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ADSTRAK

Pati sagu vang tidok diperlabukan berodn sehagat simukeae kosilie yang sangal kampak, reaks1 ensimatik don
produk vang dibasilkan sangat rendoh, Untek i, kembinest pertakivan pati sagu mengmnokan asam dan
penaiasan 4i bavwab tmperatr galatinisasi dapat membuat granula pat sagon mengembang dan membentuk
lubzng pada permckaan granula, yang kemidion dapat meningkatkan esceesihilfioy pasi sagu untuk dissmng

-roas

olely enzim. Pada kondisi optinowm dan setelah 24 jom terjzdi hidrolisis secara enzimatik camporan 22 %%
konsentrasi pati sapu fanpa perlakuon dan perlikizn menggumakan asam sehagai subsicmt don 100 units'mE

enzitn dapat dibidrelisis menjadi plekoss sebesar 53,3 % dae 71,% % berturut-tunat,

INTRODUCTION

Praducts  from hoedralysis of sasch seely as
maliodexirin, com syrup, glusose syrep and ligh
fructoss svrups have wide application in the food,
textilz, brewing ond  pharmaceutical  dndustrics.
Since thess producss have mainly been decved from
com, barkey and peiala starch, it sheuld be possible
g ohiain similar praducts frem the proceasing of
sawe slarch,

Tlee wse aof enzymes for e breakdown of starch has
same distinet adwaniapes owver he less specific
melhod of acid lyydrelvsis, Enzymartic hydrolysis can
b2 completed a1 relatively low lempembires and
pressures  whilst maintaining a high  pH, b
minimizing  the  formation of  undesitable
compongnts due o thermal effecis and low pH.
Becontly, plocoss hasg been prodeced from direc
conyersion of maw starches wsing the novel raw
starch degrubing enzyme 10 replace ceaventional
mnethod in the glocose syrup production ' Prospect
of glecpee syrup prodection Trom eaw starches
especially mw sago stacch ds ioceresing dor the
fumipe, This prospect is sepaotied by the abundan
ravw sago sarch preduciion in Esst Asin such as
Indonesin and Malaysin. 10 is estimated that ahoct £
millizn ton of sago starch extracsted fram sago palns
are prodeced per oannum in Southeeast Asat
However, raw  asacches  exist as Ihe  compacl
crystalline siruciure.

The enzyme reaction rabe and yield of preducts from
raw sago starch was reported to Be fop low Tar
industrinl application’. The binconversion nf sxpa
starch was limited by high paste viscosity and
resistance of the raw gronole 19 enzymenc
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leydrolysis’. In order w0 increass the seecepubilive of
raw sago sfarch and tmprove plucose pradection, i
has to be weared wilh acid below gelatinization
iemipsratuse, The presear werk repoend Emprovement
ol glucoss produciicn inthe cozyme peaction svsicm
wilizing zzid-treated mw 2ago starch as suhatrare.

METHODOLOGY
Freparation of RSDE Solufien

Rmw  stazch  degrading  enzvme (RSDE}  from
Acremaorizee spo endephytic fungus was prepared,
The enzyme wis concenltaled by ulimfilztion o
100 umitsml.,

Freparation of Acid-Treated Sago Starch

Ten percent raw s2ga starch slundied in (0l M HCE
Tadfer salufion ot various pH berween 2.0 - 3.5 and
kept at temperatures of 50, 33, 40 ond &5 *C. The
satutten was held for 1 = 2 bres at fhe incubation
lemnperatures. Adter the incubation, the starch was
washied thoroughly with lap waler 10 nemove the
aeid and fileced by mushn cottan, dred oo roomm
teoperatues and powdered maneally.

Meosurement ol Physical Properties of Sapo
Srarch

Brobender Viscoamylograph (medel VAN was
used o detcrmiing ez phyaieal propecties of the
teeared starele 2748 g of starch (dey woeigh basis)
wire welghed and slemied in disnlled veater o give a
ioial volume of 400 mL., Tle sluesry was rasslfzed
10 a Brabender Visceamylagroph and heated feon 50

is
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A 93 M0 A0 s held gt 95 °C for 30 mim and
canled do 30 SC in 30 pue. The gelatinizatien
temperature mnge, peak viscasity,  breakdewn,
szlmack and cansistenay wers deteaninad from ihe
Brabender amylopgz=m

Ensymatic Hyidrolysis of Starch Granules

E:|.1'_i.ln|1l:|.' hydmlysis al starch was cammied aul in
the peaction mixtures consising | mL of 2 % {wi)
substrade in 0.1 M acetale heffer 2 5.5 and 1 ml of
enzyna selutian, Incubntian was carned qut ar 53
C fee 30 min aed dhe ceacuion was swopped by
heating in boeiling water for 5 min. The redecing
supgar produced was deterningd By the Millzr's
method %,

