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ABSTR{CT

l\llodificd soybean oil samples were prepared br1'

interesterillcation of'soy'bean oil rvitir oleic acid at a ratio of2:i
(w/w). -I'he interesterification process was conducted at variotis
rcastion temperatures (60. 90 and 120 "Ci). stirring periods (2"4 and 6
lrr) iind nickel concentrations (0.2" 0.'1and tl"6u,/o) as a catah,si."l-he

{htry- acid conrposition of the non-interesterified and interesteritied
soybean oii sarriples *ere deten'nined b--v gas-liquid chrornatography.
'fhe data demonstratcd that tire interesteriflcation prccess altered the

fattv acid cornposition of sovbean oil. [-lnder the t arious
interesteriflcalirin ccnditions. the levels iii- pairnitic acici (i6:Li)and
siearic acid ( l8;0) n'ere nearl,v unchangerl. rvhilst the lcle[ ol' oleic
acid il8:I) was increased. linoleic acid {i8:2) + linoleiiic aeid (I8:}}
r\ere decreased. respecfivel.,'. "tr-he proposed intercsterillcatir,xi
reaction conditions tr: proilucc so-ybcan cil characterized by !ox'

linoionic acid contenl G.4%) rvere 0.29'c, or 0.49'o nickel at i20oC and

4 hr: stirring period " The recommended inleresterillcation conditiorrs

f'or producing modified sr-i--vbean oil distinguishcd by high oxidative

stabiiity werc A.2% nickci. 90'C reaction tcrlrpcraiure and 4 hr
slirring period.

Ke ,vrtrds: interes/arilic'afittn .,,r'jr!i:,;hililv, sov'beatt oil,.vlt'tbilih"
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i.INTRODUCTION

InteresXeriilcalic.n process is ofien desirable to alter the
con:irosition of ac1,l moieties of naturallr: occurrirr1]. triacy,lglycerols in
iats and oils in orrjer to nrodi{i their phvsicai and chcmical properties
iYoung. 1985). It is usuailv involves ar Ieast tuo oil-s that have
different l'att5, acid composiiion (Konishi et u|..1993). The classicai
interesterification is characterized bf' randomization in the
disiributicn of acvl moieries in the trigll.'cc-ride moiecules i-ry'applf ing
a chemical ca'iaivsi such as sodium methoxide. sodiun: potassiurn
allor'. metallic soriium and sodium hydroperoridc (Sonntag. 1982). ln
'Liris respect. refined soybean oil and edible treci tailow werc
interesterilled w,ith sodiun: mr:thoxide as an altei-nativc nrethod to
hydrogenation firr the production of margarine oils (Lo and Flandel.
i983)" Palr:i oil and linoleic acici containing oiis (solbr-an oil. rice oii.
safffcwer oii. etc.) ll,ere interester;ilecl in the presence oi'a carall,sl
(alkali ntetal compound and or iipase) to produce an edible oil rrith
itrpror.,ed cold stabititl' and f1avour(Haga. i986). Vanaspati-like fat
was manufactured by interesterification of palm oli-so5,bean oii
mixture (6ii:,i0, rvilr,; i;l the irresence of 0.C5-0.129{, sodiuni
methoxide at 90- I -i0"C and reactiorr time of l0 min (Bhattacirar,l,ya
and Newaz. I987). Soft tube margarincs were prcpared by
iriteresterillcation of 20% b1,rveigirt cf gly.ceroltristearatc and 8C?,o

of u.iivc oil in the prescnce of sodium rnethoxidc as a catalyst
(Gavriiiidou anci Bcskou, i993).

For tlie oils and tats industry, enzyntic (lipase)
intcresterification prccesses ofiered a grcat potential to modili ihe
properties of different trighceridcs. Castor oil. excellent nrrturai
source tbr h1'droxl iated iaiil acids" rvas useci fbr interesterifications
r,,'ith beef tallo\.v b1'the acti{)n of chronro-bacterium viscrrsunr iipare
(lJaalck and Spener. 1989). Cocoa brurter-iike fat nas pri-parcd bv
interesteriiication from compleiel,v hvdrogenated cottonseed oil and
olive oil in the prescrce of lipase. The optintunr reaction titne ttr
produce the major conrponent of coca butter (l(3) palmitoil-3qit
siearoyl-2- monoolein, POS) was 4 hr. 'l'he melting point of thls
product .+as 39oC which cr-irrparcd nell to the 35'C melling point of
r:aturai coca butter (Chane c/ c/., 1990).
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The ir.iain ol-rjeclive ol tite prosent sturil. rvas tr.r produr:*
soybearr cil ciraracterized by a ior.v levcl nf linr-rlciric acid since this
L-ontpr)ilenl of soybean oil is rcsponsible fbr the fishy iidour durin_t
l\,ing. Also. dedu":e the intcrcsterificatiort reaction conditions lirat
lead to the productit'lt of sol,bean oil characterizcd b"v- high oxidativc
stabiiitl,

