
In the cabinet dryer , i om initial moisture 
contents as high as 5.0%. No reduction 
in dr)ing rate occurred \\hen the coating 
\.\as added 

Conclusions 

Addition of diatomaceous earth as a 
coating agent to moist ammonium 
nitrate prills significantly increased the 
rate of drying in both cabinet and rotary 
dryer tests. Limited data indicated 
that the coating also reduced the amount 
of fines produced in the dryer. Photo- 
micrographs of prill thin sections showed 
that a thin. dense layer of nitrate de- 

posited during drying on the outside of 
the coating. LVithout the coating. the 
deposited salts Lvould have quickly 
blocked the capillaries Lvhich bring 
moisture to the surface. At optimum 
thickness, the layer of coating probably 
keeps the capillaries to the surface of the 
prill open. resulting in a shorter drying 
time. 
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GOSSYPOL TOXICITY 

Effect of Cooking and Calcium and Iron 
Supplementation on Gossypol Toxicity 
in Swine 
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Studies were carried out to determine whether cooking and the addition of calcium 
and iron protect swine against gossypol toxicity, Gossypol in the diet resulted in lower 
weight gains and feed efficiencies and a high mortality rate. These effects were com- 
pletely eliminated by the addition of 1 yo Ca(OH)2 and 0.1 Yo FeS04 .7H20. Serum pro- 
teins, allbumin, globulin, and urea nitrogen concentration remained the same under the 
different treatments, but hemoglobin and hematocrit values were lower in animals fed 
cottonseed meal diets. Liver weight was lower in animals fed raw or cooked cottonseed 
meal and liver fat highest in the group fed raw meal. Histopathological studies of the 
heart indicated that cottonseed meal fed without addition of calcium and iron resulted in 
dilation of both auricles and ventricles. This lesion, of a degenerative type, which re- 
sulted in cardiac insufficiency and edema of the lungs, is  probably muscular, since no 
abnormalities were observed in the valves. 

HE fatal outcome which often follows T the prolonged feeding of large 
amounts of cotton:,eed meal to mono- 
gastric animals, but particularly to 
swine, is well documented ( 7 ,  28). It  
is also knoivn that the adverse physio- 
logical effects of cottonseed meal are due 
to a large extent to gossypol ( 7 , &  20: 29) .  

The toxicity of cottonseed meal due 
to the presence of gossypol can be re- 
duced by the processing conditions used 
during the extraction of oil from the 
seed ( 7 :  9: 73. 22). Since at  the same 
time there is a decrease in available 
lysine content (4> 719% 24)! the deficiency 
of this amino acid is further aggravated 
by the presence of gossypol, because it 
binds lysine, reducing the protein quality 
of the meal (ZI? 25). Newer develop- 
ments in cottonseed processing have 
made possible the production of cotton- 
seed meal practically free from gossypol 
(Z), with minim~iim destruction of the 
protein quality. 

Attention has also been given to 
dietary factors which reduce the toxicity 

of gossypol. Hale and Lyman (74) 
showed that gossypol tolerance in swine 
could be increased bv increasing the 
protein level in the diet. The beneficial 
effects of protein level in the diet have 
been attributed to either a higher 
availability of amino acids. particularly 
lysine, or the presence of specific com- 
ponents in the supplements (7, 9, 72. 
76. 23) .  Hale and Lyman (77 )  also 
demonstrated that lysine supplementa- 
tion of sorghum-cottonseed rations for 
swine greatly improved the daily gains 
and feed efficiencies despite the increased 
gossypol intake. 

The addition of ferrous salts to diet? 
containing cottonseed meal has been 
shown by Gallup (72), Barrick (5) .  
IVithers and Carruth (37), Hale and 
Lyman (76) ,  and Clau son and coworkers 
(8) to reduce the toxicity of gossypol to 
varying degrees. I t  is believed that the 
beneficial effects of the added iron are 
due to the formation of an insoluble iron 
compound of gossypol and to the 
oxidation of gossypol, thus decreasing its 

concentration, Bressani and coworkers 
(6) have shown recently that the addition 
of iron in the presence of calcium salts, 
with and without coo8ing. reduces to 
very low levels the concentrations of 
free gossypol in food mixtures con- 
taining cottonseed flour. I t  \vas: 
therefore, of interest to determine 
whether the addition of calcium and 
iron Lvould protect sivine against gossypol 
toxicity ivhen fed a raw or cooked cotton- 
seed meal diet \vith a relatively high 
gossypol content and to determine the 
biochemical and histopathological 
changes in the blood and organs of the 
animals studied. 

