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ABSTRACT

DETEVAINATIGi5 OF TOTAL GOSSYPOL IN cyttTOMSEEDS
ArB OMONSEET PRESS CAKES
by
At naf seged Adnasu

Advi sor: Dr. BS Chandravanshi

The reaction of gossypol vuth 3-anuno-1~propauol and iron (l11)
I n-acidi c medi umproduces a green col ored conpl ex sol uble in i sopropy!
al cohol=fcexano mixture (3 2), having a characteristic absorption
maxi numat 6°0 ran, The co=ored reaction product. i s sufficiently stable
and obeys Beer's lav:inthe concentrationrange 5= 84 ppn of gossypol,
Tlie effective nol ar absorptivity in terns of goegypol is foundto he
64{%1, nol e-l. Crr;l vdth a photonetric sensitivity of 0.08;jg of
gossypol . per any: On tlie basis of sensitive color reaction, a new-
met hod has been devel oped f or the deternination.of gcsaynol, -The
effect of several experimental variables on the detern nation of
gossypol have been studied The stoichionetric conposition of the
green col ored goseypol~am noprcpanol=iron (111) conpl ex has been

determned and was found to be 1 2 (gossypol. toiron).

The precision of the method has | eon eval uated in terns of
standard deviation and the rel ative standard devi ation vjarsfound to

be + 0. 71%




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.0.0.S. method. Tho tvic results were found to

be aimost identical.
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Nowadays, tie major quantity of edible oil available in Ethiopiais
obtained fromthe cottonseed. |n 19801981, about 50%of the 10, 226, 748 kgs.
of total oil production cones fromthe processing of cottonseed, Every year,
all the oil mlls under the Ethiopian Food Corporation prdcess about 45,000 000
kgsj of cottonseed and fromthose about 5,400,000 kgs of oil and 22 000,000

kgs, of press cakes are produced. A

The cott onseed cal ves which are produced fol lowing the renoval of the
edible oils are exports to foreign countries at cheap prices. These j |
residues are believed to consist of 4 to 12%oil and 18 to 42% protein. 2 It
I's estimated that the cottonseed flour (oil residue) potentially available
can satisfy the present carious def.i ciencies in protein in diet-deficient

areas of our country, and the proteinis of highnutritional quality.

Processed cottonseed protein products in the formof defatted flours
vith 45 to 50 protein have t een produced cdnaefci ally for food use in seve-
ral countries for many years These products have entirely been suitable as
protein supplenents I n cereal food mixtures (nmize, xiieat, rice et c.).'A A
Far exanple, the corn-based product "Jncapardnd' lias teen marketed hi the

Central Anmerica since the 1950 s. 58



Ths utilisation in the human nutrition of tlie lugh protein products from
cottonseed meal is lbaited hy the presence of the phenolic conpound, gossypol,

9'111here

Thi s undesirabl e constituent is toxic todifferent ani mal species.
fore the principal quality deficiencies of cottonseed products (oils air) neals)
are due totheir contents of gossypol pignments So far at |east, no different
natural toxicant species has been identified, and gossypol pignments appear to
be the significant toxicant of cottonseed Steals. M cottonseed neal s are not
of uniformquality and there is a wide variability in the gossypol contents of
cottonseed neal s 12 For any cottonseed protein product intended for human use,
the Protein Advisory Goup (PAG of the United rations had set linmts of 0.06%

~of free gossypol and 1.2%total gossypol for human consunption in their pro-

gr ars,

Gossypol content in cottonseed is affected hy genetic factors as veil. as
by environmental conditions during seed devel opment. Cottonseed grown in Fea
I sl and contai ned nore gossypol than that grown it) ngpt]'A for the same species,
Franpt on et aI15 reported the total gossypol contents of seed fromseveral.
speci es of Gossypiumto range from0.13to0 6.64% On the basis of a study of
ei ght varieties of seeds grown at thirteen different locations for three
successi ve years, Pons et aI16 reported that the gossypol contents of the
noi sture-free.kernels ranged from0.39 to 1. 70%and that Ixth variety of seed
and environment influenced the content of pignents, @ anded cottonseed grevm

. : . 17
MG za was found to contain 2. 1%gossypol pignents.




The initial content of gossypol pignents of the seed, the conditions
sel ected for the prepar.ati on of the seed prior tooil extraction, and t he
condi tions used for extraction, all determnethe gossypol pignents inthe
finished meal s The cot.tonriced ﬁeal s produced by any of the commmonly used
net hods of processing are not uniformin conposition The free gossypol cone

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

Free

gossypol (%

Serov; pressing 0.02 = CO5
Pressing fol | owed by sol vent extraction 0.0? = 0.0?
Direct solvent extraction 0.10=- 0.50
Hydraul i ¢ passi ng 0.04=0.10

The total gossypol content of the meal obtained depends primarily uponthe
seed used and tie conditions used in the preparation of the meals prior to
extraction of oil and isintherange(0.5to0 1. 2%9 However, processing COn-
ditions influencethe content of free gossypol in cottonseed meal to a greater

extent than tliey influence the content of total gossypol.

Cottonseed oil is the nost val uabl e econonic product of the cottonseed.