2. MATERLALS AND METHODS

2.1. Sources of tipitl materials
2.1.1.Blcached sorhearr oil u'as kini,lll supplicd iiom thc Clairo

L'ompanl oi Oils. lts peroxidc vaiue uas 1.8 lneq. Kg-r and
ncarl-1 liee {}om fiee fatty ecids.

2.1.2. Oleic acid was purchascd fl'c.m tlre Chemical Lionrpanv, Egl'pt.
The puritl' oi- oleic acid uas chccked bv TLI and gave ixe
spot.

2"2. Chemicals and soivents
Nie,kei catalyst w'as supplicd froln ihc Cairo Compirn_l ol Oils

with stated purit-v of 919,i,. Ali chemicals and solr'ents uscd
throughout the prcscnt ur'lrk lr,ere cf analr,'tical gradc.

2"3. [*tcrcstcri{ication process
-l'he intereslerifieatiori reirciion rvas cairicd out tr.,-' adrJing oieic

acid to si;r'trean cil at ii rittio r,rf 1:2 (wirvl in rr-hexane . Tlrr reactiou
conditions rlerc 0.29rir n!ckel, 50"{' rcaclirtn tenrperatrlre and 2 hr
stirrir.:g perioci. T'his experirncrrt \\ as repeated urder the sili]lc
coiiditior"rs of temper;iture and oatafi'st concr:ntration u'hils1 tlie
stirrins period r';as er,tr:nileil to be.':1 and 6l;r.-l'lris experimsnt wits
aiso reconducted at li:nlpcralriles ol'9(l'C arril il0"C under the iltrt-;r,e
r:tcntionei sallle conditions of catail s1 colrccrrtr'*tir:n- -{-lie

aibi'cnietrlicned set t-,f experim,"lrts \!src perfonned aeairr Lrsing 0.49,ir

and 0"670 nickel as a cirtalvst ulrder the afbrementioncd coirditions of
iemperatures and stirling periods instead of 0.2ozo calal_-lst. At the end
of' tlre experinreut the ieaction rrrir.ture ras agitatccl rvith sat. sod.
bicarl:ouatc solutiou and tl:e gl1,'cerides \\,t:re Lrxtracted with ether -

tltcir tlic solvent u'as evaporated. The interestcrif ied oii r.r,as anall'zcd.
T'able {i) sumrnarises the u,hrrie cxpeiinrcirts relavant to varicus
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*:re*crification cond ition s.

2-d- Preparetion and methylation of fatty acids
Lipid samples (0.5 g) under study were saponified with KOH at

ror>m temperat*re {2fi4/o, w/v) ovemight. The unsaponifiables were
erlracted three times with ether and the ether extract discarded. The
remaining soap sclution was acidified with sulphuric acid {20Ya, vlv)
and the liberated fatg acids were extracted three times with e1her.
The combined ether extracts rvere w'ashed seyeral times rry.ith distilled
\rater until the washings were netural to phenolphthalein and dried
over anhydrous sodium sulfate (Farag et a1.,1994). The farty* acids
were methylated with diazomethane ethereal soiurion (Vogel, l97S),
the solvent was rerroved and the residue was dissolved in chloroform.
An aliquot from this solution was injected into gas-liquid
cltrornatograph.

Table (1): Interesterification process under different reaction
conditions.

