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i ’f‘INTRODUCTI‘ON.

The deactlvatlon of oossyool throuoh the 1nterventlon:d?d
FH°* a fungal system is the theme of this. the51s.' However,iég?lx;

lprellmlnary reoort deallnc with the study of mycotox1co=es hd"i;,’"

‘rjlh3w1ll be 1ncluded since 1t was from thls study that the

v:“decene51s of the 1dea of Gosoypol Deactlvatlon Vla Funcal

drg:Interactlon evolved

lycot0x1coses are the qeneral categorles of phy51o-'

ﬁloglcal dlsorders in wa I blooded anlmals a53001ated w1th

“f.‘the consumptlon of tox1c compounds Drocuced by molds. These

o compounds are often referred to as mycotox1ns.v Many dlffer—'w.

'l,'ent spec1es of fungl have: been lmpllcated 1n the proouctlon

d:fi:of tOylc metab01ltes-,

‘“lflOO OOO turkey poults dled as a result of the consumptlon of |
““'a ration contalnlng moldy Bra21llan oeanut meal (l 2). Thejf*ld
'3ﬁfl:respon51ble agent was soon found to be- ”aflatoxrn " the.b -

Z5Trdcollect1ve term used to de51gnate the tox1c metabolltes of

Perhaps the most celebrated occurrence of ”mold

vlprisonlng was IeDOrted ln anland about 1960 ..Approximately‘:'“:n“ .

”";,.AsoerollluS"flavus. Aflatox1n has also been 1mpllcated as

' the cause of hepatlc car01noma 'in a number of species (3).

Another mycotox1n of oossrble 1mportance is the metab~}

ﬁ;tfollte of Fusarlum whlch proouces an estroqenrc syndrome 1n

ﬁ'3~sw1ne.' In the female, vulvular swelllng and other reproduct-vllftt*“

’ ,21ve problems result from 1ow—1eve1 lonq term 1ncest10n,1;,gj



on the other hand, scute tOKicity‘l ads to uterinéfprolapsé;‘

(4 ).
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atroohic ovaries, 'dnﬁ cborTlon in QreﬁnLnL'
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In & fedént stu ] by Ocott (ac.reboviec by mpbel]

;ducﬁ_lngs wére fed  Iaiion cont nin; 2 % moldy corn fOI' 

.‘14 days. Ind1V l:inoculaLwons with 228 SLISWRS of Fuﬁéi
re}ieééntih@ 50750e01es yzelgpd caia in "tihg‘théc 37“ oL‘
the traihs:t d wore leLhdl USan tbls 1nTorraL161
_Camﬂbell (3) mad V:Lne 50mavhat cla ming Suev 1 ibh t.a lbf

 Lhe estwmdteo 100 DOO SﬁcCLec of uOlQS on. earth 'SO,QOQ td,'

m40 OOO spec 'v5may be: nﬂchly to 1cv

o

OllOlﬁallV"Lhe ﬁﬁrnooe of ths:thésiS Qasffogézamin
‘cotionSGed fungi ‘vhlcn v:oht be f95uonQ1o1e fﬁr otﬁer
J  myéotoXicoses. ‘In purqult of tHTS purposc; ﬂ »
jeltner OldﬂO?d or clanoles cottonseed3w§re:

s 1nocu1ateg w1th Lun 1 re Dresentingfat"leaStf

'Rationsiof'Sf%jmoldy cottonseec

(Wable I) were fed ad ;
””xtio Sprague-Dawley sﬁrain>{ owendix, T,pl I) landed and

on ed coni ol Gde”S Héfe alsowlnc;uqed‘inﬂ-7

ssymél onlrol croub,

@g much for

B s

 the hig
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TABLE I Composition of

Percentage ‘ Percentage
Casein o 22.29 ~ Corn 0il° 5.0
Sucrose 66.0% L-Lysine - 0.4%
Mineral Mixturel 4,0% L-Methionine  0.2%
Vitemin Mixture? 2.2%
1 Jones Foster Mvﬂerdl Mixture, Nutritional Biochem-
icals Corporation. ,

on Mixture, Nutritional

- 4
L

Vltanln Dietary Fortific
Biochemicals Corporation. -

3 Mazocla 0il.
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| IABIE II Feed Comsumotion and Body Weight Goin of Rats

Fed Confrol and Infeqted Cottonseed ’

 (Cf.-ADpend1x Table I and II)

» Food
v Consumption -
-~ (Grams/Day)

Weight

Gain

| (Grams/Day)‘;‘“

 Glended Control 7.4

' Glandless Control ~ 13.9

‘Glanded Infested ~  11.7
 :Gland1ess Infested»fj‘:;-.bilz.o

0.6
3.6

4.1 B
3.3%

* 12 out of 16 separate fungal isolates

ifi fbody welght galn for the glanded substrate.

Showed.gfeatef.0 j  , '
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1esschtttheed. Elternaria 361 c~u50u on1v a qae°t10n ble

‘occurre nce of ‘idn@y;pyelitis wnen~lea‘oniglancee coztonseed.

Tiejonly toxic cultures of avparent si gni gicance vere

’piplogla 250 dld Diplodia>308,y'uxcen31ve nveliti {PlaLe I)

w

bloiodiag on

wa s noted in dll 12‘test rats when Dwn]ogla was fed

N ,34

'gl noea COEtonoeed but only mlnor and scalibred'kidney'
damage'was noted ﬁhen the substraLe WES glun¢1ess COLtonseeu.
ReCQusa thls ohenomanon hao noi been prbv1ouslv uesc iped_,

.

1n the 1lierature aoalLlonal_studies wére unoertaken'to‘  '
.IeUroohce the resnonsa so th a+"t'coulq be descri Jed iﬁk-‘
greaterfdetail. HoﬁeVer : tbese éumszQuenere d nr f 1éls
leth D1 lona uclng 108 rais (Aﬁoe i“f Table.IV)fﬁnot~on1y*'
was pyellLis absent 1n dTl cases buL aluo no- otber oaLholooy
coula be not ced. EffectS‘ol toxi cwty Dorsiqtac onlv in tﬁﬂ
‘control OTOHUS fed un1noculoLcd 01 nded co’ tonseec. :
“ Thefpathqlogical"responses.noted in the flrst LIldlq‘

Vﬁéféiﬁét'ébsefﬁev in iﬂe later tT*als. ,Seve:§l fnbtdrs
'Cégld be rasvon51ble for tﬁl ﬁ rié rbéhavibfg‘ Eﬁnda1

a:es of a given straﬂn can ea31ly be’lOStﬂu;“ﬂ

f—t

~isol

U .

r Lfcns,er of the cultufe (5) elthbr maJOT or mlnor mo’ifi~
catlons of the' ubs ratﬁ Cdn aowrec1obly ol ex ftoxzn:
%ion (6) anlde'Tesoonces are cubJeCL to lnnumefable

»_unknOWn biological_variations: and Llnally, cotLonqeeo-aq a
sdbstrate,is,a pef ct ezamw?e of h{subscratei50856351nq 1Fs"'.'
’own 1nherﬁnL toylclLy xlch Cﬂn a ect not onlj,s;bsequentg"

VVawwma? x@umon ea but'ﬂls tn n 5 bl. ‘i1 hibitidﬁ'éf:fundelf.'




PLATE I Pyelitic Rat Kidney (left) Compared With Normal
Rat Kidney (richt).




[qrowth and tox1n productlon.

Such uncontrolled 1nteract10ns from a culturlng stand-i
2:p01nt ralse rather obv1ous obJectlons to testlng potentlal

ftox1n croductlon on a materlal such as. cottonseed , Thus,,.

fthe original dlrectlon of thls the51s was changed to focus"
<”fon the recuctlon of the aocarent gossypol tox101ty of- cotton;:

ltseed due to 1nfestatlon w1th fungl.

Dlplodla 308 was chosen for: future studles because of

f;ts rather marked effect upon the reductlon of gossypol

{Vtox1c1ty, 1ts sporadlc natural occurrence on cotton plants

hland for the p0551b111ty that the Llcney tox1n mlght be

d:redlscovered” in subsecuent studles.,g,l3ﬁ




,. | jf'REVIEWl OF LITERATURE
:s?lestorz | R - " |
- Cottonseed as a harmful and lnjurious feedstuff; Was"
blyl?lflrst descrlbod in England by Voelker 1n 1859. Forty years f?fﬂf* :
ll?=later in 1899, whlle searchlng for dyes, the Pollsh chemist |
ll%Marchlewskl 1solated and purlfled a, yellow polypnenollc

hkdmaterlal obtalned from a by-proouct of the alkall reflnement L

‘7lof cottonseed oil. He named this yellow materlal "gossypol”'igﬁ
—VVT75ﬂ{a contractlon of the. words phenol and gossYplum the generlc~]f]‘ff‘“
'iivname for cottonseed. (As descrlbed by Eagle 7)

Little evidence was brouoht to llght untll 1915 when

*f'Withers and Carruth (8f 9)'Clalm9d a pOSltlveycorrelatlonzh1°”}'

lvriifbetween gossypol oontentvand:oottonseedftoxicity.i'

: lh};!Origin and Functionl:" | !

Gossypol 1s the predomlnant plgment found 1n glands
f;lwhlch are dlstrlbuted throughout leaves »stem and root
f;cortlces‘ and floral parts of most cotton varletles (10, ll) :ffti
f?Those varletles in which plgment glanos are found 1n abund- ¥
ilance are referred. to as ”glanded”, whereas "glandless” referslﬁff
~l:to those varletles in whlch Dlgment glands are elther v01d

fffor very few in number. In glanded varletles of cottonseed

f3§5p1gment glands may contaln up to 5@% oossypol and constltute Eﬁﬁ

'i‘foas much as 3%vof the welght of the Taw cottonseed kernel.g;nfa

"’h”iOne glandless varletY, Bahtlm 110' 1s reported (12) to be

'jjftotally v01d of plgment glands and thus free of gossypol




_;f;lﬁéur

B ‘The cottonseed pldment glanos have been studledvln l
ffdetall (13 14, 15) and appear as, darkly colored dlstlnct
fimorpholoolcal entltles spherlcal'or ovold in shapevand lOQ ﬁ
;:to 400 microns in- dlameter.t | “ o :
The blosynthes1s of cossypol 1n the root of cotton. plants
was 1nvest1gated by Felnsteln et (lb) and oemonstrated.}_*r“"
l;fvto 1nvolve an 1sopren01d pathway. Acetate 1-014, acetate-ﬁh?fh
’flih -014 and mevalonate 2- ClA were readlly 1ncorporated 1ntoifll”;l

'{?;fgossypol whlch is apparently formed much llre sterols

lf;from two 15-carbon unlts such as farnesyl pyrophosphate. &
The functlon of gossypol appears to be that of a phyto- f,}f'7{57
“5ﬁl§alex1n.: Muller (17) and Crulckshank (18) have deflned

vﬁflfphytoalex1ns as general antlfungal antlblotlcs produced as
w:hha~conseduence of host-pathogen. 1nteract10ns. Based on thesevaﬁ
?1criteria Bell (19) has shown gossypol to have the follow1ng éiill
lfhcharacterlstlcs of a phytoalex1n (1) it forms 1n all
flitlssues of the cotton plant in response to irritants such as
,futfpathogens metabollc 1nh1b1tors and heavy metal salts whlch

“in turn eventually cause necrob1051s 1n the affected tlssues

7;!(11) oossypol formatlon depends on the constltuents of 11v1ng

‘4ﬁ4;cells s1nce small amounts form 1n unb011ed but not in borled

“fffftlssue homogenates (111) gossyool acts as a general antl-ﬁlﬁﬁtfffﬂ95‘

tf fungal antibiotic but has dlfferentlal tox101ty to fungal‘llffla

:j?spe01es (dlfferentlal tox1c1ty, however, 1s unrelated to‘dfn:'”

‘ﬂ“pathogenlclty of the spec1es ) (1v) 1nduced gossypol

dyftsyntheSIS is restrlcted to the 1rr1tated cells or tlssues fl*'yﬂﬁd




;_(v) 1ndu01b111ty of gossyDol synthesrs 1s not controlled by
ifqenes Wthh are known to conLrol the prescnce Of UOSSYD01"Vu
;;contalnlng qument glands (v1) and flnally the sen51t1v1ty
?ifof cotton tlssues for 1nduced‘qossYp01 sYnth681s is spe01flc,et;tffx'e
Tutrate and~cuant1ty of 1nduced gossypol synthes1s‘1n;tlssuesi"i;t;i'ﬁvb
‘:tteidepend on cotton plant oenotybe quénfity»énd qualifYFOf‘
 7i%1rr1tdnt, and the phy51ologlcal condition of the tlssues.ﬁetfifr%ﬂtﬁ:u
t]TheSe criteria appear to Justlfy the class1flcat10n of

