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A 6 ~ r a ~  
Pretreatment 0f  r1ce 5traw 6y 5team e x p ~ 0 n  pr10r t0 
en2yma~c 5accha~f1cat10n ha5 6een 1nve5t19ated. 7he 
~udy 50u9ht the 0pt1mum c0nd1~0n5 0f ~eam pre~u~ 
and 5~am1n9 ~m~ R1ce 5traw wa5 exp~ded at var10u5 
5team p ~ u ~ 5  (2~5~ 3~0~ 3•53 and 4•02 MPa) f0r 
5~am1n9 ~me5 ran91n9 fr0m 0•5 t0 10 m1n. 7he 5u5- 
cep~6111~ ~ ~e pret~a~d 5u65tra~ W ce11u~5e 
en2yme5 wa5 9reat1y 1nf1uenced 6y ~e 5team p ~ u ~  
and 5~am1n9 ~me 0f pretreatmen~ 8 wa5 f0und that 
h19h 5~am p~55u~ (3•53 MPa) f0r a 5h0n 5~am1n9 
~me (2 m~)  effect1ve1y enhanced en2ymat1c 5accha~ 
1f1ca~0n and a~0h01 fermenmt10n 0f r1ce 5tra~ 7he 
~5u1t5 dem0n5tra~d ~at  n0 add1t10na1 treatmen~ 5uch 
a5 extract10n w1~ wa~r 0r chem~a~ ~ re4u1red t0 
hydr01y2e ~e 5team-exp10ded 5amp~ ~ a 9reater extent 
~ # ~ p~trea~d under an 0pt1m~ed 5et 0f c0nd1t10n~ 
C0pyr19ht • 1996 E~e~er 5~ence Ltd. 

Key w0rd5: 5acchar1f1cat10n, a1c0h01 fermentat10n, 
5team exp10510n, r1ce 5traw. 
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c0ncentrat10n 0f ce~06~5e [~1] 
c0ncentrat10n 0f ethan01 [9/1] 
c0ncen~at10n 0f ~uc05e [9/1] 
c0ncentrat10n 0f redudn9 5u9ar [9/1] 
c0ncen~at10n 0f xy105e [9/1] 
0pt~a1 denf1~ 0f ce~5 
5team pre55ure [MPa] 
5team~9 t1me [m~] 
fermentat10n t1me [h] 
5acchaf1f1c~n t1me [h] 

1N7R0DUC710N 

Hydr01y5~ 1n the n~Ne 5tate 0f 119n0ce11u~51c5 15 
510w, m ~ n ~  6ecau5e the ~ r a 5 5 0 ~ n  0f 1 ~ n ,  
hem~eH~05e and ce11u105e f0rm5 a 6arr1er a9~n~ 
e n 2 y m ~  attack. Hence, a p re~e~ment  ~a9e t0 
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6reak the t19ht 5tructure 0f 119n0ceHu10f1c5 and t0 
make cd1u105e amena61e t0 en2ymat~ de9radat10n 
15 nece55ary. A num6er 0f d1fferent pretreatment 
meth0d5, name~ phy51ca1, chem~N and 61010NcN 
type5, have 6een deve10ped 1n an eff0rt t0 enhance 
the rate and extent 0f hydr01yt1c de9radat10n. Very 
few 0f the5e can 6e re9arded a5 techn01091e5, m05t 
are at the ma9e 0f 1a60rat0ry p r a ~ e .  A150, many 
phy5~N and chem~N pre~eatment meth0d5 are, 
unf0~unate1~ ec0n0m~N~ unfeaf161e. A pre~eat- 
ment meth0d 0f current 1ntere5t, 
aut0hydr0~5~-exp10~0n, 6a5ed 0n a c0m61nat10n 0f 
p h y 5 ~  and c h e m ~  effect5 under h19h pre55ure 
and temperature ha5 attracted attent10n (Jura5ek, 
1979; M0n1ru22aman et aL, 1992). 

Pur1 and Mame~ (1983) u5ed 5team exp10510n t0 
pretreat wheat 5traw, 6a9a55e and euca~ptu5 w00d 
ch1p5. 7he temperature f0r preVeatment wa5 200°C, 
w1th c00k1n9 t1me5 ran91n9 fr0m 0 t0 60 m1n. Add1- 
t10na1 pre55ure wa5 added t0 the rea~10n cham6er 
6y 1~e~1n9 pre55ur~ed car60n d10~de 9a5. Max1- 
mum 91uc05e c0nver510n5 0f 81, 78 and 75%, 
re5pect~e1y, were 06ta1ned f0r the three 5u6~rate5 
5tud1ed. 7reatment t1me5 t0 9~n the5e c0nver510n5 
were 5 m1n f0r wheat 5traw and 6a9a55e and 15 m1n 
f0r euca~ptu5 ch1p5. 