2.5. Gas-liquid chromatographic conclitions for the tletermination
of fattl' acids

'l-her fattv acid nicthyl eslers were anallsed b1 a GC\i P1e
[-,nicarn gas chlorriatoqraph equipped riith duai flanre ionizaiion
iietectors and fit1ed u,ith coiled glass ccluntns (l.5rri X -1 nrrl O.D.)
packed u'ith chromosorb R ( I00-i20 rnesh. AAW) and coared rrith
i {i'r o polr cth-r lene gli col adipate {PEUA). The e ol'rrnn o\ er'}

ieilrperl.tlLre uas kept conslailt at 190'C. rvith a niirogen florr rate ,_-,f

-1 
il ri.l :rrir as ii cairier gas. I'he f'it-ilv rates fbi lry'cirogen ancl air '.rere

Ni as Catalyst 7u Ternperature (

60
90
1zfi
6il
90

120

60
90
I20

L) Tiure (hr)

2.4and6
2,4and6
2, '1 and 6
2. .{ antl 6
2. .1 and 6
2. "l and 6
2. .l and 6
2. J and (r

0.2
0.2
0.2
0.4
a.4
0.4
0.6
0.6
0.6 .l and 6

,J
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i3 ml/min airci 130 nrlrmin. ruspcctivelv. Detector and iniector
terrperatures werc 3C0"L' and 150 "C. respectivclv. Peaks were
identifled using a stairdard nleihylaied tatt" aci<i mixture rrr: thc basis

of letertior-r tiurcs and nrcasured b3' using a prograr.rlinabic Pt.r ,tr810

Fhilips computint iltegrator. All saniples uere anal5,sed in tripiicate
and tiie nreatt r,alties agreed **ithir-r 27o.

2.6. Statistical analysis
The staudard anai,v-sis of variance proceciure of the tu'o

lactcriai experinrents in a compiete ly randonrized design *as applied

1"or all data accorr,ling to the tnethod outlined b1' Snedecor and

Cochran ii980). lhe least significant diffcr-encc (t.SD) testat 570

levei of probabilih \\'its userl to cotllpilre ttteai.i valttes ol all

lrcattnt:nts.

3. RESULT'S ANI} DtrSCt]SSION

T'lrcre ant- several In€thods used to improve soybean oil
*xidative sta.bilit-r such as partial hydrogcnatiotl . eddition of
s1'rrthetic ;rtticxidants (Sn1'ele r lr r:1. i986 and Warucr et rt|.19861.
naiural seiection and induce rltutation tc reduce tlr,; linolenic acicl

ccntcnt (An,rtr1'ntous 1990 iind Sco\\'crofi 1990) . Hovvcr.'er. aridative
stabiiity problenr lras trol becn compietell solvcd (N{tlurrts ei ctl.. 1988

arrcl Warner et ttl .. iq89), Mrlre()\'er. thsre is presentlv concern ahout

tlre nulritional saiet-v olparially' h-l.rirttgenated oils (Haurriann, 19901 .

It is iht'reiore. becotnins nlrlt'e illtp()t1ant io itnprove soybean oil
stabilit;' through changes in triacl'lgllcerol cornpositiou and structure

through planl brecding (Scor.vcroft. 1990 and tiaumatrn. 1990) and b-,"

etlzllne directed interesterification rvitlr mrire stabie fatty acids (Latta.

r9e0).
In the presetrt stttd-v., sovbean oil was interesterifled by mixing

rvith oleic acid at a ratio of 2:l (w/w')underrariousconditionsof
te tnpcratures, stirring periods and nicltel coitccnlrations as a catalyst.

J he intercsterification l-)rocess under thesc dilferent ccinditions u'as

c.ondu,.,ted to c,stalriish thc conditions that lead to the production rif
tnodified soybcan oil clraracterized b5' lovr liltole;ric acid 18:i conl'etit

and l,:ng shcif-lilb.
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Tb cuditions of interesterification process under study
rif hed to increase the peroxide value of the interesterified

fEfu due to the presence of nickel. In fhis circumstance, it is well
c$li$ed that nickel acts as a poor prooxidant agent and, the
imeSerfication process was conducted in an inert atmosphere (n-
hexane). Therefore, the peroxidation of the interesterified lipid
prodrct is nearly limited.

3.1. Fatty acid profile of soybean oil
The fatt1, acid composition of the non-esterified soybean oil is

shown in Table {2). For simplicity, the farry acid concentration of
soybean oil can be classif-ied into tlrree categories, i.e-,trace (<l%),
minor (<10->l%) and major (>10%) component. Stearic (18:0) and
Iinolenic (18:3) acids occurred as minor saturatedandunsaturated
coirslituenti. rerspectir e-lr .

Palnritic (16:0), oleic (18:l) and liri,rlcic i i8:lt aciris riere
ptesenl as major substatices.'Ihc tatry acids t,f 51-_itean .-ril can be
arranged accordirig to their concentratit-rns as ii-.llou s : ii;ttrlcic >

oieic >' palrtritic > linolenic > stearic acids.

