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ABSTRACT

An efficient procedure for the lipase-catalyzed esterification of starch has
been established in a solvent-free medium. Corn starch was used as the
acyl acceptor and oleic acid was used asthe acyl donor. Inorder to improve
the reactivity of native starch (NS), it was pretreated with NaOH/Urea
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hybrid solution at cool temperature below -10 °C. The esterification of
starchwas carried out at different initial a , temperaturesfor different times.
The amount of lipase and the ratio of starch to oleic acid also had been
studied. The maximum degree of substitution of starch oleate 0.229 was
obtained by the presented method. The NS, pretreatment starch (PS) and
starch oleate (SO) were analyzed by means of SEM techniques, FT-IR and

HNMR.

INTRODUCTION

To devel opment the bi odegradabl e and environ-
mental coordination material hasbecometheresearch
hotspot with the growing concern onthe global prob-
lem of environmentd pollution and resource shortage.
Starchisanatura, renewable and biodegradabl e poly-
mer produced by many plants. Itisfoundinroots, stalks,
seeds of staple cropssuch asrice, corn, whedt, tapioca
and potato*2. It can be said, starch isthe natureinex-
haustible and renewable source. It isthe second most
abundant biomass material in nature and has already
found numerousindustrial applications. And starchy
material itself isnon-toxic, sothatitisinlinewith the
material requirementsof biodegradableand environ-
mental coordination. Therefore, the starch asamatrix
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materid must haveavery widerangeof potentia gppli-
cations.

Thehydrophilic natureof starchisthemgor limita
tion for the development of starch-based materials.
Chemicasderivatization of starch haslong been stud-
ied asaway to solvethisproblem by producing water-
proof materias. Chemica modification of starchisof-
ten required to better suit itspropertiesfor specific ap-
plications. M odification of the hydroxyl groupsof starch
to form appropriate degree of substitutionimpartsther-
mopl asticity and water resi stanceto themodified starch
over theunmodified one. However, thechemical reac-
tivity and reaction efficiency of NSisusually low!.
Reactions on starches to prepare highly substituted
derivatesarenot easy, mainly because of thedifficulty
todissolvegranular archin asuitablemediumwithout
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sgnificant degradation and thedifficulty toincorporate
thefatty acid with starchi.

Sachisamulti-crygdlinepolymer. Thesemi-crys-
talinestructureof starchiscomposed of thecrystdline
region and theamorphousregion. Thedense structure
of crystdlineregion limitsthe penetration of chemical
reagentsinto theinsde of starch molecules, sothat re-
aultinginlow reection efficiency and low degreeof sub-
stitution of product. So research on how to properly
changethe structure of starch and to reducethestarch
crystallinetoincreaseitsreaction efficiency both are
very important study workg5¢,

Currently, the general methods of pretreatment
starchinclude chemica methods, physica methodsand
enzymatic methodsdestined to modify thestructurein
thecrystallineregion or decreasethesizeof crystaline
regionstoincreasethereactivity of starch and convert
naivestarchinto cold water solublestarch™. Coldwater
soluble corn starch wasfirst produced by Eastman®,
by slurring corn starch in selected aqueous a cohols
under thehigh temperature and pressure. Although the
enzymatic method can effectively degradethestarch, it
will takelong reactiontimeand theenzymeactivity in-
volved inthewholereaction processinfluenced by many
factors so that the reaction conditions must be con-
trolled strictly; Asfar asthe moist heat treatment, ra-
diation, microwave, extrusionand other physical meth-
ods, thelarge energy consumption and the specialized
equipment limited the gpplication of theminindustry;
At present, the NaOH/Urea hybrid sol ution has been
widely used to dissolve cellulose. Themethod doesnot
usetoxic chemicalsand does not pollute the environ-
ment. Thecrystallinity of cellulose could be decreased
after pretreated by sodium hydroxide/ureahybrid solu-
tion. A new method for preparing granular cold water
swdling/soluble starchesby d coholic-akali trestments
has been studied by Seung(®. Inthispaper, corn starch
waspretreated at low temperaturesusing NaOH/Urea
hybrid solution. The cold water solubility of pretreat-
ment starch and the esterification activity werestudied
in-depth.

