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ABSTRACT 

Recent  interest in gossypol, the  biologically active 
phenol  characteristic of  the co t ton  genus Gossypiura, 
has been generated by concerns  beyond  its 
physiological effecis on animals. These concerns are 
!~rima~y investigations into possible natural  pest 
resistance factors in cot ton and were prompte( t  by  
differences noted in glanded and glandless varieties. 
This work has led to the  character izat ion of  gossypol- 
Eke comp_ounds in o ther  parts of  the  plant as wett as 
in the seed, Likewise, work on the  invest igat ion of  
color and flavor componen t s  of  cot tonseed,  carried 
ou t  in an effort  to  characterize the  product  for food 
use, has led to observations orL the nature of 
flavonoids. PhenoLic acid fractions have also been in- 
dicated in flour preparat ions of both glandless and 
glanded cot tonseed.  

INTRODUCTION 

Any listing of the  cons t i tuents  of  a livitzg organism soon 
expands to amazing numbers  and cot ton  is no  exception.  
Hedin et al, (1) enumera ted  the cons t i tu tents  o f  bolls, l int,  
and seed from the co t ton  plant,  which possess economic  
value or biological activity, and a~ived at a total  list of  252 
compounds .  Table I presents the pigments Hedk~ et al. (1) 
list as being present in  cot tonseed or the  glands conta ined 
in the  seed. Not all of these compounds  are of  interest  or 
practical concern,  while others have been the subject of 
much  investigation and even controversy.  This paper  deals 
mainly with those compounds  that  affect the quality of 
cot tonseed flour or  o the r  protein products  obta ined from it  
in an impor tan t  manner .  

Funct ional i ty ,  color, flavor, and of  course, nu t r i t iona l  
value, as influenced by the presence of biologically active 
corn-pounds, are of  pr imary impor tance  in the  considerat ion 
of co t tonseed  prote in  for human use, Indeed, all of  these 
points  have come unae r  scrut iny in the development  of 
cot tonseed protein for food use (2,3). 

TERPENOIDS 

Gossypol is biologically active, but  also presents prob-  
lems with regard to color. Casual inspect ion of  co t tonseed  
meal reveals that  the yellow pigments must  be con tended  
with. 

The tcrpenoid compound ,  gossypol, historically has been 
the compound  of  greatest  concern in cot tonseed.  The 
chemical characteristics have been  out l ined by Berardi and 
Goldbla t t  (4). Gossypol is markedly reactive and shows 
strongly acidic properties.  It can act as a pehnol ic  and as an 
aldehydic  compound.  The phenolic groups react readily to  
form esters and ethers. The ',fldehyde groups react wi th  
amines to  form Sctfiff bases and with organic acids to form 
laeat labile compounds  (5 ) .  The react ion with aromatic  
amines such as aniline is impor tan t  in analysis. Gossypol,  
with a molecular  weight of  518.5, is sotuble in a n u m b e r  of  
organic solvents, and is insoluble in low boiling pe t ro leum 
ether  (bp 30-60 C) and is also insoluble in water. Gossypol 
of  mp 184 Cis  obta ined upon  crystall ization from ether,  of 
mp 199 C from chloroform,  and o f m p  214 C from ligroin. 
Such a wide range of  melt ing tempera tures  is a t t r ibu ted  

by Campbell  et al. (6) to the  polymorphism of gossypol. 
The postula t ion of  the  three  tau tomcr ic  forms of gossy- 

pol as proposed by Adams et al. (7) was rtcccssary to 
explain many  of the  reactions of the compound .  As shown 
in Figure 2, (a) represents ~he hydroxy  aldehyde tautomer ,  
(b) the laetol tou tomer ,  and (c) the cyclic carbonyl  tauto-  
m e t .  