Me~Har~ee et a~ (1983) pretreated f1ve d1fferent 
a9r~u1tura1 re51due5 6y 5team exp10510n: 6af1ey 
5traw, wheat ~raw, c0rn 5t0ve~ c0rn 5t~k5 and 
~fa1fa ~ k 5 .  7he pretreatment c0ndR10n f0r a11 
the5e 5u65trate5 wa5 kept c0n5tant at 560 p51 f0r 60 
5 exp05ure t1me. Redudn9 5u9ar5 pr0duced 6y 5u6- 
5e4uent en2ymat~ hydr0~f15 fr0m the pre~eated 
5amp1e5 var1ed depend1n9 0n the nature 0f the 5u6- 
5trate. 

1t 15 thu5 06v10u5 fr0m the a60ve 5tud1e5 that the 
0pt1mum pre~eatment c0nd1t10n5 need t0 6e deter- 
m1ned f0r each 0f the f19n0cd1u10f1c re51due5 6ef0re 
en2ymat~ hydr01y515, 1n 0rder t0 ach1eve max1mum 
5u9ar pr0duct10n. 

7h15 paper c0ncern5 the app11cat10n 0f 5team 
exp10510n a5 a pre~eatment meth0d f0r r1ce 5traw. 
7he ~udy attempted t0 f1nd the 0pt1mum c0nd1t10n5 
f0r 06ta1n1n9 fermenta61e 5u9ar5 at ma~mum ~e1d. 
7he effect5 0f 5team pre55ure and ~eam1n9 t1me 0n 
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the e n 2 y m ~  5acchar1f1cat10n and 5u65e4uem ~r-  
m e m ~ n  0f p r ~ e d  ~ m N ~  were ~ud~d.  

ME7H0D5 

5u~tra~ 
~ d ~ d  r1ce 5 t r ~  ~ 6 ~ d  1 0 c ~  wa5 reduced 
t0 a60ut 10 cm 1en~h ~ ch0pp~9 and u5ed a5 r ~  
m~er1~. 

5team-exp10510n apparatu5 
7he 5team-exp10~0n apparatu5 (F1~ 1) c0n5~ted 0f 
a 5team 9enerat0~ a pre55ur12ed react0L a rece~er 
and a c0nden5er w1th a 511ence~ 7he react0r wa5 
1n5u1ated t0 m~nta1n c0n5tant temperature. 7he 
capac1ty 0f the react0r wa5 1•2 1, the max1mum w0rk- 
1n9 pre55ure and temperature were 6 MPa and 
275°C, re5pect1ve1y. Appr0x1mate1y 100 9 0f 5traw 
wa5 1ntr0duced 1nt0 the react0L wh~h wa5 then 
5team heated (the react0r hea~up t1me var1ed ~0m 
10 t0 20 5, depend1n9 0n the preWeatment tempera- 
ture u5ed). After the de~red ~eam1n9 t1me (the 
hea~up t1me n0t 1nduded), a 6a11 va1ve at the 60t- 
t0m 0f the react0r wa5 5udden~ 0pened t0 6r1n9 the 
react0r rap1d~ t0 atm05pher1c pre55ure. 7he 5011d 
and H4u1d pr0duct5 were exp1051ve~ re1ea5ed 1nt0 a 
c011ect10n dev1ce. 7he 9a5e0u5 pr0duct5 were pa55ed 
~0m the t0p 0f the rece1ver 1nt0 the c0nden5e~ 

7he 0perat1n9 var1a61e5 exam1ned 1n th~ 5tudy 
were the ~eam1n9 t1me (0.5, 1, 2, 3, 5 and 10 m1n) 
and the 5team pre55ure (2.55, 3~0~ 3.53 and 4.02 
MPa). 7he react10n temperature5 f0r the5e pre5- 
5ure5 were 225, 235, 243 and 251°C, re5pect~e~. 