: uiggossypol as.a Dhytoalex1n.

fr;fChemlcal and Phjs1cal Pr0pert1es’

In the monumental work of Adams et al (20) it Was B o

";oﬁtipostulated throuch the use of gossypol derlvatlves thet f'.L‘H

'ﬁé@the structure of oossynol could best be represented by threeitf
"tftautomerlc forms (Flgure ). o |

Chemical Abstracts has chosen structural form (a) of

t:;Flgure I to de51gnate the structure of oossypol whlch has

:ithe chemical name l,l', 6,6', 7,7f5hexahydroxy-5,5'-d1;so-‘ 'H_ ‘
- :;'p'rop‘yi_-s ,37-dinethyl (2,2" -b'ina.phth‘aklene. )-8,8~dica rboxa 1‘de'-v‘_?z"_ S
:?hjde'  Subsecuent work by‘Shirléy'(Zi)‘u81ng NMR spectra of = T
‘ﬁigossypol and various gossypol derlvatlves in dlfferent
?‘:f}solvent systems has substdntlated the ex1sLence of the post-fuzfuﬁ
Eﬂftulated structures (Flgure I) as belng roal and in a dynamlc |
‘fequlllbrlum.. = | R |

L

Dlanlllnogossypol the anlllne der1vat1Ve of gossyPOl'ifjﬁff

H’¥T iWas found by‘Smlth (22) in 1958 to have useful soectr0photo-:7? e
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biffithe absorbance at 440 mutWas‘found to»behave according'tov

':f_13,ta“

:’ﬁf;metric_qualities.; Using‘Cthroform'as'the”reference'solution=5

'if}; Beer’s law and~Was therefore valuable for analytioal‘

© purposes.’

Gossynol exists in the cotton Dlants in two ill- deflned
:-forms of chemlcal comblnatlon “free” and "bound” Free
';gossyool is determined solely on the basls of solvent |

fvfemtractlon. A varlety of solvents are commonly used for A

”',thls purpose, 'suCh as ethyl ether‘ aoueous acetone, and

" various acetone-water- ether combinations.: With this wide

;o variety of accepted solvonts 1t is not surprising that ‘the

ﬁ;-if free gossypol analysis of 1dent1cal test- samples may vaxry

"sllghtly between 1ndrv1dual_researchers.

Although often inferred in the literature, that portion ;ﬂlatf;ﬁﬁv

- . of gossypol which analyzes as free gossypol does not

“Jb:ﬁnecessarilyfhave the carbonyl groups free. Any form of

T'lebound'gossynol such as certain gossypol peptldes which are,f?i;y't“

b_lsoluble in the reagents used in ‘the determlnatlon of free

":sﬁggossypol will analyze as free gossyool (23).

The most probable form of bound gossypol is a qossypol- e e

"tffproteln complex with the s1te-of blndlng»belng an amlno

_bgrouo of the proteln bound to the carbonyl group of the t’

\‘-igossypol molecule (23)

‘.’w.l Pathology of Gossypol Tox101ty

It has been demonstrated by Kulken, Lyman, and Hale (24) o



'h5sﬁh;+hat bound gossybol has ‘no detectable phvsloloqlcal act1v1ty i
'ﬁ‘%i?deven when . measured with the very sensltlve egg drscolorat;ohi

A”‘;ffon storaqe test.

- 14

The prooortlon of free dossyool that 1s Dhy31oloq1cally ‘

‘flactlve has been shown by Eressanl ef al (25) to vary con-

@sfl51derably Therefore, the common practlce of using the .

"1f-‘ent1re free gossypol oontent as a measure of toy101ty °hould )

.f_be re-evaluated.
| The-gross pathology observed in,various species of
"_animals due to ihgesthn or injection of gossypol has been;v
:'described in detail‘by'a greatbnumber of investigators.
Some of these adverse effects are: appefite and'meight |
Jaépression K26), dysphea (27),’cardiao mﬁsole degeneratronl_"
f-»l{27) sciatic nerve degemerafionl(ZB)f"edema lh”pleural,-‘f
fperlcardlal and perltoneal cav1t1es (27) ‘hemolytic anemial’

'5v(28), lower serum albumln levels (29), pancreatic ehlargeef SR

:Tf;; ‘ment (30), 1n+ralobular hepatlc necr051s (27) microscopic -

:‘*Vfile51ons in spleen and 1ntest1ne (28) anox1a (26, 28), and

'””~qﬁzdeath (26, 27, 28).

So universal are. the symptoms of welght loss and appetlte‘ffl 24

"lpldepre551on in all spe01es of affected anlmals that low levelsdillm

’"l#7ffof purlfled gossynol were once con81dered therapeutlcally

’vffor the reductlon of obe51ty Jn man. It was only after a

llvwarnlng in Science by anle (31) 01501051ng the death of

vexperlmental anlmals due to the oral admlnlstratlon of pure

'vlgossyool that thls 1dea was re- evaluated and subsequently



.. discarded.

. Detoxication

0il Extraction

‘Due to the hich protein value of cottonseed, it is

f:desirable to use cottonseed meal, the by-produot of edible‘

.cdttonseed 0il, as a protein supplement for both animal ahd‘1 ﬁs

human consumption. Since the gossypol content and protein et

- value of cottonseed meals vary conSiderably depending on theeﬁ;jr”7"f

\‘jfdmethod of 0il extraction, much attention has been focused o

'1the'development of a commercial method of oil.extraction’;rxﬁ Lhet

.which leaves a‘gOSSypol-free,fhigh quality protein meal. :

King, Kuck and Frampton (82) have recently developed aﬁdrft:ﬁi,fff

. acetone-petroleum ether-water azeotrope solvent method of « "~ . &

. " extraction which leaves no free gossypol residues in the =

'?f] meal. Also, greater quahtitieslof 0il were extracted and

Z?Tthe heatflabile epsilon-amino groub'of>IYSine was left

'?ffiintaCt- Unfortunately; due to the time and‘materials

'Zfilnvolved this procedure for the oroductlon of a low- qossypolg=t f?fﬁ

tt'g;hlgh quallty protein suoplement is not economlcally fea31b1e‘

rv:'fg;at the Dresent tlme. In fact due to thls cost over 50%

i'f;of all cottonseed meal in the Unlted States today 1s producedff}vfﬁ”'

th;by the screw-pressed method (33)

Heat Treatment

Numerous reports have aopeared of varylng degrees of

successful detox1cat10n of cottonseed by cooklng, steamlng, B




1hf and autoclav1ng (at least 26 references 01ted ln the rev1ewsf
by Eagle (34) and Adams ot al (lO) the results of whlch
were best summarlzed by Lagle (7)

Tt has been emoha31zed that successful detox1-
fication of cottonseed meal by overcooking is in

- reality a failure if the favorable effects from

the decreased toxicity are offset by the unfavor-
able effect from protein damage in the process.”

Alkali Treatment

Eagle, Bialek, Davies and”Bremer’in 1954 (85) publiSheof._ﬂf;itfs

‘a comprehen51ve report on salt and alkall treatments of

‘*fﬁve‘cottonseed meal.~.Inv serles of four tests three tox1c

bﬁ”?ﬂcottonseed meals were treateoiwith’22paqueous_solut10ns of»i;ngf?;‘“

H".iisalts and alkalies and fed to‘rats; eThe teSt'results
i iif?lnolcated that those rats fedhon‘the cottonseed samples

fﬁf,ftreated with sodlum hydrox1de showed}the least mortallty andejb

“f»;=order of decreas1ng effectlveness waS°_

7f;the hlghest weloht galns.: Acoofdino to these studles,,the

NaOF > KOH > NH4OH > Ca(0H),.

‘7;‘However, there remalned a substantlal amount of re51dua1

?[gossypol tox101ty in the alLallftreated cottonseed meals. s_~~a;:;n;

Proteln and Amlno Acid Supplementatlon

The value of the amlno ac1d 1y51ne in rellev1ng gossypol;fffftﬁf“

Ebgtox101ty has been much in dlspute. Some lnvestlgators (36

itfu37) have shown a p031t1ve correlatlon between dletary ly51netiétf' o

rttiband gossypol oetox1cat10n._ On the other hand other 1nvest-*tfh

t"hilotlgators (38 39) have found no reductlon 1n gos Ypol‘tOXICltY;o?;;5ii



=¥oue to dletary supplementatlon wmth ly51ne alone but detox1

7f§catlon nevertheless dld occur when a ”ly51ne rlch" proteln

"f;’was used

The supplementatlon of cottonseed meal w1th certaln

;f'Protelns rpartlcularly Orotelns of hlGh bloloolcal values-s”

fffa'and hlgh ly51ne content, has been demonstrated to. substant-:#7i :
u ‘frdllally reduce the symptoms of gOSSYPOl t°X1Clty (7 38, 39
o 40, 41). |

It was postulated by‘Lyman (38) that free lyslne reacts
h with cossypol in splte of the fact that such a complex can 'f¢"”'
193f;»:apparently be absorbed as such from the dlgestlve tract

lh*;on the other hand ‘a proteln gossypol complex cannot be

}i,absorbed , | e |
| It should be reallzed that the addltlon of hlgh quallty jﬂj
“ﬂ5rfprote1n for the purpose of gossypol detox1catlon would be '

"fh,§prohlblt1ve_because ofhthe high cost.‘

Tron Salts

‘The dletary use of iron salts,’ partlcularly ferrous

.sulfate has been shown in a varlety of anlmals (26 37, 39ihhh7:

53;42) to be an effectlve proohylactlc agent in avordlng the

ff_i;:symptoms of tox101ty commonly a55001ated w1th the 1ngest10n fl;
lhl;écoofvgossypol - o ‘h | o

| " The’ eluc1dat10n of the structures.of the gossypol 1ron

‘;7~lllchelates belleved to ‘be respon51ble for the detox1cat10n of;;fV

rﬂ?fgossypol was effected by Shleh et al.,(43)
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The absorbance of goSsypol-ironvchelates clearly
indicates that the chelate formation increases as iron is-
added until the ratio of iron to gossypol is 2 to

1
'fhis point,vno furtﬁer increase in absorption can be
éccom;l H 8 with additional iron. A titration qﬁfve'
supports this COhClUSion and subplies additiénal information
to éhowjthe existénce ofvé chelate also having a gossypol
to iron ratio of l»td 1. It wes concluded th&t‘thé voints

of binding of the ron dos pol comoley are at the 6,7 and

beset with~f0110wing-difficulties: (i)'stOIed ra
containing ferrous sulfate have a very short shelf life due
to discoloration and deterioration (44), (ii) dietary

reguirements for other minerals must be re-established

in an animal retion is usually enoughifor-symptoms of iron

ty to develop. (Wilche et al. (45) recommends that up

of the diet, as little as 40 ppm of diron can depress the

. growth rate of chickens.)



.GiandIGSS“Chtfén»Planfs

. There has be“n mucn emoha s leceg on’ tne oeve]onmeﬂt

of an essent T]y gos szp‘l free cotton Olant Thls may be

‘ the direCLlon of rese orchfiﬁ which a qolu 1on to the goss ynol
;prdblem will e found. vBut,,it h uld dluO be re a]lzeo thdL‘

-

at the same time, such a varicLy whlcn

I

s‘free of UOSSV301£ 
iéfélso free ofiitsvn LuraJ UhyLOGleA¢n. THTS leaves the
plants high ly susceptlble to. runGal di eaSe‘anu Vulnero 1e.
.:to 1nsect 1nfe ation.n These two Urobleﬂs Ofng°5Yp01

¥

reductvon mak@ the dlandless varleiles Unae'l ble to most'
'planters at the oreqent tlme.

i

In conclus1on then, it seems that little progress has.
I4 L ] -

been made in the last ccntu?y concerwi ng the gossypol
o

‘problem, for cottdnseed remains today as it did in the time -

"of Voelker (16) 7A harmfﬁliénd‘injurioﬁs feedstuff.