The reaction of native gossypol from the seed glands 
with o the r  seed componen t s  in the  oat ex t inc t ion  process is 
very- impor t an t  to lhe practical use of  the  meal in anmaal 
feeding. The free gossypo[ reacts with,  among o ther  things, 
available amino residues of the  protein,  especially the 
epsilon amino groups of  lysiae, and in this  state is much  less 
physiologically active in the  ammal  gut (8). The gossypol 
tha t  is thus rcactcd is called "bound  gossypoi" and that  
gossypol that  is stilI not  b o u n d  to protein bY the  heat  and 
moisture of  processing is designated as "free gossypol."  
Thus,  the main concern of  nutr i t ionis ts  is the amount  of  
free, or unreacted,  gossypol rather  than the  total  amount  of 
gossypol tha t  is consumed by an animal. 

One of the  bases for interest  in gossypol is the physio- 
logical activity of  the pigment.  Thdre is a ra ther  extensive 
body of evidence detailing the  toxici ty  of  gossypol to 
different  animal species (4,9,10). Swine, guinea pigs, and 
rabNts  are the  most  sensitive to gossypol, while poultry,  
mice, and rats are in te rmedia te  in their sensitivity, "although 
the  effect of  gossypol on egg damage and cn  yolk discolora- 
t ion of  stored eggs is the  most  sensitive biological indicator  
of gossypol activity (4). Funct ional  ruminants  have a very 
high degree of  tolerance to gossypol due to the  action of  
the ~amen. The toxico]ogical effects of gossypol on simple 
stom;iehed animals has been classified in three levels. Acute 

"FABLE I 

Some Pigme~tts of Cottonseed from tteOin el aL (1) 

Gossype t in  a]ph~ C a r o t e n e  Vio luxan th in  
Leucode lpb in id i~  be t a  Ca ro t ene  A u r o x a n t h i n  
Vii s te in  A 1 Phytoe l le  Neox~n th in  
Gossyp[ t r in  Phy to{ luene  Neoehro rne  
Gossypol Lute in  G o ~ y v e t d u r i n  
Gos~yeaerul in  [solute in  Gos~ypur  pur in  
'Go ssy fulvin F1 avox mat hi_q 
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FIG. l. Structures of the various tautomerie forms of goss'ypol 
where (a) represents the hydmxy aldehyde tautomer; Oa) the lactol 
tautomer; and (e) the cyclic carbonyl tautomer. 
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FIG. 2. Provo~d pathway tar biosynthesis of terpennM aldehydes :.n cotton, dDHG.=desoxy-6-deoxyhernigossypel; dHG=desoxyhemigoz - 
~vpo[: dMliG=deso•215 HG=hemigossypul;MHG=6-methoxyhemtgossypol HGQ-hemigcusyaolcnr MHC_~_-6-methoxy- 
h'emigossypMnnc ; G=go~ypnl ;" MG:6methoxygo~sypol; DMG-6.6' d!rnethoxy gosxyp~l; H l'II4 ~hr176 If t-H4"; B 1-B4-h,clJu.:ldcs g I-B4. 
Adapted frc, m ~:]pano',C.~ ct al. ,23). 

doses  cause c i rculat ion failure;  subacu te  doses cal_l~2, pu!- 
m o n a r y  e de m a ;  and chronic  doses cause s y m p t o m s  of  i3 
hea l th  and malnu t r i t ion  (9). 

Because gossypol  exhib i t s  l ifts dose resp~m~,  i l  allows 
for  the ~ale use o f  co t t onseed  meal  ill hvestoc.~ rat ions.  
Broilers czn ~afcly tu le ta te  150 ppin  ,)f f lee u~ unreac ted  
gossypol  m thei r  die:  while layers should  be res t r ,c ted  to 50 
ppm free gossypol  in the diet  to prevent  p igment  discolora-  
t ion o f  egg yolk~, when  s tored,  ( ; rowing  swine can tolera.':e 
100 ppm o f  free gossypol  in the diet.  The  addi t ion  of  i ron  
salts to  the cier. in all these cases can increase free gossypol  
to ierances  {" 1). The pract ical  load lJrtiJts o f  free and tot,~l 
gOSSypo[ on func t iona l  rnminar . ts  have nor  been cstabl isht 'd  
and are c o t  e n c o u n t e r e d  unde r  usu',d feeding condi t ions .  

