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ABSTRACT

DETEvdlNATIGi.') OF TOTAL GOSSYPOL IN cyttTOMSEEDS

Ai'B OmONSEET) PRESS CAKES

bv

Atnafseged Admasu

Advisor: Dr.B.S, Chandravansbi

The reaction of gossypol vuth 3~anuno-l~propauol and iron (III)

in acidic medium produces a green colored complex soluble in isopropyl

alcohol-fcexa.no mixture (3:2), having a characteristic absorption

maximum at 6"o ran, The co-ored reaction product, is sufficiently stable

and obeys Beer’s lav: in the concentration range 5 - 84 ppn of gossypol,

Tlie effective molar absorptivity in terms of goegypol is found to he
-1 -1

64f% 1. mole . cm. vdth a photometric sensitivity of 0.08;jg of
y

gossypol,per an. On tlie basis of sensitive color reaction, a new

method, has been developed for the determination'.of gcsaynol, The ,

effect of several experimental variables on the determination of

gossypol have been studied. The stoichiometric composition of the

green colored goseypol̂ aminoprcpanol-iron (III) complex has been

determined and was found to be 1:2 (gossypol. to iron).

The precision of the method has leon evaluated in terms of

standard deviation and the relative standard deviation vjarsfound to

be + o.71%.

lx



The validity of the method was established by the reccwery of

standard gosaypol added to the cottonseed samples,

The proposed motljod has been applied for analysis of total

gossypol in several varieties of cottonseed grown under different

conditions in Ktliiopia and tho cottonseed press cakes available in.

the market. The goravrol content of the samples were detorrdned

after extraction of total gossypol from tlie cottonseed and cottonseed

press cakes by 3~oriino“ l~propanol in dimethylforrtvoride. The results

obtained by the proposed method liavc leon compared. with the results

obtained by standard A.O.O.S. method. Tho tvjc results were found to

be almost identical.

x



l. xtfnmxsra?

Nowadays, tie major quantity of edible oil available in Ethiopia is

obtained from the cottonseed. In 1980*1981, about 50% of the 10,226,748 kgs.
of total oil production cones from the. processing of cottonseed, Every year,

all the oil mills under the Ethiopian Food Corporation process about 45,000,000

kgsj of cottonseed and from those
'’

about 5,400,000 kgs.of oil and 22,000,000

kgs, of press cakes are produced.̂

The cottonseed calves which are produced following the removal of the

edible oils are exports to foreign countries at cheap prices. These oil
2

residues are believed to consist of 4 to 12% oil and 18 to 42% protein.* It

is estimated t’nat the cottonseed flour (oil residue) potentially available

can satisfy the present carious deficiencies in protein in diet-deficient
areas of our country, and the protein is of high nutritional quality.

Processed cottonseed protein products in the form of defatted flours

vith 45 to 50% protein have teen produced cdnaercially for food use in seve-
ral countries for many years. These products have entirely been suitable as

^ J

protein, supplements In cereal food mixtures (maize, x-iieat, rice, etc.).''
Far example, the corn-based product "Jncapardma'' lias teen marketed hi the

5-8Central America since the 1950's.

i
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Tbs utilisation in the human nutrition of tlie lugh protein products from

cottonseed meal is .1baited hy the presence of the phenolic compound, gossypol.
This undesirable constituent is toxic to different animal species.9-11 There-

5

fore, the principal quality deficiencies of cottonseed, products (oils air) meals)

are due to their contents of gossypol pigments. So far at least, no different

natural toxicant species has been identified, and gossypol pigments appear to

be the significant toxicant of cottonseed Steals. Ml cottonseed meals are not

of uniform quality and there is a wide variability in the gossypol contents of
12

cottonseed meals. For any cottonseed protein product intended for human use,

the Protein Advisory Group (PAG) of the United rations had set limits of 0.06%

of free gossypol and 1.2% total gossypol for human consumption in their pro-
13

grams.

Gossypol content in cottonseed is affected hy genetic factors as veil as

by environmental conditions during seed development. Cottonseed, grown in Fea
]A

Island contained more gossypol than that grown it) Fgypt for the same species.
15Frampton et al reported the total gossypol contents of seed from several-

species of Gossypium to range from 0.13 to 6.64%. On the basis of a study of

eight varieties of seeds grown at thirteen different locations for three
16

successive years, Pons et al reported that the gossypol contents of the

moisture-free .kernels ranged from 0.39 to 1.70% and that lx>th variety of seed

and environment influenced the content of pigments. Glanded. cottonseed grevm
17

m Giza was found to contain 2.1% gossypol pigments.

i

o
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The initial content of gossypol pigments of the seed, the conditions

selected for the preparation of the seed prior to oil extraction, and the

conditions used for extraction, all determine the gossypol pigments in the

finished meals. The cot.tonr.iced meals produced by any of the commonly used,

methods of processing are not uniform in composition. The free gossypol con-
9

tents of typical commercial meal products prepared in the following ways are;

Free

gossypol (%)

Serov;pressing 0.0?, - C.05
Pressing followed by solvent extraction 0.0? - 0.0?

Direct solvent extraction 0.10 - 0.50

Hydraulic passing 0.04 - 0.10

The total gossypol content of the meal obtained depends primarily upon the

seed used and tie conditions used in the preparation of the meals prior to
9extraction of oil and is in the range 0.5 to 1.2%. However, processing con-

ditions influence the content of free gossypol in cottonseed meal to a greater

extent than tliey influence the content of total gossypol.

Cottonseed oil is the most valuable economic product of the cottonseed.
Higlily refined oils with light yellow color cure completely free of gossypol.
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pigments. Ha-yjver, alible cottonseed oils, mostly available in our country,

are deeply colored, ranging fran taJtxwnlah~y©llaw to recVlish-brown in appearance.
Gossypol pigments are believed to be the mam causes of the dark color, Tie

content of gossypol pigments of crude oils vary fraa 0.10 to 0.75% depending
O

on the mode of proeeofcing;

i

Present cd»m.-rcial processes for cottonseed meal production all involve

the use of beat and other processes to remove,, destroy, or bind the gossypol

as much as possible (80 - 90%). The major amounts of free gossvpol are con-
verted into bound gossypol during the processing of cottonseeds. Sane workers

tried to reduce the fr< ê gossypol by use of different practical methods of

extraction. Thus Canella ot aî reported a low gossypol cottonseed concert-
rate v.hon cottonseed meal was extractod with butanol - KOI solution. Using

19
20-30% of ethyl alcohol in Jiexane, Liu et al reduced the free gossypol ard

total gossypol hi cottonseed meal to about 0.013 - 0.04% and 0.32 - 0,55%,
respectively.

