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Summary: Low-gossypol, glandless cottonseed protein may become a major 
product for human  consumption. In this presentation, the influence of cottonseed 
protein on several aspects of cholesterol metabolism will be described. Studies with 
rabbits and rats have shown that dietary cottonseed protein very effectively lowers 
the concentration of plasma cholesterol when compared to the animal protein 
casein. No such effect has been found in hamsters, but  cottonseed protein may 
slightly elevate the percentage of serum total cholesterol carried by the high density 
lipoproteins. There is suggestive evidence that in humans  the replacement of 
animal proteins in the diet by cottonseed protein causes a small decrease in serum 
cholesterol levels, but  more studies are required to substantiate this. In hamsters 
dietary cottonseed protein effectively suppresses the formation of gallstones when 
compared to casein. On diets containing cottonseed protein the concentrations of 
both cholesterol and phospholipids in bile fluid are significantly decreased. We 
tentatively suggest that the consumption of cottonseed protein will have a favorable 
effect on cholesterol metabolism. 

Zusammenfassung: EiweiB aus Baumwollsamen, das wenig Gossypol enth/ilt, 
k6nnte  for die Humanern~hrung ein wichtiges Produkt  werden. In diesem Artikel 
wird der EinfluB yon EiweiB aus Baumwollsamen auf den Cholesterinstoffwechsel 
beschrieben. Versuche mit Kaninchen und  Ratten zeigten, dab Baumwollsamenei- 
weiB die Serumcholesterinkonzentration im Vergleich zum tierischen EiweiB, 
Kasein, sehr stark erniedrigt. Dieser Effekt wurde bei Hamstern nicht  beobachtet, 
aber BaumwollsameneiweiB erh6hte den Anteil des Gesamtserumcholesterins in 
der HDL-Lipoproteingruppe ein wenig. Es gibt Hinweise dafOr, dab bei Menschen 
der Ersatz von tierischem EiweiB durch BaumwollsameneiweiB in der Nahrung 
eine geringe Abnahme des Serumcholesterinspiegels verursacht, jedoch sind noch 
Studien erforderlich, um dies zu untermauern.  Bei Hamstern unterdrOckt Baum- 
wollsameneiweiB, im Vergleich mit Kasein, die Bildung yon Gallensteinen. Bei 
Difiten, die BaumwollsameneiweiB enthalten, sind sowohl die Konzentration von 
Cholesterin sowie auch yon Phospholipiden in der GallenflOssigkeit signifikant 
erniedrigt. Wir vermuten,  dab der Konsum yon BaumwollsameneiweiB einen grin- 
stigen Effekt auf den Cholesterinmetabolismus hat. 
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Introduction 

C o t t o n s e e d s  m a y  be  h i g h e r  i n  p r o t e i n  t h a n  c o m p o n e n t s  of  a n y  o t h e r  
t y p e  of  p lan t .  T h e s e  seeds  c o n t a i n  a p p r o x i m a t e l y  22 % p ro t e in ,  w h i c h  is of  
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relatively good nutr i t ional  qual i ty  compa red  to tha t  of o ther  major  
oilseeds. However ,  the t radi t ional  variet ies of  co t tonseed  contain  gossy- 
pol, a polyphenol ic  c o m p o u n d  that  is toxic  to man.  With the  d e v e l o p m e n t  
of a low gossypol,  glandless co t tonseed  variety,  the  prote in  has b eco m e  
available for  h u m a n  consumpt ion  (2). Researchers  and food p roduce r s  are 
enthusiast ic  about  foods conta ining co t tonseed  prote in  (4), and it is antici- 
pa ted  that  glandless co t tonseed  pro te in  will b e c o m e  a major  p ro d u c t  on 
the  prote in  food market .  

Epidemiologic  data f rom different  countr ies  have shown  a s t rong posi- 
t ive corre la t ion be tween  coronary  hear t  disease and c o n s u m p t i o n  of  ani- 
mal prote in  (15). Since the in take of  animal  prote in  is s t rongly associated 
with that  of  total dietary fat and cholesterol ,  it is difficult  to ascer ta in  the  
etiological s ignificance of  this correlat ion.  Despi te  this, the re  is some  
ev idence  f rom studies with hypercho les t e ro lemic  h u m a n  subjects  tha t  
r ep lacement  of  animal  prote in  in the  diet  by  soybean  prote in  lowers  the  
level of se rum choles terol  (14, 22), which  is a major  risk factor  for  co ronary  
hear t  disease. Other  studies (5, 19) however ,  failed to demons t r a t e  a clear  
effect  of  the  type  of  dietary prote in  on se rum choles terol  in humans .  