En2yme 
Me1ce1a5e, a c0mmerc1a1 preparat10n 0f 7~ch0derma 
re5e1 ceHu1a5e (Me~1 5e1ka C0. Ltd, 70ky0, Japan) 
wa5 u5ed. 7h15 ce11u1a5e c0nta1n5 the f0110w1n9 
en2yme act1v1t1e5 (1n un1t5/m9) (Dekker • Wa1115, 

1983): FPU, 0.53; CM-ceHu1a5e, 7.90; f1-91uc051da5e, 
3.28; ce11061a5e, 2.27; xy1ana5e, 0.31; and f1-xy1051- 
da5e, 0.02. 

En2ymat1c 5acchaf1f1caf10n 
7he exp10ded 5amp1e5 0f r1ce 5traw were ~ee2~ 
dr1ed and then u5ed 1n the 5acchar1f1caf10n 
exper1ment (un1e~ 0therw15e Hated). 7he 5tandard 
5acchar1f1cat10n wa5 carr1ed 0ut 1n a 300 m1 Eden- 
meyer f1a5k 1n a therm0~ated 1ncu6at0r at 50°C f0r 
120 h a91tated at 150 rpm. 7he pH 0f the 5u5pen510n 
wa5 a~u~ed  t0 5.0 w1th 0•5 ~ ph05pha~ 6uffer. 7he 
5u65trate and en2yme c0ncentrat10n5 were 2% (w/v) 
and 0.2% (w/v), re5pe~Ne1y, 1n a t0t~ v01ume 0f 
100 m1. 5amp1e5 (2 m1) were taken per10d1ca11y, 
centr1fu9ed and the 5upernatan~ were an~y2ed f0r 
redudn9 5u9ar~ ~uc05e, cd106~5e and xy105e c0n- 
centrat10n5. 7he percent 5acchadf1caf10n and ~uc05e 
~e1d were c~cu1ated u51n9 the f0110w1n9 e4u~10n5: 

~ c c ~ f 1 ~ 0 n ( % )  - 

~ d u d n 9  ~ 9 a ~  ~ r m e d  (~1) x 0"9 

car60hydr~e5 x 100 5traw (~1) 

Percent 91uc05e y1e1d - 
~ u c 0 ~  ~ r m e d  (~1) x 0•9 

ce11u105e 1n 5traw (9/1) 
× 100 

Water extract10n and a1ka11 treatment 
50me 0f the exp10ded 5amp1e5 were fu~her 
extractcd w1th water at r00m temperature f0r 2 h 
and/0r treated w1th 50d1um hydr0x1de (0.1 9/9 5u6- 
~rate). F0r the 50d1um hydr0x1de Weatment, 25 9 0f 
the exp10ded 5amp1e wa5 taken 1nt0 a 1 1 f1a5k c0n- 
ta1n1n9 2.5 9 50d1um hydr0x1de 1n 500 m1 d~t111ed 
wate~ 7he f1a5k wa5 then heated 1n a 60111n9 water 
6ath f0r 1 h. 7he a1ka1~Weated 5amp1e wa5 f1~cred 
thr0u9h a ny10n c10th (d0u61e 1ayer) and wa5hed 1n 
runn1n9 tap water unt11 free 0f a1ka11. 

C 0 n d e n 5 e r  1 
~React0r , , ~ 

~erat0r 

Rece1ver 
~ 1. ~eam-ex~0510n appar~u~ 

/ 
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Mkr00r9an15m5 
5acchar0myce5 ce~v151ae A7CC 26603 wa5 9r0wn at 
30°C and maMta~ed at 5°C 1n a med~m wh1ch 
c0ntMne~ per htre: #uc05e 20 9, pept0ne 20 9, 
yea~ extract 10 9 and a9ar 18 9. 

6r0wth med1um 
7he med1a f0r 9r0wth c0nta1ned, per 11tre: 13 9 
KH2P04; 0•7 9 K2HP04; 2•0 9 NH4C1; 0•1 9 
M95046H20; 1•0 9 yea~ extract; and 10 9 91uc05e. 
7he 5u9ar 501ut10n5 were aut0daved 5eparatdy 1n 
0rder t0 prevent react10n5 w1th 0ther 1n9red1en~. 
7he pH wa5 adju~ed 10 5•0 and temperature wa5 
kept at 30°C. 