Ccxronorcial development of glandless (without gossypol pigments) cotton-
seed has been the objective of many plant breeders and such development is the

hope of many processors and users of cottonseed reals and oils as a. maans of

overcoming the manifold difficulties resulting from the presence of the gossy-
pol pigments. ‘The first glandless strain derived frem a cross between koala

t f
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and HQ9i"Kxc.llC0?i, a. honcllltivatcd nr:iIn:ltivG cotton frcm lIrizoni't, had glonc1-' 

less seed but it .else ha<l 5111<'111 halls, lo!! lini: yinld i inferior filkv: PL'U" 
20 

))'2r.tjcs, ] "lhc'. nnturity and other undmdxablo cl\C'YElctm:istics. hlthough, 

gossyr;ol f;:\".<3 cot.tonS(,,,,J apPE'.aJ:'s to bo an c.tta.tnc1},·10 goal, until sU0h t.irre 

as the c(}Tffi',rcia}. cottbn crops in the world H'cl.rkE't ar0. deri val in}]! glnnd~· 

less see:'hl, -th·) cottonfiO'xl prccessin<J .industxy \·Ij.ll contmue to fac," tbE pro-

Clem of d2aling ~'ith the gossypol pignY3l1ts. 



:2 0 1 OCcurrence in Cot.tonseeQ. 

CO!"cCf';l1trat(:d in -'elL! ")igrrent glahds, G0\1Gt .:inl'Js fllsc :ref0..rrl;c{~ to as .-. ., 

gum of J:("sin glanrb. '?he pi~!f:1('nt <Jlands ilrA sphnrical or ovoic1 heales, 

measuring frau 0.1. tD 0.1\ m~ on t-)1Q long a..'(is axrl the average> "iZ8 I!\,\y 

differ f:r.cr~ fl·):>l to SQ:d. Th" pignl(mt ql<mr'1f3 c·::l:~·.Kis,,, fran 2. -1 to ,\, 5% 
9,:01 

'11K' 110..haviolJx of i:J.<:! pi91IlPnt gland <-Iall 

dtlr:ing carrfl3rcia.l cd.:icCl1SReQ prC<:0ssin'J 'Jr.0.Rtly i.nflur.:mces tho (1intrHlUtion 

of gossyp:ll pigm:mtB jl1 tho f:mal ('-Ottol1SP.O:l r,Bille. cmc' oil" rr<Xluccd. 

2.? Physiol~1k·'ll ·':ffccts. 

activitios of t";8 pio/:Pnt.. CUl:rrmtly, thnr.0 i~': much intE,rest in the 

physiological effeots c,,-i1 Hltabolic fata of 'Jofl'3},]Xll 11' 11\11'1.'1n, 

8r;pecially bccau[',() of: t-llE: substantial contributicn cottonflfJccl W" . ..,1 

could mal<o in allGviuting protoin shortag.,s in T!12.ny of Hie dovoloping 

colmtries. 

..6 -



It if) of :illternGt that in 19,17, folla·T.Lllg a p:r:es0.ntation 
22 

of boX) papers, 

dopres&-mt al1rl conIc} CaUEG into:'stinal irrit'lt:ionfl. 'rl'is pra->pt£'D 

investigation of UyC; effect of daily moos ,)[ puri:f5.cd gosf(J!,ol on 

tllC, tody \\Bight :,nd fcxxl conSU!'1ption of dcxJs Clll~', folla'line; th8 sudc1m 

and ll!10'},:pectm C;",c1th of scV0..ral norjs ,.'hich ]13D. JTC8ivu" rclatlwdy 
23 

ION !lNels of put'ifiGi gonnYFOl, a \"arnjng noh~' ~iim pul'1ir;h0.f1. 

Nevertheless, t1187'(, <".1:'C no recorded inr,tiUlcOS ill i:hc technical litm':attID1 

products, ar.d on Uo other h'1m1 thcrQ aro varioun D3fOrts of aJmonce of 

delewxious effecc.G \·'):,iJ.D cottanS8P.0. prcx'lucts cont:aid.n<: relatively 

10\'1 leV()Lfl of goss)IlJO!. are ingeGtm in tn:1()rabc:! il.m:::\Jnts. 

Mannva and X.ch2deva reported that daily mg('stioll for 4.5 

months of 60 qm cottonc8C(l cah, containing 0.11 to 0.20",; fron CfOSSYfOl 

pro.1uClXJ no hanrflll p..ffc,ci;s. 'I'h,' acute oral i:oxidty of qoss,!pc 1 i.s 

not high for m::lGt an.illBls. On a GingJ.c-nof'''~ J::B.si.s the oral J,D 
50 

(l&--dian lethal dOi"~') to rats is aJ)Qut ;>.40 - 3. 3r.\ Cj/kg (avera~iing 

;>.62 g/kg) I·nun ::>ilftliJ.d.sterm in water, 1t is aoout 1<>'1; p)Qre t.oxic 
25 

when a6'm.inister(~~ in oil. 

sew cC!11fXm(mts in the oj 1 m:traction procnss :'.fj very important to 

the pract.icCil 11,;0 eli: t.he neal in animal feoiingr;. '):he frec" qossyrol 
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reacts "ath, arra.(' other things, ,wailable amino aciCi and in this 
26 

state is ml.1mh lcsf3 physlo.lCXJically i1ctiv('. in t.he LmiI.'a.l gut. 'rhe 

gossyr:ol that is U.,)l'.:3 r(Ytctcd is 01.1.1cct "]X)und gossypol" Md that 

gOSGypol that is sUE Dot ]Xllmc. to protein rf: 'che heat EU1rl mistnrc 

of thE~ nutriti0uist,,, ).8 th,? am:mnt of free, o.r l.lDreactm, gosnypo.l 

rather than the] tat.al cmcunt of gOSGY]YJ.l that 1s CotlGUlfCd hy i1l1 ani.Jnal. 

);n0lVl1. Cardi'l.c .i;:'L'8(:JuJarity is tho nnst cC!.'1'1'Cn ';:oxlc effect: of 

gossypol, and. dOc1'cll :c8 g(:-n,]rally aoorilxyl to ch'C!.llatory failure 
9 

Carmon symptCIl1'3 , I!ith cumulative gossypol or cottonS0f:D rrcal 

toxicity are loss ac appet.ite; \',Bight loss, rjim'2'L'!Ja, ]1<'1ir 

discolouration; J.u(':>J::i.ng of herroqlohin , r.ed 0')11 CXJlmt, ,and sexum 

Hver, small int.cstJm.e, and. st=ch; ano yo]J~ dis(x)loraHon CU'x1 

decreased hatchc .. b5J.i:t.y· of 0C]'gs. 

Gossypol fo.,':'E'B s~:i.l.ble, cquiI>Dlar cholat.es oE 10\'/ \"at,0r 

solubility l·;ith EI'lly f:l3tallic cat.ions, appareJ1tJ.v by linkin~f 
28 

through t,hG Cc'll'oonyl and ortho~hydroxyl grouns. 



3. CIill"Imny. OF (lJSGY.lc'OL 

3.1 SJ-.xucx.I.u:e of' CossypoL 

fonnulR oJ: C
3c

Fy/J;1' and a ):1010.culae MJ5.<]t>.t of SIB. 5. t10Py,cl. liy 

14archlc!."y&kt jp 18~0,. gosG.iTOl is 1.,1"" G,f1 B
; 7,7" ~. h('xahv'Tro~ =' !::~'j1:" '9 

modificat.ions of 9-oD~lPol shovm in J?i~ro Ii' ~3t.ructu:t·f~ la .rn.pl'\1rK.~nt3 .'d;J(: 

hydroxy aldehyde tautrn~:lr,. Ih tIlf) lclctol t:cmt.CI'1c'T,· and 1.0 ':}'." cycJic 

car1XJnyl taut=ric fOlm •. 