Holily refined oilswth light yellowcolor cure conpletely free of gossypol.




pigments. Haviver, alible cottonseed oils, mostly available in our country,
are deeply colored, ranging fran taltxwlah-ye | awto recVlish-brown i n appearance
Gossypol pigments are believed to be the mamecauses of the dark color, Tie
content of gossypol pignents of crude oils vary fraa 0.10 to 0. 75% dependi ng
on the node of proeeofcing;‘9

Present cdsnma ci al -processes for cottonseed meal production all involve

the use of beat and other processes to renove, destroy, or bind the gossypo
as much as possible (80 - 90%. The major anmounts of free gossvpol are con-
verted into bound gossypol during the processing of cottonseeds. Sane workers
tried toreduce the frae gossypol by use of different practical methods of

extraction. Thus Canella ot aj/\

reported a | ow gossypol cottonseed concert-
rate vhon cottonseed meal was extractod with butanol - KO solution Using
20-30%of ethyl al cohol in Jiexane Liu et aI19 reduced the free gossypol ard
total gossypol hi cottonseed neal to about 0.013 - 0.04%and 0.32 - O, 55%

respectivelvy.

Cexronorcial devel opment of gl andl ess (without gossypol pigments) cotton-
seed has been t he objective of nmany plant breeders and such devel opment is the
hope of many processors and users of cottonseed reals and oils as a maans of
overconing the manifold difficulties resulting fromthe presence of the gossy-

pol pigments, The first glandless strain derived frema cross bhetween koal a




and Honl Mocincopi, a honcultivated nrimitive cotton from Arizona, had gland-
less seod hub it 2lso had small holls, low liant yield, inferior fibar pro-
verticg, late motuvity and other undesivable clzaracteristics.zo Althougt,
gossyml fras cotténsea;l appears to be an ettaineklo aoal, until such fime
as the comercial cotton crops in the world market are derived from gland-

less seeds, tha cottongead processing industry will continue to face the pro-

blem of dealing with the gossypol plgmants.
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2. OESERAL, CHARRCTTOISTIO 200 QQCURRINCE

Ocourrence in Cottonseed.

All the desply aolourad géssypo'l niqronts of the sced ara
corcentrated in the pigrent glahds, somet ims alsc referred to ae
gum of resin glamviz, “he pigrent qlands are sohorical or ovoid hodies,
measuring from 0.l to 0.4 mn on the leng axis and the averade size may
differ from soa? o sacd. The pigment alands corrigse froam 2.4 to 4.5%
9,21
of the weight »f he keornel, ’ The bobaviour of the pigment oland wall

during camercinl cotionseed procossing greatly influcnces the distribution

of goesypol pigmonts in the final cottonsead mzale and olls nroduced,

Physinlogical “icote,

One of the hasis for intercst in gossymol is the physiolocical
activities of e pigwnt. Corrantly, thora iz mach interest in the
physiological effcets and peotabolic fate of gossypol ir hnean,
especlally because of the substantial contriboticon cottonsecd meal
could make in allceviating protein shortagrs in meny of the doveloping

countries,




3 Afa s

Tt is of interest that in 1947, following a prosentation

is
22
of two papers, it wag stated that gossvrol vas an eppetite
doprassant a_ﬁd could cause inte-stinal irritations. This propted
investigation of iha offect of daily doses of purificd gossvrol on
th.é tody weight: and food consumption of dogs and, fiollowing the sudden
and wexpected death of several dogs vhich had recoived relatively

23
low levels of purifiad qossypol, a warning note vas published.
Nevertheless, thorn axe bo recordod instances in the technical literaturs
of gossypol toxicity in humang who have consuws! gogmyrol-containing
products, ard on i ocher hand thore ave varioos recorts of absence of
deletarions effects vhon cottanseed products containine relatively

low levels of gossypol are ingested in rodorate amounts.

24
Meanova and Tchedeva  reported that daily ingestion for 4.5

months of 60 gm cottonsead cake containing 0.1l to 0.20% frea gossyrol
nroduced no havrful offocts. The acute oral toxicity of gossypxl is
not high for most aninals, On a single-~dose hasis the oral ID
50
(median lethal dozo) to rats is about 2.4o = 3,34 ¢g/kg (averaging
2,62 g/%g) vhon odmdnistered in water, it is about lo% more toxic
25

vhen administerc? in oil,

The reaction of native gossypol from the seed qlardgs with other

sead conponents in the oil extraction procoss io very impartant to

the practical nse of the real in animal feediage. ‘fre free gossypol




reacts with, amcre other things, available amino acid and in?;:his
state is mumh less plwsiclogically active in the asnimal qut, The
gossypol that ds s réacted is called "hound gossypol” and that
gosaypol that is sti1l not hound to protein by the heatr an! moisture
of procaessing is Jesicnated as "free gossypol¥, Yiwg the main concem

of the nutritionists i3 the anount of free, or wreacted, gossypol

rather than tha toral amount of gossypol that is consumed by an animal,

The mechaniam by which gossypol causes tisouc Jdarage is not yet

known. Cardiac irregularity is the most cormon toxic effect of

9
gossypol, and deat: is gonerally ascribed to civonlatory failure .
- 9
Common sympkomg with amulative gossypol o cottonsesd meal

toxicity are loss of appetite; weight loss; diarrioap balr
discolouration; lLomiavcing of hamoglohin , red coll count, .and serum
protein; degenerative changes in liver and solesn; berorrbages of
liver, emall intestinae, and stamach; and volk discoloration and
decreased hatchability of oggs.

Gossypol fonns stable, equimolar chelates of low vater

solubility with many matallic cations, apparentlv by linking
28

through € carbonyl and ortho~hydroxyl groups.



3.1

3. CHRISTRY OF GOSSYROL

Structure of Cossypol.