Materials and Methods 

Experimental Procedure. The ex- 
periment consisted of five treatments, 
one of which was a control, and each 
trfatment was replicated three times. 
In the first replication, 15 half-bred 
Duroc Jersey pigs were used. allotting 
three pigs per treatment. and in the 
second and third, 15 and 20 pure-bred 
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Duroc Jersey pigs were used, allotting 
three for the former and four for the 
latter, respectively. The  animals \vere 
from 8 to 10 weeks of age when placed 
on the experiment and weighed between 
6.4 and 14.1 kg. The average initial 
weight per dietary treatment was es- 
sentially the same? 9.3 kg., and each had 
five male and five female pigs. 

Care and Feeding of Animals. 
Throughout the experiment, the pigs 
were kept in individual pens in order to 
obtain individual data on feed consump- 
tion. Water !vas given ad libitum. while 
the daily amount of feed to be offered 
was calculated from the weight of each 
pig, which was obtained every week. 
The floors of the pens were cleaned 
daily. The animals were \veighed every 
7 days and the uneaten food \vas collected 
in plastic bags and dried in a convection 
oven at  80' C. .4t no time during the 
experiment did the pigs lack food, and 
the amounts left were always small and 
easily collected for drying and weighing. 

Preparation of Rations. In each repli- 
cation. diets 1. 2. and 4 (Table I )  were 
moistened with water and fed as a 
homogeneous paste. Diets 3 and 5 
were cooked in boiling Lvater for 10 
minutes before feeding. To avoid a 
possible interaction when cooking be- 
tween the cottonseed meal and the other 
ingredients of the diets in rations 3 and 5. 
the follo\ving procedure was used. In 
the case of treatment 3, all the cotton- 
seed meal in the ration was cooked with a 
suitable amount of corn and after cook- 
ing all the other constituents of the ration 
\vel-e added to give the composition 
shown in Table I .  The  same pro- 
cedure was followed for treatment 5 and 
the supplements of calcium and iron were 
added to the cottonseed-corn mixture 
before cooking. 

Analytical Procedures. The rations 
bvere analyzed for protein and free and 
total gossypol by. the method of the 
A.O.C.S. (2) and available lysine by 
the method of Conkerton and Frampton 
( 7 0 )  before and after cooking. 

Blood samples taken from the jugular 
vein were obtained from each pig at 
the start: middle, and end of the ex- 
perimental period, which lasted 84 
days. Total protein, albumin, and 
urea nitrogen were determined in the 
blood serum! and hemoglobin and 
hematocrit Lvere determined in oxalated 
blood samples. At the end of the ex- 
perimental periods, 15 pigs, three from 
each diet. lvere sacrificed and the livers 
removed. One lobe of each liver \vas 
immediately packed in a plastic bag 
and frozen until analyzed. 

Results 

The growth performance and 
mortality of pigs fed the different rations 
are presented in Table 11. Also shown is 
the free gossypol concentration of the 
rations before and after the addition of 
water and cooking in diets 3 and 5. 

The animals fed the cooked cotton- 
seed meal gained significantly more than 
those fed the water-treated but raw 
cottonseed meal. The addition of cal- 

Table l. Composition of Rations 
Ration No. 

1 2 3 4 5 
Treatment" Control, % Row, % Cooked, % Raw, % Cooked, % 

Ace-Hi * 39.5  . . .  . . .  . . .  . . .  
Cottonseed meale , . .  42.0  42.0 42.0 42.0 
Ground corn 5 4 . 3  51 .8  51 .8  50 .7  50 .7  
Ca(OH)? . . .  . . .  . . .  1 . o  1 . o  
FeS04.7H20 , . .  . . .  , . .  0 . 1  0 . 1  

Xurofac (1.8 grams aureomycin per pound). 

