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The Status of the Cottonseed Meal 
Injury Problem 

BY J .  O. H A L V E R S O N  

T 
H E  au thor  proposes  to give 

br ief ly  the  s t a tus  of the  
problem involved in the  

f eed ing  of cot tonseed meal,  a prod-  
uct  which is of g r e a t  economic im- 
por tance  to the  country .  

Fe ede r s  have long been aware  
tha t  the  seed of the  cot ton plant ,  
unl ike  t ha t  of the  whea t  plant ,  
could not be fed in l a rge  amount s  
w i th  impuni ty .  L a t e r  when the  
meal was fed in the  l a rge r  amounts ,  
t rouble  was encounte red  also. 

F ina l ly ,  in 1915 W i t h e r s  and 
C a r r u t h  I announced the rediscov-  
ery,  in cottonseed,  of a toxic  phenol-  
l ike substance,  gossypol.  This  
was  ob ta ined  f rom the seed, where  
i t  occurs in r e la t ive ly  l a rge  
amounts .  I t  was la te r  obta ined,  
also, f rom the meal  t oge the r  w i th  
ano the r  form,  D-gossypol ,  which  
differed in solubi l i ty .  2 

W i t h e r s  and C a r r u t h  fed gossy-  
pol to ra ts ,  r abb i t s ,  p igs  and 
chickens wi th  v a r y i n g  effects. 

The effect or  tox ic i ty  of the  gos- 
sypol  added to the  food or of the  
cot ton seed meal  i t se l f  was based  
upon g rowth  and wel l -being of  the  
animal .  F e e d i n g  exper imen t s  were  
c a r r i e d  on fo r  some t ime.  When  
no un toward  resul ts ,  or  a t  mos t  
only  s l igh t  effects, were  obta ined,  
th i s  was spoken of as a to lerance  
to gossypol.  This  occurs wi th  the  

i The  numbers  r e fe r  to references  at the 
conclusion of  the article. 

* Published with t h e  approval  of  the Direc tor  
of  the North  Caro l ina  Expe r imen t  Sta t ion as 
pa~er number  22 of The Journa l  Series.  
Presented at the 73rd Meeting of the Amer~cc~n 
Chemical Society, R~chmo~d, Vet., April  14. 1927. 

tN .  C. Agr~cultura~ Experiment Station. 

albino ra t ,  l ikewise  wi th  chickens.  
L a t e r  Schwar tze  3 c a r r i e d  on ex- 

tens ive  inves t iga t ions  on the  dis-  
t r i bu t i on  and ex ten t  of gossypol  
in var ious  cot tonseeds over  the  cot- 
ton belt.  This  i nve s t i ga to r  also 
s tud ied  the tox ic i ty  and pha rmaco l -  
ogy of gossypol  on ra t s ,  r abb i t s ,  
mice and guinea  pigs .  His  meas-  
u r ing  s t ick  of the  seve r i ty  of the  
toxic effects on r a t s  (wi th  which  
most  of the  pharmacolog ica l  work  
was done) was loss of appe t i t e  and  
loss of weight .  * I t  was found  t h a t  
the  th resho ld  value of tox ic i ty  fo r  
the  r a t  is 67.5 mgs.  pe r  k i l o g r a m  
weight .  The m i n i m u m  lethal  dose 
is 30 to 50 mgs.  pe r  kilo when dis-  
solved in oil and in jec ted  in t r a -  
pe r i tonea l ly  or in t ravenous ly .  

Shor t ly  a f t e r  th i s  Jones  and Wa-  
t e r m a n  ~ showed tha t  gossypol  add- 
ed to a peps in - t ryps in  d iges t ion  in 
v i t ro  affected the  ra te  of d iges t ion  
by  r e t a r d i n g  the  enzymat ic  action.  
They  fed  a low concen t ra t ion  of 
gossypol  con ta in ing  a p p r o x i m a t e l y  
one-fifth as much gossypol  as the  
amount  conta ined  in the  da i ly  con- 
sumpt ion  of cot tonseed meal  pe r  
head of ca t t le  a t  our  s ta t ion .  They  
ob ta ined  m a r k e d  inh ib i t ion ,  both  of 
d iges t ion  of  the  cot ton seed globu- 
l in and of the  casein to which  the  
one per  cent  was added.  They  ad-  
vance th i s  i n h ib i t o ry  effect of gos- 
sypol upon d iges t ion  as a t en t a t i ve  
exp lana t ion  for  the  low coefficient 
of d iges t ion  (83 per  cent)  of  cot- 
tonseed meal w i th  animals .  

