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Enzymatic hydrolysis of sago starch
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BldtuN tikL'iIqD^ a.xnytrsc
(rom''yr rrol). ,dk rdl6 egrndi$ (Glfld 200L) rid by &./rd
pdluln $ (Pinozlm 2ool) d Mp.
corcirraion or 15% slids. aMdi'

d d s d s d s d t l i . d t d ' i ' l r c s

hydrclysiss$bNcdonrmziigpoiild.pnsidiosdonehy,hign.pfromne

(Dsc) atrd x ny dirndid ndhds. co
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Enzync hldrolysis orpouro. $wd Forato aid cassya
hemo$lbtc cndo.

rions (Gauinr s' ar, re32ione4Ed. 1r3rr Kajivlo
& Micda, 1933; Fruo er al, 193?i Abnha'n dr
al. 1933i Ncbcsry. lt39j conisbin & Lii, r992i
Gorisiein, l99r). sone of rhc$ sudi€s ued onbinl

g cMrmcs_ srch {s
pulluhnls dnd snyloglu.osidas dner achievine rhe
[qucradion slgc for sx(hiridqtion (Loftu & Kulp,
I932j Oxciemrd. 1932i Novais d7 al. 1934: Atkiis
& Kemedy. 1935! Sloninskr & MaoyisLi, 1935i
Fumihideer,/, 1937i Przybyr& Strgicr.l933). Thetdcr
ihrr iarch ndft ditrncnr sours h
ahle for h d4mc hydrolysis pross in rbc prod@-
ridn of Alucoe sueeosrs !h. p6sibilily ol rpplying
a mor efficimt tehnolog] for new narch sotrfts.

$ch s seo sbrh (Aragsuban, 1r?rBakd, re30).
So'n. prcliminary kinedc nudies on sarch en4ortic
hydmlrais *sc con,luclc,r in or prcvious inv$risa
tions (Goin$eiD, lq36i Colindtuuy. d al., l9q2i
Corlnnoii. 1993). Tho orvodion ot .as.ya and
pouro di(hcs an'l orho skch6 inro dhdol hlr
!(dded lhc 5lcnlion of hany scarchtrs sorld-
wide (sdkada 4 

"1, 
D3e), but f$ auone rhem

have been inieEied in drc $€baride produc6. ConF

raw srgo srch enployed in our *udies difrea in
.hcmi€l cdnposilion .nd physical Drop6ri6 frdfr
potaio, casav! and amanth $xrch* vnh dspect ro
h! iitrog.n ord clrbohydFlc.otrtn$, eoldinialion
tentmrure, swellinc poMr, solnbility, Mter-bindinc
@!a.ny and anyrogmph mnsisiency (Goin$ein &

ree2). rhddoft our
ne{ app'oach inctuded (a) invsiigdi'rs lhc suirabiliiy
of sso $rrch rbr ibe pmdudion of grros and (b)
$tablkhing the optinum conditions for cnzym ic
hydrolysn of hzyfrFesisknr sago srrch.



MATERI,\I-S AND MITHODS

comercirr ego narch *as purhd*d fron
w chans Srech Piodus PTE L
following cizyns mrc usd in th
120L, a rhemo$abk brcGnal frinyhs iion ,,.,/rr
tihe"ilrmh, act\\ity I20 KNU/gi C4ilo 200L. a
badcnrl P.slldMsc
200 BGU/g: and

prod!@d by Novo Induirirk. Demrrk. One kilo
Novo oanylase utrit (l KNU n rhc mouiL or
cizyme *hich bEaks down 5 26 e s
&slucans! uiiL (BcU)
{hich, uDdd eandard conditions, dcllids bansy F-
slucai b ftducing qrbohydntcs wnh a redndion
po*fl comrpondiis !o
oos pullul$se nnir Novo (PUN n dclin.d as $c
rmohr of crzyme which, under si.ndard oidnioii
hydrclyss pnllulan. liheRting rcd
*irh a Educing pov( cquivdenr to I lmol elmos
pr minut. Amyroslucosida* rro'n ,lvt|il[ niea.