Cottonseed meal, a screw-press meal from Nicaragua, with the following analysis: 
7 . 6 5  moisture: 10.4:; fat; 4 0 . 8 5  protein; 6.2'; ash: 8.7% crude fiber; 1 . 3 9 5  e-amino 
lysine; 100 mg. free gossypol, and 1.085 grams total gossypol per 100 grams. 

Other ingredients added were: 3.05, alfalfa leaf meal; 3.0"; salt mixture; 0.2cb 

b Commercial protein concentrate, Ritverside Feeds, Guatemala. 

Table II. Effect of Cooking and of Addition of Calcium Hydroxide and 
Ferrous Sulfate to 42.0% Cottonseed Meal  Ration on Performance of 

Growing Swine 
Free Gossypol 

in Diet," 
Mg. /100  Grams Weight, K g .  Feed 

Diet Fed Before After lnitial Final Efficiency Mortality 
Control 9 . 4  38 .6  2 .98  Oi l0  
Untreated cottonseed meal. 40 21 9 . 3  20 .7  7 .50  8/10 
Cooked cottonseed meald 42 18 9 . 2  28 .9  4.62 7/10 
Untreatrd cottonseed meal + 1 . 0 7  Ca(OH)? + 

0 . 1 7  FeSOa 7 H 0 0  26 7 9 2  3 5 0  3 62 1 /10e . -  
Cooked cottonseed meal + 

l .Orc Ca(0H)Z + 0.lC; 
FeS04 7H2O 30 7 9 3  3 4 0  3 86 0 / l o  
a Content before and after treatment. 
b Average feed consumed/a\erage weight gained. 
c TVater added but no heat applied. 
d \'dater added, heat applied. 
e Mortality of one animal was due to pneumonia as diagnosed by a veterinarian. 

cium hydroxide and ferrous sulfate 
caused greater weight gains, compared 
to the groups fed only cottonseed meal. 
No significant difference in weight gain 
was found between groups fed diets 4 
and 5. but none of the animals fed cotton- 
seed meal gained as much as those in the 
control group. Feed efficiency was better 
for the control group. followed by 
groups 4 and 5 .  The mortality data 
show that 80 and 70% of the pigs fed 
diets 2 and 3. respectively, died from the 
seventh week on but only one otit of 10 
pigs died in group 4,  at the eleventh 
week of the experiment. Kone of the 
pigs died in the control group or in the 
group fed ration 5. 

Figure 1 shows growth curves: of the 
animals on experiment. The  !ate of 
weight gain of the animals fid the 
different cottonseed meal rations did not 
reach that of the control group. 

The mean values for the blooh com- 
position analysis are shomm in Table 111. 
KO difference in blood composition was 
observed among the pigs a t  the start of 
the experiment. The second inalysis 
was made at the end of the sixth week; 
no major change was found in total 
protein, albumin, or globulin conbentra- 
tion when compared to the initial values. 
Serum urea values increased in all 
groups. A significant ( P  < 0.01) de- 
crease in hemoglobin concentration and 

hematocrit values occurred in the 
animals fed the uncooked and cooked 
cottonseed meal without the addition of 
Ca(OH)> and FeSQ4 7HzO. 

,4t the end of the experiment, no 
major changes were observed in total 
serum protein. albumin. and globulin 
concentration in the animals fed the 
different rations. Serum urea values 
increased slightly. except for the group 
fed the untreated cottonseed meal with 
the addition of Ca(OH)l and F e 3 0 4  
7H?O. Both hemoglobin concentration 
and hematocrit values decreased slightly 
in all groups fed the cottonseed meal 
ration with or without cooking, and with 
or without additives. 

The chemical composition of the livers 
of three animals from each diet group is 
shown in Table IV. Liver weight was 
essentially the same in all groups, except 
in the animals fed the untreated and the 
cooked cottonseed meal. Nitrogen con- 
tent was similar in all groups, while fat 
content was highest in the group fed the 
untreated meal and essentially the same 
in all other groups. 