Animal  s tudies have been  more  conclusive.  It  has been  repea ted ly  
shown  that  rabbits  fed on  the  animal  pro te in  casein, deve lop  a m a r k e d  
degree  of  bo th  hypercho les te ro lemia  and atherosclerosis ,  w h en  co m p ared  
to rabbits  fed soybean  prote in  (21). The re  are m a r k e d  di f ferences  b e tw een  
animal  species in the level of  thei r  se rum choles terol  response  to the 
na ture  of  the prote in  in the diet  (20, 21). However ,  u n d e r  appropr ia te  
condi t ions  dietary casein, when  compared  to soybean  protein,  induces  
hypercho les te ro lemia  in m a n y  animal  species (20). 

Like  coronary  hear t  disease, gallstone disease has also b e c o m e  a major  
heal th  and economic  prob lem in m a n y  wes te rn ized  countr ies .  The  gall- 
s tones typical ly  found  in individuals  f rom these  count r ies  are co m p o sed  of  
cholesterol .  Amongs t  various d ie tary  componen t s ,  the  na ture  of  the  pro- 
tein has been  impl icated in gal ls tone formation.  Kr i t chevsky  and Klurfe ld  
(7) have demons t r a t ed  in hamsters  that  casein induces  a h igh inc idence  of  
gallstones, whereas  when  soybean  prote in  is the  pro te in  source  in the  diet  
no such effect  is seen. Rep lacemen t  of  casein by  soybean  pro te in  was 
shown to cause dissolut ion of  the case in- induced gallstones (7). 

In this communica t ion  we descr ibe  the  effects  of  d ie tary  co t tonseed  
prote in  on cholesterol  metabol ism.  We will focus on se rum choles terol  
concentra t ions ,  the levels of  bil iary lipids, and the  fo rmat ion  of  gallstones.  

Cottonseed  prote in  and serum choles tero l  

Most studies which  have looked  at the  effects  of  d ie ta ry  prote ins  on 
se rum cholesterol  concen t ra t ion  have  used  relat ively pure  prepara t ions  of 
casein and soybean  pro te in  for compar ison.  A s tudy  in which  del ip idated 
proteins  f rom various sources  were  fed as par t  of  cholesterol-free,  semi- 
purif ied diets to rabbi ts  showed  tha t  var ious plant  prote ins  led to lower  
concentra t ions  of  p lasma choles terol  than  did casein (6). In these  experi-  
ments  (6) it was thus  found  that  feeding of  co t tonseed  pro te in  resul ted  in 
low concent ra t ions  of p lasma cholesterol ,  similar to those  p ro d u ced  w h e n  
soy prote ins  are fed (Table 1). 
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Table 1. Total plasma cholesterol concentrations in rabbits fed various proteins. 

Plasma cholesterol 
Dietary protein (mmol/1) 

Casein 5.28 +_ 1.14 
Rapeseed protein 2.56 + 0.28 
Oat protein 1.99 + 0.36 
Cottonseed protein 1.97 + 0.36 
Sesame protein 1.81 + 0.13 
Soy protein isolate 1.74 _+ 0.18 
Sunflower protein 1.37 + 0.31 

Means ___ SE for six animals per dietary group. The diets contained 25 % protein by 
weight, and they were fed for 28 days. Date are taken from Huff et al. (6). 