The work  rev iewed  above and 
t ha t  of o thers  lead to  the  conclu- 
sion or  be l ie f  t ha t  the  toxic  p r in -  
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ciple in cot ton seed was an explana-  
t ion of the  i n ju r ious  resul t s  which  
were  ob ta ined  when la rge  amount s  
of cot ton seed meal  were  fed. I t  
should be noted tha t  most  of t h i s  
work  was done by feed ing  the  seed 
or the  gossypol  isola ted f rom the  
seed. 

Ano the r  ser ies  of i nves t iga t ions  
on the  n u t r i t i v e  value of cot ton 
seed meal  gave somewhat  differ-  
en t  resu l t s  and i n t e rp re t a t i ons .  
These  will be reviewed briefly.  

Rommel  and  Veddar  6 in  1915 
publ i shed  p r e l i m i n a r y  resu l t s  of 
f eed ing  cot tonseed meal to pigs .  
Veddar  had s tud ied  the effects of 
B e r i b e r i  in the  Ph i l ipp ines  and 
noted the  m a r k e d  s i m i l a r i t y  of 
symptoms.  His  conclusion was  
tha t  the  symptoms  produced  by  
feed ing  cot ton seed meal to rap~ 
idly  g rowing  p igs  was p robab ly  due 
to a deficiency of V i t amin  B in the  
ra t ion .  

In  1916, Wells  and E w i n g  7 of 
the  Georg ia  S ta t ion ,  f eed ing  cot~ 
tonseed  meal  to steers,  p roduced  
ce r t a in  effects f rom which they  
concluded t ha t  the  problem re-  
solved i t se l f  into one of an incom~ 
plete  food. 

R icha rdson  and Green, s of the  
U n i v e r s i t y  of Texas  in 1917, pub-  
l ished resul t s  of extensive s tud ies  
on the  n u t r i t i v e  value of cotton~ 
seed meal.  They  were  unable  to 
demons t r a t e  any  effect of t ox i c i t y  
on the whi te  ra t .  Upon the die ts  
fed  the i r  r a t s  reproduced  severa l  
gene ra t ions  of  young. Only when 
gossypol  i t se l f  was added to  the  
r a t ion  were  any  effects observed.  

Recent ly  in 1924, McGowan and 
Crichton 9 in Aberdeen,  Scotland,  
have ob ta ined  in ju r ious  r e su l t s  
when feed ing  cot tonseed cake to 
young  pigs .  They correc ted  these  
resu l t s  by add ing  i ron oxide to the  
ra t ion .  They  were  able to s imula te  

the  symptoms  by subs t i t u t i ng  pea-  
nut  meal  wi thou t  the  i ron  oxide.  
This  p roduced  s imi la r  lesions of the  
k idney.  These inves t iga to r s  t h ink  
t ha t  W i t h e r s  and C a r r u t h ' s  r e su l t s  
a re  due to deficiency. The i r  re-  
sults ,  based upon a ser ies  of inves-  
t iga t ions ,  cause them to r e j ec t  
W i t h e r s  and  C a r r u t h ' s  i n t e r p r e t a -  
t ion t ha t  i t  is the toxic effect of  
D-gossypol  1~ which produces  i n j u r i -  
ous resu l t s  in pigs.  

F r o m  the  above s tudies  on the  
n u t r i t i v e  value of cot ton seed meal  
were  ob ta ined  dif ferent  r e su l t s  
f rom those obta ined  when isola ted 
gossypol  was added d i rec t ly  to the  
ra t ion .  In  most  of these exper i -  
men t s  the  amount  of gossypol  or  
D-gossypol ,  p resen t  in the  cot ton 
seed meal which was used, is not  
known. Some l igh t  is t h rown  upon 
these  conflict ing resul t s  by  a re- 
cent  p u b l i c a t i o n - - S t u d i e s  in Gos- 
sypol :  The Gossypol and D-gos-  
sypol  content  of some N o r t h  Caro- 
l ina  Meals. 11 Of the  40 meals  ex- 
amined,  i t  was found tha t  75 per  
cent  of the  gossypol  in the  seed is 
des t royed  in the process  of manu-  
f ac tu re  and t h a t  the  amount  of 
gossypol  l e f t  in the  meal  is qui te  
d i f ferent  f rom tha t  found  by 
Schwar tze  in the seed. Us ing  the 
to lerance  or th reshold  value of gos- 
sypol in the  ra t ,  the  conclusion was 
reached t ha t  when cotton seed meal 
cons i tu ted  50 per  cent of a bal-  
anced ra t ion ,  t ha t  of the 40 meals  
examined  the  gossypol  in only five 
of them (121~ per  cent)  would 
produce  any  toxic effect. 