METHODS AND MATERIRLS

fdf”sGeneral Stock Materlals

Prenaratlon ‘and Malntenance of Funaal Culturesv

A potato- dextrose-agar (PDA) mted (leco Laboratorles)

.1:was hreOOreo by auLoclav1ng 50 ml of media at 18 ps1 and

'f'_lf12l° C 1n coLton stoooered Roux bottles for 20 mlnutes. A -

: perlod of 24 hours was then olloweo for the medla to solldlfy
 and return to room temoerature;. Inocularlons were then made
».from pﬁre cultures Drepared af Beltsv1lle Taryland (Dr. P.
- B. Marsh), derired from one cellulsoldteu; by use of the

ﬁ”sfreak_method" of inoculation. Cultures were-mainiained'at"’d

: ‘lfffdroom temperature in indiréCt sunlight.

Spore Suspensions

All spore suspensions were freshly prepared for each

- gffexoerlment in the follow1ng manner

) ‘1. fifty ml of ion-free distilled water was added to a Roux“ g
- bottle containing a fundal culture :

2. a flame sterilized wire loop was then used to gently
" scrape the surface of the media and thus llberate -
S fungal spores, ’

fr,,3;d‘the spore uspen51on was poured into a 250 ml glass-

stoppered R/B flask to avoid contamlnatlon and to allow =
gfor convenient shaklng. :

Aureomy01n Solutlons

All solutlons of aureomycin were freshly prepared to a
"ﬂO 05% concentratlon of actlve 1Dore01ent This was accomp-'>

:5f;.1lshed by m1x1ng O 2215 g of a 22 57% actlve aureomvc1n Lo

IIT
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wamid Comﬁany) pOLugﬂ WLth 100 ml of ion-free .

*:5

{American Cya

distilled watexr. f R S v _ - R

Preparation of Cottonseed Meat Su ply

"A uniform pool of finely chopped cottonseed meats was

by

established by fitrst dehulling & supply of glanded cotton4'

seed®* with a ILaebconco mill and then finely choppir ng the

cottonseed meats with a Wa ng Laboratory Blendoxr. The
chopped meats were stored inkgallon cardboard containers at

room temperature.

3

Experiment I -- Gossypol Binding Via Fungal Interactions

As Measured In Vitro

One thdTeﬁ and thirty samples consistin ng of 0.25 g of
finely grou nd cottonseed meats from the Qétto 1ssed meat vool

were DlaCDd ;n ﬁﬂdi*idual'S ounce glass bottles loosely

watec wltn metallic screw ceps to a

3 PR 3 YN 4. N R
b[OUp Size ancd Treatwment
] j N i .

-”ﬁormaW'co tvo] group” was comro a of 20
les mainteined at zoon tenperature Efj
n

Group I:  Th
eived no treatment orior to ﬁossvnml & lecﬁs_

e
samp
rece
"water-additive ontroW.aiouo” vas composed’
,udnoleq maintained at 50 ¢ and received an
tal treatment of 0.25 ml of a 0.05% aureo-~
'oo7aLlon and 0.75 rl of distilled water
mixed into each sample. TFurther
eatnbn+ conowsucd of the addition of 1 ml of
t111€& vabr tﬂovouquy mixed into Odch‘sarple :
the end of dsy 2 and day 6. At '
ay 10, each sanpie was thox roughly mi

6]

Group II:

C

-
ot

0 O -
R
S b

Cf

Qmaﬁﬁgpnga
-+ M H =
9
q
iy
T

* Variety Acala 4-42-77 ( %Jt vz¢]m*,ﬁarylahd)g
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= @roup IIT: The ”fungally inoculsted test group” was com- = -
oo prised of 100 samples maintained at room .
temperature and received an initial treatment

~ of 0.25 ml of a 0.05% gureomycin solution and -
0.75 ml of a spore susnension Lhoroughly mixed - .
into each- sammle. SN
Further treatment consisted of the addltlon of
1 ml of distilled water thoroughly mixed into

- ~each remaining sample at the end of day 2 and .

~day 6. At the end of day 10, each remaining

~ sample was thorouchly mixed. ,

GossYpol Analyses

"Group I: At time g, 10 samplés were analyzed for free
; gossypol and 10 seamples for total gossypol.

Group II: After 15 days, S samples were analyzed for free
: - gossypol and 5 samples for total gossypol.

 Group III: After 0, 1, 2, 3, 4, 5, 6, 7, 10, and 13 days,

. " 5 samples were analyzed on each of the given -~
days. for free gossypol and 5 samples for total =
gossypol. .

'stxperlment IT -- Physiological Act1v1tv of Funcally

"Deactivated” Gossypol in the Rat

. Preparation of Moldy Cottonseed Meats*

Mbldy cottonseed meats wére prevared in the following"

:méhner:'vl) 80 g of cottonseed meats from the cottonseed meat
o pool were placed in each of five autoclaved 1500 ml
" Erlenmeyer flasks,

2) 80 ml of O. 057 aureomycin solution was*added

- 8) 10 ml of a Dinlodia 308 spore suspen51on was R
'~ added and the Iask was stoppered with a cotton plug,ﬂij

4) the contents of each flask were thoroughly mixed
by stirring with a flame sterlllzed glass rod on - -
days 4. and 7, o S :

5) on day 10, the contents of all flasks were placed e
in a common contalner and thoroughly mlxed ‘

':,v*f Also used 1n hxperlment III.-'



6) the molov cottonseed meats were then thinly
spread on aluminum foil and dried by foreced air at
room temperature for 2 days. This returned the
.cob%onseeo meats to their oriqinal weight. ‘
7) five emples ,f,molcj cottonseed meats were N
analvzed for free gossypol and 5 samp les for totel
'oo_uvooT S .

Preparation of Rations‘

R
Control Ration: The control ration CON“TSLGO ol 50 basal
’ ration (Table I) and 50% untrested cotton
seed meats from the cottOﬂueed rcai pool.
Test Ration: The test ration consisted~of 507 basal

“ration {Takle I) and uOm”cF the p*“vious]y
prepared moldy cottonseed meai

Q.J.

-

=4
t

All rations were Dl'Ced iLAcarcboa i containers and

Grouw I: the “normal vottonseed meat owtro7 ‘group” was
‘ - free-fed the control ration. S o
Group IT: the “moldy cottonseed meat test group” was pair-

fed to the’ @roun T vofs.

CGroup TIT: & second * moWOy cnt,ons 2ed neat test group” wes
' - free-fed the test retion. P
Daily weight gain and feed conuummflon Iecozds were kept.
After the third tesht day, three rats inxeachvof~the‘three

.

and lungs excised and

T A s L T

g Tf

ay for the Groun III

nree rats. oL gacn - .



*fﬁrats and after tho elohth test day for the Group I ano Group

*ﬁfEII rats. All ey01¢ed organs were frozen untll an analysrs f;i«f

'for iotal ooscyool content was made on each organ.

;dffExperimenr III: Phys 1ologlcal Activity of Fundally

"Deactivated” Gossypol in the Chlcken'

:‘EPreparation of Rations

o Cohtrol'Ration'I:‘ control ration I consisted of S07% Doultry efd;dff

T)i‘dTest Ration: d“"the test ration con51sted of 50% poultry

"starter ration”* and 507 untreated : i
v cottonseed meats from the cottonseed meat’?4~r~f-
~ pool. S

. Control Ration II: control ration II consisted of 71%
B - poultry ”starter ration”* and 29% un- SR
treated cottonseed meats from the cotton- " .
. seed meat pool. This ration was :
- standardized to the test ration so that
it contained an eguivalent amount of
free gossypol in order to determine 1f e
~the "free gossypol” resulting from the =
fungal growth was equivalent to the R
original free gossypol contcnt '

“starter ration”* and 50% moldy cotton-
- seed meats prepared in Experiment II. -

All rations were‘plaoed in cardboard containers and_ ,f’s

fd?*;meinfained at,SOdC.

Group Size and Treafment '

Three’groups‘ each contalnlng 3 whlte leghorn cockerels

g ‘were used 1n Exnerlment III.-dfv“

VdGroup I: these anlmals were fed,ad llbltum the control ;,f;jgfﬁ:?fV
‘ ratlon I. : I B S
:',GIOUp II these anlmals were fed ad llbltum the test ratlon, B

.;*_ V P I. Dept. of Poultry q01ence Starter Dlet A 2 l



Group I1I: These birds were fed control ration Il offered.
at the consuuwption rate of Group II

2

and To

rt
Q,

Records of body weight change 1 feed cons hﬁ,

e

were.kept for each bird. After the second test day, one

-3

bird was sacrificed from each group and its liver, gzllkladder

‘ano pecL al muscles were taken. Identical tissue samples
wére taken from a second bird of each group after the fourth

4

test day and from the last bird of each group after the

sixth test day. All excised organs and tissues werejfrozen..

S

at €° C until an analysis for total gossypol content was mades

De LermlnaLlon of Free jossypol in Cottonseed Meats

ThevDepartment of Health, Education, and Welfare (47)'
procedure for the determination of free gos sybol in co tton-
seed meatis was used 11tn the LOllOWan DO‘i

1. the Hyﬁlo quoer~vol filter was replaced by a four-inch
vcolumn of t1OﬂL1f packed glass wool : ;

2. 200 ml 1nStead of the recommended 100 ml . volumetrlc
¢1aoks were used lOY VOlLKQtTlv n@avafzment .

J.

De'crmlnaLlon of Totrl Goss vpol in Cotfonssed Meats

‘Smith’s (22)Jprocedure;fér the determination of total

3

UOSSVDO]vTH cottonseed meats was used with the following

LoiiFicatlons-

1. a moles were. ﬁlacad in a ‘water bath fo

11 saz i ur
instead of. on &, rov celain water bath cover for 45 minutes. -

2., the Hyflo SuQOT-Cel filter was replaced by a four-inch
column of tightly vacked glass wool. '

a Li‘:~ [N N | RN TS T Lo =

D e the peil Jay was eliminaved Since o
with the ¢glass wool filter. .
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4, 200 nml instead of ‘the recommenovd 100 ml volumetric
flasks were used 107 VoLuyetflﬂ'leaSUrenenEs,

o
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 Smith"s procedure (48) for the determination of bound

3

4

‘ngsvpol-ih'swine tissues was used for the determination of

- total gossypol in rat and: cnlc’en tissue b,:sinceyno extract-

ion for free. I

qosSynol’wasv sed as in the original method.

e

' 3. L

Additional modlilCEt_ ns included the following: =

1. the 10 g sample gize o:
rat livers -- 1 gram : : »
rat lungs -- weight of org an- to a ma timum weight
. B £ O . .

: of 0.5 gram-
“chicken liver ~- 1 gram °
chicken muscles -= 1 gram
chicken gallbla jer -- ordan Teiqx

2. all tissues were homogenized 1n a POLte;#Elvejhen Tissue -
Homogenizer. B :

3. the. rvflo Super-Cel coluum was replaced with @ four-inch

tlantWy packed Ul@&C‘WOQl column. ‘ EETA R S

4, normal rat orcans treateu in the seme manner as the test

organs, replaced redistilled hexane as a “blank” in the
'colorimetrlc determination of gossypol. ' s

Calculations
1. Total and free gossyr ol content in cotio see ed meats and
total gossypol in aﬂird1 tlscums ' '
The final 25 ml aliquots W read at 40 yaged and the"
wéight of QuSS’?Ol in milligrams u;  déterdinef from a 
standard curve (Flgure II) ‘ The following qumﬁlaqis then
emﬁlovedu | e |

& Pt



| OPTICAL DENSITY ‘

' GOSSYPOL AS THE ANILINE S
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T x Mg x 100 - % of Total or Free Gossypol
Wt

I -- initisl sample dilution volume

Mg -~ milligrams of gossypol per 25 ml

Wi -- weight of ssmple ansl zed

«

3

T -- volume of sapple transferred lor'final dl]htlon.

@l

2« Bound goss yoo1 conienL in cot f nseed meats and animal

tissues
The DoumJ gossypol cont Dnt was caleculated by use of the

3 L1

following relatlo nship:

Bound goss -Dol = Total gossypol -~ Free gossypol

3. Means and standard deviations of the means

All means and standard deviations of the means were

r.«(.
}-—1
0
z
!_I -
a
o
fod
=
&
=
5
o
o
o
=

calculated in a regulax sta X

Y L

jon that Louno Uouuypol'means and standard deviations of

R

the means were calculated from Lot:l'?ndxlre; gossypol

[ P

<
i

Q) B

‘means and not from. individual values.
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RESULTS AND DISCUSSION

Lidemmrmmm:I

"The’ ourpose ofvthls eyperlment was to examlne byi
'analytlcal means, the possmblilty‘that froe gossypol‘might“
t_'undergo some type of blpﬁinO or in some othar }oy bef K

illncctlvated due to the fungal growth. Three sémple’groups
tvwere requlred for thls expcrlment
Group I con51sted of non- trcateo glanded cottonseed

‘meatseand was analyzed.to establish the‘quantltlesqof both -

~ free and bound gossypol present in “normsl” cottonseed meat. .
| gossypol _ |

It was found in Group I, wnich is tepresentatiVe of all =

"_vnormal glanded cottonseed meat eamples used in-this thesis;

that the mean value of total gossyool is l 11 t 0 03%, the

2+ mean Value of free oossyool is 0.91 t 0. UT%, and the

dﬂifcalculated mean value of bound gossypol is 0.20 ¥ 0.03%

" (Table ITI).