'ftc sird, impl.r e.rc prom$cd s(ordi"g rc rhe
meihods or Fraico d,r (les7). Neb*ny (le3e) rnd
SlNvdn !trd Pomennz (1990) sith sone changes and
nodifisnons ol condirions of ldrh hydrolysis ard
cnzyme!. The folloNing ncrhods for $afh bydrclysis

Mdhod r. rl/ (w/9 of sago narch was mixed wnb
0.1 M rchr butrer rt pH 6. conraining 30 ppm
Car ions and 0.1% ( w) ol lcmdmyl 120L. Th.
Eadion nir(ur sls kcpL 1r 90'c fo
rdpcdur ws lowcrcd 10 60'c for 2 nin

Mdhod u sflnptes {erc reared rs de$ribcd und(
ndhod 1. but rlier r5 min15 min at 90'C and r0 min
ri 60"c) 0.2% ( w) ofccsnoz00Lrdrddd.d.

Mdhod r. sanples {ne reated as desibed nnder
mdhod 2, bur 3ftcr l5 ni.0.4vr(r]{) of Promoz)me

Mcrbod.l. samples *eE teaied as dscibed under
nerhod 2, bu( rirf 15 min 0 2% (1w) c.r0o 200L
and 0.4% ($/w) PromozFe 200L wcn xddcd

Merhod 5. SdrDLcs w.r hdrcd $ d.$ib.d undcr
merbdd 4 bur efteL 4s nin (15 nin ar 90'c rnd r0 nin
d! 60'C) 02% (s/$i Cerefro 200L and 0.4% ( w)
Pbno4ne 200L worc addcd.

Itr csh or rlle nve mdhods the Hcrioo continucd
for I b rfter rlr addirion of rhs ciuynos Strbirdrcs
ollatd tom enples undrsoing .!.h or the five
nerhods $qc s.(hanli.rl wlrh rmyloslucosidasc at

Thc cquirn.il, prcviously desnb
and rcrsn. (1e33), and nodilicd 1o ht our ipltidl
n*ds forddoninins the optinalconditions ol *aFh
hydro\$h ror &e fi1e merhods sho*n hcR conrill ol d
Uirrc rucron vsrl (Edo, Uniied Scieorifc Co
(Q+Qr F9U5, {nh r frd llango lid, llvc naks F92/3

19/26, joiDt cl3/l and snK
ss2 (sruar! sci.n1in., uK). Heri {N suppl'ed by a
digilal hor Dlare fldo$d in i snd bdb (Mod.l7t1-2i
tMC lidu$ries lnc., LISA)
Gmined {irh d pl.tinud Prob., rn
{ith a pH probe samples wcrc hkm lron onc or
thr neks 6i3 a pipete. SmaLl.quantny sub$Iar-'
cipeimenr wrc cinicd oul in lla
.ondnioN s in rhc smled readion wsd. Durins lhc
inctrbdioi peiod, rhe dispenions $€
in . rottory sbaker d 100 rcvhii Pcriodicrlly, ihc
iicubrtd narch dispenions {de renoved rfts the
fisr 15 nin and rhcn r inbrvrls o
:1.5h ol Eaction. Lrt&. the radio
rcmovcd, ft(rd, rfteze dried md pssd rhroush r

Thc treatmenb lor ddcminarion or tbe paranclcn
involvcd in rh. cn7-ym ic desrrda
by de 6vc frdho& aE givm in Tablc L Conditdrion
of Tcmloyl 0l%(v/w). tempenrur 90'C ror ls min
and 60'c tor 3.5 h .nd 15% dry sub$ane Gtrrch)
src kepi co6un! doring sll
rcprclm! 1 lhrclvrrirblc. liv+level entil compolrc
(rlblc 2) rcsponrsurri@ mahodology dcsier dc.
sribcd by Cmbrm and Cox (195?).