TDiederminntion of Glugose Conversion

The amount of glucoss produced was pnalyzed by
HPLLC wsing: the MNHA- 180 column (25 cm o x 6,5 mm,
Merck-Germany}, The eolumn was mainsninsd 21
I8 with BO0% (wiv) accdonitrile (HPLC grads] in
deionized witer a5 e mobile phass ot 12 mL/min

RESULTS AND DISCUSSION

Effect nf Al:'in.']-":l'r:mptrnture Fretrentment an the
Bhenlogical Praperties of Sago Starch

Raw =apao stapch caisis a3 comnpact orgstalline
structure and  pradece hagh wviscasity when
gelatinized. The susceprtibiliny of the w awzrel oo sz
arizckod by enzyowe s low. Thos, the sapa search
must be reated before peing enzyme for indosimal
applcatian, Table 1 show the chealagical propiertzes
of acid-reaped  and  uncreated  saga starch oas
delermined by Brabender anylograpls.

The agid-treated and wnireated sapo starch shows
different initial reperatures of gelatinization. Far
apid-freated saga stopch pranules the gelatinizaiion
femperature raised to 6RF ST, whereas that of
upbrzated, 0 wasg G55 "0 ag owall as far typieal
pelatinizatian prefile of swek™. In additen the
gelotintzatian prefiles of  raw saga, arcowroet 2nd
cassovn shawed gelatinization temperaneres in the
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range  43-00
respecrively,

O, TEA0 T and  £E-800 O,

Other researchers reporied lawer values Forowheas
and com starches in he tange 35-66 °CMY The
acid-treated and untreased sapo starches differed
from ezch other with respect to viscosity (untaated
= pcid-ireated saga starch), The acid-irealcd sago
starch  exhibited  lewes  breakdown viscosin
compared 10 e entreated sago siarch as shown by
vin=wT valugs (000 BU eampared 10 320 BU) Low
bzeakdown indicares the stabiline al the swollzn
voanules against dismscgranen during :-:_:nkiu_.j“
The seedareated sago stareh las more endency o bz
i fud Taren as denated by the negative consistancy
valee = 140 BU) thon that of the usntreawd sage
starch. The entranted sapo siasch produces viscaus
el with vales 160 B

Eneyitatic  Hydrolysis of Acld-Treated Sapn
Atarch

The pesccnlage af enzymntic hydrolysis on acid
treated sago starch was expressed s redusing sugars
preduced. Figure 1A shows the effect of acid-
treatment on sage starch a1 Emperaturas 50 40 65 *C
for 2 b in acotzie beffer soludon pH 20, The resuls
indicatz that azid-treamment of sspa search below
gelatinization semperasere had & preat impact on the
Biolagical behaviar, similar 1o that reparied by for
potaty starch afer incubating for 2 boor temperanize
3% below the gelatinization peak femperaters K.
[ncvdating  the spa siasch  groules below
pelatinizaticn tempesature swall the starch pranules
o some extent znd form pores on the granules
surface. Sanve of these pores ore of sufficient size
1hat eazyimes can gain eniry into the pranule intesior,
thereby increaging the mee af rencsian,

The result shawed that wmperatere 63 =0 and pH
20 was meet suitable o Gmprove the enzymatic
rezelion compared 1o other emperatores and pH
treatment {Fipare LBl 1t was obeerved that the
bedealyss did nol differ after 2 bof ecaunent peciod
(Figere IC) The treaiment of sz2po starch by acoiate
bufrer pH 3.2 ar weenperatune £5 50 21 vanious times
(1, 2,04,0, 8 10and 12 1) didd nel ghow any offcst on
the gepree of hydrelvsis,

Tublz 1, Rhaplogical properics of acid-treatcd ol untreabsd sago starches

Sarchscurces Gelatinization Max, viscosinm Miszasity after Viscealty  Tarakdows  Sethack Cooslaancy
tempsmhing on hessing A0 e 22 o eoniing LRl wizgeaity §ve=vrl
[ | o 952 ¢vml G552 (vn) 1 185 e I+ TL-wE) SE-tin] {RLY
(RLT AL [RELR] LK
Acid-zeaal g1 &5 120 o ED 10 24D N
Loirezsed sagn 44,5 LS 1] 320 SR 11} i) kel
R [55M: 0533-8018
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Figuze 1. Enzymalic hydrolvsis ol acid treabed sapo starch
81 differesn pH and femperatares. The maclion mizlures
copainieg 1wk of 2% {wiv) eeid-zesied sago slaeh in
A1 B oacetaes befler ac pH 55 gnd 1 el of RSTRE was
mcukated al 35 " Tor 30 mic [A: sape slarch treated with
acid at and nenkacsd for 2 hes 50-85 20 B saza staech
incubatad a1 65 *C Tor 2 hrs in acid at pH range 1 = 3.5; £
zago samh Irealed with zzid ol pH 2.0 ard incubated 22
G4 A0 for 1-3 lissh
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Crlucess Producton