- 10 -



( b:) 

. fIGUIU~ 1: 

a ) h vdroxy aldohydo t .~~ i J~' '-)rn ~_,,~, 
b) 1<1c(01 tf.HJ t nl(:"i' 

C ,. ) cyclic carbol1)'! itn.; "(~{~)Or 



3.2 Reaction of Gossypol 

Postulation of tlle thren tantc!'.nr.ic faIT'S of gOSSYfOJ. silcr"n:, .'en 

Fig. 1 was m·XJessar.y t.o ilCcolmt fo,: 'U :;:, DtJJK>:rous )~action prcd.I.lGtlls 

(,.l1C01l!ltercd in tl10 cstahl.inl'ffl:'.nt of t11:3 stllrctnY."f' of "os~'\"Y)1 emil t.h;.'jt· 

characteristics. Thus, the hvcl"t:oxv il1dd',,·:0 tan\:oT,r (la) :1.('. l:e,,:(O)'" .. - .. .' 

sible'! for most of thE' normal aldehy<k" reac"Urns of: 'JOSS'Y1X)1, and lilifJ 

If 
ts the pr(-x-:!ardnant fono in HO~J0rill oJ..(Jcy«~;..c pnJ.vpntsi tho Jl'?tX81Yctl".!yl 

eth:JX' I·Bu fotn'tllated freT1 the lactol b2lJ:tat1<'X (lb) to account tox: "he 

unusua.l stability to alkali, as corrcri.v,i:oo. to thf'.' paGo. of )w')rol y(;i8 

carbonyl tautO'10.J: (lc) aCCOImts for i~h) r8xHy fOTI'ntioll of: anhyclr.cr-

gossyrol and of identical Diels-J\ldec ":yp:: Rck.lllcts of l:ot,h gomWfo1 <'1nc1 

anhydrcgossyrol \'lith dir.mes sl1ch as buta.dJer-c. 

pol haH l:xx,,-,'1 inv0f't:igatf'Q. 0xte.r:llivoly. 'The 110'xaacetate .is o':k'.~:iJ.:b:1 by 

rE'.act.ion of gossYf.ol lmd0J:' til.thnr 8f!VC;:'CG cC'l"(HU.ons of rCi',,d'iOll ~':U:h 

tYl?a of rc-acUon' proollct is TrxKlily fOlflt'.£\ !~! n-,act:lon of gowij,iXJl \·z:Lt-r 
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. . 35 
analY;3Hl. 

37, 38 
Gossy"'" 

via 1.'::';:-: c::?J.B.iJcn amino ~Jroup! i:hTlfJ ~'-c. ;-.'!:t'jJl~f '/-!"Q bic-:lcryicEll valcJ8 of tr4?! 

~. 39, ~,o 
ul(~t. ~'11(? rC:c3.ction Hith ani l::.\'!~:-' 1::'.1'::(, ':lt~7-1. l!w~2y"d.!i5.,:1inn hEl8 h~£n 
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cu~a:cly ly.'C'.au£:-c of t~t~.ir ynt.Ant.i.ql utiLLty in cmalysis And tty1 ~'70GsjJ)i ~ 

{~l 
lity H,,,,]: ~;1J.d', fk,~tG T'll'lhf: C0untnn)'Ji', 'c:oxicity r1U0 to qossynoJ • It. 

o-hydro;<y Ak1ehyd(, ii.Dint:' fllDc"L,;n :, ::+,a1c,ilizcd chnlating anion of 

'1 ~l 

Shirk}' "U. haw! considm:m tl1a{: thb ",C::J t1l0 site of cOl'[llex;ltkn. 



( 
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Tr:c stability CXlnstants and fseo:l.chJrmctry oj' Co (n) I :1i (I:C)" <\\)d 

-d . hnj 1)3 an SP-i''Ot:rOf:KX'f,llC tee ,qll('.S • 

absoxptlon S)::€ctxa of ooli<:1 sampleG j.r:l:l.catF' thr> hind!.l1,' of 'crt,_, J)'3tal 

through th) hydroxyl culd alc1"hyc1<3 groups, 

gossypol wrl n-'l)ropylaniinoqossypol c\)_,~,lcx,~,s i'll'i', en (II) <1mtato indicat0 

1:2 ccrtI;(x;:Ltion Ijl\. 
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FIGURE 2: Reaction Products Of Metal Ion With Gossypol 

HO 

FIGURE 3: Reaction Product Of Metal Ion Hi.th Shiff Baseo 
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3.3 Anal yro.l" of GOflllypol 

~):ro"'?.rous procoourGs hav~ t'e~'1n ~s.1blJ..slr.c) fa!: tly; (1(:t(!r.ntin~1tic..Xl of 
,\7 

gos!''YL::ol pi,;ment:s 'hst. of thn~;;" ::lro:"~(!lJrn.' 5.!wolwxl pxtrRction -; 'ith 

lly or sI->c-{Ji:rophotmntrici1l1y. 

D,3va1:'c~1 grctvim:;f;.ric H¥'!thoon fO"7L' tJ:E::! 1:' ck:teJT.1.1n2tionF; h::tve lY,G~ 

ff c' . ·1@-5l· 11 r.A·) . ~Y. C'0"'~ ., , "" f j-j'v, . "j- ,""." '--'-0_ .. xec. ,a. 0.[ 1111.1.C.1 requl. ... , ... ,,.\d:'a.L na1" or __ "'_ C0<Tt£ . . ~v. EkE. 

usually f'j"fployrxl for the color:innu'ic c.C:'.'~-:errinCl.tj.on of (JOBS~iT:YJl ly,:x;EluB0 

~j:) 53 
it reacts w:l.tl' Cjossypol to fonu dLnil.i.;.}(ngOS£VjX)l ' 

suit2hlf:; for Ep?ctrophotC"f!lf)tl:.ic 

56 57 
phlorcgludllOl and )X)r.ax 

:,~/55 
m3tJ:l:-xin il\clu(l~! ('e.lt.irr'ony tric}11()ri('1~ 
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Pap3J:' chr.cJU3.trJ'J}:,::,'~::hic I'1~thods h.avo j,(:-C'l1 (k~tK;'f'ib::i3 hy s~-''i.1nr.fll 
,,8,59 (,0 

~lOrkers • --)'j:,-ju and Cfd:er J:-erx;rtcd u:-}'} :Jf Cl i,::t.,h·0.1:hylD:tl~fl 

!' !. 