Preparat10n 0f ~ 0 c u ~ m  
1n0cu~m wa5 prepared 6y ~an5~rf1n9 0~an~m5 6y 
100p fr0m a 48 h 01d cu1ture 0n a9ar 51an~ ~ a 300 
m1 E~enmeyer f1a5k c 0 n ~ 9  100 m1 0f 9r0wth 
me~um. CuRu~5 were ~cu6~ed  f0r 18-24 h. Ce115 
were harve5~d 6y c e n t f 1 f u 9 ~ n  (6000 ~ 5 m1n) and 
~5u5pended ~ ~rmen~f10n 6r0th t0 ~ve a f1n~ 
0.D.6~ 0f appr0~m~e~  0•5. 7he ~ 0 c u ~ m  u5ed 1n 
the ~rmemat10n exper1ment wa5 10% (v/v). 

Fermentat10n 0f en2ymat1c hydr0~2a~ 
7he hydr0~2Me 114u1d after 5ter11e centf1fu9at10n 
wa5 5u~e~ed t0 ~rmentM~n 1n a 300 m1 f1a5k w11h 
the add~10n 0f nutf1f10nM 5a1~, trace5 0f ant~Mt~ 
and yea5t ~0cu1um ~ a t0tM v01ume 0f 100 m1. 7he 
f1a5k wa5 then ~cu6Med ~ a r0tary 5haker at 150 
rpm f0r 40 h. 5amp1e5 (2•5 m1) were taken per10d- 
1cM1y and a55ayed f0r ce11 c0ncenffm~m #uc05e and 
ethan01 c0ncentrM~n5. 

Ana1yt~a1 meth0d5 
Redudn9 5u9a~5 were mea5ured 6y the 50m09y1- 
Nd50n meth0d (Ne150n, 1944; 50m09y1, 1945). 
61uc05e wa5 mea5ured 5pe~f1ca1~ 6y the 91uc05e- 
0x1da5e meth0d (L10yd • Whe1an, 1969). Xy105e 

and c e H 0 6 ~  c0ncen~af10n5 were d~e rm~ed  6y 
~9h~erf0rmance 114u~ ch~0m~09rap~y (5h1mad2u 
LC-9A) e4~pped w1th an A5ah~ak NH2P-50 c01- 
umn. C h e m ~  c0mp051t~n 0f the p ~ e ~ e d  
5am~e wa5 an~y2ed 6y the m~h0d  0f Chua and 
Wayman (1979). 7he c 0 n c e n ~ n  0f ce115 wa5 
a~ayed 6y me~uf1n9 the a650r6ance 0f a 5am~e at 
660 nm. Ethan01 c0ncentrat~n wa5 ~5ayed 6y a 9a5 
ch~0m~09raph e4u~ped w1th a P0rnpak Q c~umn. 

RE5UL75 AND D15CU5510N 

1n F19. 2(a) and (6) the hydr01y5~ curve5 at the 
5team pre55ure 0f 2"55 MPa are 5h0wn. 1t Wa5 d1ff1- 
cur  t0 hydr0~2e the pre~eated matef1~ at th15 
5team pre55ure. H0wever, 1t wa5 4u1te dear that the 
10n9er the pre~eatment 5team1n9 t1me, the h19her 
the 5u9ar c0ncen~at10n. A c0ncen~at10n 0f 11 9/1 
redudn9 5u9ar [F19. 2(a)] c0nta1n1n9 6"8 9/1 91uc05e 
[F19. 2(6)] wa5 thu5 06t~ned after ~eam1n9 the 
5traw f0r 10 m1n. 7he redu6n9 5u9ar and 91uc05e 
f0rmat10n rate5 were d r a m a t 1 c ~  1ncrea5ed when a 
pre~eatment 5team pre55ure 0f 3"53 MPa wa5 u5ed. 
Even f0r 5h0~ t1me5, the y1e1d wa5 h19her than that 
pre~0u5~ ach1eved at 2"55 MPa. 7he hydr01y515 
curve5 f0r th~ 5team pre55ure are 5h0wn 1n F19. 3(a) 
and (6). 7he c0ncentrat10n reached a60ut 15 9/1 
reduc1n9 5u9ar [F19. 3(a)] and 8 9/1 91uc05e [F19. 
3(6)] f0r the 5amp1e wh~h wa5 ~eamed f0r 2 m1n. 
M0re than 2 m1n ~eam1n9 t1me at th~ 5team pre5- 
5ure decrea5ed the 5acchaf1f1cat10n eff1dency. 

7he5e 065ervat10n5 dear~  1nd1cate that the 5u5- 
cept16111ty 0f the pre~eated 5u6~rate t0 ce11uh5e 
en2yme wa5 9reaf1y 1nf1uenced 6y the 5team pre55ure 
and ~eam1n9 t1me 0f pre~eatment. 