The  autopsy findings showed that 
organ weight was lower in those animals 
receiving the raw cottonseed meal than 
in the control group or the groups fed 
the cooked or raw cottonseed meal with 
the mineral supplements. Histopatho- 
logical studies of the organs of some of the 
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Figure 1. Growth curves of swine 

- Control group +-+ Group fed 42.0% uncooked cottonseed meal with woter 
.-. GrouD fed 42.0% cooked cottonseed meol with water 
- .___. Group fed'42.0% uncooked cottonseed meal + 1.0% Ca 

_ _ _ _  Group fed 42.0% cooked cottonseed meal + 1 .O% Ca[OH)2 + (OH), + 0.1 % FeS04.7HzO 

0.15; FeS04.7Hz0 

Table 111. Avercige Blood Composition at the Beginning and Sixth and 
Twelfth Weeks of Experiment 

No. Profein, "/c, Albumin, % Globulin, % Mg. % G. % % 
Group Urea N, Hemoglobin, Hemafocrif, 

BEGINNING 
1 6 .32  2 .52  3 .90  1 6 . 0  1 1 . 5  35 ~~ 

2 6 .19  2 .17  4 . 0 2  1 4 . 5  1 1 . 6  36 
3 6 .48  2 .18  4 . 3 0  1 3 . 6  1 0 . 9  33 
4 6 .14  2 .35  3 .79  1 5 . 2  1 1 . 1  34 
5 6 . 3 7  2 .32  4 .05  11 . o  1 1 . 2  34 

6TH WEEK 
1 7 .14  2 .91  4 . 2 3  22 .6  1 4 . 5  45 
2 5 . 8 7  2 .27  3 .60  22 .0  9 . 7  26 
3 6 .50  2 .51  3 .99  21 .1  9 . 9  28 
4 6 .52  2 . 5 8  3 .90  24 .2  1 3 . 2  37 
5 6 .61  2 . 7 0  3 .92  1 9 . 4  1 3 . 4  38 

12TH IVEEK 
1 7 .28  3 .10  4 . 0 8  27 .1  1 5 . 7  42 
2 6 . 2 7  2 .58  3 .69  24 .1  7 . 4  20 
3 6 , 8 9  2 .88  4 .01  27 .0  6 . 2  18 
4 6 .90  2 .98  3 .94  21 .4  1 1 . 9  33 
5 6 .81  3 .16  3 .64  2 1 . 6  11 .8  31 

animals of group 2 showed necrosis of the dilation of both the auricles and the 
liver and atrophy of the acinii of the ventricles, with the left ventricle being 
pancreas and of thi: Malpighian bodies more affected. Since no abnormalities 
of the spleen. These nonspecific findings were observed in the valves, this lesion. 
are probably the outcome of the general of a degenerative type, is probably 
state of undernutrition of these animals. muscular. resulting in the cardiac insuf- 
The heart. however, showed more ficiency and edema of the lungs, observed 
specific symptoms characterized by a in these animals. and eventually death. 

Discussion 

Several workers (76: 77. 30) have 
shown that pigs are highly sensitive to 
gossypol, a pigment present in cotton- 
seed. Therefore, the levels of cottonseed 
flour or meal used in swine rations very 
seldom exceed 1570 or levels providing 
more than 0.017, free gossypol ( I ) .  

Several dietary factors have been 
sho\vn to decrease the toxicity of 
gossypol ; among them. increased pro- 
tein in the ration appears to overcome 
the dyspnea and mortality attributed 
to the pigment (73, 77) .  Likewise. the 
source of supplemental protein in- 
fluenced gossypol toxicity ( 7 ,  9. 79. 23. 
27).  Other dietary factors affecting the 
toxicity of gossypol are lysine supple- 
mentation (9 ,  75, 26) and the addition of 
iron ( 7 7 :  72: 76> 78, 37). The results 
\vere, however, obtained Xvith diets 
containing low levels of cottonseed meal. 
In the present investigation? diets con- 
taining 427, cottonseed meal with a free 
gossypol level of 100 mg. per 100 grams 
were used. 