Group II consisted of water-treated glanded cottonseed ]dd'

hl;dmeats and was used as a control to measure the-effect.of",id

. water on free goséypol‘content,_ In order tolpreVent_bac- 5

:Jterlal or fungal growth an environment of 5° C and 0.05% "djdf_ldg

aureomy01n was used

After 15 days of watcr treatments‘ the mean gossypol

tcontent was found to be 1. 06 f O 03%. total gossypol 0.73 &

0.02%, free,gossypol, and 0 33 t 0.04% bound gossypol as
fcalculated (Table IV)v Thus, the amount of free gossypol

dthat was somehow bound after water treatment is 0 18 £ 0. 03%‘]ud

I



'tﬂyﬁvTABLE III Gossypol Content 1n Vormal Cottonseed Meats S

b‘ff,;Samole Number

%}Freej@oseypol

Samole Number % Total Goss..fjf@

QOO Ud WM+

0.88 -
- 0.85
0.85
0.92 -
. 0.92
0.96. =
0.94
0.94

[

QOO0 U WwdH

1.20
o 1.28

1.20

- 1.08
1.03

1.03

. 1.08
1.08

0 £X == 9.10

X == 0-91

sy -- 0.01

i.thean Free Gossypol-- 0 91

»]t »Mean Bound Gossypol -

sX
ff-*

"?fv;Mean Total Gossypol -- 1.11 * 0.0,

0 01070

10.20 £ 0,0%% (Calculated from Mean -
B Total Gossypol ‘and Mean Free Gossypol)

bhelnd ll-O7

111
N 0.03



'*7@ f¥TABLE v Gossypol Content 1n Water-Treated Cottonseed.Meats

‘""z.f"j*t:,f_sa_mple Nurber % Total 7 Senple Number % Free |
ST _ GqssypOl - ‘af GbsSypol‘H,

- 074 o
- 0.74
- 0.68
0.78
0472

o 1.04

: 1'06 S
1.01
1.08
1.17

Q™ GO DO
_d\pco'mb—y

£%X --5.31 | £x -- 3.66
. x -- 1.06 L X -- 0.73
Sy -- 0.083 SR S~ -- 0. 02‘ :

375;'Nean Total Gossypol oo 1.06 % 0. oa%.
' Mean Free Gossypol - 0 73 £ 0.02%

_— ‘Mean Bound Gossyool,---O 33 * 0.04% (Calculated from Mean fff g
’ S Total Gousypol and Mean Free Gossypol)
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"*rfof the sample welqht.- Indeed 1t would seem that a 51gn1f1-f:7i_

"hljcant amount of free gossypol undergoes E blndlng effect

”f;that can be attrlbuteo to the presence of water. .lhls~1s»inl5iﬁﬁvhft
"aoreement w1th the flndlngs of Bressani et al (49), who d“‘b
:concludeo that of 18 samples of oround cottonseed meats

d?jfrom‘dlfferent localities, at least 14 samplesishowed some'.vf
greductlon in- free cossypol upon the aodltlon of water.;

Croup ITT conslsteo of water treated fungally 1noculated &=

"olanded cottonseed meats.' These were perlodlcally analyzed

-1f for changes in free and bound gossypol levels that can. be o

| dlroctly attrlbuted to the oresence of a fungal system. In .
'{order to prevent bacterlal growth 0. 057, aureomy01n was used.y“ﬂfjf:“

By the use of seouentlal gossyool analyses of moldy

VJ”'lﬁycottonseed meats - (Table V), free gossypol WES,fqund to

v slgnlflcantly decrease during periods of active mold growth.;_‘v‘” e

"”i{ftas graphically illustrated-in Figure III. To sustain'mold

f'fgrowth it became necessary to malntaln m01st condltlons by

‘altffperlodlc addltlons of water eoulvalent to that added in ‘

V*_}lf{Group II.

' Visible mold orowth could not be detected unt11 after the.f7ﬁ |
"analyses were performed on oay l “but v1oorous mold growth |

;lwas in ev1dence by the tlme of analyseo on day 2., There-

e fore, 1t is reasonable to assume that the reductlon of free

h“tf'gossypol to the ‘mean level of O 73 i 0. 02%, as analyzed on ::,Q

"”day 1, was the result of water addltlon only. The valldlty

:"tﬁﬁof thls assumptlon 1s strengthened by the prevrously N



fnTABLE V Nean Gossynol Content of Fungally- Inoculated.

Cottonseed Meats

";  Appendix, Table VI)

(Cf. Appendix, Table V and

= Percent Percent Percent
- Day  Total Gossypol - Free Gossypol  Bound Gossypol
0 - 1.15 * 0.038 0.87 ¥ 0.02 . 0.28 ¢ 0.03
1 1.14 £ 0,02 0.73 £ 0,02 - 0.41 % 0.03
A ~1.10 £ 0,04 0.66 ¥ 0.01 " - 0.44 T 0,04
3 - 1.15 £ 0.02 0.51 +¥ 0.01 0.64 * 0.02
4 1.07 ¥ 0.02 . 0.35 # 0.01 0.72 £ 0.02
) 1.12 # 0,02 0.20 + 0.038 0.92 + 0.08
6 1.14 + 0.01 ~  0.20 * 0.02 - 0.94 & 0.02
7 0.97 + 0.02 0.13 ¥ 0.01 0.84 ¥ 0.02
10 0.98 = 0.01 . 0.10 ¥ 0.01 - 0.88 ¥ 0,02
138 + 0.02 L - 0.63 &

0.71

10.02

" Note: Further treatment consisted of the addition

of 1 ml of dlctllleu water thoroughly mixed into each sample L

‘at the end of day 2 and day 6.
 sample was thoroughly mixed.

At the end of day 10,

‘each
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Kcmentloned flndlngs of the Grouo II water control group,

Eff;i;whlch also had.a_0-73 0. 025 free GOSSYPOI level which wasv>
{lachieVed‘after_lS“days’of water treatment.v It therefore i

/llﬁif»seems,imbrobable fhar any further reducrion‘in'thevfree"M

. 'lf;goSSYD01 1eve1 belOW that of 0 73% can be attrlbuted to

'vffc‘water per se se.

- The role of free gossypol as a bacter1a01oe was lost

Qifafter day 6 and a staphlococcus type organism was 1dent1f1ed:;d§{f
- as the major bacterlal conteminant. This was presumably duefrs?_.;;_ :
\:djto the low concentratlon of free ccssypol oresent in the -
'lkdf_samples at that time. -

Due to the bacterialvcoutamination, it was imposSible:toﬂiflzﬁ o

iﬂ;determlne whether the analytlcal loss of both free and
vxﬂ“?;}bound gossypol, after day 6 wa.s due to the action of
v°ﬁ4;bacter1a_ fungl or to the synerglstlc actlon of the two.v”QT‘*”ﬁ

MidAlso, since both free andtbound gossypol decreased at thev,*"fj

‘same time, it COuld nof be defermihedlby‘fhe cohventionalil-f S
55?lmethods of cossyool analyses whether the decrease was duef;fi,ifli{

'lfkfto the loss of molecular 1ntegr1ty or to the formatlon of agﬁfd

'frd_”bond in whlch anlllne could not substltute.

In any event, 1t can be concluded that the decrease 1n E

B 7free gossypol content from day l to day 6 of 0 53 + 0. 2%

1r;ols due solely to the 1nteractlon of the fungal SYStem.,‘if‘ﬁ'”



h?iExperlment IT
5 The purpose of this eynerlment was 1o Qotermlne whetherj”ffa“'
]}the reduetlon in free gOusypoll,Observed by the in Vltro

sfudies of meldy eoftonseed meafs would shew a correspond-.?J

ing decrease of Dhy°101001Ca1 activity 1n the rat. In

- pursuit of this purpose, it was necessary to establish three_

. rat feeding groups: a . control qroup, a Dalr -fed test grouo_ .

. and a free-fed testvgroup. Analyses were run on oays 3 and'

8% to uetermjne the gossypol concentratlon in rat llvers'
and lungs. These values were then used +o evaluate dlffer--:
ences between groups as well as changes w1th1n:a group. The

" results are presented in Tables VI and VII.

Gioup I
Group I rats were free-fed the control ratlon to
establl hvnormal activity. Since the control ration is
~ composed of’SO% Qlanded coftonseed ﬁeats from the ee{tonseedf
“emeaf pool (Table III), the ration fed'thGioup I rats con;q%;
talned'O.éﬂ% free:gessyeol; -
| At the end of_day 8, the average daily”feed'eonsumpfioﬁ

- was l;ng/raf/day and the'aVerage‘daily weightulOSS'was.’

"1v3’2 g/rat/day. The averaqe gossypol concentratlon was O 098‘;Va

;l.mg/g in-rat lungs ‘and 0 167 mq/g 1n rat llvers.

For days 4 through 8, tﬂe average dallY feed consumptlon T

Group IIT analyses were run on days 3 and 6.



o oare

© TABLE VI Average Daily Feed Consumption and Weight Changes -

SRRt . (Cf. Bppendix, Table VII, IX, and XI)

. Rat Group  Days 0 thru 3
~ Feed Weight
. Cons. . Change

~ Days 4 thru 8

(g/rat/day)

Feed Weight
- Cons. Change

S I 5.7 43

1.1 -1.5

¥ Days & thru 6.




tﬁfw  TABLE VII Average Cossypol Concentratlon and Tissue Contentf7

(Cf Lppendlx Table VIII, X, and XII)

GOSSYPOL CONCENTRATIOVS

Livers
~ Day 8

~ Group

(mq/g)
Lungs

 Day 3

Day 8

ITT

0.075
- 0.027

- 0.086%%

I

0.098
- 0.045

0.032

0.051
-0.017
0.005%*

- Group

GOSSYPOL CONTENT
leers

Day 3

: Day 8

~ Group

(mg) .
- Lungs
Day 3

Day 8

 >I |
B
‘III‘ i

- 0.323
0,052
©0.138

0.085

0.077

0.132%x

1T
CIIT

10,043

0.024
0.017

- 0.017
-0.010
© 0.002%%

o %% Day &



On Lest oay 8, fhe average go ssypol conce nLTatJon was 0. 051
~mg/g'in rat 1ungs and On075 mg/g in rot llvers.

Tt was noted that throughout the feeding trial, feed
COnsumption for Group.I.and
low but fairly constant; wieréogztheigéssypoi céncentrétiOn'
‘lg_organs oecreased_fIOﬂ daj 3 té day’8: Goséypolbconcen_
trotion cecreased 1.9 times in rat lungs and 2.2 times in

‘rat livers. This indicates that, at the level of free

"

gossyvol fed, tle tissue'retention of gossyp 1 in the rat

decreased with time. It was also obvious ono not unex becieq
that the gossypol conte snt was higher in rat,livers than’ln

rat lungs.

All Group I rats showed the Lyolca? SVKD oms oF gossypol.
toxicity: apretite and Weight oeoreuuior, dyspnea, lack of

+

vigor (Plate II), and pos -mor*ﬁ findings of fluid accumu-

lation in bodyv cavities and iliesLlnes (Plale TIT) uring -

test day 8, the remaining rats c: e ed a-coma mhich

culminated in death. Thése ynbtoms 1n ddition ‘;Lo ihe hlg

gossypol content, in both the'liversAand‘the lungs(of ;he

test rats, leave little doubt &s to gossypol being the

=

toxic agent.

