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3. e fg2 %4 (Cellulosic ethanol process )

33 pEdokfrflae

AR ¥ Y 8-k 2 @42 (Chemical hydrolysis process ) » ] * %% (Enzymes) 'K f&45 22
Ay o- 3RS RARDPT > FELTRMBE S 2 TEE Y BIRE KGR
ZRFA R FAENE  BFZFTRAEP L REFR KRR RS AT R
Kk f2%% (Cellulase) 2_ 42k °

1960 & A= o R F KEBERES > AL SRR TR FER P FE
dedEitho P B iE R 2 K fE 4 2 1960 & K¢ H oo ¥ B Trichoderma  reesei Ve BE 20 4R R
feix i ove ‘b ¥ % (Extracellular enzyme) 2 FALE TR1S » R KfEm AP F A F ¥
P2 AR B2 RAL 1973 £ 0 B RR K RE L - AT U EFR AR SR
FAPEL A E .

Poan o fR* EERORfRREARZ 2 e R G e £~ 2 Togen/Petro 2 28 % W2 BC
International 2> # (BCI)  (US. DOE, 2006¢ )

it % K242 & 329 mJL (Pretreatment ) ~ %% 'K f# ( Enzymatic hydrolysis ) ~ &% F&
B (Fermentation ) ~ & & 22 % i* (Product separation and purification ) & = # . H
P A ko mEAs A RRE Y A TABME kEE R U (Separate
Hydrolysis and Fermentation » SHF ) ;) (Alfani et al., 2000; Cantarella et al., 2004; Chen et al.,
2007; Kim and Holtzapple, 2005; Larsson et al., 1997; Martin et al. 2002; Mohammed, 1996b;
Ohgren et al., 2007b; Palmqvist et al., 1996; Sharma et al., 2002b; Sharma et al., 2004; Stenberg et al.,
1998;  Tengborg et al, 1998;) » 4-W5%r7 3 & B w45 Tk h i 2
( Simultaneous sccharification and fermentation » SSF) ;| ( Alfani et al., 2000; Ballesteros et al.,
1991; Ballesteros et al., 1993; Ballesteros et al., 2002b; Ballesteros et al., 2004; Cantarella et al., 2004;
Chang et al., 2001; Chen and Jin, 2006; Dawson and Boopathy, 2007; Eklund and Zacchi, 1995;
Hari Krishna et al., 1998; Hari Krishna et al., 1999; Hari Krishna et al., 2001; Karimi et al., 20006;
Kadar et al., 2004; Martin et al., 2006; Oh et al., 1996; Ohgren et al., 2007b; Palmqvist et al., 1996;
Rudolf et al., 2005; Saha et al., 2005a; Saha et al., 2005b; Sassner et al., 2006; Sédestrém et al., 2003;
Sreenath et al., 2001; Stenberg et al., 2000a; Stenberg et al., 2000b; Tucker et al., 2003; Zhu et al.,
2006b; Zhu et al., 2006d ) » 4-Bl6#7T7F °
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Enzyme Production
Raw Material

)

Pretreatment > Hydrolysis Ethanol
! !
Fermentation Ethanol Recovery

B 5 -k j3 2 B e A 4o fiE % ok j2 A2 (Szengyel, 2000)

Raw Material
Pretreatment »| Enzyme Production
Ethanol
‘ !
Simultaneous Ethanol
sccharification and Recovery
fermentation

Bl 6 pE - R e 2 i & -k 2842 (US. DOE, 2006d )

3.3.1 % 2 (Pretreatment )