.4s was expected, all the animals fed 
the uncooked meal sho5ved signs of 
toxicity due to the pigment. Further- 
more, cooking alone gave only slight 
protection against toxicity. while the 
presence of calcium and iron Xvith or 
lvithout cooking resulted in a full protec- 
tion of the animals. This \vas apparent 
not only in the general appearance and 
lreight of the animals but in the serum 
chemistry. liver analysis. and general 
gross pathology of liver. heart, lungs, 
and other organs. 

Figure 2 shows the food and gossypol 
intake and mortality in the different 
groups. Mortality started after the sixth 
\zeek on the study, when gossypol intake 
had reached approximately 2.4 grams 
from the initiation of the experiment, 
ivhile feed intake started to decrease in 
groups 2 and 3 almost after the second 
week? but decreased significantly after 
the sixth \reek of the study. 

The mechanism of the protection by 
calcium and iron against gossypol tox- 
icity is still not fully known. Bressani 
and coworkers ( 6 )  recently showed that 
cooking cottonseed flour-containing mix- 
tures izith calcium and iron added re- 
sults in a highly significant decrease in 
free gossypol and some decrease in total 
gossypol concentration. This eflect 
might very well be due to a destruction 
or binding, or both. of the free gossypol 
present in the cottonseed flour mixture. 
I t  is probable that both calcium and iron 
chelate the gossypol. thus decreasing its 
absorption by the animal. A possible 
role of calcium. besides those already 
stated, is that of increasing the absorption 
of iron (3) .  The increased iron absorbed 
will in turn bind gossypol, thus reducing 
its toxic effects. This possibility is under 
investigation. In any case: the effect 
of calcium and iron with gossypol is not 
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Table IV. Weight and Nitrogen, Fat, and Iron Content of livers of Pigs 
Fed Cottonseed Meal  Rations 

Rofion Fed 

Av. 
liver Wt., 

Groins N,a % F o ~ , ~  % Fe," Mg. % 
Control 1323 10.69 7,62 46.7 
Untreated cottonseed meal 1075 11.05 11.04 5 5 . 1  
Cooked cottonseed meal 1127 9 . 7 5  8 . 4 0  39.1 
Untreated cottonseed meal + 1 . 0 7  &(OH)? + 

0 . 1 5  FeSOl 7HzO 1293 9 44 7 10 47 0 

1.OC; Ca(0H)I  f 0.17; 
FeSO? 7H10 1323 9 84 7 43 43 0 
a Dry Tieight basis 

Cooked cottonseed meal + 

a 
w 6- 
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Figure 2. Weekly feed and gossypol intake and 
occurrence of death in experimental animals 

__ Control group f-+ Group fed 42.0% uncooked cottonseed meal 
.-. Group fed 42.0%cooked cottonseed meal 

W E E K S  

Group fed 42.070 uncooked cottonseed meal + 1.0% 

- - - - Group fed 42.0y0 cooked cottonseed meal + 1 .O% Ca(OH1p + Ca(0H)z + 0.1 % FeSO3.7HzO 

0.1 % FeS04.7HzO 

the same as that taking place when 
cotton seed is subjected to oil extraction, 
since in this case lysine decreases, while in 
the wet cooking in the presence of cal- 
cium and iron, lysine concentration re- 
mains essentially the same, as determined 
chemically and biologically (6). 

The symptoms of gossypol toxicity 
were not the same for all the animals that 
died, and death did not occur at  the 
same time after the initiation of the study. 
In  most cases the signs of toxicity began 
to appear about the seventh week after 
the initiation of the study. In  this 
case! the animals showed anorexia and 
weight loss and died almost from starva- 
tion. O n  the other hand, the death of a 
few pigs was sudden, and the animals 
appeared in fair condition before death. 
Therefore, the reported chemical values 
in blood and liver are not necessarily due 
to gossypol. but to a significant decrease 
in food intake or even inanition. 

Even though the animals receiving 
both calcium and iron looked and per- 
formed satisfactorily, they liere slightly 
less heavy than the animals fed the con- 
trol diet at  the end of the study. There 
is no explanation available as yet for this 
observation, but it is possible that 
calories became someivhat deficient. 
Recently. it has been reported that high 
levels of gossypol decreased utilization of 
energy in chicks (27). Low levels of 
gossypol were not tested. 