Rangs lor ind.Dcidcm vr ables r{e debm'ned
ton ihc innid expedmenral rirl. Sk(isrlcal cdlculd.
Lioi was rhicvcd usins r mi{ocomputr (Toshiba T
1600) employine idisricrl packrgc Shlgkphics
(Srarisricrl Gnphi.s Corporarion. UsA). sbpwi$ rc-
eRsion (foNard d brck$?.d) using a leiNlsqu.a
lil pr@dnr vas p€domed on rhc ddra (Box c7 ,r.
1973) Sigiiicanrv $les (p < 0.005)w.rt gnphimlly
dnphy.d by rsponsc $rfdt plo
ods polynomid funclions Th. er
ion ollh. iar.h 3@ulcs ws der
enhge oI hydrolysn tbroreh dcito$ cquivalcn. (l)E)
ealus usins an osi,onetry mdhod ol Fn.on (1979)

Osmolalitics (novks, $hcr nos n nilli osnal'ty)
or hydrolysd sanples {de ddect
osmondd (Modd i001 rron rrsision Syiem Inc., 16
Tech. Cide Narick MA, UsA) u5iis tlrrli.slc dliquos
of50Fl.lnlruncnt rcadings of nol& .onccnt.lion of
gl@se md elu.o$ polyfr$ at li% Jry subllne
(Ds) rrc ploted rgains rh. DE p
on a dry wcish! bash Thc iheorericrl DE nlues
wrc as lollovs: D'glncor (100)imallos (52.6)imallo.
rios (35 7): ndrlolctaor (27.0)i n.lropcnkos
(21.?)i ndrohcnose {le2) and mdxohcpkoe (16.1).
Thm, snrlo DE wrs delined lrom de ianddd
cu^r. 'ftn 

Frortdur eavc concspondidg dctuo$
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r5 ,5% dry sbshmc (FiL!on.
1979; Hcndd$n & Tcigue. 1933)
nDdc ror ash. bur th. rc!'lin$ for lhe sandard cuse
verc donc $i',c rhc aftlab bulltr wirh 30 ppn Ca'

p€dm.nr. Dry sub-
iane of hydrolysl smples Nas dermined by ftmz-
dryjnc For smphs nor a! 15% DS, a coftdioD or
0.0c DE *s $brnded Gdd.d) ror ech Ds p€rcen!
age poini oE (belo{) l5% DS

C.rbohydraGs woe ddcmincd by rhe pheDol
3ulphuric a.id ndhod (Duboi d at, 1956). The
solubilny or hydrclysd sinpld w{s calculacd on dry
{elghi or $bsbme. The orjcda{hrdde proflc qa
obbined by HPLC analysis (wabn HPLC sylcF
wi6 waes 712 wlSP aulosampln) d rhlee ttr&
hydroser HPsEc mrunns, uing Hro !s eluenr at r
flov mtc of 0.5 mr/mi,, *nh !n Rt derclor. Thc

rnd incruded r{o
ulra hydrcsEl r20 colunns and an ulrs-hydrcgd
line colunn. Column rnd derdo
40'Ci injcction yolunc w6 50 /. fte crlibEiion ol
olisosehalidcs was hade ftm Cl ro C7. A dirlcRn
riar $mnioe mroinds (P.ikin-Ermer Dsc 7) }as
nsd b detrnine ihe gdatiniarion rmlc.artre oI
fte narchct A 60% narch suspension Ms prcparcd.
Srmple of 4 ng rc€ hemetica0y sealed in dumiriun
pdns ed h.!!od lom 20dc !o l&r'c d! ftc ro'c/min,
d&o'dirs ro the mcthod or Chi!&holi ., al. (1990).

Xjry ditrndosmms of law lnd hydolysd nrrh6
d Risrku (M{x_r0A. Risaku

Keisoku co., Lrd, Jrpatr) poder x Ey difmcbn.r!
asording ro Hizukurit O9?E ndhod. The x,By,
cuKd, nftdi:nion {ar perform€d *nh a monochr-
hecr. Thc op.iating ondnioB M
cmnr, 25 mAi snning sped, 6!Omin! chan spmd.
2 nm/min: and tine conna4 4 s Smplcs vcrc

dci$ly packcd on r slN plft n

over the insuh range 4-30", Nhich includs noi of
the dyi.llinc peakiTho l.splcings serc onDucd by
Br.gs\ l.* rron i = 2dsina, wh.e,I is rhe wav.lcierh
or 'hc x4v bcan (= 1.5405 A), / n fic sDa.ins bc
t{en the unn .ell edses ol ihe cry$dl being sudied,
rDd d is rhe ansle of difidion.