F19ure 4(a) and (6) 5ummar~e5 the effe~5 0f 
5team pre55ure and ~eam1n9 t1me 0n reduc1n9 5u9ar 
and 91uc05e pr0duct10n 6y en2ymat~ 5acchar1f1ca- 
t10n. A5 can 6e 5een [F19. 4(a)], at 3•53 MPa the 
c0ncentrat10n 0f redudn9 5u9ar reached a max1mum 
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E n ~ m ~  ~ h a f 1 f 1 c ~ n  0f e ~  r1ce 5tr~ at 2-55 MPa: (a) redudn9 5u9ar c0ncen~af10n: ~)  ~uc05e 
c0ncen~af10n. 
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En2ymat1c 5acchaf1f1cat10n 0f exp10ded r1ce ~raw ~ 3•53 MPa: (a) redudn9 5u9ar c0ncentrat10n; (6) ~uc05e 

c0ncentr~n. 

at 2 m1n then decrea5ed c0nf1dera61y w1th 1ncrea51n9 
durat10n 0f ~eam1n~ When the 5amp1e wa5 treated 
at 4•02 MPa the y1e1d 0f redu6n9 5u9ar wa5 dra5- 
t~a11y reduced, even f0r a 5h0~er ~eam1n9 t1me 0f 
0.5 m1n. 7h15 1nd~ate5 that the 5u65trate wa5 t0 
50me extent dec0mp05ed and de5tr0yed a5 the 
5ever1ty 0f the pre~eatment 1ncrea5ed. 1n c0ntra5L 
at 3.04 0r 2.55 MPa, a c0mparat1ve1y 5ma11 am0unt 
0f redudn9 5u9ar5 (max1mum 12 and 11 9/1, re5pect- 
1ve1y) wa5 06ta1ned a1th0u9h the 5amp1e5 were 
pre~eated f0r 5 and 10 m1n, re5pect1ve1y. 7h15 
1mp11e5 that the r1ce 5traw at c0mparat1ve1y 10w 
5team pre55ure 0f exp10f10n wa5 n0t d~rupted 
en0u9h (a5 f0und at 3-53 MPa f0r 2 m1n ~eam1n9 
t1me) f0r en2ymat~ attack, even uf1n9 10n9er ~eam- 
1n9 t1me5. 

7he re5u1~ 1n F19. 4(6) a150 exh16R the 5ame 
effect5 0f exp10~0n c0nd1t10n5 0n 91uc05e pr0du~ 
f10n 6y en2ymat~ 5acchaf1f1cat10n. 7he 5amp1e5 
exp10ded at 2-55 MPa f0r 10 m1n, at 3•04 MPa f0r 5 
m1n, at 3•53 MPa f0r 2 m1n and at 4•02 MPa f0r 0•5 
m1n pr0duced 6•8 9/1, 7•0 9/1, 8•0 9/1 and 4•0 9/1 
91uc05~ re5pectNe1y. H0wever, 1t 15 e~dent fr0m 
F19. 4(a) and (6) that the am0unt 0f redudn9 5u9ar 
and 91uc05e f16erated dur1n9 en2ymat~ hydr01y515 0f 
var10u5 exp10ded 5amp1e5 att~ned the1r ma~mum 
va1ue5 at 3•53 MPa f0r 2 m1n ~eam1n9 t1me. 7hu5, 1t 
appear5 that th15 exp10510n c0nd1t10n 15 ade4uate f0r 
pr0dudn9 a matef1~ that 15 h19h~ 5u5cept161e t0 
attack 6y ce11u101yt~ en2yme5. 

F19ure 5(a)-(d) 5h0w5 ~uc05~ cd106105e and 
xy105e c0ncentrat10n pr0f11e5 f0r 5dected pre~eated 

20 j ~ •1 ~ ~ ~ 

15 15 

~ ~ 

~ ~ 

1 1 0 1 1 5 10 • 10 t ~ t ~ 

~ c t 5  0[ ~eam p~e~5u~e and ~ a ~  ~me ~ e ~  0n ~ ~  ~ ~ ~  0[ ~ce 5tr~: (~ redu~n9 
5u9a~ ~ e ~ ;  ~)  ~uc05e c0ncent~a~0n. 
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61uc05e, ce~06105e and xy105e c0ncentrat10n5 1n en2ymat1c hydr01y2ate: (a) 2.55 MPa f0r 10 m1n; (6) 3.04 MPa 
f0r 5 m1n; (c) 3-53 MPa f0r 2 m1n; (d) 4.02 MPa f0r 0.5 m1n. 