 Group IT

)

,Group-II‘rats‘consumed"the test}faiioﬁ_pair—féd to th

consumption of the ¢ trol qfouo.v,The-test;rationawas com=-
cosed of 50% moldy cottonseed Wvots ‘which were found by

hus gogsypol'ingestion; remained



PLATE II Rat Suffering From Gossypol Toxicity
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PLATE III Fluid Accumulation in Intestines Due to
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l?f;analyoes to contaln 1.149, total goksvool of which O 52% was

Clggl

&£

'free oossypol and O 62% was calculoLec ac bound gossypol

: g,(Aopendlx Table KIII) mherefore the tost rat:on contalned

‘mnO 267 free gossyool whlch waa only 58% as much free gossyool
Vas in the control ration. | o g

At the end of oay 3, the average dally weloht loss was -
‘l 6 g/rat/day. The average gossyool concentratlon was

. 0.045 mg/g in rat lungs and 0. 026 mG/g 1n rat livers. Theij’

 average dally'.welgl’l’E loss, for days 4 + through 8, ws 0. e

‘1_ g/rat/oay.v On test day 8, the average gossyool concen- |

‘tration was -0. 017 mg/g in rat lungs and 0 027 mg/g in rat

“»;llver

It was again notlced as in Group I, that the COncen-l?.

vtratlon of goqsypol 1n rat livers wa s much hlgher than ln

vl‘the lungs; also the trend iovard oecreased tl sue retentlon fﬂll”

~of gossypol w1th lee was ev1deni in rat lungs. In fact

,those rat lungs analyzed on day 8 showed negatlve values for quf

l.gossypol concentratlon. Thls 1nd1cates Lhat not only was. o

| “the gossypol level lOW'Lut that the natural components of

. rat lungs whlch react w1th aulllne and thus cause spectro- R DT

uphotometrlc 1nterference were lower 1n'the lungs of the
Group II rats than in the lunos of rats on a cottonseed -

free dlot used to ”zero” the analyses.

; Althouoh Croups I and IT consumed egual amounts of feed,ﬁ;?lf“

~ the tes+ rats 1OSL lese tHan one—half as much welght as did

'juthe control rats,g In fact by oay 5 the Group II rats o



- leveled off where welchL was ncltner lost nor dalneo. ;_;ﬁ;3

J,Group'II rats»showed no ymptoms of qossypol tox101ty

,and appearedvat'all tines to_be‘hungry and qulte healthy as_?ttdfff7e

" compared to the control rats (Plate IV).

Group III

Grouo ITI rats ‘were. ffee?fed the test ration‘containing'

'°f_fo 269, free gosoypol At the end of day 3, the average dally’ o

feed consumptlon was 5.7 g/rat/oay and ‘the average: dally

'.welght gain was *.3 g/rat/day. The average gossypol concen-d

.'n,tratlon was Q. 043 mc/g in rat llvers and 0. 032 mg/q in rat

:~.lungs. The average dally feed consuthlon for oays A

kfbfthrough 6 was 7.1 g/rat/day and the-average welght gain

_,4 4 g/rat/day. On test oay 6, the average gos syDOI'Concen_';]V"f

'fftratlon was 0.036 mo/g in rat llvers ‘and 0.005 mg/g in rat |

fxlilungs- A reduction 1n-the tlseue retentlon of gossypol w1tha.tﬂf”ﬁi’

time was - again in evidence as was the 51gn1flcantly hlgher
'gossypol content in llvers as’ compared to lungs.

No v151ble effects of tox101ty could be attrlbuted to

‘fthe 1ndestlon of the teat ration (Plate V), 1n splte of the .

 fact that the food' consumptlon was much creater than the _-:'.“ﬂ”‘”"°

control group.

Dlscu531on

A comparlson of the ad llbltum feed consumotlon for the
rats of Groups I and III showed that for the averaoe rat

L:day, more than 5 tlmes as much moldy test ratlon was



PLATE IV Rat in Coma Due to Ingestion of Cottonseed Meats

Compared to Rat Pair-Fed Moldy Cottonseed Meats




PLATE V Rats Free-Fed Moldy Cottonseed Meats For Six Days




'*v;jvconsumed ac nornal c01trol ratlon (?1oure IJ)

:In obseIV1ng the welght chancequn cach rat group, 'it”;L

was not uneypectco thdL Group [II rats with tholr hlqh feed e

3‘aconsumptlons woulo also nore moderately hlch weloht galns.-

A comparison of Orouos I and II showeo thﬁt even though

hthelr feed consunotlons were 1oentlcal and both qrouos lost:

Tldifwelcht Group IT Iats lost less than one- half as much welcht“l,557v

""ﬂ,:as d1d Croup T rats (ﬁlqure V) § lhls 1nd1cates a c10ar cut R

,superlorlty in the value of the moldy test ratlon over the’f',%thfo

5]’control ratlon.

Althouqh rat Grouos I and IT were palr fed thev"'

: Vit‘analytlcal amount of free qossypol consumed was greater for,""d"“

*'_ithe Group I rats than for the Group II rats fed the moldy 'v’fﬁf.ﬁ

cottonseed ratlon. Thls dlfrerence was reflected 1n the

v‘f"ﬂdhconcentratlon of gOSSYP01 found in rat llVOIS ond lungs of ¢

[d'the respectlve oroups (Table VII)

The overwhelmlng ev1dence found 1n the feed consumptlon

h°dh;we1ght changes anlmal health and tlssue analyses leads to‘:l»’ﬂfhtl

"ﬁjf the‘conclusion»that.ln rungally_1noculated'cottonseed the ;}fh;]fﬂi*'

".;binding'of.free“dossypol as observed by analytical meanszin u\dft*

i”{c'Exoerlment I, is effectlve 1n redu01ng the DhySlologlcal

act1v1ty of qossypol in the rat. In fact the extent of

v}phy51oloclcal reductlon may not be adequately measured by .vdh'ﬁ

i;analyses of free gossyool 1n the ratlon after fungal growth thf‘”

gThls ‘seems to be the ca se 1n broup III rats as compared to

Vfr‘the‘control Group_I Croup III rats consumec free cossypol,3“tlh;”‘
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:b‘-,afvélmost 3'times thé~rafe (Figﬁre’VI)'wi{h,approximételwa  ~ 1{5ﬂ* 

',g;fqne+third‘the'tissuebaéCumuiatibnjof'goésypdlV(Table VII).dsH '- .:

. did the Group I ratsé' This_diffefence in the toxicologic
'_activity of thé freeAgOSSypol, perhaps has something to do

with feed intoke.
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' Experiment IIT

. The purpose of thisdexperiment was'twofold;vvl) to

~ determine whether fungal growth on cottonseed would decrease

+ the physiolooical activity of gossypol in the’chiclcen,“andva

?2) to evaluate the - correlatlon of free gossypol content w1that'
lztoylclty in normal and molded cottonseed meats., ' |
| | rr‘nree chlcken leedlng groups were establlshed I, é
free-fed control orouD II, a free fed test group, and III
.8 control group whlch was fed a ration contalnlng the same T
: analyzed level of free qossypol ‘and offered at the same :
_consumptlon rate as the test group. Analyses were run on L

- days 2 4 and © to-determine the gossypol condentration in*d‘

- livers and pectoral muscles and total cossypol content of

?gallbladders, These analyses were used to evaluate dlffer--l' U

f"b'ences between groups and changes w1th1n a group. The

"results are presented 1n Table VIIT and IX.

Group I

lhls group was free-fed the control ratlon to establlsh
: normal tox101ty. ulnce this ration is composed of 50%
g:glanded cottonseed meats from the cottonseed meat pool

-(Table III) plus 507 basal 1ngred1ents, the free gossypol

. ~content of the total ratlon was 0. 45%.

Chlcken I was sacrlflced on day 2.: The feed consumptlon

va‘was 12 5 g/day and the welght loss was 12 5 g/day. ‘The )

t_gossypol concentratlon was 96 mcg/g in the llver and O 6 mcg/g IR



. TABIE VIII Days On Trial,

Feed Consumotlon Free Gossypol

' ConsumDLlon and Body Welqht Chanqes .
(Cf Appendlx Table RIV) -

 Chicken
 Number

~Days On
Trisl

TFeed (g)
_,Consumptlon

GROUP I
~Free Gossypol

Consumptlon,a;

'Welght ,
.Chanoes (q) v'

2
4
6

25 0.11 g *
35 0,16 g

Cesx 043¢

-25-"

-84
Lo-112

» | Chicken :
"feNumber

Days One
 Trial -

Feed (g)
- Consumption

GROUP II

» ~ Free GossYpol:
Consumption -

Weight
Changes (g)

1
2
3

O > DN

22 0.0
138 - 0.36
202 o : 0:;5

WO,
¢IOLQ

28

- 33

_ }1.;Chicken,
o Number

- Days On"
g Tria1. 

Consumption

GROUP III :

Feed (g) Free Gossypol
Consumptlon

Weight
Changes (g).

CLomo

-4
o

22 . 0.06 g

98 #* R . »0.26.g ;f””

‘l4zx . 0.36 g

.34
252
'_-74

d:* Large amount of soured feed found in dlstended cr0p.ude AR




”x%f;TABLE'IX*’ Total Goésypol‘Concentraticn in Livérs and
; o Pectoral Muscles; Total Gossynol Confent in
Livers and Gall%ladders .
(Cf Appendlx ‘Tsbles XV, XVI, and2XVII);,,?_

"GROUP I

_‘"  ‘Chicken  Gossypol Concentration (mcg/g) Gstypél'Confentv(mcg)f 5f'
© . Numbers  Livers Pectoral Muscles = Livers . Gallbladders

-~ 1123.00 212.0
1824.0  214.0

R %0
2 160.0
3 136.0

OO
0O

GROUP II

| 2462.0  200.0

fz‘Chicken Gossypol Concentratioh‘(mcg/Q)v Gossyﬁol Content'(mcé)7fff*'

Numbers  Livers — Pectoral Muscles  Livers i_Gallbladders¥J 

1 4.0 o 0o 41,00 -0
2 ~16.0 0 251,00
3 48.0 0 - 878.0 . O

GROUP III

1vf ChickenG Cossvpol Concentratlon (mcgfq»1-Goss?bolfC6nténf (mcg);fiiff
 Numbers  Livers  Pectoral Muscles ~ Livers Gallbladders = .

L2 . . 178.0 -
8 . 210.0

RO
S s -'®m @
OO D Ul

1066 ' O L - 165 .0 D



;'n the pectoral muscles. The total cossypol content in the
ygtgallblaccer was 212 mcg.»u, R B
lA“ Chlcken II was sacrlflced'on day 4._ The feed consump;;

lliitlon was 8. 8 g/oay and the welght loss was 16. 0 g/day. The~ftn
“:'“:fi gos Ypol concentratlon LCER 160 mcg/g in the llver and l 0 L

'”dlhfmcg/g in the oectoral muscles. The total gossypol content

. in the gallbladder was 214 ncq.,._ﬁ

Chlcken ITI was sacrlflced on an 6; The feed con- Lot

:bfix'sumptlon was 15 8 g/day*'and the wcloht loss was 18 7 g/day;fﬂ“
M'5:;fThe gossypol concentratlon was. 136 mcg/g 1n the llver and ”filié:l;‘
“l[.O 8 mcg/g in the pectoral muscles. The gossypol content 1n_tlﬂ

“_‘lthe gallbladder was 200 mcg.‘,..v - v.* _dhdfdffl ld;pd;f:fgl;”,é

A1l Group I chlckens showed the typlcal symptoms of

”?;gossypol tOYlClty. appetlte anad welght depre531on dyspneafb:

5ﬁjlack of v1gor, loss of eye- rlng color,‘and erectlon of the

;‘.‘nfeathers (Plate VI) These symp'toms 11‘1 addltlon 'tO the

,e?fgood correlatlon of cossyool content w1th body welght loss,j3
| '7'1leave llttle doubt as to the presence of gossypol tox101ty._e}

- Although llver gossypol concentratlon anpears +to be low

’f55on day 6, the total content 1s nevertheless hlgher than at {ﬁff
lz»{day 4, since the llver s1ze Ior the anlmal on day 6 1s -
'”lf3blarger.' The qallbladder content remalns at a relatlvely
wlhconstant level at all three tlme 1ntervals. The concen-ffdl
}ftratlon in the pectoral muscles 1s 50 low that the levels:fl[ :

- Fm:fdo no . reflect the gos ypol consumptlon.:;l ;: t'

Large amount of soured feed found 1n dlstended crop;¢§;;3?*=*7




PLATE VI Chicken (Top) Fed Normal Diet vs. Chicken (Bottom)

Fed High Free Gossypol Die




| Group II

Proup II chlckens consumed the test ratlon ad llbltun;~glf£

3;7EThe test ratlon was composed of 50 moldy cottonseed meats
'{lilwhlch were found by'analyses to-contaln 0.529, free gossypol
ﬁfi(Appendlx, Table XIII) Therefore the test ratlon con-"vl

'_tft;talned 0. 26% free gossypol whlch was only 58W as much free

:tfl@gossypol as in the control ratlon offered to Group I_: ¥
! Cthken I was sacrlflced on day 2 The feed consumptlontfg;ifr
ﬁf:jmas 11,g/dayjand the,welght lggs_was 14 g/day._ The qossYpol .
:lvconcentration:wash4lmcg/g’in'theillver;‘:Gos sypol could not jff”ﬁ
l":”lb,e detécted.‘iﬁ'éifhér the pectoral muscles or in therga_llv-
'j;dI;bladder. | U B PR |

Chlcken IT was sacrlflced on day 4. The feeo consump-MfIffﬂd:ﬂ?