RESULTS AND DISCUSSION

Figrs 1 shovs lhc ctrcct of cn,lnc conqtation in
dificEnt combinaliois on dqtos cqdvalcn! dudne
hydrcrysis or sgo ${ch (DE €a6 'inq rhe roKr
hydrclysis *td $?s gbsred $h

aLd (DE) duri4 sBo 36rch hydrcrysc tr 0.r% rd-

ndhd 2i | 0. r% Tcrunll atrd 0.4%
ri o 0.r% rmmyr, 0.2% cdro ri



s cotue.n, C.G. Aot.:, Sh.M Chare.Ch.k Lii

Tdb]'sigiifu''cminlscdfl@1,3i.

{as nsed. The ombination of Tcr
Nsuftcd in a nigher degdc or hydrclylh rhan that of
Termamyl .nd Pronozyne. The .onbinrtion or
Termamyl, Ceftfio and
hydrolysis rhrn $ar of Temanyl and cerefio. l"nc
hydrclysis nc Eeh.d &tically a platau regron

Tles rcsdrs are in agEmcnr vith tho* of Robyr
dd whera! (re63), khiharu a! ar (1932) and ci16n
rnd Brcoks (1939). Trbh 3 $Imrri*s rho signili.lr.
linoir quadrutic and inr.radive etre.$ of.hc pr(Hs
vdiables on rhe depeodenr *n$hs. DE $d pH
dc lhc major contibutos in thc

ud cercAo concntdion sigliicandy
DE. fte fdllowing Esession cqualid was

DE = 2r.24+0.50Xr + I l?Xl
-o.4oxi - r.13xj + 0.59x,x:

Ovrsll,* Ms canp$arivdy low (?7.5v0) sugg6.ng
lnar tne %riablcs employed did ior fully dc@un! ror
rhe dopddcnr vanabF (DEJ. Exani
sponsHurrae (Fi$ 2 and l) suglsb tha! a hish DE
produd could b€ obtained ar o ccrcflo corcdrrarion

sy$em codrining Promo4m
lnd Grcf,o produed hydrolFh ni&uEs with the
hishar DE. Oprimal cotrditids fa
debdined nsins rcsponHufte nethodolog]. lt
sds dcided. on thc basis af thc n
nnee in which rhc cMyms o d icasonlbly rutrction
and thcir oErlopping oprimll tcnpcnrures (Novo
Enzymes. 1934), thar rhe incubarion tonp6dlurc
should be 6o"c. DE b a correnient indi@lor or the
erbd ol liquefadion, but linlo inlomlrion on solu



bilizadon and oligNa(hai<G po6t of ihe $1ub1e
dlted,r or b€ lound in rb. licraruft or by cxp.ri-
ment. Hydrclysed sdpl€s wE $bsqusbrly dalyed
io ude*rand .he ndur of !h. solubl. sd inslublc
frac.ioB. Pdenogp slubiliry, olicoseiadde profi les
of the 3olubl. moledal 5nd diflcdiial smling
c onnety Qsq anrtlsis or tne hydbl$ir mi*ture

It is appaMr d.r, in .ll €s6, th. ro|rjdl vs wll
solubifid.d (71.5-42.Y")
solubility of ssp $arch liquoncd o
The soluble materid ror mo$ sarphs drraidod oory
G5 or G5 and C7 olig6aEharids. Srgo narch
htdrolysed wnh Tcminyl rlone grre a hnd produc.
comlosd nainly of Cl, G2, ncdiun and hieh
moleular weighi m&rial bu. lov in Gl, G5, c7 and
Gq (C.vituLeny e?,r, l9c2).