Goasyrol, a naturally occuring yvellcw pioment, bas a »olectay
formula of C3ﬁH%f)3 , and a molecular weight of S18.5, tlamyd by

Marchlesiski in 1899, gosayrol is 1,1%, 6,6°, 7,7% = hezalwilroxy = 5,57 -

p

diiscpropvl = 3,3' -~ dirpthyl - _/fé,‘,‘;" = binaphthaleng/ - 8,8 - dicay-
32
. ~ L]
boxaldchyde . The structurcs of tantoroyic fomms of cossyool devived
33 . . .
by Adaug o 2l on the hasis of clacsicnl riulios of the resctioy,

propartics, and degradation products axve shan in Fig.. 1

The postulation of three tantonowic stmctures i nocessary Lo
exnlain many of the reactions of gosgyrol, OFf the tlree teuterscic
rmodifications of gossyrol shovm in Fig. i, structure la roprogoots the:
hydroxy aldehyde tautomor,. 1h the lactol tentomer, and lo tha cvclic

carbonyl tautoeric form..

10 -
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CFIGURE 10 Structure  of Gessypol

2 ) hydroxy aldehyds  ioiiame,
@) lacto!l  tavtmes

¢} eyelic carbonyi e
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3.2

Reaction of Cossypol

Postulation of the three tantomozic forrms of gossvrol. show i
g, 1 was necessary to account: for thae mumerous reaction prodactug
sneomntarad in the establishmont of the sturcture of cossveol and thwdirn
characteristics. Thus, the hwdvoxy aldetnyle toutorer (la) is resgcon-

sible for most of the nomal aldshwie roactions of gossmpol , and this

s

is the pradarinant form in seweral opgenic solvents; the haxemethyl
ethar wvas formalated from the lactol toutorer (Ih) o accomt for e

unusual stability o alkali, as contrasied to the eano of hylrolysis

under asidic conditions with the loss of o mothoavywl arouns. The cyelic

darbanyl tautamer {le) accounts for i readily formation of anhydro-
gossyeol and of identical Diels-Alder type adducts of both  gogssyrol and

anhydrogossyrol with diones such as butadicre.

Gogsypol reacts with orgardc acids and tho estorification of gosry-
ol has boen investigated oxtersively. The hoxaacetato de obbadned by
reaction of gossypol under rather sovere corditions of reactdion with
acitic anhydride and sodium acetate wder reflux. A cuite diffeoront
typa of reaction product is roadily forned 1y roactlon of gossypol with
acetic acid at room torperature, Undar this conditions acontio arid
cambirner with gossyol in a one to one wolar ratio to produos v gossirols

acetic acid commlex. This comlox, which is ruch rore shabls hen
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gossypol, hes bear found very usafu®l in the izolation of cossypol A
its wresorvation for use as a veasgomt cnd mo A reforones standawe? for

) . .
6 corvivdded that aosrynol wderaoes

s 35 ‘ 3
analysig. ~ Peraxdl and Fraspion”
an astex oxchenge reaction with triglycosices of oary'e cotbonsoed oll
and e accourted for sorve of the diffic:lties encountared iv refinira

certalin hichly colowred crude oils.

The reaction of gossypol with arinag kee alco Feen stodiod exten-
sively. Cossypol with lioid awaoniz, o in chiovoform solution treated

with gascous emmonia, reacts to for ~rlomddarges e Sy 37,

G}C‘S-:)l =
ol roachs readily with two roles of z-ilive to climinate two molecules
of wator ared yield a condersation orofuch corroniv called Aianilinogossy-

pol. Such snils derivald frem qgossypol sie cenodally formmlated as

Fig. l. Part of the toxicity of qoncyool cor rasulf fram -renc’iériﬁg
certain amino ecids unavailablo hy this mirction, rarticularly lysine
via its apisilon amino group, thms lovoring ha biclogical value of tho
The reaction vith anilive or’, 40 reaniaidinne has boen
extensively utilized for the anantivaiive determination of gossv};{,ﬁl

relatol oigments.




Zogormol readily roduces Fehling®o aawd apmoniacal silver nitrato
solutions and is extrerelv sensitive to oxidation. Tndemental o tho
practical prooler associated with the orserce of oossypol in cottongced
products is the fato of gossyrol under ox:i.djz:‘ir?g condition, Thug, cruvde
cottonsoad olle containing gossvrol rust o refined praptly o prevent
formation of hidghly colowied omidatior prodncts vhich are not removzd by

the usial xfindng and Dleaching onooeriiumms,

Motal salts of qgossypol have avouss sl considorable interest, rarti-

cularly bocansce of their motentdal ukility in analysis and thoe oosaibi-
| 411.

lity thmt such o rmight: countorast: toxdeity due to qosasynol 7, It
appzare that gessynel producas aneida by dts binding to iron,. Sosgypel
reacts as & gtrong dibasic acid ant fomms neutral disodivm and dipota-
ssium s2.lts,  In order to understan?® (e chamistry of Comnlexes of gosey-
pbl , covenal metal lon-gossyrol conoicyoes heve heon gynthesized, The
o-hydroxy sldehwde molety functions o rhabilized chelating anion of

excellent oouretry for notal ion coyolox formation (Fig,.2) and Faag and

32 ; . A .
Shirloy ““ have consideved that thiz =0 the site of camplexation,




The: stability constants and stolchicmstyy of Co(XY), Hi(IY), aud
Ca(XI) gossvpol coplekes have bean ertablished by several avalytiosl

‘ , A3 I \
and spestroscopic techniques ™ . The xdzarod and the electronic

absorptlon spectra of solid somples indicate the binding of ihe matal

through thi hydroxyl and aldehyde crouns,

"y products from the reaction of Scid£f ases such as endlino-
gossypol. and nepropylaninogossyrol comnladss and Cu(II) acetate indicate

