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Changes of Carbohydrate Composition and Enzyme
Adsorption on the Hydrolysis of Steam
Exploded Wood by Cellulase*

Jae Kyung Yang** - Chul-Hwan Kim**

2 %

Aol olel £E8 & 25 ke/cm’9) A 682 ZHAUE. FiAE S EE(NaOH),
Aobd 2AIEF(NaCI0), oFFAMIEENaCION S A4 25 £ b AL %A 3.
%ﬂlzﬂgl et AEF9) 2lad AR 49 £38 Jebich g7 ZA4A4 7139 24 e RE

£ 25%AAT, tha shetebE Al FHAE oF 80% SAs = T -‘?'-511%—% byt Ehol o3 &
611 &2 £E7h Ao7t wrk, A ot setekE Al A4 JMEES Y glold EFR2LA i H
&8 F7MNA Cellulase®] F2& 7149 gad 33 vlalsho '&7}3}9ixl‘&, ghdo) 7129 AR5,
Z3UA L EAH L aAFH & 4T XA WAt £ ATAA AAE AAE FEFH B2,
100 kg9l FFFARRE oF 37~40 kgl T2 Aol FhestEl et Azdrt

ABSTRACT

Two species(Quercus mongolica, Populus euramericana) of hardwood chips were subjected to steam
explosion 25 kg/cm? for 6 min. The exploded woods were treated by the single or multi-stage chemical
process with sodium hydroxide, sodium hypochlorite and sodium chlorite. The muti-stage treatment of
exploded wood can be successfully removed lignin. Enzymatic hydrolysis rate of substrate varied from
25% for exploded wood to about 80% for the multi-chemical treated exploded wood. The enzymatic

* 1 A4 2001 49 309, Ad 2001 9¥ 4
o] EF-& 19999 % A& AT AT XY 25t A=A S (KRF-99-003-G00062).
* 9 AAqstR 530 College of Agriculture, Gyeongsang National University, Chinju 660-701, Korea.
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susceptibility was different among wood species. The multi chemical treatment of the exploded wood
resulted in the high rate of glucose in the enzymatic hydtolyzate. Cellulase adsorption increased at high
lignin content of substrates, while crystallinity, pore area and specific siirface area of substrates did not
affected enzyme adsorption. According to the proposed pretreatment and saccharification process in this
study, it can be acquired about 37 ~40 kg of glucose from 100 kg of hardwood.

Keywords: steam explosion, glucose, hydrolysis, cellulase, adsorption, pretreatment, saccharification
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Table 1. Chemical composition of chemical treated wood with steam explosion.

Speci Chemical Sugar composition(%)** Lignin Yield
pecies o *x
treatment Ara  XylL Man. Gal Glu Rham (%) (%)

Non-treated* 03 76 09 T 577 T 335 1000

H0 03 44 06 T 463 T 329 845

Quercus NaOH 02 32 16 T 466 T 76 59.2
mongolica NaClO 01 39 06 T 557 T 53 656
NaClO, 01 38 06 T 515 T 03 563

NaOH + NaClO 01 19 08 T 441 T 34 503

NaOH + NaClO; 02 34 05 T 499 T 15 555

Non-treated* 03 50 15 T 568 T 364 1000

HO 02 22 10 T 503 T 346 883

Populus NaOH T 17 10 T 472 T 78 577
, NaClO 01 20 10 T 490 T 106 627
CUTGMENICANa  NaClO, T 20 10 T 507 T 17 554
NaOH + NaClO T 15 11 T 470 T 32 528

NaOH + NaClO, T 20 10 T 503 T 17 550

Note; * : Steam exploded wood (25 kg/cm? , 6 min.)

= Based on the non-treated exploded wood. T: Trace, below 01%
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Fig. 1. The effects of chemical pretreatment
on the enzymatic hydrolysis of the
exploded oak wood.
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Fig. 2. The effects of chemical pretreatment
on the enzymatic hydrolysis of the
exploded poplar wood.
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Table 2. Sugar composition of enzymatic hydrolyzate of chemical treated exploded wood.

Sugar ition(%)** ;
Species Chemical treatment gar composition(%) ‘f,‘elf

Ara. Xyl Man. Gal Glu Rham (%)

Non-treated* 02 28 09 T 214 T 253

Quercus NaOH T 15 05 T 166 T 186
mongolica NaOH + NaCIO T 16 08 T 330 T 354
NaOH + NaClO; 01 22 05 T 408 T 436

Non-treated** 01 16 15 T 215 T 247

Populus NaOH T 08 08 T 217 T 23
euramericana NaOH + NaClO T 12 12 T 402 T 426
NaOH + NaClO; T 13 11 T 362 T 386

Note; * : Acquired solution from hydrolysis of steam exploded wood (25 kg/cm?, 6 min.)
** Yield was calculated from hydrolysis residue and based on the non-treated exploded wood.

T: Trace, below 01%

Table 3. Sugar composition of residue after enzymatic hydrolysis of chemical treated exploded

wood.
Sugar composition(%)** P :
Species Chemical treatment L(logr;f 2%13
Ara. Xyl Man Gal Glu. Rham. 0 0
Non-treated* 01 48 T T 363 T 335 747
Quercus NaOH 02 17 11 T 300 T 76 406
mongolica NaOH + NaClO T 04 T T 111 T 34 149
NaOH + NaClO: T 11 T T 93 T 15 119
Non-treated™ 02 34 T T 353 T 364 753
Populus NaOH T 09 03 T 254 T 78 344
euramericana NaOH + NaClO T 03 T T 67 T 32 102
NaOH + NaClO; T 06 T T 141 T 17 164

Note, * : Acquired residue from hydrolysis of steam exploded wood (25 kg/cm?, 6 min.)
* Based on the non-treated exploded wood. T: Trace, below 01%
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Table 4. The characteristics of exploded wood substrates and enzyme adsorption.

Characteristics of substrates*

Sub — - — Adsorbed
ubstrates Lignin, Relative Total pore  Specific surface  pyotein, %™
% crystallinity, %  area, m?/g area, ym?/mg ’
Non-treated** 335 525 555 070 251
Quercus NaOH 76 611 094 066 241
mongolica NaOH + NaClO 34 631 154 068 046
NaOH + NaClO; 15 645 053 067 0
Non-treated™ 304 552 103 078 267
Populus NaOH 78 600 108 066 257
euramericana  NaOH + NaClO 32 716 091 079 129
NAOH + NaClO; 17 629 037 078 029

Note; * : Based on the substrate before enzymatic hydrolysis.
* . Based on the residual substance after enzymatic hydrolysis. **: Steam exploded wood.
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Fig. 3. Surface of chemical treated exploded wood by scanning electron microscopy.
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Fig. 4. Pretreatment and sugar production from oak and poplar wood.

Note; *: Sugar from Quercus monglica, **: Sugar from Poplus euramericana,

Kg: Based on the oven dry weight.
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