TRIZIRB ATREF kfEaF et 4 A2 G sz A (McMillan, 1994)
- A o AR E FIA 22 B F 1 (Heterogencous ) > 4 b B A Fiolegaz
Wirgat 2 g it 2 2 (Sheathing) »c% ~ B2 2 & &1 (Crystallinity ) £2 £ 7§
Ao AP AERE REBRZAZ I % Er ATREZ P A > HiBFEFRE> 7
B R IT AR o 4~ /,T fefe (Additives) it E R A AT R 220t Hida k2
WA ER o BB TR AR 2 B S d B (Porosity) 0 i BFER G b BITRAE (
B 7) i/ dp kit & dEdE s 7 EEFEPE (Fermentable sugars ) (McMillan, 1994 5 Sun and
Cheng, 2002 ; Mosier et al., 2005) o tF]* % AI2 2B 4% B 16 FaE & KBz pEit»adk pr > o
&ORTE O B A SRR L KRS AR A A Pra T o
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Effect of Pretreatment
Cellulase

Pretreanmc;t(eé _?:
_,,'7 .

I.ignjn\

(11 1)
Amorphous{ Yl
Region

;.-;'- 231
Crystalline Eaff
Region
(AT %A

Hemicellulose

B 7 fo’}*f«‘a‘_ 2.7 2 p e (Mosier et al., 2005 )

e *ﬁ#ﬁw\ AE R R B LB G R A I
PRI ES N F 222 4 F 2 2 (Sun and Cheng, 2002; Mosier et al., 2005) > #
F B BB AT k2 (Mechanical comminution pretreatment ) ( Millet et al., 1976 ) ~ 4 &% Jew
2 ( Pyrolysis pretreatment ) ( Fan et al, 1987 ) ~ % 7 R % % 3@ ( Steam explosion
pretreatment ) ( Alfani et al., 2000; Ballesteros et al., 2002a; Ballesteros et al., 2004; Cantarella et al.,
2004; Cara et al., 2006; Cara et al., 2007; Kaar et al., 1998; Kristensen et al., 2007; Martin et al., 2002;

Martin et al., 2006; Mohammed, 1996a; Mohammed, 1996b; Nunes and Pourquie, 1996; Sharma et
al., 2002a; Sharma et al., 2002b; Sharma et al., 2004; Sédestrém et al., 2003; Tucker et al., 2003 ) ~ 7%

A k2 (Steam pretreatment ) ( Eklund and Zacchi, 1995; Eklund et al., 1995; Hari Krishna et
al., 1998; Hari Krishna et al., 1999; Larsson et al., 1997; Ohgten at al., 2007a; Ohgren et al., 2007b;
Palmqvist et al., 1996; Rudolf et al., 2005; Sassner et al., 2006; S6destrom et al., 2003; Stenberg et al.,
1998; Stenberg et al., 2002b; Stenberg et al., 2002; Tengborg et al., 1998) ~ % B #u-K % g2
(Liquid hot water pretreatment ) ( Cara et al., 2007; Kristensen et al., 2007; Sreenath et al., 1999;
Sreenath et al., 1999; Sreenath et al., 2001; Sreenath et al., 2001 ) ~ B % &2 (Acid pretreatment )
( Chen et al., 2007; Curreli et al., 2002; Dawson and Boopathy, 2007; Dien et al., 2006; Karimi et al.
2006; Saha et al., 2005a; Saha et al., 2005b; Silverstein et al., 2007; Wen et al., 2004 ) ~ i ¥ “ & @
Jed2 (Peroxide pretreatment) £ 3 & {* g2 (Delignification treatment) (Ballesteros et al.,
2002b; Cara et al., 2006; Cara et al., 2007; Curreli et al., 1997; Curreli et al., 2002; Dawson and
Boopathy, 2007; Hari Krishna and Chowdary, 2000; Hari Krishna et al., 1998; Hari Krishna et al,,
1999; Hari Krishna et al., 2001; Ohgren at al., 2007a; Saha et al., 2006; Silverstein et al., 2007; Yafiez
et al., 2006; Zhu et al., 20062; Zhu et al., 2006b ) ~ #& 7 iJ2 ( Alkaline pretreatment ) ( Curreli et
al., 1997; Curreli et al., 2002; Hari Krishna et al., 1998; Hari Krishna et al., 1999; Sharma et al., 2002a;
Silverstein et al., 2007; Zhu et al., 2005a; Zhu et al., 2005b; Zhu et al., 2006¢; Zhu et al., 2006d; Zhu
et al., 2006e ) ~ fit # i J2 ( Microwave pretreatment ) ( Kitchaiya et al., 2003; Zhu et al.,
2006e ) ~ #k v fi it w0 B dZ (Microwave/Alkali pretreatment ) ( Zhu et al., 20052; Zhu et al.,
2005b; Zhu et al., 2006a; Zhu et al., 2006b; Zhu et al., 2006¢; Zhu et al., 2006d; Zhu et al., 2006¢ )
fé 4r Ak Jed2 (Microwave/Acid pretreatment ) ( Zhu et al.,, 2006a; Zhu et al., 2006b) ~ % %
W i d2 2 (Lime pretreatment ) ( Chang et al, 2001; Hari Krishna et al, 2001; Kaar and
Holtzapple, 2000; Kim and Holtzapple, 2005) ~ &% w &d® ( Ozone pretreatment) ( Silverstein
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et al,, 2007 ) ~ ;&34 ¥ i (Wet oxidation pretreatment) ( Martin et al., 2006 ) ~ % Fg 3% o i d® /2