5amp~5. AccumMN~n 0f ceH06~5e 1n the en2y- 
mat~ hydr0~2a~ wa5 e~dent f0r ~1 the 5amp1e5 
te5ted. 7h15 N th0u9ht t0 6e due t0 the end-pr0du~ 
~h161t10n 0f ceHu1a5e en2yme dur1n9 5acchaf1f1ca- 
t10n (H0wd1 • Man9at, 1978; Wa1d et a~, 1984). 
H0wever, 1t 15 06~0u5 that the preueatment at 3.53 
MPa f0r the 2 m1n 5amp~ 9ave the h~he~  f1e1d5 0f 
5u9ar5: a60ut 8 N1 Nuc05e, 2.5 N1 ce1106105e and 4.0 
~1 xy105e [F19. 5(c)]. 7he ~eam-exp10ded pr0du~ 
can 6e 5epar~ed ~t0  tw0 f f a ~ n 5  1f de51red: the 
114u1d ffa~10n (r1ch 1n xy105e m0n0mer5 and 0f190- 
me~) and the pu1p ffa~10n (c0n515t1n9 0f ceHu105e 
and 119n1n). 1n th~ ~udN the tw0 fract10n5 have n0t 
6een 5eparate~ 7he ent1re 5et 0f exp10ded pr0du~5 
wa5 c011emed, free2e-dr1ed t0 f0rm a c0mp051~ 
5amNe and then u5ed 1n the 5acchar1f1cat10n exper1- 
ment. 7he 5~n1f1cant am0unt 0f xy105e (4 9/1), 1n 
add~10n t0 Nuc05e and cd106105e, f0und 1n the 
en2ymat~ hydr0~2ate 15 n0t 5urpf15~ 

70 5ee 1f rem0vN 0f 1~n1n 6y a chem~N treat- 
ment w0u1d a1d en2ymat~ hydr01y515, 5amp1e5 wh1ch 
had 6een exp10ded at 2•55, 3•04, 3•53 and 4-02 MPa 
f0r 2 m1n were def19n1f1ed 6y ~eatment w1th 50d1um 
hydr0~de, a5 de5cr~ed pre~0u~y 7he effect 0f th15 
chem~N ~eatment 0n en2ymat1c 5acchaf1f1cat10n 15 
5h0wn 1n F~. 6(a) and (6). A very h19h c0ncentra- 
t~n,  appr0~mate~ 17.5 9/1 0f redudn9 5u9ar5 [F~. 
6(a)] c0nta~1n9 15 9/1 Nuc05e [F~. 6(6)], wa5 
06ta1ned a~er dd~n1f1c~10n 0f the 5amp1e wh~h 
wa5 ~eam-exp10ded at 3.53 MPa f0r 2 m1n. H0w- 

eve~ the5e h19h c0ncentrat10n5 0f 5u9ar5 c0u1d 6e 
at~16uted t0 the h19her ceHu105e c0ntent (92%, 
7a61e 1) 1n thN 5amp1e. 0 n  thN 6a515 (after a1kaf1 
Ueatment) 5acchaf1f1caf10n and Nuc05e y1e1d5 were 
86 and 73%, re5pectNe~. 

7a61e 1 5h0w5 the percenta9e 5acchar1f1cat10n and 
91uc05e y~1d, 6a5ed 0n the car60hydrate c0ntent 1n 
the 5amp~ after exp10f10n at 3.53 MPa f0r 2 m1n 
and 5u65e4uent ~eatment wRh water and NkN1. 1t 15 
ev1dent that extract10n 0f the exp10ded 5amp1e w1th 
water 0r a1kN1 re5u1ted 1n 50mewhat 10wer 5accha~ 
1f1cat10n and ~uc05e y1e1d5 than the unextracted 
5amp1e (en2ym~N~ hydr0~2ed under f1m~ar c0nd1- 
t10n5). 1t 15 th0u9ht that ~eatment w1th water 0r 
NkN1 f0110w1n9 5team exp10510n rem0ved am0r- 
ph0u5 and 5mN~r cd1u105e pa~1de5 (due t0 
exten5~e wa5h1n9) wh~h were m0re 5u5cept16~ t0 
hydr01y5~, wh11e 1eav1n9 the 1ar9er pa~1c1e5 0f h19h1y 
0rdered, cry~N11ne ce11u105e wh1ch were 1e55 de9rad- 
a61e. 