P I
1:2 cangogition .
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FIGURE 2: Reaction Products Of Metal lon With Gossypol

oy Ciy

FIGURE 31 Reaction Product OF Metal Ton With Shiff Rase,
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Analysis of Gossypol

Thora has beon a recomized nex? fFor a reliablc routine mathod
for the datoymination of total gossveol pirments in cottonsead matciials,
Such mothed must be falrly rapid and procise.,  The cstimaticn of total i
gossveol bag proved to he useful for cvnlastipg the influsnce of pvo=
caszing conditions on the distribution of the qo;r:sy_rxvi in cottonssed

. 45, 46
hotwean the moal and il 7 7,

¢

tgrerous procedures have beon oubiticbod for the detormdnation of
1

i
gossypol vidgments . Uost of thos: vrocedures involved axtracticn ixith
a suitable solvent, treatmont with an avvwatic amine (geperally oniline
or peandisidine) and determination oF 0o rooction product cravimeirice-

11y or scectrophotamwmtrically.

1

Sevorsd gravimetric mothods Sow &8

, A8=01 .
of fared] ; all of which requirc several days for the complols pre-

doterminetions have o

cipition ¢f dianilincgossyrol. Tuprover! spectropkntopetric vrotcdures
have ganerally replaced the sarlioy cravireiric methoda, Ndline i5

usually amployad for the colorimetric deterrinaltion of qossypol hocause
5053
it reacts with gossypol to form dianilince<gosevpol ° . Sther re-

agents which have been used for the develorrent of oolorrd wroducts
suitable: for spectrophotometric methnds includs antirony trichlorids

RG: 57
p}mlearcg.hzcn'_nol“)6 and horax” .
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Paper chramatogoshic rothods have heen doscribed hy sevoral
h8,59 o0
T workers . A oaxy] Ceter reported use of a teireihylailyvl

ether for the detormination of Gossypol by aqas—liouid chermategranhy,

£1

The Amarican Ol Chemists' Socioty s odopbed as offficial
mathod kased on artracticr with 3=aminoi-»ropancl in direthylformamide

3

for the detemiination of "Potal dgosavpol® in cuttonsead and cottonoesd

maals, An aligquot of the edractad sanple is footsd vith andline and

the gossypol contunt 18 catimated by spectroshokomeiny,

Sevaral investigators have used iron salts o inactivate gocsypol
' 26,31
and render the colbionsect 1xal nontaxic to nopuevinend s and havao
62
studied ths cembining ratios of gossynol to forvons ions
63
Others use iron gtlin to ovddize gossmol and comvort to other products

Ganerally usa of ircn o countaract gossvinl in ccttoncond meal goes
64
hack more than ceventy vears . (n the other b, no fuvlarmntal invos=

tigation has baan nedo o the uee of iron (M1 jone for thoe quantitative

detormination of qonsynci.

Tha objoective of this nroject is to propose a now mohtod Pased on
the camlexatimim of gossyrol with iron (I7T), fon +ho cuantitative
deft:armination »>f total gessypol, and apply tha newly proposed mothed

for the ostimation of tctal gossypel in cottnsesd and cottonseod moals,



In the preosent invostigbation total qoss yocl ip entracted i'_T‘i‘th
3 —awine-l-nrepanol iu direthyl-formamide.. “he conmlexed coeg ol in
the extracts raadily roncts with iveon (317) at woon terrerature to
form an intens? grecn colorsd gossynol—anino=racienol=iron conplex.
Thig reaction is tha Iwsis of the colorimetric doirneiration of

total gossypol.

vith the help <7 this es shod method e avorage contents
of total gossynol in rost varietics of cottomstxls gran under
different conditicne in FHlvonia and tho cottons ot cakes available
in the market ar» estimated. Dhe Cata, obbainsd Yran these studies
will help to salect cottonsead varictics anyl ook with rdnirass

gossypol plgments, s¢ thet thay ~onld be used 9 produce a cottonseed

protein cancentrate in the form of Anfatted oo Lo buman food use
vhich will ke suitable as protein swnrliments i onron fCoﬁ mixtures
(maize, wheat, teif, otc,). v a result, this : dead to thp

]

doveloment of nutriticually high nrotoin forrmis st e Jowast
practical cost that could e afforced by the lavge ovoe: qroup of

the malmatrishad mople of our countxy,



4, XPFRIMENTAL

4.1 PApparatus and Reagents

4,1.1

4.1.2

4,1.3

4,1.4

L 45

4ll|6

Spectrophotanctar ¢+ A Peckman Model 26 UV-VIS
spectroshotanetar equiped with 1 om matched quartz cells

woere usead for all absorbance measuranents,

PY meter ¢ A Peckran Fxpandometric §8-2

PH netor was used for P determinations .

Cutting mill: Max Lidscher AG. Seon type 1258 with
1 @mmand 2 mﬁ screen viera used to grind cottonseeds.

N o
Water bath ¢ ¥Water bath operating at 95 = lco € vas

used for hicating the flasks.