Any  co t t onseed  pro t~m p rodue t s  in tended  fiw hum;m 
Is in the  IJniled L~IIlleS mtlsl ce, ntain no rn<+re t?lal: 0.11.t5% 
lree gossypo,  as set by I-DA. The Plo:eJn Adviso]y (i lOup 
el  Lhe U.N. had set '"hilts o f  0.0(=.% o f  t:ee gc.ssypol and 
; .25)  tota l  gossypol  [or h ~ m a n  c o n s u m p t i o n  m their  
programs.  

Gossypol  is concc] : t ra ;ed  in d iscre te  giands wi thin  -he  
leaves, s tems,  roots ,  and seeds o f  the  c o t t o n  plant .  The  
p igment  gtar.ds in the .%liagc par ts  o f  t he  plan;  are loea-_ed 
he low the  ep idermis  ~n:l hypmlermSs.  In the seed emhr3'o,  
or  kernel ,  these  p i tnnen t -con ta in ing  glands are 100 to 400  
mic rons  in d iameter .  Gossypol  makes  up ca. 20-40% e l  the  
weight  o f  these glands and ~esults m levels o f  gossypol  in 
Ihe wbnle  kernels  of  fk.4 to 1.7~70 (1 2t. 

The concern  abou t  the  tox ic i ty  o f  gossypot  resul ted  in a 
series o f  events  in the  past two  or  th ree  decades that  have 
recent ly  led to  a great  expans ion  of  knowledge  abou t  
co t t on  plant  p igments ,  l [owever ,  these  events  have :l iveried 
the  mare  emphasis  o f  ~ossypol  research away from the  area 
o f  i-s ef fect  in c o t t o n s e e d  p ro te in  for  ,eed and food uses. 

I,~ the early l q g 0 s ,  commerc ia l  develo,~menz o f  genct i -  
cMly gtandle ,s  wnJet ie-  c,f cr was unde r t aken  on the 

basis that  the value o f  callon,',eed oi l  and meal cou.,l I>~' 
improved  and its useluLness e~.tended i[ gossypol  w~tu r o t  
present. That  assumpt ion is sti l l  val id and has been the basis 
f o r  cot'~tinued p roduc t ive  work  on glandless ,sarictieg. Tl'.e 
feasibili ty o f  some ~andless  co t t onseed  p l ~ t : n g a  in s~:- 
looted part=_ of  the  c o t t o n  belt are n e w  being considered.  
W:th the  advent  c f  the  gland~e~s var ie t ie~in  tl~e 1960s. ir 
was found  that  many  o f  the  insects  which did nc.t :lttack 
glantled G>ihm inflicle:l  damage on glarulless .,,'r~liiis )t areas 
where  the inset:, i n f u s t a l , m  was hea~,y (12-14). Such 
obser-r then s tunula ted  s tudies  on the  impor tance  c f  
pl~lnent  ~ a n d s  in hos t  plant  resistance.  Concern with 
~cgald to agr.cultural  chemicalb also emphas ized  the need 
for na tura l  con t ro l  measures .  

Tox ic i ty  o f  glanded f lower  buds  to some insects has 
been corre la ted  will2 goss.wp,-~l con ten t  (12,13,15,16) .  The 
t radi t ional  n ' e t h o d  o f  analysis c o m m o n l y  used emp loyed  
aniline which is a nonspcc i f i c  reagent  for aromatic  ald~- 
iaydes. It is no t  k n o w n  exac ' l y  how man}' aromatic  alde- 
hydes  exi_~t in glands.  ~lnd ~?hi= left the  arzove cnrrelat!on in 
doub t .  In addi t ion to  thi.% Be:t aed Sl ipan,wic  (122 ,us- 
peered that  some wild :ypes  o f  c<~tton had nl(>i~ it-secl.icid~ 
activity than could be ac r  f,.~l by the go~sypol 
c. '~neentration alone. Ttu_- set the stage 1o~ lice cxtenslve 
work on  terpenoid_, in c o t t o n  glcnds. Much o f  this work has 
been carried out  by the  USDA (12,13).  InitiaLly, t he  to.xJc 
xctivity was a t t : ibu :cd  to "X- : ' ae to : s . "  These  X-factors 
have recent ly  been  iden t i f i ed  as two  sesqtdterpenoid~ and a 
se:ies o f  eight derived ses t e r t e rpeno ids  calle.t helioeidcs. 
The sesqu i tc r0enoias  arc i lh:s:rated in Figure 2 ,~s HGQ and 
mHGO while the scs t e r t e rpeno ids  are kelJ.ocide~ H i ,  It.2, 
H 3, and H4, and also B] ,  B 2, B3, and B4. 