Interest in an enzymatic routeto esterify starchis
fairly recent and most works have been published after
20051, with the exception of oneearlier investigation.
Most enzymeswork effectively inwater reach environ-
ment only, but lipases arethe oppositeexamples. Itis
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known that lipase may be employed as effective cata-
lyst of esterification, trans-esterification or ester hydroly-
sisin solvent-free syssem™4. Unlike chemical esterifi-
cation, enzymatic oneespecialy in solvent-freesystem
isanenvironmentaly friendly method which occursun-
der milder conditiong*?*3l, Regio-specific and stereo-
specific esterification can beeasly carried out using en-
zymes. Theuseof extra-cdlular lipasesas cataystsfor
estersproduction hasagresat potential. Infact, usnga
biocatalyst éliminatesthe disadvantages of the chemi-
cal processhby producing very high purity compounds
with less or no downstream operationg 419,

Presented work focuseson some preiminary stud-
iesonenzymétic sarch esterificationwitholeicacidina
solvent-free system. Firtly, native starch (NS) waspre-
treated with NaOH/Ureahybrid sol ution at cool tem-
peraturetoincreaseitsreactivity. Secondly, the pre-
treatment starch was esterified with oleic acid by
Novozym 435 (Lipase B from CandidaAntarcticaim-
mobilized on macroporous acrylic resin) in asolvent-
free system. And then the effect of variouskinds of re-
actioninfluencing factorson the DS had been studied
to obtainthehigh DS of starch ol eate.

MATERIALAND METHODS

Chemicalsand enzyme

Corn starchwas purchased from Harbin M& Wang
Reagent Company, China. Thewater content wasde-
termined by drying the corn starchin avacuum oven at
50°C until constant weight was achieved and was 16.2%
(w/w). Oleic acid waspurchased from Shanghal Chemi-
ca Co., Chinaandisof andyticd grade. Novozym 435
(Lipase B from Candida Antarcticaimmobilized on
macroporousacrylic resin; specific activity: 10,000 U/
g) was purchased from Novozymes, Denmark.; Dim-
ethyl sulfoxide (DM SO) purchased from Shanghai
Chemicd Co., Chinaandisof chromatography grade;
All theother chemicasareof anaytica grade.

Methods

Sarch pretreatment

The 9% agqueous sol ution containing NaOH/Urea
at thedesired ratio of 2 by weight wasused asa sol-
vent for starch. The solvent was pre-cooled to below -
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10°C. Then the starch sample in the given amount of
5% was added immediately intoit. The native starch
(NS) wascompletely dissolved within 5min by stirring
at 3000 r/minand theresultant solution cameout trans-
parent. Thetransparent solution of starch was neutral-
izedwith HCI (15%) until it reached neutrality. Then,
starch was preci pitated out from the neutral starch so-
|ution by adding 50mL ethanol drop-wise. After vari-
ousdurationsof dropping treatment, the precipitates
werewashed by successive centrifugationsin 95% of
ethanol until no HCI existence. Where-&fter, they were
washed with 100% of ethanol to remove water. The
resulting precipitateswere vacuum dried at 50 °C for
24 h.

I nitial water activity control

Water activity or g, isanimportant consideration
for bio-catalysisin sol vent-free medium. All the sub-
strateswere equilibrated to fixed water activities(a, )
over saturated sat solutionsand molecular sieve (q,
<0.01) inclosed container at 2501. Thefollowing sadts
were used: LiCl (a, = 0.11), MgCl, (a, = 0.33),
Mg(NO,), (a, = 0.54) and NaCl (a, = 0.75)1*.. The
enzymewas equilibrated in separate vessalsat 2507

General procedurefor Lipase-catalyzed esterifi-
cation

Reaction setup for esterificationwascarriedoutin
a25mL closed, screw-capped glassvials containing
oleic acid and pretreated starch (PS) or native starch
(NS), whereoleicacid asthe acyl donor. To conduct
thereaction under thenegt conditions(without solvents),
a2:1 weight ratio of oleic acid to starchisneeded to
provideenough solution volumeto dissolvesolid starch
and to stir the suspended immobilized lipase. Thees-
terification wasinitiated by adding immobilized lipase
(Novozym 435) into each glassvid. Glassvidswere
placed up right on amagnetic stirrer and incubated at
55-75°C, 50 r/min for 3-24h.