( Multi-step pretreatment ) ( Cara et al., 2006; Cara et al., 2007; Curreli et al., 1997; Curreli et al.,
2002; Eklund and Zacchi, 1995; Eklund et al., 1995; Larsson et al., 1997; Ohgren at al., 2007a;
Palmqvist et al., 1996; Sédestrém et al., 2003; Stenberg et al., 1998; Stenberg et al., 2002b; Stenberg
et al., 200a; Tengborg et al., 1998; Yanez et al., 2006; Zhu et al., 2006a; Zhu et al., 2006b; Zhu et al.,
2006e) % o

3.3.1.1 # B B9 &2 (Mechanical comminution pretreatment )

MATHRAZ LG FEYEIG I FRT e H2 2% - - &a 5 - MR KL
RS T4 T 1030 Mo RSB ES 0 ¢ T - K% T 022 o /FH"‘::;:%
B BH L EE R o Y REIREF S E L G2 TR B RS 25k

( Millet et al., 1976 )
3.3.1.2 4| j3 % 32 (Pyrolysis pretreatment )
Hipeg v RARA e oo 2 EATHRAR R LI 22 - o

Bk FR R E ROESE R Y 300 C A A AIR T 0 380 RALEE A RS F R A S fost 4
ﬁ’## @Qﬁaﬂﬁiiﬁﬁﬁ%ﬁﬁﬁ&&ﬁﬁ(WTBO‘Wt>ﬁ§Z&M$
g RRHP B 808 M2 B AR EE AT PR ”*Qﬁﬁ@@ﬁﬁﬁ>
F AR E TRIVH > VT OURRRE ARMZFERTHE A L [E o (Fanetal, 1987)

3.3.1.3 ZARA &J2 (Stream explosion pretreatment )

BARAE A A TR EZ B &% 2% &2 2 (McMillan, 1994) > & 5 it k&
CEPZ RRME R - A FABRAZ IR AT REEREE N ER R R
B¢ o R %@4 Bl oo AR EE RO ESRIT L RREAR 0 B R

ST 457 £ 0 B AR B 160°C F] 260°C ~ B 4 j£_0.69Mpa F| 4.83Mpa 2 %
Lo B ,gf}f BRAZ2LFF G BT PR (Residence time) ~ & ~ BE & Rlsgk < | &
( Duff and Murray, 1996 ) e

3.3.1.4 & B4 k% gJZ (Liquid hot water pretreatment )
BRFK AL BAA TRAF R B RFL Bk o