Bov'.::'r31 iuv~:;Gtisa-corf3 havo used irot; s-.:'11tG to 5..nactivate gOOS'.l[X.Jl 
- 29,31 

an<'!. rerrl0x tlJ.:} l::oi:l:cnsc{C'(" lY,al nont.llcxic to norJlxmt!...\\8nh; ,'ma Ik,vo 
62 

G-:;nei.ally US3 of :trCJl .~ . .(' COllnt~ract ~ossYP().l :tn cottcn~·0.(:d WCF'.l goer; 
()'l 

63 

'"',d': more than L'<.'lV(')"lty y('<~rs On tJlp orJ,p..r hT:i.l., no fUr¥l2J'nntill jnv,~s-

"":K1 objoct.i.VCl of this ~)ro:i'Jctis to pro)XJss a xx·\<! px,!\to:l J·afl0.G m 

the CCfl1?lexat:bn of qOllsj'1'Ol \~.ith .iron (III) I :ccY ·tb~. cuant:itaUvG 

for the osti!'1ati.on cf: tel-al gOflsyp:Jl .in cctt0nll<YOQ and cottons",:.>:" l'¥.'al . .,. 

• 
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the extracts r:~adiJ.y rOJ.cts \,'ith lron (II!:) a.t l-cnn t.c.:rrcprature to 

t.otal gossypol. 

the na1nutris)Y~:1 pcryplG of our courrhy. 



4.1 Apparatus and Reagents 

4.1.1 SpactrO:motcn'CWr: A Peckman Hedel 26 UV~VJ:8 

spectro;?!.'1ot:C!tDtcr cquipod I·lith 1 em matched quartz cells 

loX>xe use:l :Eo):' all ubsorbance n>asurCItY.mts. 

4.1. 2 PI;! rreter : A p(.'Cm.an F.'xpandarotric 88-2 

D II nBt('x Nas usa'! for. P Ii aDtcnninati0l1s • 

4.1.3 Cutting mill: I1ax Liisch0.r [1[',. &>on typ~ l:mS "ith 

1 nm an'l 2 mn screen \'I(>xe usm to gr:!nd cot.tonsceds. 

o 
4.1.4 ll!atC'x bo.th :l·hter. bath operil.t:lng at 95 ~ leo t ~/aS 

used for heating the flasks • 

. . 4.1.5 Solvent mixture: A solvP..nt mixture "13.8 prcFaJ:'oo by 

mixing redistilled n-hoxane and isoprol?:rlalcohol JJ\ a 

ratio of 40 oro Go by volume.. 

4.1.6 CorcP.lexing l'.g8l1t f:olutioru The solution \'?as prepamd 

by mixing?' rol of 3-amino-1- propanol "IiLl-) 10 ml of 

glacial acetic acid into a leo ml volumetric flaflk and 

diluted to voJ.ufOe I·lith d:lrncthylfonnamide after cooling to 

rcx::m terrparature. 
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4.1. 7 Iron (III) Eolutiml A solution of. irm (III) waR 

prepared by transferr.in<J ('xactly 3G.2 gm reagc·mt·'grr.,de 

hytlrateJ f:rrric nitrate into a 1 It. voll.li\~tr.jc flask 

Th", salt van rJlsflolved in a mixtrurG of n~l'£xrule-looproJl'r 

.alaohol 2.Xl a ratio of 40 to Go and a f€ON ararJ0 of 

conce.'1trD.t'3'3. hy(1..rechlor.t.c acid \'IaS added to it. The 

solution \'ias ,~.iluted to volume with the sanD m..i.xture of 

n-hex;me Gnd loopropyl alcohol. 

4.1.8 Steck star.c12ml Gossyp:>l Solution: A sr.rY'..J<: solution of 

g06ff\jpOl ':]21.0 prepared by disf'Dlving 0.2790 gm \1ossYP:1l­

a03tic acid 11.1 carploxing aqent iUl.d dilute-.1 to leo ml 

with th", ccICp1exinq aqnet in a vol\lfl'('..ntric flasY. ~'hifl 

solution conto.ins /..5 rrg. gossypol p?..r nti.llilit('r. 

4.1.9 \\brking st.an.0.ard ('oOssyp::>l .Solution: 1 to 10 ml aliqllots 

of the steele solution of gosS'JIXll vlI3r.e trC'nsferccl into 50ml 

volumetric flaska, To each fltanclar.d sufficlc,(lJt volume of 

canple.xing agi?llt was addoo to make total volume of 10 ml. 

'l'hen the flaGjcz \\>ero hr>..ated in D. \'lab'll.' hai-:h for 30 m:i..n. 

Finally, tllD !:'oJ-uUons w('.re ceoled and dilutod to volum3 

with iS0)?nY,?ylalcoi101-hGXane mixture (60:40). 



\ 
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1).2. Collection of Sarnples 

8.arrples of CO{:tOllS8ed ann cottonseed cake \';ere collected 

fran the follo;'xu1g places. 

4.2.1 Fran Institute of p.gricultural Reseat'cll, l'eJJ~ ~or(>..r 

Research Station. 

Fran this research station seven vf'rieties of 

cultivato..'\ cottonseeds, ccmnonly grCX'lll unJer differ(>J1t 

coooitic:ns .in Ethiopia, belonging to G.hirsuturn 

S?GCios of the genius (',oflSypilUll (Slihtribe Hibisceae, order 

"111'Rl1os) . \'TCre~ colIootXk'lj ~&3 tr,y:--:-, .. ,"".3.« 1:.17 /70, J\~l.nr 637, 

1).2.? Fran Nazareth ard M.dis Aooh" Oil l1i118. 

Fran ~vo oil mHls in Nazareth, murcly, Nazra\<li and .rxsma 

Martu oil Hills ani: fran throo oil mills ini'ldcli.s l\l:6!!>a, nronely, 

Teram:tj, AkaJd arld United Oil mills, a total llUl11rer of 5 sarrples 

of cottonseed I)ress cakes \';erc collected. 
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<1.3 PreparaUon of &lfrpIe() 

~. 3.1 Cottons<*;1.g alx,ut 50 9 of GUrnple VIas dehullo'l and the 

r,y,ats , ... .:;rc 9y.indcd HiLl-) the help of a laJ:oJ:z,to:r.y mill 

to l).;'1SS a 2 nl(t 8C'X€(l.J1.· 

1).3.2 CotL0rlSee;} l?rGSfl cal~e: alxlut 50 9 of san' pIa was 0r.inded 

111th j:h,~ hrelp of a laboratory mill to page' R 1. Jll(l sorcon. 

llnalytioal Sc"'tlIQ18 (arprOxin,tely 0.5 - J..'J ,') contafnjng 

. 2 - 20 rrg of total <;.rc-ssYfQl 1·/ElS accurately '\\3i.ql:tc1 ancl txansf0.red 

into a lco nllErle.nll¥.lYct' flask. To tho flask 10 ml. of canploxing 

agent viaS addGi. '111:1.13 viaS heated in a l:oiling I·la-Ce.r bath for 30 

m.in" then ccohcyJ and dHuted \'lith aJ:out 30 nll iEOpropyl alcohol­

hexane m.ixturo. F.t.lally the diluted extract ",as HUJ2re0 and Imdo 

to volumo in a 50 ml volt1l!Dtric flask • 

.(\.5 General Proceilure for Detr>.rmination of Gossypol 

Transfer an aliquot of solution contaird.ll~i 0.2~2.0 mg of 

gossypol to a 25 ml volumetric flfJ.sk and add :? ;:0 I) drops of 5N 

hydrochloric add. i'i!c1 4 ml iron (III) so!uUcn and mike the 

flask. 