Deter mination of thecold water solubility (CWYS)

TheNSandthe PSweredispersedindistilled wa:
ter at aconcentration of 10 mg/mL at room tempera-
ture. Stir for 15 sat 500 r/minand for 2minat 10001/
min to prepare the starch solution. The solution was
centrifuged at 6,000 r/minfor 15minand 25mL super-
natant wasdried at 11007 until constant weight.

The solubility of the NS and the PS were cal cu-
lated asequation (1):

10
M 100

X 25 (D

wherem_ isthedry weight of 25mL supernatant, g, m,
isthedry weight of sample, g.

CWS(%) =

Deter mination of thedegr eeof substitution by GC
analysis

The DSindicatesthe average number of substitu-
tions per anhydroglucose unit. Therearethreefreehy-
droxyl groupsof per anhydroglucose unit availablefor
modification, resultingin amaximum possible DS of 3.

A small sample30 mg of starch oleate dissolvedin
ImL DM SOwasmixedwith 1mL of sodium methoxide
(0.07 M) in methanol solution. Thismixturewasthen
heated (70 °C) under reflux for 40 min, while shaken,
then cooled and 1mL of deionised water and 1 mL of
n-heptane were added. The mixturewas shaken for 1
min and | eft to settle. Thetop organi c phase contained
the methyl ester and could be removed and injected
into the GC-FID (Perkin-Elmer Autosystem XL witha
CP Simdist capillary column, oven set at 220 °C, the
injector at 250 °C and the detector at 260 °C, flow
rateof N,and airis4.5mL/min and 5.5 mL/min, flow
rateof tail-blowingis5.0 mL/min).

Calculation DS of the SO

Oncethemethyl ol eatewas quantified by GC chro-
matograph, the average mol of acyl groups per
anhydroglucose unit was cal culated to givethe DS of
SO. DS was calculated according to the modified
method of K shirsagar*” asequation (2).

DS-= M,

Mo_nx(M 2_M H;O) @
wherenisthemol of esterifiableoleicacid; M isthe
weight of sample, g; M, isthemolecular weight of an-
hydrousglucoseunit, 162; M, isthemolecular weight

of oleicacid, 282.47; M ,,isthe mol ecul ar weight of
H,O.

SEM micrographs

SEM micrographs were obtained with a Quanta
400 scanning € ectron microscope (FEI Company, Hol-
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land) at an accelerating voltage of 20 kV.
FTIR spectra

FTIR spectra were recorded using a Vector 33
spectrometer (Brucker Company, Germany). Potas-
sium bromide (KBr) diskswere prepared from pow-
dered samplesmixed with dry KBrintheretio of 1:100.
The spectrawere recorded in atransmittance mode
from 4000 to 400 cm'* at aresolution of 4 cm™.

'H NMR spectra

'H NMR spectrawererecorded at room tempera-
turein DM SO-d, by using tetramethylsilane(TMS) as
an internal reference on a Brucker DRX-400 NMR
spectrometer (Germany) at 100 MHz.

RESULTSAND DISCUSSION

Exploratory experiments

A number of preliminary experimentswere carried
out toinvestigate whether thelipase catal yzed esterifi-
cation of starch with oleic acid isindeed possiblein
solvent-freemedium. Theexploratory experimentswere
performed with lipase Novozym 435 asthe catalyst at
varioussubstrateratios and temperaturesfor 3-24h. At
the end of reaction, the product was soaked in 95%
ethanol for 10 min and washed thoroughly with 60 °C
ethanol to remove un-reacted oleic acid and dried
(75°C) till constant weight. The immobilized lipase was
removed with 80 screen mesh. Esterification of native
starch and pretreatment starch with oleic acid catalyzed
by lipase under solvent-free system at the reaction con-
dition: starch: oleicacid =1: 4, w/w; 65 °C for 24h. The
DS of Pretreatment starch oleate was 0.178, but the
DSof native starch oleaste wasonly 0.001.