L o w e r  concen t ra t ions  of  s e r u m  choles te ro l  were  also s h o w n  to occur  in 
rats  fed diets  conta in ing  co t tonseed  p ro te in  as c o m p a r e d  to an imals  fed 
diets  con ta in ing  casein  (12). In  this s t u d y  arg in ine  and  lysine were  added  
to case in  and  co t tonseed  prote in ,  respect ive ly ,  so as to dupl ica te  the  
arginine  to lysine rat io no rma l ly  found  in these  pro te ins  ( lysine:arginine 
ratio in co t tonseed  pro te in  is 0.36 and  in case in  it is 1.58). As the  lysine:ar-  
ginine ratio of  the  casein diet  was  a l te red  to r e s e m b l e  co t tonseed  protein,  
it b e c a m e  less hype rcho l e s t e ro l em i c .  When  the  rat io was  a l tered  so tha t  
the  co t tonseed  pro te in  r e s e m b l e d  casein,  the  p lan t  pro te in  b e c a m e  some-  
wha t  less hypocholes te ro lemic .  

Diets  conta in ing co t tonseed  pro te in  have  been  s h o w n  to e n h a n c e  the  
excre t ion  of  neut ra l  s teroids  in feces of  rats  w h e n  c o m p a r e d  wi th  a casein  
diet  (11). Poss ibly ,  co t tonseed  pro te in  r educes  the  a b s o r p t i o n  of  intes t inal  
cholesterol ,  wh ich  is of  exogenous  and/or  e n d o g e n o u s  origin. This  m a y  
t end  to lower  l iver  choles terol  concent ra t ions .  The  l iver r e sponds  b y  an  
increase  in the  n u m b e r  of  l ipopro te in  r ecep to r s  and  by  enhanc ing  de novo  
choles tero l  synthesis .  Indeed,  in rats  fed co t tonseed  pro te in  choles tero l  
t u rnove r  is m u c h  faster  than  in the i r  coun te rpa r t s  fed casein  (11). The  
increased  n u m b e r  of  l ipoprote in  r ecep to r s  i nduced  by  co t tonseed  pro te in  
is r e spons ib le  for the  fall in s e rum cholesterol .  The  l ipopro te in  choles tero l  
t a k e n  up  b y  the  l iver  can be used  for bile acid synthes is .  However ,  in order  
to p reven t  the  b o d y  f rom deple t ion  of  cholesterol ,  de novo  syn thes i s  
appa ren t l y  has  to be  act ivated.  A new s teady-s ta te  will be  reached,  a t  
wh ich  hepat ic  choles terol  synthes is  is inc reased  and  fecal  excre t ion  of  bile 
acids is also increased.  Thus,  choles terol  t u r n o v e r  is enhanced .  At  this n e w  
steady-state ,  s e r u m  choles terol  is low and  the  n u m b e r  of  l ipopro te in  
recep to rs  high. E x p e r i m e n t a l  ev idence  is n e e d e d  to p rove  or d i sp rove  this  
descr ip t ion  of  the  me tabo l i c  basis of  the  choles te ro l  lower ing  ac t iv i ty  of  
co t tonseed  protein.  

Table  2 shows  the  effects  of  d ie tary  casein,  soybean  pro te in  and  cot ton-  
seed pro te in  on the  concen t ra t ions  of  s e r u m  total  and  h igh-dens i ty  lipo- 
p ro te in  (HDL) choles tero l  in go lden  Syr ian  hamste rs .  The  diets  u sed  were  
essent ia l ly  fat- and  cholesterol-free,  and  con ta ined  20 % (w/w) of  p ro te in  
and  74.3 % of sucrose.  I t  is clear  tha t  the  p lant  p ro te ins  f r o m  s o y b e a n s  and  
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Table 2. Serum total  and HDL cholesterol concentrat ions in hamsters  fed various 
proteins. 

Total serum HDL 
Durat ion of cholesterol cholesterol 
exp. (days) Dietary protein (mmol/l) (mmol/l) 

Exp. 1 45 Casein (n = 16) 5.51 _+ 0.28 
Soybean (n = 19) 5.13 _+ 0.13 
Cottonseed (n = 16) 4.68 + 0.23 

Exp. 2 35 Casein (n = 10) 2.71 _+ 0.43 
Cottonseed (n = 10) 2.95 + 0.32 

Exp. 3 63 Casein (n = 12) 3.56 + 0.20 
Soybean (n = 10) 3.21 +_ 0.16 
Cottonseed (n = 11) 3.56 + 0.18 