I f  the re  is a th reshold  value of 
toxic i ty ,  such an explanat ion  may,  
in some measure ,  explain why  cot- 
tonseed meal  can a t  t imes  be fed 
to f a r m  an imals  in considerable  
amounts  wi thou t  appa ren t  in ju ry .  

In  1926, Schwartze ,  12 at  The 
Tulsa  Mee t ing  of the  Amer i can  



April, 1928 OIL & FAT INDUSTRIES 111 

Chemical Society, reviewed his 
previous work and at tempted to ap- 
ply his results,  which were ob- 
ta ined from the analysis of the 
seed, to tha t  of the meal. I t  is 
probable tha t  this  may not hold 
in view of the relatively great  dif- 
ferences in the amount of gossy- 
pol in the seed compared to that  in 
the meal. Bear ing upon this point 
a re  several other facts. Schwartze 
found tha t  the seed grown in the 
Southeastern States contained the 
g rea tes t  amount of gossypol and 
thus such meals themselves should 
contain a la rger  amount of the go s- 
sypol if this has not been destroyed 
in the process of manufacture.  The 
amount  of gossypol that  meals con- 
rain in other sections of the Cot- 
ton Belt has not been determined. 
In this State 75 per cent of the 
gossypol in the seed is changed in 
the manufacture  of meal to a less 
soluble form. Of the meals ana- 
lyzed for  gossypol, very few would 
produce any gossypol symptoms as 
shown by re tardat ion of growth 
of the ra t  when ordinary or incon- 
siderable amounts constituted the 
rat ion (based upon the tolerance 
of the ra t  to gossypol).  If, how- 
ever, this substance cumulates in 
the body and is not eliminated as 
rapidly as ingested, then the ef- 
fects of the smaller amounts of gos- 
sypol in the meal would depend 
upon the amount and length of 
t ime that  the meal was fed. 

Reference has been made above 
to the grea t  reduction in the 
amount of gossypol in meal made 
f rom seed high in gossypol. I t  is 
not known what  amount of gossy- 
pol remains in the meals made from 
seed relat ively low in gossypol. 
Schwartze found that  the different 
lots of seed varied great ly  in the 
amount of gossypol which they con- 
tained. This substance would per- 
haps also vary  still more in such 

meals a f te r  being subjected to heat 
and moisture in the process of oil 
extraction. 

A changed form of gossypol, 
D-gossypol, is present in the meal, 
which in the hands of Withers  and 
Carruth  1~ was considered to be 
"of very slight toxici ty for ra t s"  
or that  i t  consti tuted a " far  less 
toxic mater ial ."  The toxicity of 
this  substance has not been expert- 
mentally determined by feeding 
tests or by other means. 

That  gossypol i tself  is toxic 
there can no longer be any doubt. 
I t  causes at least two syndromes 
of symptoms, digestive and respiro- 
tory disturbances. 

The quant i ty  necessary to pro- 
duce toxic or re tardat ion-of-growth 
effects, with the exception of the 
rat,  rabbi t  and cat, is not known. 
This applies to fa rm animals where 
the per cent of gossypol present  in 
the meals fed, has not been esti- 
mated. Schwartze found 45 to 50 
mgs. per kilo weight the largest  
survival dose for the ra t  when us- 
ing intraperi toneal  injections. This 
is 20.4 to 22.5 rags. per pound live 
weight equivalent to 10.2 to 11.25 
grams per 500 pounds (the weight 
of a heifer  or s teer) .  