Ll?{tlon was 34.5 g/day and the welght caln was 8 2 g/day;-»Theff?ffIhKl
f;{fgossypol concentratlon was 16 mcg[g 1n the llver.; Gossypolnitl
htajlcould not be detected in elther the pectoral muscles or 1n:"
“:;{athe gallbladder. | | o '7
Chlcken III was sacrlflced on day 6.> The feed con;stl
i*sumptlon was 33. 7 c/day ano the welght Qil_ was 8 0 g/day.{fﬂI T

.,ftThe gossypol concentratlon was 48 mcg/g in the llver.-

"id_;Gossypol could not be detected in elther the pectoral muscles

1ior in the gallbladder.fs

Group II chlckens showed no v1s1ble symptoms of qossypol e
‘ tox101ty and appeared healthy and alert at all tlmes. ~No Jv"’
hh‘gossypol could be found 1n elther pectoral muscles or. gall-

"l[fbladders and_only.moderate amountsmwere present ln liver. =




"'fftlssues.

ilgftIII was more than twlce that of the blro fed the came

By day 6 the dally feed consumotlon of Chloken

h length of tlme in Group I Also, there was a welaht galn

':ﬂof 8.0 g/day 1nstead of a welqht loss of 18 7 g/day, in E

| ”v.splte of the fact that the free gossypol consumptlon was 23%

f‘ﬁfhloher. Even thouch these data are obtalned w1th an absolutel[ft'l

e flmlnlmum numbor of blrds the reversal of the toylclty from h]fl:l" ‘

”liﬁf:Group I to Group II is novertheless very strlklng.- fdv"‘"“'

It is also of some 1nterest that even though the llver

‘;1'; gOssyool content reached a level of 878 ng on day 6 1n the -

"anlmal fed the molded cottonseed meats, there was stlll no

"7gossypol in the gallbladder. Theoretlcally, there should

urbe at least 50~ 100 mcg 1f there were. the same llver--;ls

“[;gallbladder relatlonshlo as observed 1n Group I.s One‘3--efl‘d”“~

”{’"flfp0551ble explanatlon for thls dlverqency weuld be that the ;’jfﬁV”Lﬁf

uibﬁoll7ed and/or excreteo by clfferent pathways.» Also the B

bf_gossypol 1s of two dlfferent types and is therefore metab-. QLjLQQ:*ej

zmigallblaoder is known to accumulate by products of hemolyzed

ixfftblood in the anlmal 1ntox1cated w1th go sypol and 1t appears ﬂf;,~~ o

{fhif'from these. ‘data that the Group I birds were affected by

G:{gossypol tOXlClL whereas the Gr oup Il were not

GrouE III

Group IIT blrds were offered a “control ratlon contalnlngffgfﬁiff
'.fa level of normal cottonseed such that the resultlng free

fi»gossypol;level was,equ;valent_torthe,free gossypolblevelfof




'l;fff~th° molded cottonseed ratlon (Test Ratlon,ll) They were

-58- o

i""}T_,also offered the ratlon et a consumotlon rate equal to the ,lf}

"k; group fed the tcst ratlon although it was not p0351ble to

'faccompllsh equlvalent feed 1ntaLes after the second day.

“7'ThlS control ratlon Il Lherefore contalned 29% glanded

F'V;Tto glve a level of 0. 26 free gossypol in the total ratlon.

Chicken T was sacrlflced on day 2. The feed consumptlon:ff;ﬁaaf

‘"ﬂvlwas 11 g/day of the normal cottonseed test ratlon and the

ﬁ;velght loss was l7 0 g/day The cossvpol concentratlon

 vas 72 mcg/g in the llver and O 5 mcg/g in the Dectoral

ﬂlmuscles.' The gossypol content in the callbladder wa> 165 mcg;ﬁgﬂllf‘

Chlcken II was uacrlflced on day 4. The leed consump-llj}ff}f:

”tﬂtftlon was 24.5 g/oay* and the welght loss was 13 0 q/day

. The gossypol concentratlon was 178 mcg/g in the llver and -

I the gallbladdel’ was 232 mcg,

ltll 2 mcg/g in the pectoral muscles.' The gossypol content ln?ff@*’dg‘v

Chchen III was sacrlflceo on day 6 The feed con-.

"”“fsumptlon was 23 7 g/day* and tho welght loss was 12.3 g/day.ftjkid“h‘

th”f}hThe gossypol concentratlon Was 210 mcg/g in the 11ver and

."tfl 6 mcg/g ln the pectoral muscles.' lhe QOSSYDOl content 1n.vlhﬂl'f"

the gallbladder wes 364 mog.

GrouD III chlcken° showed much the same V1Slble

o °ymptoms of goss yool tox1c1ty us dld the Grouo I chlcfens.d

Large amount of soured feed ln dlstended crop.




DiscusSion“?

A comparlson of the ao 11b1tum Ieeo consumorlon for

h:GrouUS T and II showed that for the averaoe chlcken day,-

.r’”more than twice as much moldy tcst ratlon was consumed as,'¢"‘“" -

fiﬁinormal control ratlonv(Table VIII). " The fungusvln some wayhxv
tapocars to 1mprove palatablllty. | o i

- The obs ervatlons on body welght chanoec and tlssue |
racontent of gossypol showed that the Group I anlmals lost RN
*Qconsrderable weloht and possessed substdntlal amount s of |

- qossypol in all analyzed tlssues. On the other hand Groun

':hﬁsII chchens made moderate welght gains and no qossypol

Ehffdcould be found in oectoral muscles or gallbladders and only

~a small amount could be found in liver tissues.

| The data on feed consumptlon, welght change generaI

- abpearance and tlssue analyses ]eaos to the conclu51on that -
:'fln fungally 1noculated cottonseed the blndlng of free

gossypol, as shown 1n the analyaes 1n Experlment I, _1s

"’ffheffectlve 1n reducrng the tox1cologlcal actrvrty of gossypol

’7ﬂ'[f1n the chicken.

K comparlson of toxrclty was made between free gossypol"hf’”

:ﬁ'iln moldy cottonseed meats and free cossypol in unlnoculated

I_h;cottonseed meats in Group II and III respectlvely.; Even

iitl'lough both ratlons contalned-the samefoercentage-of
‘h'analy7ed free gossyool Froup III chchens falled to achlevev;: 'fﬁvf
the feed consumptlon of the Group II chlckens. Not only wasb

_"the feed consumptlon of Group III chlckens lower but they all




.vdtgln weight loss lack of v1gor loss of color in the eye~r1ng,f??7~

V°ffshowed the typlcal symptoms of gossyool to 1crty as erressed

fferection'of feathers enlarged gallbladder (Plate VII) and

"1ih1ch gossyool content in body tlssues. As prevrously

lvd5stated the Group IT chlcrens shoned none 0r the symptoms of

| 5,gossypol toxrclty w1th tne exceptlon of a small concentratlon'i:f ‘

“Vo”;fof gossVDol that was found 1n thc llver tlssues.

It is therefore abundantly clear that the fungus reducesfﬂdffj

t the. overall toylclty of the oossypol normally present in

”'flcottonseed In splte of the fact that thc anlmals in Grouptl'

“'II (the molded test group) consumed more ”free gossypol” ~7

"uf;they showed far less toylc symptoms. Obvrously,»the ”free.n3txt’*f'V

'f}fygos ypol” in the two ratlons must have been dlfferent.

There are two possrble explanatlons for the poor L

‘szcorrelatlon between free GOUSYPOI and tOXlCliY in molded

'*’gmdand non-molded cotton eed moats.

The first explanatlon relles upon thc supposltlon thatfl_‘_

l*.n‘a fungal system could in some way alter freo gossypol such

o that it would render the molecule physrologlcallybrnactlve,;"lx‘

't;P0881b1y, 'some sort of complex mlght result It’could i';

”‘further be surmlsed that thls gossypol constltuent complex vt

i'lftwould be soluble in the solvent used for free gossypol

= dextractlon. »Thus thls physrologlcally 1nact1ve gossypol

:complex would analyze as free gossyool.-
| A second explanatlon would suppose that free gossypolj

‘Vrls composeo of two or mole closely related compounos each,




PLATE VII

6]

Gallbladder From Chicken (Left) Consuming Diet
Containing Moldy Cottonseed Meats Compared to
Gallbladder rrom Chicken (Right) Consuming Diet
Containing Normal Cottonseed Meats.




;fpoosess1ng 01fferent phys10roq1cal ac+1v1ty.v A fungal

nffsystem could then preferentlally react v1th the most physmo-

foiloqlcally actlve of- the compounds to forn bound gossyool

'*-“a:and then leave thc least actlve forms to be analyzed as

'*7f"free oossyool”

'fQ,found in & normal cottonseed ratlon.,

In elther case 1t is obV1ous thaL the free gossypol ';:

»found in a moldy cottonseed ratlon oocs not posscss the

_»hlgh level of toylclty as the same amount of free cossypol }{iff=>fi?

The trcnd of decreaseo ilssue retentlon of qossypol

“&uiiw1th tlme, as observed 1n the Tat in Experlment I was not :7??

/irifnotlced in the chlcken. Thls sugqests that the mechanlsm

7"f§respon51ble for fhe metabollc 1nact1vatlon of gossypol

'1fw}underqoes a hlgher degree of stlmulatlon 1n the rat. Perhaps

“gfthls is the reason that the rat enJoys'afilgher re51stance

'-5if:to oossypol than does the chlcken.;n??fﬂf;




‘sommrr

 The obJectlve of thls LhCSlS was to evaluate tne ablllty tdlﬁﬁ”

| 'elor fundl to reduce the tox101ty of cottonuoed Studies

'”were made by nclytlcally efumlnlng the effect on gossypol

‘lfucontent as well as: tox1coloolcally testlng the product by -

B feedlng it to raLs and CthPPnS.’

It was olserved by analyses that "free ooscypol" was lb_”

"converted to the "bound" form by a fungal system and that

’l~gfonly during perlods of active mold growth old_thlsvconver-{

‘sion take’pléce._ Also it was noticed'thateiafter the

”‘:E”froe go%synol" level had undcrqone a nine- ~-fold reductlon

-'fflt leveled off at whlch tlme the "total gossypol" started*f"”

:F'{fto disaopear. Unfortunately, the cause of thls dlsapnear-”--~i*'

ance could not be uneoulvocally evaluated due to the -

S appearance of bacterlal_contamlnatlon_at low levels of

Vd“free,gOSSYpol”.

‘fln an'effort_to.relate‘the analytically neasured “free ]_vt

ufﬁQOSSYpol” to physiologioal activity,vboth'rats and chickens

 were used in feeding trials. The parameters used in the

©o - evaluations were: feed consumption, weight changes,

*VPl;lgeneral health,‘thSlcal'abnormalities; ond5gossypo1uaécu;“

~ mulation in various body tissues.

In all'cases 'the’symptoms-otfgossybol tOXicity weféfd |

'”elther dramatlcally reduced or entlrely ellmlnated NIn'f

© fact, it was found that the recultlnd levels of "free

'ffgossypol” in. moldy cottonoeed meats are far less t0XlC than




”ngeats. Needless to say, the common practlce of measurlng

e equlvalent levels of ”free oossypol",ln normal cottowseed 3;

'*?oottonseed toy101Ly bj analy21ng for ”free GO ypol" contehﬁvl{
lshould be re- eleuoted -

Further eAanlnaLlon of the observeo phenomenon of
_gossypol Qetox1catlon v1a fungdl 1nteractlon holds both
'Tscientllic and ecohoric 1mporLance. ILS 1mporldnce lles lh -
-sltne fact Lhat a comoletely detoy1f1ed cottonseed produCL

B could be marketed for anlmal use Y a unlversaljproteln

'l’jsupolement”.' Its use as a human fooo would of course,

"‘requlre eyfens1ve toy101oloolcal evaluaflon and prov1ded

~

lsafety were 1ndlcated< such a product mlght be used as a

’valuable source of much nceoed proteln 1n the world.