2.07 + 0.35 
2.58 + 0.29 
2.53 + 0.14 
2.63 _ 0.15 
2.77 _+ 0.14 

Results are expressed as means _+ SE. Data are taken from Mahfouz-Cercone et al. 
(9), Richmond et al. (13), and Sull ivan et al. (17). 

c o t t o n s e e d s  d o  n o t  s i g n i f i c a n t l y  l o w e r  s e r u m  t o t a l  c h o l e s t e r o l  w h e n  c o m -  
p a r e d  to  case in .  C o t t o n s e e d  p r o t e i n  v e r s u s  c a s e i n  h o w e v e r ,  m a y  c a u s e  a 
s l i g h t  i n c r e a s e  in  t h e  p e r c e n t a g e  o f  t o t a l  c h o l e s t e r o l  c a r r i e d  in  t h e  H D L  
p a r t i c l e s :  87 % v e r s u s  76 % in  e x p .  2, a n d  78 % v e r s u s  71% in e x p .  3 (Tab l e  
2). Th i s  m a y  b e  i m p o r t a n t .  I n  h u m a n s  r e l a t i v e l y  h i g h  l e v e l s  o f  H D L  
c h o l e s t e r o l  p r o t e c t  a g a i n s t  t h e  d e v e l o p m e n t  o f  a t h e r o s c l e r o s i s  (10). 

T h e  d a t a  in  T a b l e  2 s h o u l d  b e  i n t e r p r e t e d  w i t h  c a u t i o n .  N o n - p r o t e i n  
c o m p o n e n t s  in  t h e  p r o t e i n  p r e p a r a t i o n s  m a y  h a v e  i n f l u e n c e d  t h e  c o n c e n -  
t r a t i o n  o f  c h o l e s t e r o l  in  t h e  s e r u m .  P u r i t y  o f  t h e  p r o t e i n  p r e p a r a t i o n s  
v a r i e d  f r o m  a b o u t  57 % ( c o t t o n s e e d  p r o t e i n  in  e x p .  1) to  a b o u t  85 % c r u d e  
p r o t e i n  (al l  o t h e r  p r o t e i n  sources ) .  T h e  p r o t e i n  p r e p a r a t i o n s  c o n t a i n e d  0.5 
to  3 % fat,  a n d  t h i s  m a y  h a v e  b e e n  c ruc i a l ,  s i n c e  n o  o t h e r  s o u r c e  o f  fa t  w a s  
a d d e d  to  t h e s e  d ie t s .  T h e  h a m s t e r s ,  e s p e c i a l l y  t h o s e  o n  t h e  c a s e i n  d i e t s ,  
m a y  h a v e  h a d  s u b o p t i m a l  d i e t s  w i t h  r e g a r d  to  t h e  p r o v i s i o n  o f  e s s e n t i a l  
f a t t y  ac ids .  