SEM micrographsand thecold water solubility of
PSand NS

SEM micrographsin Figure 1 show the sizeand
morphology of starch particlesinthedurries. TheNS
(Figure 1-A) had amean diameter of 10pm which is
withinthegranulerange of 4-15um with a smooth sur-
face. When starch was pretreated by NaOH/Urea, the
average particle size of PS decreased to about 1um
whichiswithinthegranulerangeof 0.5-1.5um. The PS
particle adsorbed to agglomeration and itssizedistri-

bution wasunevenasshowninFigure1-B. Thesmaller
Sizeof the pretreatment starch improved the degree of
substitution of starch ester, that maybe dueto thein-
creaseof thesurfaceareaof starch. Theincreaseof the
surface area of starch creased more opportunitiesfor
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Figurel: SEMi
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other substratestotouchit. Incomparison with PS, the
particlesof SO (Figure 1-C) wereeroded significantly.
The surfaceof the SO particlesbecomerough and there
were almost no smooth particleexistence. It wasdiffi-
cult to obtain well-defined pi ctures of non-aggregated
particles. That may be because of the heterogeneity of
thesizeof SO particles.

Solubility isanimportant indicator for eval uation
the physical properties of starch, it showsthe water
binding capacity of starch. It isrelated with themolecu-
lar structure of starch, particlesize, and the content of
amylose. Theexperimentd resultsshowed that the cold
water solubility of PSis96.77%, whiletheNSisonly
0.30%. The increase of cold water solubility of PS,
that may bebecause of the particlesizebecomesmdler
asshowninFigurel. Thedecreaseof theparticlesize
of PS made its specific surface areabecome bigger.
Theincrease of specific surface areaof PS could pro-
motethereaction of water with starch. That istherea
sonwhy thecold water solubility of garchwasimproved
after pretreatment by NaOH/Urea. Thisresult further
confirmed that the cold water solubility of starchisre-
latedwithitsparticlesize.

FT-IR analysis

Inthe NS spectrum, the characteristic peaks (954
1,184 cm?) are attributed to C-OH bond stretching.
Another strong broad band due to hydroxyl bond
stretching appearsat 3,000-3,600 cm* (Figure2-aand
Figure 2-b) which isreduced on SO (Figure 2-c). A
characteristic peak C=0 bond stretching presentinthe
starch occurred at 1,661-1,623 cm?, whichisintensi-
fied onthe PS (Figure 2-aand Figure 2-b). That dem-
onstrated themolecular chain of starch had fractured
after pretreatment(*®, A strong absorption band at 992
cmt, which gppearsat 1,024 cm, probably dueto the
stretching of the C-O—C bond, was present in the spec-
traof the starch consistent with the earlier report by
Huang . Thered shift of C-O-C bond stretching could
weaken the hydrogen bond. An extremely broad band
dueto hydrogen bonded hydroxyl groups (O-H) ap-
peared at 3,400 cnr? which was attributed to the com-
plex vibrational stretchesassociated with free, inter-
andintramolecular bound hydroxyl groupswhichmake
up the gross structure of starch??. Theband at 2,919
cmischaracteristic of C-H stretches. These spectra

havesmilar profiles. Thedifferencesbetween NSand
PSwerethe C=0 bond stretching and thered shift of
C-O—C bond stretching. There was no new peak
present.