BRBREART L2 2 L E G 8P 38 (co-current) ~ 3w 3% (counter-current) ik
;¢ (flow-through) & = 8753 o Mg sV F B AR A TR A RS K- 2300 J2F
RN TRFHANETER oG F BRARATREZ AP E LUpFE 3w
BT RILE EF ki F BREALN BRI SR EF BEM 2 A FTRAF R
P iR TR k2 A TR E REF N F RE -
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3.3.15 HFRpw fedZ (Diluted-Acid hydrolysis pretreatment )

MR EATRAZ R DAIL S 2P s g A2 - 3% - 33 0
APE AR RARE ER S 160-20C 2 AR R > WFEEY SIS HT S L
PR  BATEREE R P 2 LR KR AR L R @ (A RS R
5 Er R Em2 2 o

il

d ORI 2 B R KRB G R B FI AT 2 KRR
SR oA T R PRT Y B BRER KRR WE MR LA 4T ER
(e R

3.3.1.6 # % % EJZ (Lime pretreatment )

B RILE E KT Bk I A ATREE R > R 3R BER
He > AFREZE RS FAFET )3 10mme @& * TR RdR TR R R H s
R KB 0 X A 50-65°C B 0 M RJERER P Z B B EP 0 A A B RAE F o

o

#o

3.3.2 p¥% (Enzymes)

74 - #-KfEfE4 (Hydrolytic enzymes) 2. BF e pBRR LERUBPIAAN i & S el
(Microorgamsm) ¢ 3£ ] (Bacteria) £ E f#] (Fungi)

mFp s Emied o bt GERE o ¥ RAUREF ¢ 35 0 Clostridinm
Cellulomonas ~ Bacillus ~ Thermomonospora ~ Ruminococcus ~ Bacteriodes ~ Erwinia ~ Acetovibrio ~
Microbispora 22 Streptomyces 5 B ® > x4 Cellulomonas fimi B2 Thermomonospora fusca 2. %3 3§ 22
Bt ? oAV RfERAZ i.ﬁmﬁ s FruH RE —‘ﬁ v e Clostridium  thermocellum 23
Bacteroides cellulosolvens *77& R 2 fE 5 & 5 BB 254 0 L FIRF R 2 £ F R

ARz RN > 4 b A& L Bglucosidase > Fe ¥t M 2 SR F A fEa 4 R o
(Duff and Murray, 1996; Sun and Cheng, 2002)

2 EFR A G R pRY > L mreirled > AR Q2 fEF S e b s > B S0

AU TG R e b A2 ARSI Ht R a2 KRR 4 R (A

22000 BB A AR R B AL o F A kAWM ELEFe 4

* Sclerotinm  rolfsii > Phanerochaete  chrysosporium ~ Trichoderma — sp. ~ Aspergillus — niger ~

Schizophyllum B2 Penicillium variable ;5 B ® > 12 Trichoderma sp. 2-%2 7 2 Jg* $ % o (Duff
and Murray, 1996; Sun and Cheng, 2002 )

3321 pEF 2 it

AR SRR AR Y T A REARE O BALI O F2AA R 8A
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KfEvERE L po A e F K 3% (Endo-B-1,4-gulcanase, E.C. 3.2.1.4.) ~ ?b =2 Al ‘a2 -k 2
3% (Exo-B-1,4-gulcanase, E.C. 3.2.1.91) £ B— ”%’J{%ﬂ % (B-glucosidase, E.C. 3.2.1.21) (&
» 2000 5 £ » 2003 ; £ > 2004 ) :

1. p 27 3l 8 s K j2im x fL 5 CMCase ~ Cx cellulose ~ Carboxymethylcellulase
Endoglucosidase ~ $-1,4-glucan glucanhydrolase & §-1,4-D-glucan-4-glucanhydrolase > 2
ErrgEE e T AL E LR o W REL ¢ 2 B-14-glucosidic linkages » T #-
LA g a i e A2 <R R RAB RSB AT REGE -