Al though  com:non ly  cult ivated varieties o f  co t ton  are 
pre,+ently "Jdrnost all g lavded,  tltey are by nv means .nsect-  
free. The c o m m u n  cot~on cultivars con ta in  gos~ypol-, 
hemigossypo lone ,  and the  hel iocides  H l , H 2 , H 3, and l] 4 
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(Fig. 2). Insect resistant wild types of  co t ton  are observed 
te contain these same compounds,  but the concentrat ions 
are as much as three times as great (12). This is especially 
true of heliocides H~ and fla. True glandless cot ton cultivars 
do not co~tain the terpenoid aldehydes (17). 

The above research is directed toward insect control  and 
not toward gossypol in seed products. Actually, since the 
seed is not  the site of the heaviest insect attack, it has beel~ 
somewhat left behind in the most  recent gossypol research. 
One of  the long range goals of host  plant resistance re- 
searchers is to develop cot ton  lines with optimal terpenoid 
biosynthesis for pest centre1 while preserving the value of  
the seed products.  Thus, the beneficial terpenoids might be 
concentrated in the vegetable plant parts, while the seed, 
which is not  the fixs~ point o f  insect attack, could be kept 
terpenoid-free, and thus be more valuable for food and 
feed. 

A3r enumeration of the major terpenoid aldehyde 
components  in tI~e glands of  different tissues of  e0mmonly 
cultivated cot ton as presented by Stipanovic et at. (13) is 
given in Table II. As indicated, not all glands in all locations 
of the plant have a similar terpenoid make up. The pre- 
dominant ;erpenoid aldehyde of  the seed is gossypoI, but 
Bell and his coworkers have shown that  it is not  the only 
one (18). Table lII indicates the relative terpenoid content  
o f  both a represer~tative upland and a pima long staple 
cotton.  In both  culfivars, gossypol is by far the most 
predominant terpenoid aldehyde. The tri terpenoids 6-meth- 
oxygossypol and 6,6J-dimethoxygoggypoI are presen~ i:~ 
much Iower relative amountb, while the sesquiterpeneids 
hemigossypol and 6-methoxyhemigossypol  appear in only 
trace amounts.  There is no  indication that  it?ere may be any 
heliocides in the seed itself (13). Figure 2 illustrates the 
structures of  gossypol, which is by far the predominant  
terpenoid aldehyde in cot tonseed,  as well as 6-methoxygos- 
sypol and 6,6' .-dimethyoxygossypol which are present in 
slight but quantifiable amounts. Hemigossypol or 6-meth- 
o• are only present in trace amounts. 

Hernigossypol may possibly be a branch point to either 
the helloeides or gossypol and its related compounds,  ff 
chlorophyll is present in a plant tissue, then the path may 
lead to heliocides, whereas if it is not  present,  as in the 
seed, then the path may go to gossypol (13). 

Several gossypol-related compounds  mentioned in Table 
I that have not been included in the biochemical schemes 
already presented should be noted.  These gossypol-tJke 
pigments of  the seed have been mentioned in the older 
literature and in review articles on gossypol. Recent analy- 
tical techniques, however, leave some question as to the 
actual presence of  them in the intact seed since current 
investigations do no t  identify these historically named 
compounds. Two of  these gossypol-like pigments that  have 
long been thought to occur in seed are gossypurpurin and 
gossyfulvin (4), Gossyp~trpurin has been measured at ca. I o6. 
of  the gland contents,  while gossyfulvin h~s been measured 
at ca. 2% of  the gland contents .  The structure of  gossyful- 
vin has not been elucidated, but Russian workers have 
proposed a structure for gossypurpurin (19), As well as 
these two compounds,  several others had been historically 
identified as occurring in various steps of  cot tonseed 
processing, either in t1~e meal or the oil or the soapstock. 
These other products have been calted gossyverdurin, 
gossycaerulin, and d~aminogossypol. Since there has been 
no positive identification of  the structures of  these com- 
pounds using the most recent laboratory techniques,  the 
possibility exists that  these other  pigments, long thought to 
exist in cot tonseed,  might actualiy be oxidation or conden- 
sation products  o f  gossypot. 