In comparison with the spectraof the PS, thema-
jor change of SO isthe presence of acarbonyl C-O
absorption frequency at 1,735 cm. Thestrong O-H
stretching band at 3,400 cnmr? inthe SO decreased in
intengty following eerification of garchwitholeicacid.
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Figure2: FT-IR spectraof NS(a), PS(b) and SO(c) of sol-
vent-freesystem

'H NMR analyses

Almost al of the SO products are soluble in
DM SO-d, except for the productswithaDS higher
than 0.26. These productswereonly partially soluble
inDMSO-d,. Toimprovethesolubilityin DMSO-d,,
one drop of TFA-d, was added to the mixtures 124,
Figure 3-aand Figure 3-b show thetypical *H NMR
gpectraof NSand SO product respectively. The broad
and overlapped peaks in the region 63.3-5.6 ppm
are assigned to the starch protong?21, The peaks at
0 0.8-2.2ppm correspond to the aliphatic hydrogen
atoms of thefatty acid chain (Figure 3-¢)!?4. Theab-
sence of resonancesin the olefinic region (6 7-7.2
ppm) indicates that the products are free from un-
reacted oleic acid and that the work-up procedure
involving thorough washing of the product with etha-
nol was successful.

Optimization of reaction conditions

To study the effect of reaction conditions on the
DS of SO, anumber of experimentswere performed
at variousreactiontemperatureand initial weater activity
for different time. Furthermore, the effect of theratio of
sarchtoolecacidandtheratio of starchtolipasewere

explored.
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Figure3: *H NMR spectraof NS(a) and SO with DSof 0.08
®)

Effect of initial water activity (a, ) ontheDSof SO

Water isessential for enzymatic reactionin non-
agueous media. It isassoci ated with maintenance of
enzyme’s active conformation or the “loosening up” of
therigid structure of an enzyme®29, The meaning of
“Essential water” is that the necessary least amount of
water to maintain the catalytic activity of enzyme. En-
zymesaredifferentinther ability toretain essentia water
indifferent reaction media, thereforethey aredifferent
inwater requirementsto expresstheir catalytic activity
invarious medid?’. However, the presence of excess
water in reaction mediadisfavors synthetic reactions
whileencouraging hydrolyticreactionssuch ashydrolyss
of acylated products and acyl donors(e.g., activated
esters)®2, Therefore, it isparticularly important to pay
attentionto initial water activity control inthe case of
lipase catal yzed esterification of archinasolvent-free
system. Inthisstudy, thelipase catalyzed esterification
of starchwascarried out over awiderangeof g, to see
theeffect of 3, on DS of SO and to determinethe op-
tima g, for thisreaction.

AsshowninTABLE 1, Novozym 435 catalyzed
starch esterificationwith oleic acidin solvent-free sys-
tem had aclear g, dependence. When g, value was
below 0.75 in reaction media, DS of SO decreased
withtheincreaseof g,. Theseresultssuggest that avery
smal amount of water could sati sfy the requirement of
Novozym 435 for holding essentia water |ayer to per-
formitscatalytic functions properly®. On the other

BioTechnology —

hand, g, abovetheoptimum valuealowed theenzyme
completely hydrated, but the competitive hydrolysisof
the productstook place and hencelimited the acyla-
tion. Theoptimd initial water activity (g, <0.01) rep-
resented themost appropriate water condition for the
bal ance between the above-mentioned conflicts.

02 r

0.15 F

DS

0.1 F
0.05 F

O 1 1 1 1 1 1

50 55 60 65 70 75 80

Temperature ('C)
(Reaction condition: a, < 0.01, starch:Oleic acid =1:4, w/w, cata-
lyzed by 0.1g Novozym 435 lipase for 24h )

Figure4: Effect of reaction temperatureon theDS of SO
Effect of reaction temperatureon theDSof SO

Thereectiontemperaturehasasgnificant influence
on thekinetic activity and stability of enzyme. It dso
affectstheliquefaction of substrate, theviscosity of re-
action system and thethermodynamic equilibrium of en-
zyme-catalyzed reactions. The maximum DS of SO
(0.178) wasachieved at 6507 incubation. Asshownin
Figure4, thesignificant increase of DSwithincreasing
temperature from 5507 to 6507 resulted from the accel -
erdion of diffusonandintringcenhancement of enzyme
activity. Higher temperaturescan activatethe substrate
molecul es, reducetheviscosty of reaction mixtureand
lead to ahigher DS of SO. However, excessivetem-
perature would |ead to the deactivation of thelipase
and causeadight drop of the DS of SO. Thismay be
dueto partid lipasedeactivation at higher temperature.
Theresult wassimilar inthefindingsby most reviewed
papersthat Novozym 435 wasoptimally used at 55 °C
to 70°CBY, The DS decreased dightly after 65 °C prob-
ably caused by the vibration and movement of theen-
zymemolecule, whichwould affect thehydrogen bonds
and other bondsinthelipase structure. Hence, theen-
zymemoleculewill unfold and dter itstertiary and qua-
ternary structure or globular structure (three-dimen-
siona conformation). Consequently the catal ytic power
of lipasewill be reduced, because denaturation pro-