The same invest igator  found 67,5 
rags. of gossypol per 100 gins. of 
food the threshold value of toXic- 
i ty for the rat. These amounts 
are quite high when compared with 
the amounts ingested in the heavy 
feeding of cotton seed meal to dai ry  
cattle at our stat ion which are 45.3 
rags. gossypol per 100 pounds live 
weight. * (Approximate average 
of 10 head, or 0.3893 gram gos- 
sypol consumed per head per day.) 

Recently we have fed 12.43 per 
cent cotton seed meal in the ra t ion 
to growing swine with an average 
intake est imated at  35.3 rags. gos- 

�9 Soft Pork Studies by E. H. Hostetler and 
J. O. Halversrm. 
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sypol* per day extending over 70 
days to marketable weight with no 
apparen t  in jury  or a r res t  of gain 
in weight. 

F rom this it  appears tha t  the 
amount of gossypol ingested in the 
meal by swine and dairy cattle is 
considerably less than the amounts 
experimentally found necessary to 
produce toxic effects on small lab- 
o r a to r y  animals. Gossypol is ab- 
sorbed slowly when fed by mouth 
and is then apparent ly  of a low de- 
gree of toxicity. 

Icie G. Macy and Julia Out- 
house 14 have recently summar- 
ized the effect of feeding cottonseed 
meal upon fa rm and small animals 
as follows : 

Calves of 8 to 12 months are very 
susceptible. 

Lactat ing cows are relat ively ira- 
mune. 

Swine are par t icular ly  suscep- 
tible to cottonseed poisoning. 

Guinea pigs and rabbi ts  are af- 
fected. 

Dogs show no effects in 120 days. 
Sheep show no apparent  symp- 

toms. 
The ra t  is more resistant .  
The statements above as to calves 

and swine need, perhaps, in view of 
later work, some qualifications. 

The results given in the l i tera-  
ture on Gossypol Poisoning of Ani- 
mals are chaotic. 

One set of invest igators  fed seed 
comparatively high in gossypol and 
"isolated gossypol" in ra ther  large 
amounts, in which the gossypol was 
injected intraveneously or added to 
the ration. In another series of 
experiments cottonseed meal com- 
parat ively low in gossypol was used 
in which the actual amounts pres- 
ent have not been determined. 
Doubtless the order of magni tude 

* ADnroximate figures obtained from the pro- 
jects "Studies on Cottonseed Meal :Feeding to 
Dairy Cattle" by R. S. Curtis, .]'. O. Y[alverson, 
and C. D. Grinnells. 

of gossypol ingested was not the 
same. The experimental  work in 
feeding cottonseed meal gave re- 
sults which might  as readily be in- 
terpreted as being due to a defi- 
ciency as to toxicity. I t  is not im- 
probable that  rat ions containing 
large amounts of cottonseed meal 
may have been nutr i t ively  deficient 
in some respects where the animals 
were closely confined for long ex- 
perimental  periods. Factors  such 
as these may have produced dif- 
ferent  results. 

For  fa rm animals the threshold 
value of toxici ty of the gossypol 
present  in cottonseed meal is not 
known. Apparent ly  this is some- 
what high, relatively speaking, thus 
enabling considerable cottonseed 
meal to be fed. Also the relatively 
low amount of gossypol left  in the 
meal makes it possible to feed more 
meal with impunity. The D-gos- 
sypol in the meal seems to be held 
in a "bound" state and together  
with the gossypol does not appear 
to be actively toxic for fa rm ani- 
mals in the sense of causing sud- 
den deaths a f te r  short periods of 
feeding. Usually sudden deaths 
occur a f te r  somewhat longer peri- 
ods of feeding or are preceded by 
swollen l imbs,  "fits" and a gradual 
decline and loss in weight. I t  is 
not known whether these two sub- 
stances in cottonseed meal as or- 
dinar i ly  fed, exert  a low order of 
toxicity on farm animals. Cattle 
and young stock fed a rat ion of 
which cottonseed meal constitutes 
a large part,  get along fa i r ly  well 
for a considerable period of feed- 
ing. 

In this  problem are involved 
other factors  among which are the 
condition of the animal and nutr i -  
tive deficiencies in the ration. 
These deficiencies in the rat ion may 
be those due to the cottonseed meal 
itself and which are usually not 
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properly supplemented in practical  feeding of animals on farms.  
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last line under Section I, for  
" . . . . g l a s s e s  in questionable" read 
" . . . . g l a s s e s  is questionable" 