The question of hoiv much iron is 
needed per unit of gossypol, and whether 
this will vary in the presence of calcium 
salts, is of interest. The evidence avail- 
able from the present study suggests that 
5 moles of iron to 1 of gossypol will 
eliminate gossypol toxicity in swine on 
the basis of 40 mg. of free gossypol and 
55 mg. of FeSO? per 100 grams of ration. 
Most workers who have tested the 
addition of iron to cottonseed diets have 
obtained different degrees of success. 
I t  is possible that this was due to the fact 
that the diets were not supplemented 
with additional levels of calcium. In the 
studies reported by Bressani and co- 
workers ( 6 ) :  iron addition alone was no 
more effective in decreasing free gossypol 
levels than cooking, but a significant 
decrease occurred \\.hen calcium was also 
present. 

Conclusions 

Iron and calcium exert a protective 
effect against gossypol toxicity to swine. 
but it is too early to state that iron alone 
has the same effect. The addition of the 
tivo ions will, therefore, permit the use of 
greater levels of cottonseed flour con- 
taining higher levels of gossypol in swine 
rations. 
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Dried citirus pulp was used as the absorbent material for the droppings of broiler chicks 
and the digestibility of the nutrients in the resulting litter was determined with lambs. 
Both the nutrient digestibility and composition of the poultry litter were compared with those 
of the citrus pulp. On a per cent composition basis, nitrogen and ash of the combined 
droppingis and citrus pulp were greater than in the original pulp. When compared 
with the (citrus pulp diet, the poultry litter diet had a higher ( P  < 0.01) apparent diges- 
tion coefficient for crude protein and a lower ( P  < 0.05) digestibility of ether extract. 
Other nutrients were of similar digestibility for the two diets. The results suggest that 
dried citrus pulp and perhaps certain other feeds can be used as poultry litter and sub- 
sequently fed to ruminants. 

HE value of poultry litter as a source T of nutrients for plants has been 
known for many years, but its value as a 
source of nutrients f3r animals. particu- 
larly ruminants, has only recently been 
recognized. €no ( 0 )  revieued data 
relating the value of poultry litter to 
plant nutrition, and Chance (J )  sum- 
marized research rdating its value to 
ruminant nutrition. One of several 
factors influencing the nutritive value of 
poultry litter for ruminants is the type of 
absorbent material used. Generally, 
this material is of relatively low nutritive 
value and includes such materials as saw- 
dust, wood shaving:,. rice hulls, sugar- 
cane bagasse, oat hulls, peanut hulls, 
corncobs, and straw. The present study 
was designed to test the nutritive value of 
unsterilized poultry litter for ruminants 

when dried citrus pulp, a feedstuff of rela- 
tively high nutritive value (2, 9 ) >  was 
used as the absorbent material. 

Experimental 

The poultry litter was obtained by 
using 50 pounds of air-dry, citrus pulp 
per pen of 20-day-old broiler chicks 
and feeding a practical broiler diet for 
8 weeks. The litter was removed. dried 
to prevent spoilage, and stored for 
animal feeding. 

A conventional study of digestibility 
and nitrogen balance was conducted 
using three yearling Florida native 
wethers averaging 45.1 kg. in body 
weight. They were used in a 3 X 3 
Latin square design having been ran- 
domly assigned to treatment in period 
one. The  preliminary feeding time 

prior to fecal and urine collections was 
21 days and the collection period was 
7 days. The animals Lvere placed in 
metabolism crates 2 days before starting 
collections. 

The diets fed are shown in Table I .  
Either poultry litter (xvhich included 
citrus pulp) or citrus pulp comprised 
657, of two diets. A third diet, referred 
to as “basal mixture,” contained the 
hay, corn meal, and soybean meal 
in a similar proportion to that of the 
other two diets and was used so that 
digestion coefficients could be calculated 
“by difference” for the poultry litter 
and the citrus pulp. The  animals were 
fed 800 grams of feed per head daily 
in two equal feedings and this allowed 
either maintenance of body weight or 
slight gains by all lambs during the 
experiment. Water was provided ad 
libitum. 
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