2. Al R fRIE X FL L Cl ~ Avicelase ~ Cellobiohydrolase ~ Exocellobiohydrolase
$-1,4-D-gulcan cellobiohydrolase 2 Cellulose-8-1,4-D-gulcan cellobiohydrolase » i & *
Wi Rl 8 ZF o Jd R R (Reducing ends ) 2 2B B 23 (Non-reducing
ends) #-FaF R A S H =3 24 f2 (Bisaria and Mishra, 1989; Bhat and Bhat,
1997) -

3. B— % 3 M H W fL i Cellobiase (4 4 FPE % ) ~ B-1,4-glucosidase 2 B-1,4-
glucohydrolase » A & * - fEpE S ‘Bhh2z B E PE (Cellooligosaccharide ) p 2&
S ETOE N & TR R S R N e Nt
A GO K FRIE S 2 ] (o

B K At 2 e IF* 4] (Synergy mechanism ) > d P 7 Al Gk R 205 g L E
* %“%sé« ME2ZEER®H o M2 R M (Random) 203 2 ¥ 4h2 Gad o 5 37487 R
Al K EEIEY > TEN AR KEEZISRITY > R E NS 2B
» LB T e PR IR SR ‘a‘.%ﬁ;'}’gﬁi B {8 d B-glucosidase H#-3h B EFEE & KRS
354 4B 8 #7o1 (Ghose, 1976; Bisaria and Ghose, 1981; 72 » 2000 ) °

LA E 2 A b T oa £ F h (Aerobic) 2 R F 1 (Anarerobic ) ~ ¥ i & (
Mesophilic ) #¢ % /§ 17 (Thermophilic) > F]#t 7 e ficd 3 & = 2. %3 ERBHEST R
W E 2 KRN 4§ R fr‘&? o Zi@* 5 ORE2LPEE AP EHB 2B ERE

SR EAZEEE o R AR E B 2 AT o Y Trichoderma reesei & W2 fEE L B0 H
¥ zwfEi &2 KfE% (Unsitalo et al, 1991; Szengyel, 2000 ) : ¢t *7 4] 5 ‘& -k f2 35 (
Cellobiohydrolase ) CBH 1~ CBH II ~ p *7 A4 ‘2-K f%%F (Endoglucosidase ) EG 1 £ EG 11
5 60% > 20% ~ 10%2 10% o d 547§ P A5 ROK R 2 BRI 0 b P RS
&1 (Cellobiase activity) 7 B > &2 F »aA fRB AP > » & RHEpd & iﬁ’%‘ IR
glucosidase » M LR HEFFEZ R FEHP AR B REREN P AR E R REZ B A A
yrilien .

3322 R L FNE

it % 2. &1 (Enzymeactivity) 200 - B2l p 4 22 2 8 5 H|47L %
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d 2t E2% % 3L (Enzymatic system ) 0% 4552 > ¥ ¥ 2 A TR K fRERY > HE
ﬁ%?%?ﬁiifﬁ?’f“ﬁ%i%ﬁ?UA*%Wﬁ? TR R L S o Rk
Pl E 2 KE S 7427 3 A F (Soluble substrate ) 827 ¥ 3 (£ A B (Insoluble
substrate ) = ¥ > @ # ¢ 3% Carboxymethyl-cellulose (CMC) £ Hydroxyethyl-cellulose (HEC )
18 F Rl @ 34 (Cotton) ~ Avicel £ Filter paper % ; H @ > Filter paper p i 1984 #
IUPAC (The International Union of Pure and Applied Chemistry ) 2. 2 > st B ¢ (
Commission on Biotechnology ) # J/ /Rl T £ A2 R EARAE (S » T L - R F K
B2 7B > @ FPA (Filter Paper Assasy) + = 5 B L% kP24 #2 HE£A (Xiao
et al, 2004) > %ARA 240 * = A A -k (Dinitrosalicylic acid > DNS) Bl A B2 §
FHER