Solvent mixtures 2 solvent mixture vas propared by
mixing redistilled n~hexane and isqorqpylal&:ohol ina

ratio of 4o to Go by volume,

Complexing Agent Solution: The solution was preparcd

by mixing 2 ml of 3=amino-l- propanol with lo ml of
glacial acetic acid into a leco ml vo_lmnetric f£lask and
diluted to voiviee with dimethylformamide after cooling to

room temerature,
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4,1.7

4,1.8

4.1.9

- DL -

Iron (IXII) folubion: A solution of’ fron (FIX) was
prepared by transferring cxactly 36.2 gm reagent-grade
hydrated forric nitrate into a 1 1t, voluwetric flask .
The galt vas dlezolved in a mixtrure of n—bexane-isopropyt
alachol in a ratio of 4o to 6o and a faw Jrops of
concentraval hiydrochloric acld was added to it. The

solution was diluted to volure with the same mixture of

h-hexane ond iscpropyl alcohol,

Stock starndaxd Gossypol Solution: A steck solution of

- gossypol vae prepamd by dissolving 0.2750 gm gossypol-

~acetic acid in carplexing agent and diluted o lco md

with tha camlexzing ammet in a volumentyic flask., This -

solution contains 2.5 my. gossypol par milliliter,

torking standard Gossypol Solution: 1 to lo ml alicuots

~of the stock solution of gossypol weve transfared into 50'ml

volumatyic flasks, To each standard sufficicnt volume of
camplexing agent was added to make total volume of 1o ml.

Then the flagkn were heated in a water hath for 3o min.

Finally, the solubions ware cooled and diluted to volume

~ with isopropylaleohol-hexane mixture (Gosdo).




4,2, Collection of Samples

Sanples of cotionsszed and cottonseed cake were collected

from the follGiring places.

4.2,1 TFrom Institute of fgricultural Rescarcli, 1%:lka Vorer

Research Station,

Fran this research station seven verieties of
cultivatad cottonseeds, comonly grown under different
conditicns in Ethiopia, belonging to G,hirsutum )
goecias of the genits Gossypium {sibtribe Hibisceae, order
“alrmles)  wore: ml‘[é&ﬁ?ﬂ; Thane trixs Doala 1617/70, Albar 637,
Ao

A 1,70, heala 1517 €, Dcala 53=0A (Glandless), Praco Glandless

an [nxr Pracht Slandloss,
4.2,2 TFrom Nazareth and Addis Ababa 011 Mills,

Fraw two oll mills in Nazareth, namely, MHazrawi and Nrsira
Mertu oil Mills anl from three oil mills in Addic Aleda, namely,
Teramaj, Akaki and United Oil mills, a total nunbey of 5 samples

of cottonseed vress cakes were collected,




4,3 Preparation of Samples

4,3,1 Cottonsead: abcut 50 g of sanple vas dehullal and the
reats wore grinded with the help of a lakoratory mill

to pasg a 2 ma screon,-

4,3.2 Cottonsea ;uess cake: about 50 g of sanplo was orinded

with the help of a lahoratory mill to pass a 1 e scroen.
4.4 Extraction of Gosgypol from samples

Analytical sanple (approximately 0.5 = 1.5 ) contfaiﬁin{:_r'
2 = 20 mg of total gossypol vas accurately welchod arzdi transferedd
into a loo nl Frlemmeycr flask. To the flask lo nd of conplexing
agent was added. ‘ihis wvas heated in a boiling water bath for 3o
min,, then coole® and diluted with ahout 3o ml isopropyl alcohol-
hexane mixturce., Finally the diluted extrac£ wag filtered and recde

to volume in a 50 ml vollmuic flask.,
4.5 GCeneral Procedure for Determination of Gossypol

Transfar an aliguot of solution contalning 0,22 o <y of
gossypol to a 25 ml volumetric flask and add 2 o 4 drops of 5N
hydrochloric acid, 2Add 4 ml iron (III) soluticn and shike the

flask,




Allow the mixture <o strnd for 8 min. to corplaie the complexation

reaction. Thon add 1wy water and irmediately dilte to volurme with

isopropyl aloohol-hesang mixture,

Measure the ahsorbance at the wavelenght of maximm ahsorhance

against isopropyl. alcobol-hoxane mixture as a reference,




I

5. RESULTS AND DISCUSSTON

5.1 Coloriﬁ‘etric Reactiony -

TIron (IID) zoscte with gossypol-amincpropanol dn the acidic
medium to form a stablo, reen colored camplay, frealy scluble in
isopropyl aleohol=hexane mixture, This sensitive coler reaction
forms a hasis for #hw cle»:velomient of a new mathod for the determination
of total qossynol. |

5.2 Absorption Soactra

The ahsorptich spectra of the gossypol-wainoprcparcl, iron
(III) solution and the iron-gossypol-aminopronanol. conplex have keen
determined in the visikle region., The ahsorption spectra are given

in Fig. 4.

The gossyool=anincpropanol and the iron {IIX) solutions
showed nejligible absoretions in the region 45o-7oc mm, Howaver,
the gossypol~-aminopropancl showed an ahsorption mavcdmom around

380~400 nm. Ixon (IIT)=gessypol-aminopropanol ccamlex shewed an

absorption maximm arcund 620 mm,

- 0K -
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Mter the reaction of iron (III) with gossypol-amingmopanol
the resulting solution exhibit no abgorption maxitrum ot around
380-4co mm.  The dismppeerance of the peal at this region show that
the gossypol-aminanropancl could be camletely converted into iron-

gossypol-aminonronanol camplex on reaction with iren (1XII).
Effect of Variables

The effects of sovaral oxperimentsl variables on the conp -
lexation reaction avd color dovelonment have boon nwestigatod folloering

the general procadne.. describad sarlior,
5.3.1 pH

It has bean fouxl that the formation of tia colored cimplex
batvean gossypol- am'nopropanol and iron (ITD) is BH dependent,
To obtain a complots camlexation reoaction with constant and maxinum
absorbance, tha pH of the final solution should bn in the range of
Lio = 1,5 {Table 1), 2t higher and lover PH values the solutions

exhibit no fixed alworption maxima in the visihie rogicn.