3.2. Interesterification of sovbean oil bv oleic acid using 0.?o/"
n ickel.

Talrle 2 sliows the tattl' acid compt'rsition ,tf interesterified
sorbeari oil sanrples produced at 60.90 ard 120'C lbr 1.4 and 6 irr
stirring pericds. T'he data lbr the latty acids pattern of the
iirte resieriired sor beai.i oil samples shorved that the lelel o1'oleic
ac ids i 8. I \\ as obr iousll, incrcased contpared rr,ith the non-
interesttriiled cil. On thc othei' l:and" thr concentra.iions of linolcic
t 13'l i and lincierric acids ( i 3:3) r\,er-c remalkahi,v dec:reascd
compared ir itii the ni.ln-irrtereslerifie,d so).hea1 oii. ln otlrer rvords. the
interesteriflcci sor Lrcan oil sarnpie: had less linolenic and linoleic
acids than the untreated sor,bean crl. 'fhe cr)liteut of palmitic acid
( l6:0) and stearic acici ( I ti:0 ) \\'ere nearly, uuciranged b1'

intersteiificaticn. ln 
-ee 

neral. thc interesterii'ication proccss caused an

increasc in the llercenlage oi rr.rtal iorv unsaturated iatty acids an<J a
dccrease in the perccttage ol tolal itisht unsaiurated {at1y ac!ds. ir:
tiri:. r-e:pecl. Kaimai and Saroja (198S) reduccd the Ieyel of iini;lenic
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acid t(i 394 or iess b1 irrtcr-esterillcation (acidolysisl of the soybcan oil
usine lipasc as a catal-1'st.

The data in -l.abie 
{2) dernonsrratc lirat various stirrirg periods

at an), tL-llrperature (60.90 and 12f-)t'; irad r,'en iitrlc influence on the

irrtcrchauge o1'oleic. linoleic and iinolenic acids. Ht)u'c'er. thc lisc in
tcnlperature altered the concentrations r-rl these acids. For instance.

the reaction iempertures at 90 t' and ll0 t' exhibitcd a higher- increase

in oleic auiJ coniciri tlran thut al 6(l( \lso. rlrr rcauiicll icluperaturc{

aI 60 Cl anil 1l0C caused ariecrr-:asc in lincleic acicl ievel nhilsr. rhe

lcaction tt:lllperaturc at 90C' []r]ssesseLi ntuc.h greatcr reduction in

linoieic acid level. Since tlrc rnain purpose olthc interesterillcation
prrlccss was tr) rcduce tlre c*ncentration of linoleuic aeiC of so3,be4n
oii" the propo:;e,J ittlei'tstcritlcaiiorr reaclirirr crtndition in tiris sct,r{'
cxperiments to obtuin an oil lrith low iinoleinc acid cr.lntent (i.40 o)

were . l20C reactiou tentpurature. [i.]04 Ni as a cataly'stanri.i hr

stirring period. ['he equatiou reported b\, Cossror e et u!. { }987)
t()xidizabilitl- (J.02xolcic acidgo -i lxlinolcic acid?i - lxlinolenic
acid']zi,) uas used to estinrate the tixidi;,-abilit.v- oi- variuus
interesterilied s,-r-r,bean oil :;amples. 'i'lrc oridizabiiity.data 1'I"ahle 2)
irrdicaie rhat. ihe intcrcslcrification reaction col'lditicris necessarl t{_)

prcduce sor bean oil iecosriizeel h.r high stahiiit-r i..,ere: 0.29,i Ni. c)() C

reaction icinperatrirr and J hr srirring period

3.3. lnterestcrification of' sovbean oil b1. otreic acid using 0.47"
nickel
I hc faltl aciri coriiposition of' tlre interesierillcd solbean oil

satnpies under tirc reaction cLinditions at 6U, 90. and l20C anrJ

stirring pe riods of 1"4 and 6 irr arc recorded in .l'ahle (i).
Interesteri fi gation under i.iie alorcnrenti ol ed cond ilions denton slraled
that the levelolplamrtic acicl i5:()and stearic acid l8: 0 rrerc riearl_t