Ry ITUPAC 42 2. FPA > f¥ % 2 7 M K 40T ¢

FPU/mL:[ A, sample ]5.55},lmolex 1 N 1

Ay, /mg standard mg 60min XmL

FPU ( Filter Paper Unit) =T 5% 248 11 % @3- umole 2 § § # ° Enzyme

amount, which releases 1 pmol of glucose equivalents from Whatman no. 1 filter paper in 1
min

A, sample =The absorbance obtained from the DNS assay for each cellulase assay °
Asy/mg standard = The standard used for the standard FPA assays ©

5.55 umole/mg = The number of pmoles of glucose in 1 mg °

60 min = The assay incubation time °

X mL = The volume of suitably diluted enzyme that was assayed °

%25 BRI E B EMAEE AR R AR HETRGE B hHEER 4 S
PEFRAIZN AT LI L P EY e  FRE S L AR R AR TR LR (

Mullings, 1985; Szengyel, 2000 ) °

One unit of FPU is defined as the enzyme amount, which releases 1 pmol of glucose
equivalents from Whatman no. 1 filter paper in 1 min. One unit of B-glucosidase activity is

defined as the enzyme amount, which converts 1 umol of cellubiose to 2 pmol of glucose in 1
min.

% 2 F2 2 75 120p % (Mullings, 1985)

Enzyme Substrates Products

endo-B3-1,4-gulcanase, 1.Carboxymethyl-cellulose Regucing sugar and/or loss in
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E.C.3.2.1.4. 2.Hydroxyethyl-cellulose viscosity
3.Amorphous cellulose
1.Crystalline cellulose (Cotton)  |1.Cellobiose
exo-B3-1,4-gulcanase, E.C. [2.Avicel 2.Cellobiose
3.2.1.91 3.Cellodextrins 3.Cellobiose
4. Heterobiosides 4.4-Nitrophenol/glucose
B-glucosidase, E.C. 1. Cellobiose 1.Glucose
3.2.1.21 2.Cellodextrins 2.Glucose/ Cellodextrins
1.Filter Paper 1.Reducing sugar/loss in|
2. Avicel weight/reduction on absorbance
3.Hydrocellulose 2.Dye release
Cellulase oy
4.Dyed cellulose 3.Scintillation counts
5. Tritiated cellulose 4.Breaking strength
6. Thread

3.3.2.2 RS2 Bl R

i I A

T (Assay) 7 B

¢ I

. Carboxymethyl cellulose

( CMCase ) activity

Xylanase activity » B-Glucosidase activity ~ B-xylosidase activity » a-L-arabinofuranosidase activity

22 Ferulic acid esterase activity » ] Z_

1. Carboxymethyl cellulase (CMCase ) £ xylanase activities 2. jB| &_» %3t & 3

= 72 40T (Sahaetal,2005b) :

1% (w/v

Dimethyl sulfoxide (DMSO) 2

) # A7 A8 (carboxymethyl cellulose) & 1% (w/v) % A& FHE (Oat spelt xylan
) 2 F iR &4 05 mL ¥ 0 it 50 mM 2 fip ik B ] (Acetate buffer) ¥ if ¥
2 HRpE A ¥t pH 5.0 ~ B A& 50°C % i
30 A 482 8 & (8 MM ¥R (Dinitrosalicylic acid DNS) RN E RSP TS
F# B PE (Reducing sugars) & » I 0= & 45 f

) TR AR Ti R A2 E = (Unito U)

%% (Dilute enzyme solutions ) > ER

41 1 pmol B /i pE (Reducing sugars

. B-Glucosidase activity ~ B-xylosidase activity ¥ «-L-arabinofuranosidase activity 2_ iB] &_ >
y