oy

Pable 1., Rifect of PE on the Notormination of

- s

Comsyol with Tron (ITX),

(Cornentration of Gossypel = 25,6 pom)
B

Pl Mhsorbance

ai. H20 M,

. a
0.5 0.112
0.7 @] 0—288
0.9 O, 300
1.0 0,302
1.2 0. 304
1.4 0,304
1,5 0. 304
1.6 0.298
a
1.7 0,320
a
2.0 ‘ 0,325

a
solutions axhibiting no fixed absorption maxima

in the visible mogion,



5.3.2. Concentration of Tren (IXII)

A 1:lo molax ratio of the gossypol to iron (TII) is
found to he necessary for the naxirum color developant
{Table 2}, A large excess of ilron upto Boo fold molar excess
hag ro effect on the abecrbance meadirements of the final

solution, In vractice usually 4 ml of 0.5 iron (I1I)

solution in isopropyl alcohel-hexang mixture were anployed.
5.3.3 Tater

With a given concatrtration of gossypol and ircn (ITI1),
in an acidic madiim, a stable color intensity is developed only
in the presence of agmell amount of wate@
The amount of water may vary from 0,8 to 1.5 ml  (Table 3) in )
the reaction volume without anv change in the color intensity for
a final volumm of 20mi., The role of water camoct ba simply

explained, The aklition of water is recessary probably to

satisfy the coordinaticn number of iron (I1I) in the complex.
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Table 2. Effect of Cocontration of iron (ITY}

in color Developmant,

(concentration of Gossyeel + 36.0 pym.)

Mole Ratio Mheorhance -
Gossgypols  Iron (XTI) at 620 nn.
1 - 0,199
1:2 0.273
1:4 0.370
1:8 0.425
1l:io 0,440
1:20 5,445
1:50 , 0.446
1:100: 0,447

1:5co 0,447
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‘Table - 3, Pffect of Water in the Color Develo«;fgnt for

the Peastion of Gossypol-aninopropancl with

Iron (17T},

{Concentration of qgossypol = 25,6 prm)

Volume: of Wates -~ Mbsorbance

at: 620 mm,

0 omS
0.5 0,202
0.8 0,289
i ) 0,301
1.3 0,294
1.5 0.290
2.0 0,270
a
2.5

a
addition of water, 7 2ml,; formed

immiscible solutions,




5.3.4 Order of Addition of Peagents.

Tt has been found that there is no change in the absorbance
or in color intensity of tho complex if the ordor of addition of

gossypol and iron (TIT) is changed prior to the a2dition of water
5.3.5 Time for Cowlexation and Stability of Coaplest,

The reaction hotvear gossypol-aminopronancol and iron (IIY) is
found te be very fasi, Vhen the reaction betwsen the two, in an
acidic medium, is alicwd to proceed at room terperature, optimun
color intensity is roeched ‘wii_:hin 5 minutes tine. It was found
that the absorhance value of the colQra:d solution ramaing unchanged

for atleast 3 hours and then decreases slowly (Takls ).
5.3.6 Terperature.

The reaction mixture hefore dilution to the final volume hag

beon subjectod to different tenperatures.



e

Table 4, Effect of Deaction Tire on Color Developwent

in v Feaction of Gossypoleaminoprorzaucl vith

Ivor. {ITX),

(Conceniasation of gossypol = 36 yom,)

Time of reaction R “Asorhanos

{rin.) at 620 1.

300 0,320

360 0. 363
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Table 5. Fffect of Tarprrature on Color Develommant in the

PR PRI R L

Reaction of Cosuypol-aminopropanol with Iron (T11).

{Concentratiocn of gossypol = 36 ppry)

Tanperature \ Ihnorhance
OC at 620 pnm.
21 | 0,429
3o , _ c.427
4o c0.415
50 e o 0,305
8o 0,374
loo _ o 0,332
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Varistion of tle temparatire (Table 5)
o
of the colexyi zolution fron 20-30 ¢ didnot produce any
reasurable chumge in the absorbance of the £inal solution,

At higher targoratares, the color of the sclution hecanes

lightor with deoveascd abgorhance readings.,

Feer's Law, Oobtinom Corcentration Range, Sengitivity and Molar

Absorptivity.

The colored sysiam obays Peex's Law from 0.1 to 2,0 mg of
total gossyrol in 25 il solution at 620 nm (Table 6). The standard
curve (Fig. 5) has Lean repeatedly checked and is reproducible

throughcrt  the concentration range of o.1 - 2.0 ng of gossypol

in 25 ml volumz, “The eptinum concentration range for the determina-
65 _
tion as evaluated fran the Ringbon's plot is 0,35 = 1,60 mg of

total gossypol var 25 wl (Fig, 6).

.66
The photoetric sensitivity of the colownsd weaction is
“1
0.08 ¥g/ml, The wolar akgsorptivity is found to ke 64Rotbo 1k, mole
- =1
ar . at 620 rm,
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- Table E_ Caliberation Curve NDate for the Detominaticr of

Total gossyiol.