F LAVONOI D$ 
While the most  recent investigations on gossypot have 

TABLE 1I 

Terpenold Aldehydes a in Glands in Tissues uf Co~ton 
(G. Hie.return) (Slipanovic, e~ al, 13) 

Seed embryo G 
Stem cortex Hi, H 3 
N~ e rtl phloem G 
Leaf eutyledonary G 
Leaf true HGQ, H 2, H 3 
Leaf petiole t-12, H 3 
Mower bracts and calyx H2, H 3 
tlower petals mad stamens G 
Flower ovary and stigma tIGQ, Hi, H 3 
Root cortex G 
Root 10hloem 

aG - Gossyl0ol; HGQ - Hemigossypo|oae; H2, H 3 -- Helio- 
cides. 

"FABLE III 

Terpenoid Aldehyde Conten~a of Cottonseed 
(Stlpanovic et el. 18) 

HG MHG G MG DMG 

(unmole/100 g fresh embryo) 

Ol~l'and T b 123B 26 6 
Pima "I b T b 1925 62 8 

aHG = hemigossyl~ol; MHG -" 6-methoxyhemigossypol~ G = 
gossypoI; MG = 6-rnethoxygossypol; DMG -- 6,6'-diroethoxygossv- 
pol. 

bT = trace. 

focused on the fotiage of  flee plant,  o ther  workers have 
cont inued to look at other pigments of the seed which 
affect color and therefore quality of  seed protein. In the 
e• of  color factors, the contributions of  r ave-  
nerds have been found to be important .  

Fifty years ago research workers concluded that  antho- 
cyanins and other  flavonoids were present in the seed (20). 
Bell and Stipanovi~ (12), who have concentra ted tl~eir work 
on insect control,  have reported no evidence rot the occur- 
rence of  flavonoids in the #ands  themselves. Glandless 
co t ton  tissues appear to contain the same quality and 
quanti ty of flavonoids as do their s l ander  counterparts.  
The conclusion has been that  the  known color properties of  
the !0igmcnt g,lands can be explained solely by the t e ~ e n o i d  
content .  The flavonoids are present in the surrounding 
embryo meats in both  glanded and glandless varieties. 

USDA workers have been conducting investigations on 
the flavonoids of  cot tonseed proteins because of  the need 
for vegetable protein flours to be as color-free as possible 
(21). This work is part e r a  program to obtain fundamental  
informat ion on edible cot tonseed protein being carried out 
by USDA. 

In a s tudy of  the flavono~ds of  cot tonseed protein, the 
USDA workers started with both  flou~ from g.landed 
cot tonseed that had been processed by the hqlaid cyclone 
process (LCP) and also from glandtess cot tonseed.  LCP uses 
differential centrifugation to remove intact gossypol- 
containing glands from dehulled meats of  currently grown 
eultivars of cot ton (22). Flours from both glandless and 
g,landed seed were ether-extracted to remove lipids, then 
further extracted with aqueous alcokoI to remove rave-  
nerds, This fraction was separated into a nonflavonoid 
component ,  a minor flavonoid fraction, and a major fla- 
vonoid fraction that  was 4-5% of  the original aqueous 
Mcohol fraction of  the flOUlS. Thin layer chromatography 
was used on tile major flavonoid fraction with the result 
that  six major flavonoids were found in glanded liquid 
cyclone process flour. 