Hn Tudian Jounual



BTAIJ, 8(12) 2013

Jiaying Xin et al.

1723

cesshasoccurred. At high temperature (60-65 °C), a
higher water evaporation rate may shift the position of
the equilibrium to the product side and increasesthe
DS, |t dso promotescollisonsbetween enzymeand
substrate moleculesto result in accel erated rates of re-
action. According to Novozym 435 product sheet,
Novozym 435isahest tolerant, immobilized enzyme
withamaximum activity at 70-800. However, itissug-
gested that the enzyme should be used at 40-65 for
the sake of its stability. In the subsequent studies, the
reaction was carried out at 65 for SO synthesis.

02 r

0.15 f

DS

01 p
0.05 f

O 1 1 1 ']
0 5 10 15 20

enzyme dosage (%)

(Reaction condition: aw < 0.01, starch : oleic acid =1:4, w/w , at
650 for 24h)

Figure5: Effect of enzymedosage on the DS of SO
Effect of catalyst loading on theDS of SO

Internal diffusion problem could happen whenthe
subgtrate could not reach theinner partsof the support.
The effect of catalyst |oading was studied from 1 to
15% (w/w of starch) under otherwise similar condi-
tions. Asshownin Figure5, the DS of SO increased
with theincrease of catalyst loading. It wasfound that
the DS of SO increased from 0.034t0 0.178 when the
enzyme concentration inreaction mixture changed from
1%t0 5%. Thereforetheinterna diffusion limitations
could beminimized by increase catdyst loading. Since
therewas significant decreaseinthe DSof SOwiththe
increase of catalyst loading from 5% to 15%, further
study on thereaction parametersunder the 5% catalyst
loading. Theseresults suggest that the excessenzyme
did not contributeto theincreaseinthe DS of SO. That
ismay be because of, at saturation point, all the sub-
strates are bound to the enzyme and added enzyme
molecule could not find any substrateto serveasare-
actant.

In esterification reaction, the amount of catalyst

————, FyurL PAPER

loading will influencethetotd reactiontime, whichis

required to achieve desired conversion™!. The pres-

enceof higher amount of catalyst |oading providesmore

activesitesfor acyl-enzymecomplex formationandin-

creasesthe probability of enzyme-substratecollisonand

subsequent reaction. The negativeeffect of further in-

crease in enzyme concentration may be dueto mass

transfer limitation and poor dispers on of enzyme par-
tides.

0.25 r

02 F

0.15 F

0.1 p

0.05 F

DS

o

0 10 20 30 40

Time (h)
(Reaction condition: aw < 0.01, starch : Oleic acid =1:4, w/w ,
catalyzed by 0.1g Novozym 435 lipase at 6501)

Figure6: Effect of reaction timeon the DS of SO
Effect of reaction timeon the DS of SO

Timecourseinvestigation givesaninsight into the
performance of an enzyme asthe reaction progresses.
Such progress curve hel psto determinethe necessary
shortest timefor obtainingidea DS and to enhance cost-
effectiveness of the process 2. The DS of SO pro-
duced a varioustimeinterva swaspresented in Figure
6. The DS of SO increased with theincrease of reac-
tiontime. Novozym 435 gavethe highest DSwithina
reaction period of 12 h (0.189). After 12 h, the DS
wasrelatively constant. Thismight beduetothereac-
tion had achieved thereaction equilibrium. Theinitial
reaction wasrather insengitivein the solvent-free sys-
tem, sncethesubgrate-diffusion limited theesterifica:
tionreaction. Therapidly increase of DS after 6 h of
reaction may bedueto thee miscible degree of thetwo
substrates and the contaction level of substrateswith
lipase, which had al increased in an adequate valueto
accommodate the esterification process.