AllQlo/ ths mixture: -::.0 stand for S mi.n. to cOfrplot:e the ccrnr>lexation 

reaction. Thl'll ildr:( 1 ml I,uter and irmcdiateJ.y dilute to vol\lMl'1 ~Ii th 

isoPropyl alcohol·'hexane nl1xturo. 

NeasurG the f)}"Go:r.bance at the , . .,>avelf'Jlght of ill".LXirl1t1l1l ahsorbanco 

against isopropyl '~lcohol-h0x'-.ne mixtur(, as a referQl1cc. 



5.1 Colorirretric Reaction 

Iron (III) r.,:,~.ctg M til gossypol-anrinoTl~opanOl :In tlle acirlic 

rrcdium to form a rX.ol)J.u, ~,'rcxm co1orad callrlc,~" :Ccc21y f,ol\1b10 in 

isopropyl alcohol~h8xanG mixture. Thin sens:L1:J.vD coler J::0action 

font's q loasis for t'.1<1 deve1oI:ruent of a nOH m:3tho:l for tern detfmnjniJ.l:ion 

of total qonsypo1. 

5 0 2 Absorption Sp3ctrd 

The absorptic;) r;pectra of tho gossY[,Ol-1J(linoprcpaI"ol, iron 

(III) solution and t1:!e Jron-gossypol-aminopro!XlIlOl CQTf-l0,x hElve f:ef'n 

determine:! in tho vic,jb1e region. Tho a!-Joorptton sl~ctra arc given 

in Fig. 1. 

The gOSS'I?Ol~Wlillq~0P<-U101 and the iron (lIT) solutions 

soo·ryj nE:<jliqihle i'lbSOl1?tionn in the rcqlon Il~;Ci-' 7::x:: nm. HOl·.~'WE'r, 

the gossypol':"arnlnoprop3nol sllO':rd\ un absorption !na~d=. arCYJnd 

380-400 n~l. Ir')Jl (III)9jcssypo1-moinoprOj.xmol (x:l(~"lcx BhC\~d an 

absorption maximllln eroun0 620 nm. 

- 25 -
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G 

·550 tjOO 

Wave length, nm. 

Absorption Spectra of 

(a) 

(b) 

gossypol - aminopropanol in isopropyl alcohol-hexane 
(60: 40) 110 -3 M.l 

iron(iii) 'in isopropylalcohol--nexane (60: 40) to.O:!.1'i) 

(c) iron(iii)-gossypol-aminopropanol complex in 
isopropylalcohpl-hexane (60:40) 
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l"fter the n~C1ction cf iron (III) Hith gORfJ:I'!.Xll··aJ'1IDqropanol 

tho resulting solut:i.on m;hjJ)it no abso:r.pUon ntC1X:irrlll"!1 at. arouno 

380-400 nm. 'l'hs dic"lpp:'aYance of th-:l P2at. at thi.fl region show t.hat. 

the gossypol-arn:iJ':J;!Y.cranc1 could be cCJ:'1!'letP.ly ccnvertE":G into jYon­

gos8'jpOl- amino,?ro,,"1i'Il1::l1 ccroplpx on rp..c"lction "Ith ircn (III). 

The effec.ts of ECNe.r"l. m:per:iroantal variables on. tho CCl'.p-

lexation reaction CJIX1 color dClvolOf.l'1Cl1t havo h-':en :irlv'i'pr.igatc0. [01101·,.in0 

the genp.ral pr= f'JJ.D:, c1.c8cril-oi 2ar linr • 

5.3.1 pH 

It has bearl fos,d that tr.c fOXTtBtion of tl:E' c010r('(1 cCl'lplex 

l:x~t",cen gossyp')J:~ Emy'nopropan.ol ar<.d iron (III) :ls pH clq:xmdent. 

'in obtain 2. ccrrpJ.ob:. cacp1G.'w.t:lon n,action l."ith ccnsi:ant ano r"<"1xirtUPt 

absormncG, the} pH or tho finill f',o1ution should b') .1.n th, rango of 

1. 0 - 1. 5 (Table 1). let. h.i.gher an:, 10;'.'(>:1: PH WlJ.nos t110 solUtiOOB 

()xhib.it no HxG':'! aJXJol.:ption l1'c"lXim'l in thn visib]',·" region. 
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,.-

'fabie l. J<;~f",ct of. pH on th~ Dntormin"ltiol1 of ...... -- -_."""'--

(COPf'..entriltioD of GosS;'POl ~ 25.6 ppn) 

PH l\bsorlKmC€ 

crt: 620 nm. 

a. 
0.5 0.112 

0.7 0.288 

0.9 0,300 

1.9 0.302 

1.2 0.304 

1.1 0.101 

1.5 0.301 

1.6 0.298 
a 

1.7 0.320 
a 

2.0 0.325 

a 
solutiOlli3 Gxhihitjng no fixed absorption maxima 

in tho visibl<" rcogion. 



... 
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5.3.2. ConcentraUc)Y!. of Jr.cn (IXI) 

1\ 1: 10 rl'ol= 1:[\\:1.0 of the gossl'J!01 to tron (III) in 

found to jX} necesGi!rY :Lor t~~ n axir1UT1l color <:)cwe1oplr,.mt 

(Table 2). j\ largp 8}:C,,'S~; of tron upto 500 fold IlDlar excess 

h.ew no off<.xJt on tho 8.b:':crfy,nce rt"J)asltrarentn of the final 

solution. In ,?r2ci::ic;() usually tJ ll11 of 0.5'5 i!:on (III) 

solution ;in isopropyl alcohol-ho3XanE I1llxture I,ere 8!lployed. 

Water 

I-lith a given c(Jl1c'el1tratioll of gossY[-Ol and iron (HI), 

in an acidic ro.a:1i1]\1, a stahle color i11t'i'sity is developed only 

in the presenco of f>"'X'11 orromt of \vatf'r. 

The <.111Dunt of wato_c 'il!.1Y vmy fran 0.8 to 1.5 ml (~~abl" 3) in 

tJiC re;~cUon vohm'! wii:l"Out MY change in tho color intEmnity for 

a final volunn of 25ml. The role of h'ahy. cannot. In sj)'1ply 

explained. Th[) eik1..1.t.lon of water is necessary prol"l01,ly to 

satisfy the <XXlrd:lxn\::i.cn nlullJocr of tron (III) .i.n tho cCnlplex • 
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Table _0.. Effect of ('A}!ccont:ration of lron (III) 

in color rkW81oprr~t. 

(concentration of G088'lfC'1 + 36.0 PPl1.) 

:1018 J1atio· 

Gossypol: . IJ::on (HI) 

1:1 

1:2 

1:4 

1:8 

Ll0 

1:20 

1:50 

1:1= 

1:500 

i\J:.sorlxmce . 

at 620 nm. 

0.199 

0.273 

0.370 

0.425 

0.440 

o. (115 

0.146 

0.1\47 

0.4<17 
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• 
Table· 3. Effect of l'k'l':m~ in the Color J)8velcy,;:m,nt for 

ir0!l (IE). 