The thin layer procedure was also carried out on the 
major flavonoid fraction obtained by gel filtration of  the 
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TABLE IV 

Possible Flavor Contrlbu'tiona of 
Phenolie Acids (Maga and Lorenz, 24) 

Taste 
threshold 

Conlpo~nd (ppm) Cottonseed Peanut Soy 

p-hydroxybenzoir 4ff t0 14 22 
vanillic 30 ~0 43 35 
p-corm ~ric 40 21 20 16 
o-r manic a S 8 t O 8 
ferulic 90 41 4 S 32 
syringie 240 45 51 43 
Total free phenols (ppm) 233 267 256 

ext rac t  o f  Nandless f lour  w i th  the  same result  behlg ob- 
tained as wi th  the glanded flour. It t hus  appears  that  the 
major  f lavonoids are the same in b o t h  glanded and glandless 
f lours (2 t). qJhere has also been  a tentat ive ident i f icat ion of  
several f lavonoids in the m i n o r  flavonoid fraction. An 
a t t e m p t  was made to ~dentify some  of  the  six major  flavo- 
noids  found  in bo th  fiour~. UV spectral  analysis showed  
that  four  of  the  six, m b o t h  glanded and glandless f lours,  
were 3-0-glycosides of  quercet in .  In earlier work ,  Pratt  and 
Wonder  (23)  had also claimed the  presence o f  at least six 
f lavonoid p igments ,  t w o  o f  which  were  identif ied as iso- 
querci t r in  (quercet in-3-glucoside)  and turin (quercetin-3- 
rhamno-glueoside) .  

In a practical  examina t ion  of  the  effects of  these fla- 
vonoids  on  the  color  o f  baked biscuits by Blouin and 
Cherry (21),  biscui ts  were made  f rom 80% whea t  and 20% 
co t tonseed  f lour  anti were found  to be ye l low-brown in 
color. When flavonoids were removed ,  the  biscuits made 
fr~)rn the  nonf lavono id  fract ion were light tan to near  white  

color.  When the flavonoid fract ion was used,  the  b i scu i t s  
were bright ye l low and closely resembled the color  of  
biscuits made with commercia l ly  purchased rut in added, 

PHENOLIC ACIDS 
As with color ,  flavor is ano t he r  i m p o r t a n t  fac tor  in the  

acceptance of  a vegetable p ro t e in  for  h u m a n  food  appiica- 
lions. With regard to flavor, co t tonseed  flours are notably  
bland compared  to o ther  vegetable sources,  bu t  there are 
several flee phenolic  acid fracti~>ns which  h~ve been ~denti- 
lied and may  adversely con t r ibu te  to their  flavor (24). 

Table tV il lustrates the levels o f  some of  the phenol ic  acids 
that  migh t  con t r i bu t e  to taste in co t tonseed  f lour  as well as 
peanu t  and soy. Quanti ta t ively,  there  were differences in all 
three protein sources, but  the p r e d o m i n a n t  free phenolic  
acids in all three were found  to be vaniliic, ferulie, and 
syringic acids. Table IV also shows  the compt3unds which  
could approach  or  exceed k n o w n  t~ste thresholds  fo r  e~ch 
individual source.  The com bi ned  tota2s of  all the  individual 
free phenol ic  acids observed exceeds 200 p p m  and, as a 
group,  could possibly c o n t r i b u t e  significantly to astring- 
ency in these p ro te in  substances .  

The use o f  co t tonseed  prote in  as a food source  is in it~ 
deve lopmenta l  stage with m u c h  research ground to be 
covered. It is of  dubimts  value to assess the unique  qualities 

o f  co t tonseed  or any new pro te in  using quality tests of  
existing prote in  sources  as a yardst ick  since the  appl icat ions 
of the new source may  be in whol ly  nont rad i t iona l  areas. 
The best  appl ica t ions  of  co t tonseed  pro te in  p roduc t s  
should  logicafly be in those food i tems that  will likely be 
benef i t ted  most  by their  specific characteristics.  

In o rder  to use co t tonseed  p to tehl  p roper ly ,  the backlog 
o f  i n f o r m a t i o n  mus t  be increased. Color and flavor as well 
as protein  characterist ics are i m p o r t a n t  basic knowledge;  
work  in these three  areas should be encouraged.  
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