"~ Concentration of gossypol o Absorhance
(ag/25 wl) : {at 620 rm,)
0.15 ©L.078

0. 30 0,153

0,60 . 0,305
0,% 0,456
1.20 0,612

1.50 0,769
1.3%0 0.91’0

2,10 o l.050
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5.6,1 Job's Method of Continuous Variations,

Tha mole fractiong of gossypol and jron (fII) wexe
cont:inuoualy varic’ with a constant total molaxity by mixing
different voluww of ecurimolar solutions of gogsypol and iron
(III). The PH of the solutions were kept consisnt,

Procedure: Following the general procedure descriled earlier,

Xl of 0.576 % lomgi-fi zolution of gosevpol and (lo=X) wl of ©.576 %
1om3}{ solut¥on of izon (ITY) ware mixed in 25 ml voluretric flask.
After diluting the reaction mixture with isopropylalechol- hexane
mixture, the abgoriancs of the solutions were measmired at 620 nm-

(Table 7). 7This wac plotted against the mole fractions of the

gossynol.,

Max o™ albgcrpeion occurad at a mole fraction of 0.33
[Gossypol/ / [Bossynol/ 4+ fTron (ITII) 7/ (Fig. 7). This suggests

that the combining ratio of gossypol to iron (TIY) is 1:2,
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Tabla 7. Job's Yethod of Continuous Variations

(Concentration of gossypol = 0.567 X J.or.3 M)
(Concentration of iron (f17) = 0.567 % 1o )
Cossgpol | Iron (TIX) - ihsorhance
Xmi _ {lo~X) ml o ‘e}‘c 620 nm,
9 S § o-.081
8 2 0,131
7 3 0.179
6 4 0.225
5 5 0.263
4 6 0.288
3.5 _ 6.5 0,291
3.3 6,7 0.2%0
3 7 0.285
2.5 7.5 0.265,
2 8 0.238
1 9 0,181
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5.6.,2 Mole Ratio Metheod,

In this method the molar concentration of gossypol was kept
constant and the mole vatio of iron (III) was vacied, Again the
PH of the soluticn was kept constant.,
Procedure: Following the cjeneir:al procedure describhad earlier,
4 ml of 0,576 x 1;325_ sizlution of gossypol and ¥ ml of 5.76 x 10“31‘1
golution of iron (FIX) were mixed in 25 ml volmwniyic fléls}‘;. Mter
dlluting the reaction Injxfﬁre with isopropylalcoliol-hexane mixtﬁre,

the absorbdnce of the solutions were taken at 670 wa (Table 8).

The absorbance were plotted against mole ratio of gossypol to
dron (£1I) {Fig. 8), The intersection of the two tangents corresponds

to the mole ratio of 132 ‘(q";dswl ¢ lron (III)

The. resuli;.t ob{:ain&l by.both methods indicate that the ratilo
‘of gossypol to iron (ITI) in £he complex is 1:2. t}%)ese results are
similar to the result chtained by Haastand shivloy 1% in which thay
reported that thoe ratio of gossypol to iron (ITI) is 1;2 and indicated
that the aldebyde grougaé and 'the adjacent i 7=hydeoxryl gréﬁps are the aite

of the coamplexatioi,
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Table 8. Mole Ratlo [Fethod

-3
{Concentration of gosmviel = 0.567 x 1o ™)

More Ratio Absorbance
Gosayrols J‘rop (Z21) A\ 6:29 e

1:0,5 , 0.l1ol

l:1 0. 19

1:2 0,276

1:4 0.369

1.8 , 0.425

1.1o 0,440

1:14 0,465

1:20 0. 346

1:5¢ 0,447
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FIGURE 9: Proposed Structure of
‘ ' Iron-gossypolaminopropanol
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Pased on the above concaltions, the proposod stoucture for the
iron-gossypol-aninopropanol. camplex formsd wwor the reaction of

rron (ITT) with gossypol-aminobropanol is given in Pigure 9.

Application of thoe tethod for the Determination of Total Gossypol

in Cottonseed and Cottonsocad press Cakes,

The validity of the proposed method has been tested by
determining the total gossypol content of cottenseed varicties and

cottonsesd praess oakes.

The absorption cuwes plotted in Fig lo. denonstrate that the
camlex formed by treating cottongead meal extract with iron (III)
golution is identical with the complex chtained from pure gossypol
similarly treatad. The maximm and the minimun ccour ab the same
wavelaength and are of the séme relative magnitwies, Identits of the
spectra after the ira: (IIT) reaction (Fig. lo) is also evidence
thét meal constitivare ccntrib&:tQ no interfarence in.the total qossvool

determination.
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The precision of the method was tested on tho cottonseed
meal extract containing a mean total gossypol coincant of o.705%,
Ten analyses donz o the sare sarple extract gave a standard
devistion of  0.,c0b with a relative standard deviation 40.71%.
The mean total gossyool content for the above sanple falls in

the interval fram 0.702 to 0,708} at 95% confidence levels.

By following the general procedure, the total gossypol
contents of cottansecd varietics collectad from Institute of
Myricultrual Research in Melka Worer, cottongcead press cakes
collected from difi:'m:ent 0il mills in MNazareth 2 Addig Mhaba
vare determined. o results of these determinetions are given
a Table lo and 11l. Amcng the national varieties, Acala 1517C
(1.063%) and AMS L.74 (0.33%) contain the hidghest and the lowest
total gossypol respoctively. The glandless varieties are found

to he not completely free of goeriypol. pignents,

The total gossyol contents of the press cakes collected from

five different oil nills ware found to he lawer then the recommended
13
value (1.2%8) .
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Recovery of Aided Zossypol.