Tho oli8os@htridc profl. of Tdhrmyl'hydrclyscd
maiuill is in kcp,ns with ihai of a bicl'ly bmshed
drElu€ (Suds@dr & Ucda, 196l Aikins & KenDedy,
1935). Thc s8igrslion by high-lsfomrne sir+tlu'

sion chimatosaphy Gllslc) aid suppoi.d by DSC
lhat rhc hiehd molEiLla *eishr n.tnd h ,ber
oid rhe pEsmc. of rhe prcloFd prcduots C5 and G7
ophasize rhe csfulncs or Prcmozym in debruching
rhe drucrurc. Allhoush rhc lonentation of rhis
en4me *odd $cm nor b b€ sis!i66nt, it n 4paftnl
lhat n ihodd b€ pEsnt. Two experinsnt wc( bltd
on the $mprion rhrt Prono4nc conentrdion is
hcld ai it enft poinl (0.45014 vn
mtdtion of C.reio ol0.r3l' ThwfoE, the tud *-
perin{L vos @rded oul wi$ Pohdtfrc and Ccreno
and !h. sond wirhout Prcno4ne The cipdibh.
wirh P@uym ard Ccreflo 3howed I hishq D!
(23.2) lh$ ftat sirhout Pmozyme (20.o. which is
consiient wirh rhe 6ulB of Lorcnz and Kulp (1932),
Arki's and Kenncdy (193t slomituka and Ma.?y113*i
(193s) aid Fumihid. d ,1. (193?). lt b inqe$ing b
note 1nrt snc aompld uhich onrained .iqniicml
mouDk of G3, hod bsn lrydrolysed by high levejs of
Cereno. Funhmo& de eltni1pi* of dtu!@ia.id of
ndn-hydhtyscd tstions in thee minms *m sisnifi-



qnlly low9 lhrn wnh aaction n
low @ncnt ions or (}allo. Undpatally. rhe a'nourt

rhe oiher snplesi theElore rhe low enthrlpies are not
rho aul! of loe anounb ofion+olubl. hrlcndl This

Fonher *ork is b€ing carnd out io unddand rhe
nndure of rhc ln$l$h mlcrial of rhc dirTscnr
sy$cns Thc c b alplcs of all hydolyz.rl snpl.s wcrc
lown lh!tr 'hr' of ruw $co larh (232 tO. rhc
mlhalpieso|srlohydmly$dump
rlDr ol c savr-hydrolrsd smpl6 (Gorinnein & Lii,
1992). Son. orrhc DSC sults rrc sinil{ !o rhos of
woonon and nanunuerachchi (1e30), Donoui d zr
(1e33)ind sGv{1 md Ponemu(leeo).

R.gr$i., aulysh sugsotd lhrt elri.blc fdc.ors

The e|Ist of dllTscnr cubrrion
drrclore invedislkd. The hidst desee of hrdrolysis

darch sanples Snve r}?e c parem
The nronge$ peks in sanple a rer locrled bd{en
15 and :a' virh 'h.., !nc( ns.ordtrond nB b 5 M.

S rmnh i  r . b  c  d . r i , l r hdd
0 and a.67 A. rhc

dstoyed lhe cry$rlliniiy of uslva iarch Smpl$ ol
dssava sm.h harcd wilh a.!6yhs and anyloslu-

bdwftn l90 xrd
437 A (Go n$ein & Lii. 1992). Ca$rvr snd $go

pEvious Bul$ (Gon'sEin & Lii, lg92). The higho$
perhkse of hydrolysis was oblained sins rh.
badcrial rhcftoshblc a,lmylsc!!d{mylogluosidac
which is in 4remmt with o!h{ inve$s.roE (Gallanr
er 41, 1932r Fonco .! d.. 1937). Enzymdric dtuck

morphous glanuld
as: rhcrcloE sample c vas omplercly xmorphotrs

20cJ

rljrh (a) 0 rol rdnanyr, 0.2ei Prcnoz
!H 50; (b) 0.r% Temnyr,
cu!fro. PE 6.0i c) 0.r% T(nrnyr

nqn.. 0.2!/o c.nflo, pd j 5r G) 0 r
(0 o.ffi cccno, p! 6.0

Even samples rreded only lirh lh.rnonablc a-anylr$
rpperEd l gdy morthou
cn4mss in (du.ing
ordd: T.nanyl > ceEflo > ftonozyme.

Liqtreletion ol sago $mh {ith rernamyl alone
gave producs which .on.!in.! hish noh.ular *cieh!
mted.l and whlch had lo{ ovtra
produc$.rc no! sood subsiBts for rmyloelucosida*i

whih rh. liqueied prodrcb usin-! rhe niEd eEyme
srstn proposed in 6n (udy rould b. suiubh sub-
$raies for myloslrosidasc.
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