To maximize  glucose  prodection during e
enzymalic degradation af acid-treated sogo staccy,
the main experimental  vasiables fepzyme  and
sibstrate concentrations) wers optimized. Fipuee 2
shaws that a5 e eneymez concentration was
merzised, the quanticy of slucoss released increased
priqarsianally. The engyme concentration needed o
obtiin the best depradstion was 100 unita'ml. Less
than [0 wnits'mL enzyme concentratians the degroe
of hydrolysis 3 low s well as c-angylase and
glucoamylase® 1,

443
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Figur= 2. Enzymalss hydrolysis el acid meated sago starch
izeqled atpH 20, 65 50 far 2 ks with REDE at diffecent
concentranicgys, The reaction mixtures containing 1 mil ol
2% fwh] acid-trested =agn starch dissolved s 11 I
acerate bafler of pH 5.5 wilh different concsnizatiors of
REDE wene incobaisd an 55 °C for 30 min. Enewvme
concenlzalions; W 20 d40; A B0 8 80 s MR
[THETEE 1 Y]

The effece of acid-ireated s starch concenirations
[2=30% [wivid an the production of glucose was
determined. The resels fedicated rhat st higher
cepncentmiion of starch (= 24% {wivdd oand 1400
unts'ml. al enzymee, the degree of conversion 1o
plucese  hecome  lower  (Figure 3 Similar
nhenemennn wos shown for rw starch deprading
pluccamylase praduced by Rifzopses sp, A-11 on
degradatian of cassawvs, wheat and com siarches ot
cotcentratians more shon 13, 13 ond 3% {wfv),
pespeciively. The most suitable  acidzested
conzentration was 24% (wiv) and 100 units'ml of
eazymie which vielded highest glecose produstion™,
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Fuypere 4 showed plucose productian g seactian
mixlura soniaining F ml of 24 %5 (v acid-treaned
and untreated sngo stareh in 000 acetaie beffer pH
3.3 and 300 unus of ensyne menhazed o 535 °C Tar
24 h. Under chis condings, e seid-treazed aned
uncreated sago storch was degraded o glucose al
T1.9% pnd 53.3%, respoctively.

Shicnsn %Y
[
!
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Figere 3, Enzymiatic hydmolysis of differenl concentrations
nf acid-ireated szpo starch wilh RSDE (100 unite'ml)
The reactinn mixcures containing L0 unils of exeyme 2=d
tilTerent concentmaticas of 2cid bealed sago starches m 0.1
M poetaiz baiffer of pH 55 wers incubazsd pi 53 20 for 30
min, Acid-ireatsd sapo starches concentrations used wers,
[ Fel R TR O el [ e S O [ | I TN

Glucose 55
Iu
o

Szid irealnd Urzeated

Substaba [34% (e

Fipure 4. Productien of plucase fy REDE using zoids
trexipd and untreated saga starches. The reaclZon mixture
conlaining -3 mL af 24% (wi'v) | acid-lrezted or uoireaticd
sapn v slarches as suistrate and 300 unils of erzyme in
a ol rezction volume of 10 mb was carded oul wnde
onlimum condiitans {pH £.5, 55°C) for 1 h.
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The results supgested chat the enzymaic hydrolvsis
of raw starch by raw starch degrading enzvine
produced by dAcremaeing spo wos Tound o be
dependent on the natere of the subsimte {cid-treaced
and ondreaied sage sftarch). The wse of acid in
combination  with  leaune  balaw  palatinization
tempemabure greatly dncreaged the extent and rele of
hydralysiz of sago starch gracules by the enzymeg,
Citucase prodection wos incieased approsinatzly by
124%5 s compared o onireatsd sago starch.

COMCLUSIONS

It is cleardy shown that high szl of glecose
production by kydrelvsis of scil-reated sage sarch
con be achieved with cow stasch degrading enryme
irom Acremeoniem sp, The difference between the
acid-reated and uneatsl sago starch hydrolysis
phtained from theae treatments could be explained
by oifferences of the susface of pranule saoo starch
sl this may influence  the  accessibiliy  and
siffugion of eroyme to attack the starch.
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