To test the offoct of interferences in .avioug extracts,
!
known concentrations ¢if pure gossypol treated with aminopropanol
were added. Wabla 9 slvws recovery values for two sanples. The

results show satisfactory recovery of gossypol and these values

establish the precision of the method.
Camparison with othey Mothods

For the detemnization of total gossypol, the wrican 0il
Chemists' Society {(A.0.C.8) has adopted an official mothod o
based on the extracticn with 3-amino-l-propancl in diwethyl-
formamide, and tho reacting with aniline to fornr a diaminogosos -

ypol chrawophore. Tha total gossypol is estimated from the

absorbance of thisz camlex at 44o nm,

The proposed procedu:™, when applied. to.a geries of
cottonseed mzal astracts of different types, gave rasults
(Table lo and 11} ir close agreement with those obtained by using
the A.0.C.S Tantatiwn m-é:hod6l for tho determinaticn of total -

gossypol.




..5_1_

vable 9, Betermminaticn of gossypol added to cottonzeed estracts.

Type of! Gosoynol. Cossvpol Total Gomaypol Recpvary
cample in added 085yPOL famnd of
extracts extract (<) Prasont {c) qoeeynol
() ‘ (g) . _ (%)
Cottonseed -
variety 0,513 0. 302 0.815 0,808 00.3 %
Ccttonsecd

ress cake ©0.197 0.16o 0.657 0,654 099.5
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_ 61
‘Tahle lo, Cormarison of proposced Method with 10,020,353, Vethod

for Soses7rol Content of Cottonseed Vacictice.

Tyre of cottonseed Total Gossypol. %

Variety Proposed -+ RGOS

" ethod . rethed
Acala 1517/70 " 0,489 0,283
Albhar 637 0,613 0,618
e 1,74 C0.331 G
rcala 1517¢ 7 1.069 1.063
Icala 63-64 glandless 0.029 0.034
Frago glandless 0,415 0,411

Frago -Bract glandliss  o0.l68 0,166
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61
11, Camparism of proposed HMethod vith ANDC. S Methaed

for Gassyool Content of Cottonsrayd nrang Cales

" - . LI emeterdind
Place of Total Gossynol. %
collection Pronose ‘ A8 .
_method rethod

Nazrawl O1l “Mills 0.689 0,685
Arsina Mertu Gi1 Mllis 0.518 G. 519
Toramaj 011 4ilic 0.962 0o 956
Aleaki 011 Mills <1850 . 545

Unitad 0il Mills 0,758 0. 787
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The mean valucs of the proposed mothod an? the 1.0,C.5 methcﬁ
have been camarsd in torms of T test: (Table 12), ‘he results
chtained indicatce that the mean valves of the tin msitheds are‘ rot
significantly differzant fran each other at 8o o £7% probability

lavels, Inadditicn, the precision of the tio rntheds has boen

oma s

compared interms of ¥ Lest (kable 13), The rosult chitained indicates
that there is no significant difference in the procision of the two

methods at 1 o 109 lovels,

The ivon (FIT) moihod nearly alvayn indicatzd a higler
gossypol concentretion in a given extract than tho aniline
method of the AC.C.S. Ag these samples all contadn baund

gossynnl, the heating of samples in the procedures of 2.0.C.S

may lead to hwieolyeis of same of the bound goseol,

Although apadytical methods currently amloyel fior the
47 :
estimation of toral gogsypol  including the A.0.0.5 Tentative
61
rethods are adecnabs fran the viar-point of mccuracy and

precision, they arv time consundng., The propose’ method is
rapid and sinpla. Mo acouracy and precision of the proposed

rethod axe good and coirparable to othier methods,




Table 12,  Application of t Test to Covpare the Mean Valuos

o e

Proposed RJOVCLE,
Met-hod Fethod
"Numbher of Jdetomdrations 1o lo
Mean of Total Cogsypel 0.705 0,703
- Centank

Pooled Standard Tovisrlion = o,0045

£

o= 0,99
axpt'l

& S0 = 1,383 (at f0% nprobahility lovel)
critical

. = L.833 (a2 prohability level)
critcal

T = 2,262 (2t 95% preobability level)
critical

t o= 3,250 (at ©9.9% probkabilty level)
critica

Therefore, £t + < for all levels,

cexpt'l critlcal
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Ta.ble 13 .

Application of P Test w Compare the Frecision

Proposad LT, E
Mothod Hetheoxd
Humkar of detarvdnations 1o 1o
toran of Total Cossyrol 0. 705 0,703
contant
Btandard deviation, 8 0.005 DO
Scpave of Stadlard 2 0, 000025 o CONOLE
deviation, &
P
I S proccsed | .
f}x}:}tllﬂ‘ 2 ."" ln \)G
£ Da0.0.8
P C= 2,44 {at upver 10% point)
critica
v = 3,18 (at upper 5% point)
critical
- = 5,55 (ot upper 5% point)
critical
Therefore, F < P

axstt L

critical for all lovels,
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In addition, a e eated distillation of aniline iz avoided and
a simple solution of iren (TTI) in isopropyl-alochol~hesane
vas substituted az & color forming agent. Since the roaction
between iron (ITN) =i goesypol-aminopropanc). is vory fast and
proceads at roon toperature, in the pProposed procedure no
heating or cooling of the reaction nixture is ramiived which

affect the resuite,




Go CONCTIISION ~

A new mathod i proposed for the spectrefiohoasiric
determination of “total gossypol" in wottonseads based on
the extraction oi ¢ossyool by 3-aminc-l-propanol in
dimethylformemide, followred by reaction with iron (TIT) in
an acidic mediun to Zorm a. . stable green colove] conplex
soluble in n-hsuc~isopropy= alcohnl, The roaction is quite
sensitive and speciiic for gosaypol in 3-aminc=l=pworanol
extracts of cottonsends, The method is simple, ranid,
precise ond accnace andl 1t can comlate with othar comron
methods recommandind! for the determination €o tobal gossyvpol

in cottonmsosds.
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