(Concentr·'lt:lo.C1 of gossYlXll = 25.6 prm) 

. .i\l)f;orbanC0 

at 620 11mo 

o 

0.5 0.202 

0.8 0.289 

1.0 0.301 

1.3 0.294 

1.5 0.290 

2.0 0.270 

2.5 

a 
addition of 1>T\t:P..r p ~: 2m!.; fortll2d 

imniscible s'JlutionB. 
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5.3.4 Ordor of N1Ution of Pea'J811b,. 

It has lBo..n [OI.1I1C: that. thoro is no change .in th8 absorbance 

or in color intcrIF,J.t.,! of th0. COl"plp-x if the order of c.!Cklition of 

gossYi:;ol and iron (III) is changed prior to tlK, c..::clition of \·.'i\t(>.r 

5.3.5 'E:1rre for CorrplexatioJ1 and Stal:>:;Uty of Carplex. 

The reaction J:.dc'Je(>p gosr;ypol-illl'inoproDiL'101 m-Id iron (III) in 

founo tc be, very [acci.:. l'hf'..n tho rao.ction l.lCt'''~ u,,:· tl-Kl, i.n an 

acidic mErlium, is allD!:'il to proceed at r=u tcr.-t'<Tat.ure, optil'1u!\ 

COlO1: int,)nsity ic; r02.chcd \qithJn 5 m<.tlutcs tlllL. It: 1.,>aS fonnd 

that the ab:;orlxlncC) value of tllP. colored solut.io:c1 rcrrallllJ unchangr.·d 

for atlcast 3 !:~Xtl::8 ane' thcm occrp..<'lses slally (Tahle '). 

5.3.6 Tc~verature. 

Tho reaction rojxtm:c reforc diltitiotl to the final voll.ll')q htlS 

been subjGct<.Xi to ,4 iL'e.rcntteDJperaturcs. 

\,,1. 



~Cable fl. 

1):'0[, (In). 

(roin.) at 620 rliil. 

Go o.4.3? 

120 0.113,-, 

180 0.<:25 

240 o. cD.? 

300 0.390 

360 0.363 
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~Cab1c 5. Effect of ~['cEpa:·at.urc on Color [)cvel()rxrent in tin 

RCdction 0:": Cos:.lYl;:ol-Ol'1inopropanol uit-l1 lJ:on (III). 

(Concentration of gOflsytX)l = 36 PP;») 

Temr,:orature Abnorbance 
0 

C at 620 nm. 

21 0.429 

30 0.427 

40 0.115 

50. _ 0.39') 

80 0.3'71 

100 0.332 
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o 
of the <x>lcn/i l':olution fran 20-30 c didnot. prcduc(~ any 

lightor 1Vjj::h l.{c~;rcnscc1 ahoor.J:x.mcG readings. 

5.4 B2er (s IK1W I O;!tinvm CCi:'centration Range, Snns.i.tivit.y and rtolar 

J\bsorpUvity. 

'1.1he colored . .s~l8tGnt ohnys PC'C!J::-'g 4\H fran 0.J. tc i..o nq of 

total gOSSYfo1 in ~5 n:l solution ilt 67.0 11111 ('"able 6). The st.c'1l1dard 

curve (Fig. 5) hill:", tC~~1 rqxBtGd1y chechc:d anG, is reprwudb1n 

throughC't~j: the conc'Cntxation range of 0.1 - 2.0 ffiJ of gos13~'fOl 

in 25 m1 voltU1l2. 'rl10 optjIfIUnl concentration rmlS'o for til" determina-
65 

tion as ova1uat(',:~ h:an tho RJngbom'13 plot is 0.35 ~' 1.60 rrq of 

total gossypol rer 25 !HI (Fi,]. 6). 

6(; 

'll}}o photrxreb:1c: SEnsitivity of the color,_:d xCt-'1ction is 
'-1 

0.08 ,l'rB/ml. The lrolar aJ'sorptivity is fOlmd t.o 1;0 64Bo±50 It:. rrole 
, -1' 

em • at 620 nrn. 



Table 6; Ca1ileration Curve Oate for. the Doterntincti:icr of: 

.... ·Concentratic'l1 of ~i0f3SYF01 
(!1lJ/2!5 11'1) (a1:620 nm.) 

0.1'5 0.079 

0.30 0.153 

0.60 0.305 

0.90 o.1l56 

1.20 0.612 

1.50 0.769 

1.30 0.910 

2.10 1.050 
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FIGURE 5: Caliberalioil Curve for Dcto:rminatiun of Gossy\lOl 
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!'.6.l Job's ~:etllO:J 0'( Ccnt:inuous Variations. 

Tllc3 mole f~acUc!1~; of. gossypol anct 5.ron (III) I'xxe 

coni;inuoualy wlt'ic{~ '.'lith a com;t;nnt total mlar.ity by m:lxing 

(III). The pM of. >"l1e fJolutibns vlore kp..pt constant. 

Procedure: Foll(~'J.l.ng Ul(" ~1eneral procedure dencrjJ-x:i:i. mrlipx, 
"'3 

X rol of 0.576 A 10 t·1 "olution of gossypol an"! (lcrX) rol of 0.576 X 
-3 

10 r1 solut.;.on 02 h:Oll (III) \',uce l'1i:wd in 25 wJ. volur~tric flask. 

lifter diluting tlle ,:cilG;:ion wixtllre with is{',propylalcohol- hC'.Jmne 

mixture, t11.3 nJ:JS0y11iJX1CC of the solutions I'lere nY'am!1:'£'Cl at 620 nlU 

(Table 7). T'n:i.s "~'\f.' Flottm against: the llDle fractiOl1s of the , 

gossypoL 

MaXJI1\lJ'" al:<Jorptiol1 occur('iI at i1 llDle fract.J.('ll of 0.33 

!,,,ossyp,o!7 / iGossy:x>J.i' + [iron (III)./ (Fig. 7). Thin suggests 

that the ccmbining ,:aUo of gossypol to imn (In) is h/.. 
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~:able ., • Job IS r'iilthcx': of Continuous VarJatiollrl 

~3 

(ConC0..l1tration of ']OHSYtXl1 '" 0.567 x lo 11) 
-3 

(Cona>..l1t.r.ation of ixon. (nI) ~, 0.567 x 10 ~t) 

GOSSJillXll 11:on (III) 

X 1",:,1 (la-X) 1'11 

9 I 

8 2 

7 3 

6 <1 

5 5 

4 6 

3.5 6.5 

3.3 6.7 

3 7 

2.5 7.5 

.2 8 

1 9 

.'~sorhance 

at 620 nm. 

0.081 

0.131 

0.179 

0.225 

0.263 

0.288 

0.291 

0.2% 

0.285 

0.265, 

0.238 

0.181 



0·4 

0·2 

0. 1 

FIGURE 7: 
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• t 

'-. .• 

Mole fraction of Gossypol, 
[Gossypol] 

Job's Method of Continuous Variations 

o 
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5. 6 • 2 Hole Ratio ~.jetlK:cl. 

Tn this rrotho:.'i tl1a llDlar concp.ntxation of gQ3s:i'IXJl was kept 

constant and tho IlDJ.8 :catio of iron (III) '""s va:cioxl. l\,gain the 

pM of the solution Nas kept const.mt. 