T h e  u l t i m a t e  a i m  o f  s u c h  n u t r i t i o n  r e s e a r c h  w i t h  e x p e r i m e n t a l  a n i m a l s  
is to  p r o v i d e  f u r t h e r  i n s i g h t  i n to  p r a c t i c a l  m e a n s  o f  d e c r e a s i n g  t h e  con -  
c e n t r a t i o n  o f  s e r u m  c h o l e s t e r o l  in  m a n  t h r o u g h  c h a n g e s  in  d i e t a r y  h a b i t s .  
We  k n o w  o f  o n l y  t w o  p u b l i s h e d  s t u d i e s  in  w h i c h  s e r u m  c h o l e s t e r o l  l e v e l s  
h a v e  b e e n  m e a s u r e d  fo r  h u m a n  s u b j e c t s  c o n s u m i n g  c o t t o n s e e d  p r o t e i n .  
I n  o n e  s t u d y  (3), g l a n d l e s s  c o t t o n s e e d  p r o t e i n  w a s  s u b s t i t u t e d  fo r  25 % o f  
t h e  c o n v e n t i o n a l  p r o t e i n s  in  t h e  d i e t  o f  o l d e r  s u b j e c t s  (n = 17) l i v i n g  in  a 
n u r s i n g  h o m e .  R e s i d e n t s  (n = 14) o f  a n o t h e r  n u r s i n g  h o m e  s e r v e d  as  a 
c o n t r o l  g r o u p .  S e r u m  t o t a l  c h o l e s t e r o l  l eve l s  w e r e  f o u n d  to  b e  a p p r o x i -  
m a t e l y  10% l o w e r  in  t h e  e x p e r i m e n t a l  g r o u p  (5 .74+0 .33  v e r s u s  
6.47 _+ 0.38 mmol/1,  m e a n s  + SE),  b u t  t h e  d i f f e r e n c e  f a i l ed  to  r e a c h  s t a t i s t i -  
cal  s i g n i f i c a n c e .  T h o m a s  e t  al. (18) s t u d i e d  s e v e n  w o m e n ,  a g e d  18 to  23 
yea r s ,  o n  a m i x e d ,  n a t u r a l - i n g r e d i e n t  d ie t ,  c o n t a i n i n g  g l a n d l e s s  c o t t o n s e e d  
p r o t e i n  as  t h e  so le  s o u r c e  o f  p r o t e i n .  W h e n  c o m p a r e d  to  t h e  h a b i t u a l  d ie t ,  
t h e  d i e t  c o n t a i n i n g  c o t t o n s e e d  p r o t e i n  c a u s e d  a n  11% d e c r e a s e  in  s e r u m  
t o t a l  c h o l e s t e r o l  (4.79 _+ 0.29 v e r s u s  5.41 + 0.34 mmol/1,  m e a n s  + SE).  T h e  
h a b i t u a l  d i e t  p r o b a b l y  d i f f e r e d  f r o m  t h e  e x p e r i m e n t a l  d i e t  a s  to  v a r i o u s  
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components .  Thus, this s tudy  does not  provide conclus ive  data  abou t  the 
effect of  co t tonseed protein per  se. 

It  can be conc luded  that  rabbits  and rats fed cot tonseed prote in  main-  
tain lower levels of  plasma cholesterol  than  those fed casein. In studies 
using hamsters,  se rum total cholesterol  was not decreased on a diet  
conta ining cot tonseed protein, when  compared  to a casein diet. The ratio 
of  H D L  to total cholesterol  may  be somewha t  elevated in hamsters  fed 
cot tonseed protein. I t  is possible that  the hams te r  is relatively insensit ive 
to the type  of  dietary protein with respect  to se rum cholesterol. It is also 
conceivable that  other  componen t s  of  the diet also de termine  the suscepti-  
bility to proteins in the diet. For  instance, diets with a cholesterol  base 
may enhance  the differential cholesterolemic effects of  dietary casein and 
soybean protein in hamsters  (1). In humans ,  co t tonseed  prote in  in the diet 
may  slightly decrease serum cholesterol  levels, but  more  work  is needed 
to substant iate  this, and also to establish whe the r  such  an effect could 
really contr ibute  to the prevent ion of  co ronary  heart  disease. 

Cottonseed protein and gallstones 

As far as we know, the effect of  co t tonseed  prote in  on gallstone forma- 
tion and biliary lipid composi t ion  has only been s tudied us ing hamsters .  
Table 3 summarizes  these effects. A l though  the absolute  incidences  of 
gallstones are no t  reproducible  f rom one expe r imen t  to another ,  cot ton-  
seed protein was consis tent ly very  effective in the prevent ion  of  gallstone 
format ion when  compared  to casein. Cot tonseed protein also consis tent ly  
p roduced  low concentra t ions  of  both  phosphol ip ids  and cholesterol  in bile 
fluid. It  would  appear  that  co t tonseed protein, when  compared  to soybean  
protein, has a specific effect on  biliary phosphol ipids .  The concent ra t ion  
of  biliary bile acids is not  systematical ly  inf luenced by co t tonseed  protein 
(Table 3). 

Table 3. Gallstone formation and biliary lipid composition of hamsters fed various 
proteins. 