Effect of theratio of starchtooleicacid ontheDS
of SO

Relative proportionsof various substratesinare-
action mixturedefined the physica and chemical prop-
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ertiesof areaction system. Theratio of onesubstrate
to another isanimportant parameter affecting thereac-
tion equilibrium. Theeffect of ratio of starchto oleic
acid onthelipase-catayzed estexification wasshownin
Figure?.

0.25 p
02 F
0.15 F
0.1 f
0.05 F
0 " " 2 )

1:0 13 1:6 1:9 1:12

v
-

ratio of starch to oleric acid (w/w)
(Reaction condition: aw < 0.01, catalyzed by 0.1g Novozym 435
lipase at 6500 for 12h.

Figure7: Effect of theratioof starch tooleicacid ontheDS
of SO

The synthesisreaction wasrun for variousratios of
substratesin solvent-free system at 6501 Theoretically,
excessole cacid can promotethereaction equilibrium
shift to starch ol eate synthesis. To conduct thereaction
under the neat conditions, the 1:2ratio of starchtooleic
acid isneeded to provide enough solution volume (oleic
acidvolume) to dissolve solid starch and to stir the sus-
pended immobilized enzyme. In our study, the starch
wasfixed at 2.0 gwhiletheratio of starchtooleicacid
variedfrom 1:2t0 1:10. Asshownin Figure 7, theratio
of acyl acceptor to donor has been shownto effect the
averagedegree of esterification. Decreasetheratio of
starchto oleic acid from1:2 tol:6 resulted in acon-
comitant increase of the DS of SO and reached 0.249
at theratio of 1:6. Theincrease of theamount of oleic
acid decreased the viscogity of reaction system and the
mass transfer rate was speed up. So the DS of SO
increased with the decrease of the ratio of starch to
oleicacidfrom 1:2t0 1:6. Theincrease of the DS of
SO with the increase of oleic acid a so could be ex-
plained by athermodynamic shift of theequilibriumin
favor of the synthesis of the ester dueto excessoleic
acid. Also, it has been reported that the active site of
lipaseisaccessibleto the substrate through anarrow
hydrophaobic channd . Increasetheamount of oleicacid
resulted intheincrease of Log Pleve of the medium.
The hydrophabicity of reaction system was enhanced

BioTechnology —

astheincreaseof theamount of olecadd. Theincreasing
hydrophobi city probably induced the conformational
changesof Lipasethat madetheactivesiteof thelipase
to exposeto the substrates.

However, further increasetheamount of oleicacid
beyond 129 but kegping theamount of starch unchanged
would decreasethe DS of SO. When the substratera-
tio wasdecreased from 1:6to 1:10, the DS of SO de-
creased from 0.249 to 0.189. The negative effect of
excessof oleic acid could bedueto the decrease of the
concentration of enzyme, whichmay resultinlow inter-
action between the substrate and the enzyme.

CONCLUSION

Corn starch was successfully activated through pre-
treatment with NaOH/Urea/H, O sol ution at |ow tem-
peraturebelow -1001. Thesmaller particlesizeof starch
after pretreatment led to the greater cold-water solu-
bility (96.77%). Theestexification activity of cornstarch
has been significantly improved after pretreatment. In
comparisonwiththeDSof nativestarch oleate, thehigh
DS(0.229) of pretreatment starch ol eate could be ob-
tained by using theinvestigated method under the opti-
mum conditions: g, <0.01, starch: oleicacid =1.6 (w/
w), catalyzed by 0.1g Novozym 435 lipase at 6501 for
12h. Obtained resultsindicated that theinvestigated
method may be used for obtaining high DS of other
long chainfatty acid starch esters. Compared with corn
starch, carbonyl band of starch ester produced by es-
terification had been detected by IR spectrum and *H
NMR spectrum.
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