Procedure: Folln'ru:g the general procedure c).escrlh.od em-liex I 
~3 -3 

1\ ml of 0.576 x 10 l!. ablution of gossypol and g m1 of 5.76 x 10 t1 

.solution of j.rOJl (III) \'BrG mi.xed in 25 ml vol'1f(Y,ntr:!c flask. l\fter 

diluting the macticn m:\xture \<T.itlt isopropy1a1.coho}.-l:Jex.-me mixture, 

the absorbance of the solutions "/ere taken at 6:10 rm1. (Toole 8) • 

'lhe abSorbance \':ere plotted against IlDle rntio of gossypol to 

iron CUI) (Fig. 8). '[he intersection of the tvro tangents corresponds 

to the rrole ratio or 1: 2 (gossypol : iron (III)) • 

• 
'!he. resultc: obtained by both methods irilicate tJlat the ratio 

of gossypol to irc))1 (III) in the cooplex ill 1.:2. 'J:'beoo results are 
12 

similar to th8 rooult clrl:ainerl by Haas'arid .,hl:cloy in ,'/hich they 

reported that tho ratio of gossypol to iron (III) is 1:2 and indicato:1 

that the aldebyde groupe and the adjacent,7~hydxoxyl groups are the site 

of tb.e canplexatioa. 



Uola Rat:Lo 1'k~'dKX'! 

-3 
(ConCEntra.tion 0::' gO:J8YI~ol - 0.567 x 10 r~) 

t'lore Ratio lIhsorlxl.nce 

Gossypol: Ji:on (In) 'j\t 620 ru~:. 

1: o.~.i 0.10J 

1:1 0.190 

1::l 0.276 

0.369 

1.8 0.425 

1.10 

1: It! o.4~5 

1:20 Oo4d6 

1150 0.1117 



0·4 

0·3 

0·2 

0·1 
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FIGUR E 8: Mole Ratio Method 



- 46 -

HO ~ OIl 

FIGURE 9: Proposed Structure ot 

Iron-gossypolaminopropanol 
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Bason on the: aoov(J cO!1cul tions, thr~ pr.ojX)sn-'1 stxllcture for thE' 

iron·'gossypol.-aminoprq:anol ccrnplC'..){ fon*,x1 llLXlD. tllB reaction of 

'i-ron (III) '.'lith gossYfOl-i'.minopropanol is 'JiV0Jl in l'.i.g\ln, 9. 

5.1. l\pplication of thu r'-ethcxl for til..., Determinatio!1 of '1'otal Gossypol 

in (;ottonsee:l and Ccttonsccrl pross C.a](p.s. 

The validity of the propoocd l1lf)thcxl has lx""'J1 tested by 

determining th", 1:01:21. gossypol content of C()ttc.'ll8€0.J vorioti(,g MCl 

cottons~"X"1 press Cru~8so 

'rhe absor.pt.:Lon 'l."Ul::V es plotted in Fig 10. dE'llBJ1strate that tllB 

canplex fonned hy ·tnXlting cottonl:J8ffl weal extrc\ct. w:i.th iron (III) 

solution ls ldentJ.eal "Jlth tho caupla'( obtajneJ. fra\! pure gomlypol 

s:im:llarly trE'~"'t0J.. 'nX) lN1XimuJll and t.he m:ini.rr!.ll11 cccur at: the &>Il18 

wavelength and are of thEl Selme r01ative magnitu:1es. IclPnti.ty of 1110 

spectra after tb." iren (III) reaction (F.i'J. 10) iG also ev.idence 

that meal constj:trl,~.n:b} ccnt.ribtitn no interfp..renco in .. the total rrn<lflyp)l 

determination. 
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'I'he precisia,\ of t:hc ffi:>thcd was tesffi~ on tiD (Xlttons(X(l 

ll'eal extract conta:uJill<j a rrean total 'JOf.lsypol co)):cfr~lt of 0.705%. 

'fen analyses don::> 0'.'. U.lf~ saJ.lB sar.1ple exrxact gave il standard 

deviation of oj; o.(X)~; \0/11:h a relative standard 1r~\lioaHon ±C. 71%. 

The m;,an total gOSSY1XJl content for tho above semple falls in 

tho interval fran 0.702 to G.70S;' at 95% confidenCE. levols. , 

By follCl.~.ilYJ tl:El general ]p>rocmuro. the total gossypol 

contents of cotto.'1oc(xl varieties collected fran Inst:l.t:ute of 

l\fjricultrual Rosearch ix! ."elJw. Worer I cottonsc«1 press cakef~ 

collected fran difi'm:cmt oil mills in Nazar:et-ll ~, Milis lIhaha 

~lere detm:m:l.ne1. 'J~n:" :c:eEults of these determiIl.2.tlons are giVfm 

a Table 10 and n. .l\m:cng the national varietiGs, llcala 15l7C 

(1.063%) and 101>1..'3 1.7-:1 (0.33%) contain the highco-B\:: al1<:( tho 10\\'9st 

total gO$sypol rc,S):;cctively. The 'JlancUess vaJ:ioties are found 

The total gosSYj}Jl contents of the press cakx.; collected fran 

five different oil 1~1i.lJ.fJ \'/0..rc found to he la>~: than the rcc<:m'10.l1der.1 
13 

value (1.2%) • 
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5.8 Recovery of ;V'kh~ GmS2'fOl. 

To test .the ,,"ff'x;t. of intcJrferf>.J1cos in 0 adous extracts, • 

known concentraticn13 of pm:o gOSGYf-Ol troated ~!.U::h arnillOprOpc"1nol 

results am, satisf;'1ctory recovery of gossypol anC. t.h(,sP' values 

establish the precisiC))1 of the n-ethcd. 

5.9 Croparison 1·1i th other. Mothcds 

For the debmlti.::;ation of t.ota.l gossypol, tho ;1r,criCc"1n Oil 
61 

Chanists I is=iety (A.O.C.S) han adopted an offici<:,l f(Dthrx'l 

based on the c~tracticn with 3-amino-l-prcpanol .in cUmethyl-

fOl:mamide, and thc>n r"acting with <miline to form a c1iaroinoqos8" '. 

ypol chrarophore. 'Ih,) total gosf,YJlOl is estirlntO':\ froM the 

absorbance of t1.11s cClnpk.x at 140 nm. 

cottonseed Jl1"al (2ztracts of dHfe>xent t~B, gave lX],roJ.ts 

(Table 10 and 11) :i.E close agrop.rrent ",it.h those ohtained hy using 
61 

for the determinaticn of total 

gossypol. 



- 51 -

'J:abl€: 9 • Detennination of gossypol added. to cottcn.:'eed E'J:traci:fl. 

• 

Type of: Goss~'hul Cossypol ':'ot"l GCBf:."!Y[X)l R("'CJ''''01":Y 
EMpIe ill adilrrl r;..as~!)YJl fcupc1 of 
cxtt'8cts extr.act (g) Pr0.S0nt. (g) gOC'···''1 . .rrnJ. 