Biliary lipids (mmol/1) 

Dietary protein Gallstone Bile acid Phospho- Cholesterol 
incidence lipids 
(%) 

Exp. 1 Casein (n = 16) 100 140 +__ 15 17 + 2 6.3 + 0.5 
Soybean (n = 19) 32 141 + 7 17 _+ 1 5.2 _+. 0.03 
Cottonseed (n = 16) 0 117 _+ 8 12 _+ 1 3.0 + 0.2 

Exp. 2 Casein (n = 10) 63 126 _+ 16 26 _ 4 3.8 +_ 0.5 
Cottonseed (n = i0) 0 137 _+ 12 15 _+ 2 1.7 _+ 0.3 

Exp. 3 Casein (n = 12) 25 152 _+ i0 17 +_ 0.2 6.0 _+ 0.9 
Soybean (n = 10) 0 233 _+ 18 17 +_ 0.4 4.3 _+ 0.5 
Cottonseed (n = 11) 8 241 +_ 14 14 + 0.9 4.7 +_ 0.4 

See legend to Table 2. 
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F r o m  the  data  p re sen ted  in Tab le  3 it wou ld  a p p e a r  tha t  d ie ta ry  cot ton-  
seed pro te in  ef fec t ively  s u p p r e s s e s  the  fo rma t ion  of  ga l l s tones  in hams-  
ters. Again,  it should  be  s t ressed  tha t  the  p ro te in  p r epa ra t i ons  w e r e  no t  
comple t e ly  pure,  and  tha t  c o m p o n e n t s  o ther  t h a n  the  pro te in  could  have  
inf luenced the  ou tcome.  K r i t c h e v s k y  and  coworke r s  (8) have  recen t ly  
shown,  us ing  the  h a m s t e r  model ,  tha t  the  addi t ion  of  lys ine  to the  diet  
conta in ing  soybean  protein,  and  the  addi t ion  of  argin ine  to the  case in  diet, 
caused  a r educ t ion  and  increase  in the  inc idence  of  gal ls tones,  respec-  
tively, w h e n  c o m p a r e d  to the pro te ins  alone. S ince  the  rat io  of  lys ine  to 
arginine in casein  is h igher  t han  in soy  prote in ,  these  amino  acid supple-  
m e n t s  m a d e  this rat io in the  case in  diet  m o r e  c o m p a r a b l e  to tha t  in the  soy  
pro te in  diet, and  vice versa.  Thus,  in tac t  p ro te ins  m a y  d e t e r m i n e  the  
inc idence  of  gal ls tones  becaus e  of  thei r  specif ic  amino  acid compos i t ion .  

Pract ical  cons iderat ions  

There  is cons iderab le  ev idence  tha t  h igh  s e r u m  choles te ro l  levels cause  
a therosclerot ic  diseases.  In  order  to lower  s e r u m  cholesterol ,  it is wide ly  
r e c o m m e n d e d  to l imit  choles te ro l  in take  and  to inc rease  the  in take  of  
po lyunsa tu ra t ed  fats at  the  e x p e n s e  of  sa tu ra ted  fats. Pe rhaps ,  the  la t ter  
in te rven t ion  m a y  at the  s a m e  t ime  e n h a n c e  the  r isk  of  gal ls tone f o r m a t i o n  
(16). We realize tha t  caut ion  is w a r r a n t e d  in ex t rapo la t ing  data  f rom 
animals  to man,  bu t  we  feel tha t  co t tonseed  p ro te in  could  have  a slight, 
advan tageous  effect  on the  concen t ra t ion  of  s e r u m  tota l  cholesterol ,  and  
pe rhaps  also on the  d is t r ibu t ion  of  choles tero l  b e t w e e n  s e r u m  l ipopro te in  
fractions.  In  addit ion,  d ie ta ry  co t tonseed  p ro te in  m i g h t  he lp  to p r e v e n t  
gal ls tone fo rmat ion  and/or  d issolve  exis t ing  stones.  F r o m  the  prac t ica l  
poin t  of  view, part ial  subs t i tu t ion  of  the  vege tab le  p ro te in  f rom cot ton-  
seeds  for an imal  p ro te in  will also have  indirect ,  f avorab le  effects  on 
choles terol  me tabo l i sm,  as such  diets  will au tomat i ca l ly  be  low in satu-  
ra ted fat. The  e n c o u r a g e m e n t  of  the  c o n s u m p t i o n  of  g landless  co t tonseed  
pro te in  is re in forced  by  the  fact  tha t  this  p ro te in  has  b e e n  s h o w n  to be  of  
re la t ively high nutr i t ional  qual i ty  (2--4, 18). 
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