‘VY  Aspergillus::ﬂ:t227 f} Glanded

~ Diplodia 250  Glanded

APPENDIXtt

i :TABLEtI] Eipetimentaﬂ Plan of Tests for Tox101ty of Cotton-'
']::..Seed Infesteo With VJIlOUS Funcl :

Isolate . Substrate - Humber_ Days On Number Of

'ITT:FungiAI.-:ui‘~Number (Cottonseed) Of Rats Trisl Rat Days . . -

. Wome - Basal Ration 14 12 168 _
~Neme . - . Clended* 14 7,7,10,10 119
Nome - Glendless* 14 12 . 168

- flavus - o R
' _ e . Glandless . - 1l2. 48 |
V_Asperglllus ;.'282t ~ Glanded 56":* 12

”nlqer S : ERE e : R L
i . Glandless 6 12
- Aspergillus 356 f_Glanded 12 48 "
niger - . S it o R

| ~ Glandless . 4 12 48
Colletotrichum 215  Glanded e 12

N I N N N N I NN

o (test I) - R
" Glendless 4 2 8
 (test I) T
" Glanded = ;2tz_‘j.10* 90
'vGiandiéss .2 5 '- 10
(test II)- ' .

Wild type varlety usually contalns O 3 1. 57 total gossypol :

~*% Developed varlety usually contalns 0 03 - 0.15% total
gossypol ' R .
. : Contlnued

- t;:‘fvlé}t::t&;;w;;




=66~

,;7ffisblaféiQSubéfraﬁeLL Humber{'DayS_Oﬁ;Numbef7dfj
.. Number. (Cottonseed) Of Rats. Trisl.. Rat Days .

~Diplodia = 808  Clanded =~ 2 6 12

ﬁ ﬁ G1éndléss'~, ‘;2‘   i 10Pvf;;  2U”  ¥H]f.;fﬁk*%
| (»teSt‘_ I) T R R A

© Glanded 4 6 . 24
o (test II) S S

T -A24'1;~

>
o

 vDiplodia Vﬁlorenqe  I;GIandeéf; ifff 'Vf{fJ1d r i‘ 20 o

‘Fusafiumj‘ iv.‘»206ﬁ€f;Glénded,-;f"   , .6   :; ‘ 12.1 L

»

o 1 O R T
A‘% { Taniliforme .f,7f;f"i? (teSt I)Vi: j ;-rﬁlf, Ry

iﬁ;;élaﬁdléssﬁ;fi5i4;Q ff_677. = 24:ﬁ*vvf ;%H
co(test I) o :

 Clamded 2 10 a0
- 1(testnII)I%;H}w  u, ,;xi;f    S ‘ .
' Glandless 2 . 7 o1& -

© Nigrospora - 350 - Glanded o,

 Glandless R0 e

' Glandless . a0

1;}[7Rhi2§§uéf?;7:57i344f”5‘61anded ,1_  1213, :ﬂﬂ&?V"”

w k(tQSt_I) ;Hﬂi ) L

";ﬁGlanded i:? xr4,_@?  211;”ff> 8v3f
U (test TI) s T
 Glandless . 4 2z s




. TRBIE TT

TFeed Consumptlon and Growth Data of nnlmals 1n‘ "1’“
. utudles of Table I _ﬂ | -

Iqolate Substrate
- Number

(Cotton~-
.Seed)

" Total
Feed

Feed
~ Consumed . Wt.

Consu?ed g/rat/day Galn g/rat/day
o (g)

Total Welcht

Gain -

' ' ;:'Aspergi1lus,;

flavus

i:f’Aspergillus
e niger '

o "AspergllluS'
': ~n1ger R

'ih-fAlternarié*

" Colleto-
-+ trichum .

Diplodia

227

-  1 282 v
356

851
o vt};Giéndléssfi f
;L.fﬁiGléndlessé; 
"2505f ;.

308

f f fG1andlessi5
o (test TI)

| f"elanded

“Glandlesg_f

‘Glénd@d:

Clended

fGlandedvl
> iGlahdieSéik
"ielaﬁdgdi]éj

Glanded}”

Glanded

Glandless .
L (test I) -
.. Glanded " -
C 0 (test II) oo
~ . .. Glandless .

Glanded

- 7fG1anded

_j:B sal Ratlon 2265 ”5
' f f882 :‘
'2335 f“f
Cmz
498
128
112, |
*;l577 >f}?
 537 f\
';614%r;g

118

218

- Cone
(test I) ST  _ f

263
(test II){ﬂF'-'

649

210

121;

” 13,5,[ _}676if
,13}9:fi;f606. 
9.2 73
0.4 200
f710.6 f;; _21'

12.0 . 187

13.2 98
12. swl_j135§
13.5 163
s a7
ﬁ ~f1Q,5ffff§'41_3;7
i#7f140.giff o

(test 1) -

183 16.6 - 56

10,9 168

1201 Ges
: 10 9",397117f"

Contlnued

17.5 59

4.0

ol

ls;Gﬁﬁgj;gQ:‘
s
2
: '1.8,!;mfv.‘

T o

1 2.9.:f?f '\
i5'2?8..:5jf: .,.
s
V”S;i ?i

T
o

 8€2
6.3




Continued

. TABLE II

fﬁlFungi

:Isblate'SuEstrate

Number

(Cotton=
~ seed)

- Total = Feed : :Totélj Wéingfj

Feed.

Consumed ¢

o (g)

Consumed

Wt.

ohsu CGadin oo
[ratfday Gain g/rat/day =

. Diplodia

- Fusarium

. Fusarium

| Nigrospora

f‘Rhizopus

’:iRhizopus"

308

7: _”‘Diplodia"Flofence‘

206

349 

350

.- Blandless’

274

344

'leandless_
(test II)

Glanded

' Glanded

Glandless

‘Glanded

(test I)

" Glandless

(test I)

Glanded

(test II)

- Glandless
(test II)

Glanded

: G1andéd ’
Glandless

Glanded

~ (test I)
" Glandless

o (test I)

~ Glanded .
o (test II)
. Glandless .. 2

o (test II) - oo

155

g

127
269

298
257

199

124

127

127

201
547

529 .

o181
‘_ 1435fJ”

129
©o15.9

10,6
S 7.8
111

10.6

11.2 -
12,4
 12.9f ’
14.4

 13}7:
15.2
9.9
el

11.9

L 10.3
©16.1

f4l3‘_7

19
Y

a1
118

119

183
119

183
12
  33
e
59

3.4

L o =
¢ .

>
b :
L 0 N o O

b

3.6

1.8

R A

1.3

7.4

7.8



 TABLE III

,: Studles of Table I

Pathology Due LO Mold Tox101ty of Anlmals 1n rl-_~,\,_av.w

ggho{f:Fungifof' :'/)o

TIsolate
3:Number

vaﬁbstrate’
- (Cottonseed)

~ Pathology

- None

'"of{_None j_.

© None

'ASpergillus f:'

~ flavus

1Aspergillﬁs
niger

Aspergillué

o ;vAlternaria“

- Colletotrichum

. Diplodia

227

oz

356

215

’ 250&

'“»fBasal Patlon

Glanded

 Glandless
‘ Glandeav
© Glandless

Glanded
 Glandless
 Glanded

" Glandless
Glanded

Glandles$3o
'o Glanoed

o Glandléss;oWb - None

Glanded

;f~(test'I)' e
Glandless -
© (test I)

Glanded

7 (test TI)

- _Glandless;:
o (test II)

. devression,

~tissue dehydration,
- fluid accumulation

" in intestinal,

- inel, and thoracic

None

Weight and_appetite‘ :
~diarrhea, -
abdom-~

cavities, and death

- None
‘None

White spots on kidney =

(1 of 4 rats)

None

White spots on'kidnej.
(1 of 2 rats) ‘

None

- White spots on kldneyv .,'o
(2 of 4 rats) I

Ouestlonable pyelltls

'(2 of 4 rats)
Nonea

- None

Pyelitis
(4 of 4 rats)
None '

-~S§Vere,pyelitis

(2 of 2 rats) -

oKidney?hemorrhage"ij‘
(1 of 2:rats)



’k}f}TABLE III Contlnucd

=;;5Fungl_

Isolatef»
 ¢Number, 

 Subsﬁrate j
(Cottonseed) . .

-JaPathology

S ﬁ;biplodia v»»'

" Diplodia

Fusarium.

Fusarium

- moniliforme.

F'ERhiZOpus :‘Hﬁ

‘1ffthizopus N

808 G1
R v (test I)
.. Glandless
(test I)

- Florence -

'  xa 206; lT3

7 (test I)

B IZS

344
cooo oo (test 1)
. Glandless .

(test I)

:v356;f:ﬁ

Glanded

Glanded.

- (test II)
- .-Glandless
(test II)

 Glanded

Glanded

- Glandlessv‘,']”NQne»  f: 

Clanded :-ﬁj'

.~ @landless : .

- (test I) LR
., ~Glanded i,;ﬁ,None L s
UL (hest TT)Y T A
' Glandless -

»iGléhdédviIf
.id‘fE?Glandless;}g

Glanded

 Glandless

Clanded . Tone

" Glanded

. joevore oyellils
- (2 of 2 rats)
: None' :

Qevere'pyellfls'.“v
(4 of 4 rats)
 'None

None BEEERE

None -~

 Noné 

‘“»None,ffﬂﬁ’

7'None'f””“’

. None

‘None

- Nonme .

- None "

]Nonef‘“’“

o G -’f:“,fNonef :i j : K
“o(test II) N
"Glandless .-

. | : NOne . ;:i 
C(test 1D)




TABLE IV Plnlodla Feedlng TrlaIS’fliti'“

Isolate Numoer

”f,,Substrate

f Number of Rats

_ Pathology

*'-”250._'

t“~;276'ﬂ1

B

“7:3965,f.f°“ il

| 't)397:‘*t" »
o zes

Glanded CoLtonseed
Glandless Cottonseed
'ffCorn
";Rlcea
 Corn
: '“tZCorn R
Glanded Cottonseed
Glandless Cottonseed
"”,v”Corn ;kfﬁfﬁﬂt
'7ftfijlceiﬁfb

uCorxrm o

'7‘C°?nf;,-{-;s=”’
i'“7;CQ:ﬁ§Q:?,_H;,__&H
: CAO'I;‘;”»‘ -

Gorn

ECEN T R T I NN |

lM  S R R S I U CRR Ot m‘ipff )

]
=

'x{;ﬁNone’

' ftNone-
_ofNoﬁevtk
ifNone

"'J[ane.
_}None
*?NOnei?wlit;o,5ff’f

“e:None:“
ifNone
' None

-;e None_itie)

:*<f;Noﬁev -
thone] t
:tfif?;Nonef"
ey e;tNOﬁef’
aﬁﬁekteNqﬁe T
 None

~ None




ﬂ ; ,DéY 2-
 €;' Day_g

~ Day 4

'J;&:TABLE_V" Tota1,Goééfpol_Céntenf of Fungally Iﬁoculafed_
o  Cottonseed Meats of Experiment I | |

: 'Sample Nﬁmberf  Gossypo1 )

% Total -

o % Total
‘-Sample‘Number;  Gossypol’

M my0

G W N

'” ‘ Day 1

U GO DD b NP ORI U WO

Lo

1.20
- 1.20
©1.18

l.O8

©1.08
1.18

1,14

1.16

15 0

1.08

)  : '1'. 04
o 1.24
1,06

112

“1.19.0

110

1.2
1.06 .-

1.08
1.08

~ Day 6
 Day 7
~ Day 10

 Day 13

Day S

A QO DO a s wWwno -

I 00 B

VS GO DN

NS €O D

C1.13
- 1,06

1.15

ol

-1.13

1.10 -

C1.14

0.91

0 0.96

0.94

1.01
1.00

1.00

o 0.74
S 0.72
o 0.74
. 0.74

1.03



Uﬁ“&igoTABLE VI Free Gossypol Content of Tungally Inoculated RS
o Cottonseed Veats of Eyperlment I R

T 4 Tre i .{ . % Free
- Sample Number - Gossypol ~ Sample Number . Gossypol

r; vDay_0 . P .@o;',Day 5 S
o S 0.92 ~ S 0.14

. 0.18

~0.14
 0.28

- 0.24

©0.84
Fotes
olss
0.88

O
. Uh#ﬁ@ﬁﬁF‘ h%

~Day 1 . Day 6
i;0.78'”;”‘>ub',“b
- 0.068
o 0W72
-.0.68

- 0.20
o 0.19 0
0,18

U LoD

U1 GO DO
aﬁwmp

 Day 2 . Day 7

LR . 0.68 T

. 0.66

. 0.64 |

"3'0.66 ;'ff~fva '
. 0.64

©0.12
©0.16
0412
0.13
0.14

SO 0O

’70-12- ;'
. 0.06
L 0,10
- 0.12
0.12 -

o 0.51
o  0.54 i;: o i.y
0452 0
. 0.48

©0.50

 bays . 'fDav 10

G o b
@9wwe_

~ Day &4 Day‘l3
R . 0.86
- 0.38
0434
0-32-:_,,!'Wu
2037

0.08

0412
0.06
. 0.06

. 0.07

;m#w&H
Coub o




fffTABLE VII Feed Consunptlon anm WelghL Losces for the“
B Group I Rats of Experlment II '

0 Rat Feed = Uélght  }),JRaf f; Feed ' Weight SN
”Tfj Number Consumotlon ﬁ Loss . Number Consumptlon Losst';vjffﬂﬂﬁa*-

oY o B O
@d#@wH

mm%www
oG

DO D DO
Lo OO0
W

‘"’£;fDay 2 f]" '@}7Day 6

dq@@mw
R I
P o

@m»—hCOL\DI—'
O

O U1 GO DO
o e
;Eé%égé
O U1 WO N
F—1L.OH
PN

-_Q};aDay 4 e e .*f,: Day 8
o - sacrificed - LTI e
St
SR S R
~.sacrificed
2
- sacrificed -

BT 1N

i or
_ﬂ&wwﬁlv,‘ O [  f"l i

@mQQQH

ﬁmd#www
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TABLE VIII Gossypol Concentratlons in the Organs- of

“Group ' I Pats of. dyperlment II

~I;"~1Rati ‘_
~ Number. - .

