in 

percent production and egg output (15% AC-Reg) and a 

decrease in egg weight (10% NCPA-Reg), however feed 

conversion and feed intake were equivalent to the basal 

diet. 

Apparent protein, starch, lysine and methionine 

retentions tended to decrease as the level of CSM 

supplementation increased (Table 8). These data suggest 

that the general nutrient availability of the CSM samples 

was somewhat less than soybean meal. 

A well established effect of feeding CSM to laying 

hens is the development of an olive-green color egg yolks 

during storage. The discoloration is due to the action of 

both residual cottonseed oil and free-gossypol. The effects 

of dietary free-gossypol and cottonseed oil content on yolk 
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Table 8. Dietary protein, lysine, methionine and starch 
retention and AME for experimental diets 

Dietary 
Treatment 

% Retention 

Protein Starch Lys Met 

AME 
{kcal/g) 

Basal Diet 46. 2 76.7 85. 7 84. 8 2.829 

5% AC-Reg 63. 4 81.1 84. 4 84. 8 2.993 

10% AC-Reg 36. 9 74. 5 73. 5 82. 0 2.675 

15% AC-Reg 38. 3 71.2 74. 4 77. 7 2. 660 

5% I PA 57. 0 80.3 84. 6 85. 3 2.934 

10% I PA 41. 0 74.0 74. 9 81. 2 2.816 

15% I PA 37. 9 76.5 68. 5 71. 6 2.748 

5% NCPA-Reg 41. 3 78.7 80. 6 84. 3 2.867 

10% NCPA-Reg 51. 5 74.9 77. 1 81. 3 2.947 

15% NCPA-Reg 50. 2 69.8 69. 5 79. 2 2.756 

5% Glandless 39 . 9 77.9 85. 2 86. 0 2.883 

10% Glandless 47. 8 79.0 83. 6 85. 4 2.871 

15% Glandless 42. 6 72.4 80. 2 84. 5 2.777 
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discoloration in eggs stored for 56 days at 7.2°C (45°F) 

are shown in Table 9. The highest levels of free-gossypol 

occurred in diets supplemented with the AC-Reg CSM. The 15% 

level of this meal provided 101.5 ppm free-gossypol and 

produced discoloration in 28.2% of the stored eggs. The 

NCPA-Reg meal caused a considerably higher incidence of yolk 

discoloration (72.5%) at the 15% level but provided only 

57.9 ppm free-gossypol (Table 9). NCPA-Reg meal also caused 

a greater intensity of discoloration with 50% of the 

examined eggs having a score of 2 or more when 15% of this 

meal was fed. Of the two regular CSM samples tested, the 

NCPA meal had a higher residual oil content and supplied 

.265% in the diet when 15% was added in comparison with only 

.105% at the same level of AC-Reg. These data suggest that 

the laying hen is able to tolerate up to 100 ppm 

free-gossypol provided the residual oil content of the CSM 

is low and that around 58 ppm free-gossypol is highly 

detrimental in the presence of oil levels in the range of .2 

- .3%. This lower level of free-gossypol in the presence of 

the .265% oil level caused much more severe intensity of 

discoloration and it was judged that the 50% of the eggs 

having scores of 2 or more would be highly objectionable in 

market channels. AC-Reg CSM did not produce any 

discolorations in the 2 or above categories (Table 9). 

The lowest level of free-gossypol was provided by 

the IPA CSM; the 15% level of this meal resulted in 3.0 ppm 



Table 9. Effect of CSM on yolk discoloration 
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. Free Cottonseed . , Score 2 
O o . . y 9 o l  0il ".sco ored or More 

Treatment ( } (%) (%) (%) 

Basal Diet 0 0 0 0 

5% AC-Reg 30. 5 . 035 2. 5 0 

10% AC-Reg 61.0 .070 15.4 0 

15% AC-Reg 101.5 .105 28.2 0 

5% IPA 1.0 .008 0 0 

10% I PA 2.0 .015 1.0 0 

15% I PA 3. 0 . 023 2.6 0 

5% NCPA-Reg 19.3 .085 5.0 0 

10% NCPA-Reg 38.6 .170 20.0 5.0 

15% NCPA-Reg 57.9 .265 72.5 50.0 

5% Glandless 5.9 .045 0 0 

10% Glandless 11.8 .090 0 0 

15% Glandless 17.7 .135 0 0 
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in the diet. Slight (score of 1, considered not susceptible 

to rejection) discoloration in 2.6% of the eggs examined was 

obtained at this level of feeding. The residual oil 

provided by this meal was quite low at .023%. These data 

indicate that this meal could be used in almost unlimited 

amounts in laying hen diets. 

The glandless CSM sample provided 17.7 ppm 

free-gossypol at the 15% level in the diet and .135% 

residual cottonseed oil. Even though these levels are 

higher than those found with the IPA meal no yolk 

discoloration was observed in the stored eggs. This 

suggests that the free-gossypol measured by HPLC was either 

an artifact of the analysis procedure or that it was 

unavailable to the laying hen or that the cyclopropenoid 

fatty acids in the glandless meal are considerably lower 

than encountered in regular CSM. 