1t ha5 6een rep0~ed prev10u~y 6y 0ther w0rker5 
that there wa5 a 519n1f1cant reduct10n 1n ce11u1a5e 
act1v1ty when cuRure f1Rrate5 were added t0 119n1n- 
c0ntNn1n9 5u65~ate5, 5uch a5 ~eam~reated 6ffch 
(Pu15 et a~, 1985) and m~ed hardw00d (51nR5yn et 
aL, 1983). Me5-Har~ee et aL (1984) a150 rep0~ed 
that when the ~eam-exp10ded 5u6~rate~ 5uch a5 
wheat and 6ar1ey ~raw, were n0t wate~extracted, 
the percenta9e c0nverf10n 0f ceHu105e t0 ~uc05e 
wa5 extremdy 10w. 
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En2ymat1c 5acchaf1f1cat10n 0f 5team-exp10ded, a1ka11~reated r1ce 5traw: (a) reduc1n9 5u9ar c0ncentrat10n; (6) 
91uc05e c0ncentrat10n. 

7he re5u1~ pre5ented 1n 7a6~ 1 d1ffer ~0m the 
a60ve 5tud1e5 and dem0n~rate that n0 add1t10n~ 
~eatment ~ re4u~ed t0 hydr01y2e the ~eam-exp10- 
ded 5amp1e t0 a 9reater extent ff R 15 pre~eated 
under 0pt1m~ed c0nd1t10n5. A5 can 6e 065erve~ the 
5team-exp10ded 5amp1e (unextra~ed) wa5 ea51~ 
hydr01y2ed 6y the ce11u101yt~ en2yme 5y~em w1th a 
5acchaf1f1cat10n eff1~ency 0f 92% and a ~uc05e f1e1d 
0f 76%. 7reatment w1th water f0110w1n9 5team 
exp10510n d1d n0t ~crea5e hydr0~5~ eff1~ency fu~ 
the~ 1t 15 ~50 e~dent that the pre5ence 0f 1ar9e 
am0un~ 0f 1~n1n 1n the unextracted (27% t0t~ 1~- 
n1n) and wate~extra~ed (36% t0t~ 1~n1n) 5amp1e5 
d1d n0t appear t0 5h1e1d the ce11u105e ~0m a~ack 6y 
the ce11u101yt~ en2yme. Fu~herm0re, n0 1ncrea5e 1n 
5acchaf1f1cat10n wa5 065erved a~er 1~n1n rem0v~ 
(7a6~ 1). 

7he re5u1~ pre5ented 1n 7a6~ 1 dem0n~rate that 
5uff1~ent hydr01y5~ (m0re than 90%) can 6e 
ach~ved 0n1y 6y the 5team exp10510n 0f r1ce 5traw at 
3•53 MPa f0r 2 m1n 0f ~eam1n9 t1me. Add1t~nM 
~eatment w1th water 0r chem~M5 ~ unnece~ary. 
Fu~herm0re, the exten5~e 1055 0f mate6M duf1n9 

the extract10n ~ep ~50 ~ m ~ h e 5  1t5 p r a ~  ~a51- 
6 ~  

~9ure 7 5h0w5 the f1me~0u~e5 0f ce11 ma55 c0n- 
c e ~ r ~  ~ h a n ~  c0ncentrat10n and ~uc05e 
c0ncen~at10n 1n the ~c0h~ ~ r m e m ~ n  0f en~- 
mat1c ~ 0 ~ e  0f e ~  r1ce 5traw 6y ~ 
c e ~ v ~  7he en~maf1c hydr0~2ate wa5 06t~ned 
af1er 120 h 0f hydr0~f15 0f the ~ e ~ r a w  5am~e, 
w~ch wa5 e ~ d  at 3.53 MPa ~ r  2 ~ n .  ~ 
~c0h~ ~rmemaf10n wa5 ~50 ~ r f 0 r m ~  ~ p a r ~ y  
~ t h  the 5ame am0u~ 0f rea9em~rade ~uc05e at 
the 5ame ~ r m e ~ n  c0nd1t10n~ t0 5ee ff the en~- 
maf1c ~ 0 ~ e  0f the ex~0ded 5am~e w0u1d 
~h~1t the yea~ ceH5• 9r0w~ and ~c0h~ pr0du~ 
t~n, 5~ce the pre5ence 0f ~ 0 w t ~ 6 ~  
5u65tance ~ ~ e a m m ~ d  5am~e5 ha5 6een 
rep0~ed Wev10u~ 6y 0ther w0rke~ (5ad~er et aL, 
1983; Me~Har~ee a aL, 198~. 1n the pre5em 5 t u ~  
h0wever, a n e ~ e  ~ r e n c e  wa5 0 ~ e ~ e d  ~ ~ e  
ce11 9r0~h and ~c0h~ p r 0 d u ~ n  ~0m the en~- 
mat~ ~ d r 0 ~ e  0f the ex~0ded 5am~e a5 
c0mpared ~ t h  the pure ~uc0~  ~rmemaf10n at an 
~ h a n ~  c0ncemrat~n 0f 3.5 ~ .  