(g) (g) (%) 

Cottonseed 
variety 0.513 0.302 0.815 0 0 809 9~.3 

Q. 
." 

Cottonsec."d 
[,ress cake 0.197 o.lfoo 0.657 Cl.6S" 99.5 "" " 
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'fable 10. iCCi'lC>3.riS'J.1 of: r.roposc<' tklthod "Iith '\.O.(~.S. V0.thcx1 

. . for G0~:.r.;'T"~ol Ccntent of r;ottonsp.c<~ Vaddies • 

'J.YrC of cottonse:d 
Variety 

l\cala 1517/70 

abar 637 

kala 15l7c 

]ccala 63-64 'j1an11GB8 

l!'r:?gO glandless 
-

Frago Bract glan:'11.3ps 

rro[>Osed l\.O.C .R·. 

rreth<x'i lr.etha1 

0.489 09/~83 

0.611 0.61S 

0.331 0.329 

1.069 1.oti3 

0.029 o90~~4 

o. (\15 0.411 

0.Hi8 0.166 

61 
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'l'flbk 11. 
61 

Ca\l?3,ds~)n. of proposed )~etho'! HiLl) A.i).C.S. r"nthcd 

Place of 
co1l0-ction 

" 

Nazrawi on 'lills 

Toramaj 0il '11111' 

I'lml<i Oil Mills 

United Oil ~lills 

0.689. 0.685 

0.518 0.519 

o.96? 0 11 956 

,-,.850 0.B1]5 

0.758 0.757 



- 51\ -

The l1'ean valuc~; of th(-) proposeil. l'"Cthexl alY' H7r~ t .• n.c.s method 

h--W(~ bo'eIl CCl'rtlxm3'c :ill term.s of T tesi: (Tahle l~), 'lhe l'OsultG 

obtainEd indi.catn ":h2.·;-. tllQ llBOll valu0.s of. th(~ t;~" nrith('(ls fire not 

significantly (Jiff0x'~,ni: fJ:(lJ1 each oHloJ; at &-:, b:> ~('r proL--ahiHty 

levels. Inaddi tiGJ.'., 

C(!\lpared inte:t1l1'-; of: F 'c:cst (table 13). Thn reslu:t O);.1:ainecl inc'icates 

that th(~re is no fc:tc;nificant differenc(, in the prcci.sion of th(-) tl\>:) 

l:'Ctho'ls at 1 to J.cf; levols. 

gossypol concentxc>'dc,u in a given extract than the; C111-Uine 

m':kho-l of theA-,O.C.S. lIS these Sc1l'1l11CB all CO'lt:2Lil1 ):0.1md 

gossYl:nl, the ~'2t:i.D0 of sam)leB in HIe procEX'lu::eG of 1',.O.C.S 

nay lead to hy'JL':>lysb of sanE) of tho houJ)(1 goss,:.o1. 

Although cu"lnlyt.ic.<l.l metho::ls =rmltly G\Tt.1GYc::. for the 
47 

ost:lroation of totc:d <jl'Hsyr;ol .tneluding the A.O.C.S 'i:E'ntative 
61 

n'ethods arn @'8'mtc frcl1 tho v iC~'I-)X)int of a:iccl1racy and 

rapid and s.inple. 'cho Rccuracy and precision oj: the prO[.Qsed 

rrethcd are goo::l. and ccwi7=iJb18 to other rrethojs~ 
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Tahle 12 • 
............ -~ .... -'-.~.' 

Proposrd l\ .. O.C.B. 

~---------------------------------~-------
. !\'umcer of ieto'-l1':i.nat.ions 

:,ban of 'rota 1 GossYiX'l 
ccnh3Ilt 

10 

0.705 

lXJoled Stanc13xd 1~evic·:i:ion =:= o.CX'A5 

t ~ 0.99 
e.xpt'l 

t. = 10383 (at: eo'!; pmbahility low,l) 
critical 

t -- 1.833 (0.1-. <1C', pr&'.(lhiUty lovd) 
cd-teal 

t. ~ 2.26;:; (e';: 95% probability lovel) 
crit.ica'. 

t. ~ 3.2~)o (at 9'1.9% pr.olxmilty level) 
critical 

'l'herefore, t ' < t for all levels. 
expt' 1 crit.:lcaJ. 

10 

<'.703 



'J:abI0 13 . .. _ ........... _-"" ..... 

I'can of "btal GOElnYfol 
conb~nt 

Standard dr'vi-\tiCYl., S 

Square of 8t~~lard ? 
deviatlo...t-tp B 

.... ~)G -

PrCPOS(X1 
1,'ethcx:1 

10 

0.705 

o.cx:l5 

._l\oOoC of: 
IiBt.!xxl 

10 

0.'70-", 

....... __________ --C... ________ _ 

2 
T" S p.t'o::G3Gd 

('.)(p1: ' 1= ;:;----"--'" 1. 56 
S I.'l.OOoCoS 

F ., t' < ( t 1 0 point) - ,,',. i',; a. u~....r o~ _ 
critical 

- 3.11.1 (<It uppr>..r 5% r:.oint) 
critic3.1 

critiC'l.l 

Thr,xefore, F < 
0.:x;,:t'l 

F 
critical for aU 1(#e1s. 
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In acldit:i.on, a re;.X?Clte:1 diotUlation of aniline i8 avoJdm and 

it simple solutioa of iron (nI) in .i.sO))mr:{l~alcohol~h(e}:nne 

t'laS sun.sti tubed ClD c~ color fonning agent 0 R.inoo the: rOflction 

lx:~t\'l(l':m iron (III) 2E:'; Cj081lY;.:ol-aminopropanol lG vc:ry fclBt and 

PJ::Oc<:>eds at Y."(:(Xci h,j'I.'E'.l:·ature, in thc> prol:osf:.:1 prcc.'C{lure no 

fv>...ating or coolbq cf ·the reaction mixttu"e i8 r::S'll:tred 1.lllich 

affect the result£;. 



G. 0~t::rl1GION 

2\ nec,., lti.~thcd i(j 1Jrorose.~ :for t:b~ spoctrc~51ot-..c-m~·:ixic 

dotGl1llinatio!l of. n'l:o-G:'11 gOtiG.ypol" in cottonf)60'J!.:1 bar-".o/.l on 

tho extxaction of: '~'o'olS'i'0,1 J'y 3-amino-·l-propcmoJ in 

dim-::>thylforTIl2.l1ude, follCNIOO hy reaction .lith b:on (III) :in 

an aciclic I1lsdiuLl. to ,:oxm a. f.lti'bh~ q:o?en colo:>:o'! CQrph'x 

801-uhle in n-}l(~~~ar;,c,=>5 .8a2rop~ alcohol. '!he rC;,:'lcticn 1s qu.i tB 

sensiti V0 an"l srnr;::fk, for gosaypol in 3-rur)j.l1<r l',)?ror:anol 

<'.xtracts of cottol13<:>3dc., '::'he rrethod is siTIlpJ.'c'!, rap.t(~, 

precise <'mel aCCl.ll'a'C8 and it: can carr>lot" \'Ii t.h OtlE3r cawon 

11))th008 rGccmn'1rilcX~ for tJlG <':etC1.111ination fa trk.aJt gossypol 

in cottonseeds. 
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