These results concerning the relationship between 

free-gossypol and residual cottonseed oil and yolk 

discoloration are in disagreement with those reported by 

Kemmerer e_t jU. (1963). These workers found that layers 

fed diets containing more than 40 ppm free-gossypol and .1% 

cottonseed oil produced eggs which developed considerable 

discoloration after 2 months of storage. The 15% level of 

regular CSM in this study resulted in dietary free-gossypol 

levels of 101.5 ppm with an oil level of .105%. However, 

Kemmerer and his co-workers utilized gossypol acetic acid 
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and a partially refined cottonseed oil in their studies. In 

addition, the gossypol acetic acid did not form part of the 

diet but was administered daily by gelatin capsule which 

could lead to the speculation that by being fed separately 

more of it could be available for absorption due to limited 

interaction with the rest of the feed ingredients. The use 

of a partially refined cottonseed oil may have been lower in 

cyclopropenoid fatty acids (due to the refining process) 

which are the active synergistic components of the oil in 

the production of yolk discoloration. 

Another effect produced by feeding cottonseed oil 

to laying hens is an increase in the proportion of saturated 

fatty acids in the yolk. Evans, Davidson and Bandemer 

(1961) and Reid (1972) reported that feeding cottonseed oil 

to laying hens produced an increase in the concentration of 

saturated fatty acids in the yolk and at the same time a 

decrease in the concentration of unsaturated fatty acids. 

Table 10 shows the changes in the concentration of saturated 

and unsaturated fatty acids in the yolk of eggs from layers 

fed the experimental diets. 

When feeding the basal diet, fatty acid composition 

of the yolk fat was 33.5% saturated (primarily palmitic and 

stearic), 57.0% mono-unsaturated (oleic) and 9.44% 

poly-unsaturated (linoleic and linolenic). The degree of 

saturation of yolk fatty acids increased as the level of 

residual oil in the diet increased (except for the glandless 



Table 10. Effect of CSM on yolk fatty acids 

4 4  

Dietary % % Unsaturated 

Treatment Saturated 
Mono Poly Total 

Basal Diet 33. 50 57.06 9.44 66.50 

5% AC-Reg 34.13 55.07 10.80 65. 87 

10% AC-Reg 39 . 59 52.33 8.08 60.41 

15% AC-Reg 44.03 46.39 9. 58 55.97 

5% I PA 32.94 59.18 7.88 67.06 

10% I PA 31.43 59.58 8.99 68. 57 

15% IPA 35. 13 56.40 8.47 64. 87 

5% NCPA-Reg 39.84 52.45 7.72 60.17 

10% NCPA-Reg 42. 18 46.88 10.95 57.84 

15% NCPA-Reg 47.49 43. 18 9.34 52. 52 

5% Glandless 40. 33 48.73 10.94 59.67 

10% Glandless 41. 63 50.16 8.21 58. 37 

15% Glandless 38. 81 52. 89 8. 30 60. 19 
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meal). AC-Reg CSM, at the 15% level, resulted in 44.03% 

saturated fatty acids in the yolk; while NCPA-Reg caused 

47.49% saturated fatty acids at the same feeding level. For 

both regular meals the degree of saturation was directly 

related (P<.05) to the level of residual oil (Table 10). 

The low levels of oil in the IPA CSM diets caused 

only minor changes in yolk fatty acids even at the 15% 

level. Feeding the glandless meal did not cause any 

significant changes in yolk fatty acids, although it 

contained fairly high amounts of residual oil, again leading 

to the speculation that cyclopropenoid fatty acids could be 

lower in this meal than in the regular (glanded) meal. 



C H A P T E R  V  

CONCLUSIONS 

ME values determined with chicks for both IPA 

treated and glandless CSM were lower than those of the 

regular CSM samples tested. 

Feeding IPA treated CSM to laying hens had no 

effect on egg production rate compared with a soybean 

meal-based basal diet, even at a level of 15% of the diet. 

Feed intake increased at the 10 and 15% supplemental levels 

and feed conversion was poorer at the 15% level of 

supplementation. Both egg weight and egg output were 

significantly increased at the 10% level of supplementation, 

but not at 15%. In general, feeding IPA CSM to laying hens 

resulted in performance which was equivalent to or better 

than obtained with the soybean meal-based diet. 

The IPA CSM had a free-gossypol content of only 

.002% and a residual cottonseed oil content of .15%. Of the 

eggs examined after a 56-day storage period, only 1% from 

the 10% supplementation level developed any discoloration 

(score 1, which is not objectionable). At the 15% level of 

supplementation only 2.6% of the eggs developed 

discoloration, all of which was also rated in the lowest 

grade (1). 

4 6  
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Feeding glandless CSM to laying hens resulted in 

decreased egg production and poorer feed conversion at the 

15% level but not at the 5 and 10% supplemental levels. 

Feed intake was increased at all levels of supplementation, 

indicative of the lower ME content of this meal. Egg weight 

and egg output were significantly higher than the basal diet 

with the inclusion of 5% glandless CSM in the ration and 

were unaffected at the higher levels. In general, the use 

of glandless CSM feeding in layer diets at levels up to 10% 

resulted in production performance comparable to or better 

than that obtained with soybean meal. 

The glandless CSM had a free-gossypol content of 

only .012% and a residual cottonseed oil content of .9%. No 

egg yolk discoloration was recorded for the stored eggs from 

hens fed diets containing up to 15% glandless CSM. 

The proportions of unsaturated and saturated fatty 

acids in the egg yolk as a result of feeding IPA treated and 

glandless CSM were not affected in comparison with the basal 

diet. The glandless CSM had a relatively high residual 

cottonseed oil content but the cyclopropenoid fatty acid 

content of the oil was presumably lower than in regular 

cottonseed oil. 

It appears that IPA treated CSM can be safely 

utilized in laying hen diets at levels up 15% without any 

detrimental effects on either performance or yolk color, 
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whereas glandless CSM can be utilized at levels up to 10% 

without any detrimental effects on performance, and at 

levels up to 15% without causing yolk discoloration. 
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