22, 3A 2
AT e

#z 4 mM p-nitrophenylB-D-glucoside ~ 2 mM pnitrophenyl 3-D-xyloside ¥ 1 mM
p-nitrophenyl-B-I-arabinofuranoside 2. ¥ & & % 1.0 mL ® > 7 #v 50 mM 2 fiy i
gue e €2 AR E AR Y pH E 5.0~ B &R 50°C ¥ % £030 A a2
a1 mL~05M 2 k4 L4 (NaZCOS) BAFR " £ 405 nm
2. RRPIEF By 23 kiE o B H-A A F (pnitrophenyl) 2 F I E > FuE L
& § 2R EFLpR AR L E i (Unit> U)

T

v ER S

41 1 pmol p-nitrophenyl #7 7

3. Ferulic acid esterase activity 2. ] %_» %3t & 7 0.9 mM 2 methyl ferulate £2 0.45% 2.

F iR £ 47 0.55 mIL ® o i 4e 50 mM 2 fiE e B oAl i
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RS Y mﬂ’*pHmSOwwﬁmmxuiT"154%7ﬁéw,u5wb
20%2. ® & (Formic acid) ¥ it F J& > Sdg.< & 8 (14000 rpm ° 10 min) - & 2 Milli-Q
filtered water #Ff# 3 %18 > f1* % »5 % & & 17 & (High performance liquid chromatography
» HPLC ) Bl 2~ 17/ 4Lf& (Ferulic acid) & > ¥ & 248 9 1 umol [P 8T 2 %
2R iripEE AR i (Unitr U)

3.3.3 % & A& (Surfactants)

fi* AFRAEFFIAA @B dRh FoaHs BARFE - LI 3 MELAEE

AR RAEEES o - DA AR A KRB AT R o S SR v A
A Pl I Sy ’*‘ péhgl Wi E K fREARY 4o r 2243 F% A (Nonionic detergents) 82 -9 FF
(Protein ) & # & F44# (Surfactant) - 4v Bovine serum albumine (BSA) -~ Poly ethylene
glycol (PEG ) 2000 ~ PEG 4000 ~ PEG 6000 ~ Berol 08 ~ Tween 80 % > %%."1 kB3sdazi
ﬁ$?$ﬂ%1,$’Ffﬁmﬁﬁﬁ%i%ﬁkﬂ%uﬁ AFHREEZ AT L
TSI EZAEATEF R AM2 36 "&ﬁ ok fEEp AP AL S TR (Substrate
) 2T A FELARE e r L AR AT AR ATL AT (Nawre) o

?ﬁwm%’miipiﬂm;%amﬁwﬁmﬁﬁiﬁaﬁaw%’ﬁﬁ
Bk iEE AR RS % (Denaturation ) L% o (Kristensen et al., 2007 )

=
o

Kristensen et al. (2007) 12 % 4% (Wheat straw ) 2 Z 4 (Spruce) F5 Rl > & * i§w
;% (Counter-current ) % & #t-K (Liquid hot water > LHW) 22 %0 R4 (Steam explosion »
SE) & MapJdR o RigBGTREEZ-KiZ > T EHMER 7 4v 4 % 5 A (Surface active additives
) Bovine serum albumine (BSA ) ~ Poly ethylene glycol (PEG) 2000 ~ PEG 4000 ~ PEG
6000 ~ Berol 08 ~ Tween 80 & > 353372 b o g2 > 5V 2 2% % ~ £ o BRI EEE KR
EMHHEERRHZ RS A FEREREEZ B LR EE L0 B

5 45 + =
BE 4

e
BEEERILEZPEE AL REFFR D (1) 4\?2\01/\:-””5"] FENARREEE
He koo T ACIEH S BAPEREE S (2) 7 ez %m AR R AX B "ﬁk,&&%ﬁ%#ﬁﬁ‘éﬁ?ﬁ
’&g7$m@ﬁMkaﬂ¢um50%ygmw;@)@w24~%ﬁ%«@@’ﬁ¢ﬁ
7B 17 2. Endoglucanase activity % 1 7 Sedod EMER] G BAE MEE R ARG AR P 2t
bl BB F2ZHEEST D (6) FE 24 /) B?ﬁ*‘ kR o d BEER L B RE 2
Endoglucanase activity 7\'}% PG ] e dom B ”3'?' P BB EEME MR S 1.7~52% 0 M

s #\/T dv o ‘}'é'tti}'ﬂj'ﬁ 2. 5.4% o
3.3.4 #3 3 ;& (Detoxification methods )