Organ
Wéidht--

LUNGS

‘Mg of gossypol Mg of gossypol
-per g-of tissue... per orgam - -

O U O N

0. 45
0.3
0.29
0.42
0.37
0.42

0,076 '0.034
0.034 ~0.011

10.038 0.011

0.124 ~ 0.052
©0.081 | 0.030
~0.095 . 0.040

" Rat

o Number

- Organ
~Weight

LIVERS R
Mg of gossypol Mg of gossypol

’per g of tlssue ~ _per organ

S oYU O DO

1.76.

1.00
1.00

o 1.18
- 2.12

0.144 - 0.258
0.078 . . . 0.078
©.0.082 - 0.082
0.162 . 0.305
. 0.062 - - 0.070 .
. 0.194 . 0.411




xi}"ffTABLE IK Feed Consumbtlon and %eloht Losscs for Lhe

o Deyz . Day 6

547:lf°Day 4 S LT uDay 8.

Group II Rats of Exoerlment II

. Ret Feed Weight ~  Rat 'Feed” "Weight
hﬁ’Number Consumptlon LOSS'ff ‘Number - Fonsumbtlon Loss

OO LN

HWwNhOMNDW

O i LWy
b f

rt O HEH1

O G o DD
Vo B
DO DY GO N BN
mmﬁwww
PR DO

+

[\

%*

ivDay 3. ’  ,}{~ 'fvﬁvv'Day 7

NN O
@m%wmw

O U OB
e e
PO Ot

'TH:OHI"_

. sacrificed . .
. 1 .
_ 1
~sacrificed
. 2
sacrificed -

O

[ﬁ@#@ww

o U N
POt

SO
ERCEEITN

* -

,1weight qup g,[gf ;,




;'TABLE X Gossypol Concentratlon511:?'°ﬂ“

;,Rats of Experlment II

.TrOrdan :f
" Weight

Ng of gos

LUNGS*Zf'“'
sypol *
,jper ¢ of tlssue

050

0.62
©0.50

0.60

. .0.0868
~ -0,008
: -00020

©0.032
~0.024

30.036 

| éfeo;oos.f
0,019

© - 0,014

" 0.020

LIVERS
: ;Mg of oossypol

'L:fRat v'1 Organ JﬂMg Of gOSSYpOl

per g of tlssue

per organ'fﬁy;

o Ui ot

©1.90

v‘2o23HWWg

- 32.10

I? . 2.10 i 
ool

'470;028r

. 0.080
w0 04026 0
'f30,024‘7f fuﬂ”
; 0.Q24;“€'

”60;053"

0.057

1 0.058
0.058
.~ 0.050

. 0.047




:1F;;Day 1 1vf";. | ffﬁf”*'f-}" Day 4

. pay s I Day 6

;TTABLE XI Feed Consumntlon and Welght Galns for the

Rat TFeed Welght e Rat Feed

““Fgf,‘Number Consumptlon Galns : Number Consunptlon

Welght F
Galns ;»,V'
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TABLE XII Gossvpol Concentratlons 1n the Organs of

“,Orgah ,
Weight

.'Mq of gos
..per g of

mesf’

sypol

1lssue«;

'Mg'of qoséYpol

0.61
0.53
0.32
0.48

1 0.70
0.50.

-0.036
- 0.024
-~ 0.008

. p.012
.0.016
0.048

10.022
0.018
- 0.003
0.006

L0.011

©0.024

- Organ
- Weight

o LIVERS
Mg of géssypOI'
_per g of

;i;Mg of gossypol
tissue

~ per organ .

3.60

2-85

- 3.14
2,50 o
S 3e25

o.8.16 0

- 0.034

. 0.034

0,042
- 0.086
0.082

Tows0

0,216 -
0.160
0,132
70,090
' 0.104




”'Hvi.TABLE XIII Gossypol CopientAIn Mbldy COLtonueed Meats

Used to Prepare Ratlons In prorlment IT and III

;TISample Number % Iotal B Sample Number ‘I Free
= Gossypol u'-j» . Gossypol

10.56
©0.52
0.50°
0.5
0,49

1 o 1.14
2 | 1,16
3 1.2
4 B
5

GV O DO

X --5.71 . 4X -- 32.60
. X --1.14 R X -- 0.52
sg--002 5 -~ 0.02

'~ Mean Total Gossypol -- l 14 - 0. 02%

e Mean Free Gossypol -- 0 52 - 0 02%

' Mean Bound GosDypol ~=- O. 62 - 0 02%, Calculated From Mean.Ibi_g".

Total Gossyool and Mean Free Gossypol’”




TABLE XIV Feed Consumptlon and velght Changes for the f
v a Chlckens of Expcrlment III DRI s

ifChlcken Days On Feed (g) Inltlal Plnal Welght o
‘f;Number Trlal Conuumptlon Welght (g) Welgh* (g) Change (g)*,?

P
a5 a1 -eL
e TBS L 888 I

A R GROUP II?’fu‘,-;; e
;EChlcken Days On- Feed (g) ' Inltlal - Final j‘j Welght

,gNumber Trlal Consumntlon Welght (g) Welght (g) Change (g)f?t*'»vVi«

2 .4 0188 '680=“_;j_;g7131%fi;';+33 ‘
3 6 202,4 ;e'j 610;H3Y,j?g662;1{¢ 448

: ~ crOWP IIIi;",M.w. S |
'“(Chlcken Days On Feed (g) Inltlal Flnal e Welght

‘fNFmber : Trlal Consumptlon Welght (g) Welght (g) Change (g)ijﬁﬁksnlu

652 618 ’f”f -34
754 702 . -53
*'“,779w_“'5‘,f74,_ﬁ




‘khjiTABLE XV Total Gossypol Concentratlon and Content in thei:?

Gallbladders of Experlment III Chlckens

. Chicken
”*f'»Numbers‘

’Déys‘oﬁ‘
Wélght (g)

‘Trial

Corrected*

Organ Orqan

'Wélght (g)'

‘:_“‘.YGOS sypol
:con‘t ent
 (meg)

1)4(¢§979)va;

Goésypol_jﬁ_ﬂ-
© Concen. . .

WM

. 2.65

GROUP I

o 2.46-
2.5l
225

212,00
21400
200,00

85.0 oo

Iphicken

- Numbers

Days On I
..Trlal

VHOrcah
Welght (g)

Corrected*L

Organ

Gbssypolz
- Content

Weldht (g)-F;fmcg)__

LGOSSYpéIIigjf*

Concen.

1_(mcq/g)Iﬂ{f:*‘

N

0. 36

GROUP II

0
0
0

o
0
0

~ Chicken
'?:?Numbers

Dayslon
Trlal Wélght (g)

~ Organ -

Organ-

I_ Cbrredted*§

'welght (g)'

»\GosSYﬁOIN
"’V_Content : e
o (megfe)

(mcg)

,GQSSyde

Concen.

GROUP III

2.21 1. 815}5
3.13 2,73
4,06

’l§"3.66- jﬂj(

165 0

232.0
364;0

”*. 91.0

85.0 . iffij_;p:

Dhge o B A normal organ welght of 0 4 g was subtracted
1fmcorrect10n factor.:GgE Dnri _ , ;

toigéf a,n”Rv‘v“ .




” ”f jfTABLE XVI Total Gossybol Concentratlon and Content in the; %

! . e , GROUP I o S y
Chicken Dayslon: Gossypol ' vOrgan f5_b Gossypol;

“ ' Number Trlal Conc (mcc/g) Wéight_(g) ,antentv(mcg)  »1 ;Lj¥1

2 ;» 96.0 4?4;]1j11.7 S 123.0
2 4 . 160,0 11.4  824.0
‘ 6 136.0 S 181 462.0

; ‘ ~GROUP II | : o
 Chicken”'Days*Oh’v Gossypol ’”’ij Orgdn 5f _:Gosspr1V

i * “Number Trlal Conc. (mcg/c) Weight (g) fCohtent_(mcg)‘ S

1 240 10,2 4l.0
2 4 16.0. 157 251.0
3 8 48,0 - 18.3 . 878.0

-GRQUP,IIIC'

72.0 1.-.14.8”f' . 66.0
| 178 0 17.3 79.0

BESVR VN
o > DO




::’ianBLE XVIT ToLal Gossyool Concentratlon in the Pectorai‘v
R Nuccleo of Vxngrlment I1I Chchens '

Chicken

- Number

GROUP I S

Days On,‘b “Gossypol Concentratlon in

- Triel = Pectoral luscles (mcg/g)

1
2
3

Lo . O.
. : 0-

: COOO7

Chicken

Number

GROUP I1.

Days On - Gossypol Concentratlon in

Trial ~ ~ Pectoral Muscles (mcg/g)

1
2
3

0
0
0

o i DO

" Chicken
Number -

‘GROUP III

5’Dayé“0n,, ' Gossypol Concentration 1n
o Trial o Pecioral Muscles (mcg/g)

.2
3.

T AT _ 0.5

oY DN Ut
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| GOSSYPOL DEA /15 FUNGAL I \‘TER'{CT“ON

Baﬁéﬁer ‘i‘.
T _
Studies were rade by analytically examining tﬁe effect
‘ On*§o§§ypo1 cOntehf as_well';i colosionlly

p;éducf bﬁ'fe ding'iﬁ;tO’raf;x _
It qu obse rVédtby éna1yéeséﬁhét;ﬁfrv oo@éyéol’twass o ~'_”‘;

vﬁcOnvértedfto the'”bbﬁndf fdrm‘by‘ajfupgal}sysfem,and ﬁhat' |
only during perioﬂsxbf’aétiye mOId:gréth d;dui!ls convef~ . -

y.‘
!._l

éion‘take-placey so, it ﬁ§s~hoﬁibédfﬁhé{;féfter the
"free éossypol" 1eve nad unuevcone a nvne~lolg Tecwct_on,v
it leveled 6ff, at mhlcn tlme +he ”Lcto1 oos<"no‘” started
to disappear.

In an effort to 'relate the analytically measured “free =

~goSsywol?'to»physiolcgical-activity,,bOLn rats and chick

I cens
~were used in feeding trials.. The parsmeters used in the

evaluations were: feed gonsumption, w;ight;changes,
general health, physical-abnormalities, and gougypoT acou~
mulation in various body tlSSUVun

In all casés' the,sy iptoms of g qsrnbl tdxibity were

equivalent levels of ”free goss ,ol’ in normalsvcottonSeed



Further examination o os 1

It
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Dhenomenon of

gossypol detoxication via fungal in te*actlon holés koth

tific and economic'importance. ;Its_importance lies in

the fact that s COﬂAWOt 1y "detox tified cottonseed product
could be marketed for animal use as a "universal protein

sﬁ@plement”. Its use as a human_food'would, of course,

require extensive to icological OVo]uOt' on and, provided
safety were indid&ted, such a oroduct micht be used as a

- veluable source of much-needed protein in the world.
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