rrnchanged; thc icrvels ot. o!eic. linc.leic and linr-rlcrric acids were
significantir, !ncreased aniJ,lecreascd. respcclivcir. The resultanl
interesleriilid soyl'rean oii sanrples had li:ss lint-.lcic airci iinolenic
acid:r ihan the norrcsie rillcd so\ lrearr i;ii. in erther r,vords.
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interesterillcaiion possessed an ilrcrcase in tlre percentagc ofl.otal
lor.v unsaturated fattl acids anri a decrease in the percenraqe oltotal
high unsaturated fattl acicis. Oenerallr spcaking. thc stirring period
at anl' reactioit tentperature had nc crllect cn thc levels oi'oleic.
linoieic and linoienic acids Iiolrever. the rise iri te urperalurc in sonre
cases altered the fatt-l acid leveis. Ftir erample, the reactjrin

temperatures at 60 and 90 C had no effect on the decreasc oilinoicnic

acicis content whilst, the reaction tr-ntpcrature at i20C causecl nrore

reduction on linolenic acids lcvel compared rvith its levels at 60 and
q0 c.

The data in 'fable I clucidate rhat tlie treatment undcr the

{bllowing conditions: i}.-1% r.r-i. ll(}(' rcaction terlrperature irnd 4 hr

stirring period produced an esterillecl sovbean ,;il characterized b1 the
louest linoienic acids conicnt i3.49ir). Also. under thcsc condiliorrs
the resuitant utodilred 'io\ bean oil had a high statrilit3., tolrards
c:.riciatir e ranciditr sincc irs oxidizabilitr r.aluc- rvas the lor.vest
rrurnber {39.9) anrong tlie rarious rnoditled so}'bean oil samples.

3.4. lnteresterification of sot,bean oi! by oleic acid rrsing 0.69.2"

nir:kcl
The fatt_v ac id corripositiorr o{' dif}-erent interesterifi ed sor,bean

oil sarnples arc shon'n in I'aLrle (4). Ttle results shorved tliat the levcl
of linolcnic acids \\as nearlv uiraflected b_l diflercrrt
inierrstcrilicaiitx conrjitioris. but it rvas decreasu-d cornpared u,ith
uninteresteri'ied oil. The contents ol linolenic acid was increased
under the present interesteri{lcalion condilions. Conversell,. the
percentagcs oi linoleic auil Iinolenic acids u'cls obviouslv dccreaserj.
Once agairr. the modified soybean oil samples \\,erc recogltized h-v

less linoleic and linoleiric acid content than the untreated soybran
oil. I:r addition. intrre stcrifii;ation exhibitetl an increase and decrcase
in the percenlages of total low saiuratcd and hight unsaturater.J t-attv
acids, respecti'r,e11,. Hence. the present iltteresterification conditions
had a role on the distribution of latty acids in the trigl-ycerides of
rnodifiecl soy,bean oil sarnples. Iror instarrce. stirring fbr 2 hr at
anv rcaction ieritpcraturc decreased the linoienic acid content
cornparcd rvith lirrolenic acid level after stirring {br .1 and 6 hr. Also.
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interesterification at 90 and 120c stightl-v decreased iinolenic acid

content con:pared with its level at 60 C. In this set of experiments, a

modified soybean oi1 charaterized by low, linolenic acid content
\3.4%) can be produced under the inreresterification reaction

conditions of 0.60/o Ni. 60C reaction temperature ancl4 hr stirring
period.

Looking at ali the data presented in -fables (2,3 and 4). the
interesterification reaction conditions required to produce soybean oii
rvith low linolenic acids (3.4%) were 0.2on or 0.47; Ni , 1ZOC

reaction temperature and ,1 h stin'ing period ar 0.6YaNi, 60 C reaction

temperature and 4 h stirring period. To obtain soybean oil with high

stabili[', the interesterification condirions would be: A.Zo/oNi. 90C
reaction temperature and 4 hr stirring period.

As already ;nentir;ned. the interesterification proeess produced
modified soy'bean oii samples distinguished b1, high content oflorv
unsaturated faff.v acids and low percentages of high unsaturated fattv
acids compared witl, the non-interesterifled sovbean oil. In order tt'r

give more precise information on the distribution of various fatty
acids in the trigl.ycerides during the interesterification process . rhe
ratios of stearic +' oleic + linoleic + linolenic acids fbr the non-and
interesterified so1'bean oil samples u,ere calculated and the results are
silown in Table (5). The ratios of stearic + oleic - linoleic + linolenic
acids for the non-interesterified sol,bean oil rvas 0.44. The r"ange o1-

this ratio for the resultant soybean oii sampies bl. interesterification at
various conditions of nickel concentratrons (C.2" A.4 and 0.6%),

reaction temperatures (60, 90 and 120C) and stirring periods (2" -l

and 6 hr) was 0.93-2.25.
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