7a61e 1. Percent 5acchar1f1caf10n and 91uc05e y1e1d. 5amp1e pretreated at 3.53 MPa f0r 2 m1n and 5u65e4uenf1y extracted 
w1th water and a1ka11 

5am~e Percenta9e c0mp0~t10n Redudn9 61uc05e Percenta9e Percenta9e 
6a5ed 0n 5amp1e 5u9ar c0n~ 5acchaf1f1cat10n 91uc05e 

dry wt. c0n~ (9/1) y1dd 
(9/1) affer a~er 

Ce11u105e Hem~e11u105e 501u61e K1a50n 120 h 120 h 
f19n1n f19n1n 

5team~xp10ded 47 
5team-exp10ded, 64 

wate~extracted 
5team-exp10ded, 92 

~ka11-trea~d 

26 17 10 15 8 92 76 
- -  22 14 13 9 91 63 

2 6 17•5 15 86 73 
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~ 7. C0mpar150n 0f the ~ r m e m ~  0f the en~- 
mat1c hydr0~2me 0f exp10ded r1ce 5traw (0pen ~ m 6 ~  

and rea9ent 9rade ~uc05e (d05ed ~ 5 ) .  

C 0 N C L U ~ 0 N 5  

Pre~eatment 0f r1ce 5traw 6y 5team exp10~0n pr10r 
t0 en2ymat~ 5acchar1f1caf10n ha5 6een ~ v e ~ a t e d .  
7he 5u5ceptNN~ 0f the pre t re~ed 5u6~r~e t0 ee1- 
1u1a5e en2yme wa5 9reat1y 1nf1uenced 6y the 5team 
pre55ure and ~eam1n9 t1me. Pre~eatment at 3.53 
MPa f0r 2 m1n ~eam1n9 t1me wa5 0pt1mN f0r pr0- 
du~n9 a m~ef1N that ~ h19h~ 5u5ceptN~ t0 attack 
6y cd1u101yt~ en2yme5. A d N t ~ n N  ~eatment 0f 
exp10ded pr0du~5 w1th water 0r c h e m ~ 5  wa5 
unnece55ary. N0 1 n h N ~ n  1n ce11 9r0wth and a1c0- 
h01 p r 0 d u ~ n  wa5 065erved dur1n9 ferment~10n 0f 
the e n 2 y m ~  hydr0~2~e 0f the 5amp1e exp10ded at 
3.53 MPa f0r 2 m1n. 

7he effect5 0f 5team exp105~n 0n the phy5~0- 
chem~N pr0pe~1e5 0f r1ce 5traw have 6een rep0~ed 
1n a 5eparate pu61~at10n (M0n1ru22ama~ 1995). 
H0weve~ fr0m an ec0n0m~N and techn010NcN 
p01nt5 0f •ew, 1t 15 nece55ary t0 0pt1m~e the en2y- 
mat1c 5acchar1f1cat~n pr0ce55 1n 0rder t0 e~her 
10wer en2yme ~ad1n95 0r t0 recyde the en2yme5 at 
h~h 5u65trate c0ncentrat10n5. 1t N aN0 e~ent1N t0 
1mpr0ve ~ad1t10nN fermentat~n pr0ce55e5 6y pr0- 
v1d1n9 9enet1ca11y enNneered m1cr00r9an15m5 that 
ferment mNed 5u9ar5 effe~1ve1y, 50 that ~uc05e fer- 
mentat~n need n0t carry the ent1re p r 0 c e ~ 9  c05t5. 
Future w0rk w111 6e f0cu5ed 0n the5e d1rect10n5. 
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