W T 18 F Bk /:’5;]**”1”"% 7 7 v fEp%PE (Fermentable sugars) “F > & 7 iy 7 7 $#1{

Falfe A 4 e ivr 22 9mn8 (Aliphatic acids) ~ # @ #72 $ (Furan derivatives ) ¥ fis i
P

## & 4 (Phenolic compounds ) FPF o ORREERES A J'I#E“,ﬁ% o * K “,ﬁ% ¥ LIRS S
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2 REEAR £ Bk (Acetic acid) #%ﬁ*‘ (Furfural) » 7 % AE (5-hydroxy-methyl-furfural
HMF) 248 > & 3 A5 ¥ @itz > ARk s 3 72 (Rinsing with distilled
water ) ~ = gk R0 f§ # 3 /2 ( Two-phase 11qu1d contacting ) ~ % % # 3 ;2 ( Enzymatic
detoxification ) 2 i £ 3 j2 (Chemical detoxification) j# o ZA&F-KiEisR 3 & ¥ d2 $»
LAk iR AR £ feedis (Rinsing) > £ B 7 i o = AR IR E 2 ATk
8 ﬁiﬁ fec fn (Ethyl acetate) #4v » /B2 % G2 > ;_:J%f;f—l—x g {6 1 F Aok % (Flushing
) L EZ i) o B EF 2 (Chemical detoxification) 2 & ¥ “4F 2 a0 2 A £ F 2 (
Overliming with Ca(OH),) #— % k& 2. Ca(OH), 4v » -KfF;% & 0 ed2 4 > G418 » #
K iR HSO, 3B & pH & > & %% %% (Suspension) ﬁi&‘fi e Ry o PR
2EA SRS R FE o R MR R pH B0 L LB EAEFEG
#- Phenoloxidase laccase ( Coriolus versicolor) 7% i% 72 4 33+ -k (Deionised water) &iFi%5 347 (
Dialysed ) 3 4r % ﬁf £ #¥— kR ~ £1712 Phenoloxidase laccase i3 7% 4v » A > 3 4F
T2 pHE ~FRERFMIF T F BEF (Martin et al,, 2002; Cantarella et al.,2004 )

Martin et al (2002) 1 g ;& (Sugarcane bagasse) 15 Rl » % T 842 (Steam
explosion) 4 %3 E B 205°C (#5 5 H205) £ 215°C (#57 5 H215) T % &J2 10 4 48
AR EFER G KRR RIS fEE 232 (BEnzymatic detoxification ) 2 {4 F g3 2
( Chemical detoxification ) it {7 -k )?e#;,i' (Hydrolysates) ZopEE > PRS2 RfRREL I 7
o pgt FAEEEAE AT B 4R R RE S BRI Lok A S 2

SRR E B Ty ’*%«’:éxfu (1) prx «zﬁ%"fﬁﬂﬁ”w ”r“ P vt it
FRIZPE 97 80 0/01;‘{3%1«1?&)3;%;“% (e FTH 8 e #»#Wf R L (2) 1
S H H205 L FEM kb T S B B & 4 2 A0k vk A B L 18% ~ 25%
17% §* H215 % 5 (3) H205 i &4 4 fz‘@ﬂ’—_%é Y T IR T iﬁﬁjﬁ;ﬁﬁfo_
C RGP A AILE o GEPE 12 LR %Mﬁtﬁ"‘ﬁw (4) H205 5i- g3
FRIs o KRR Y 2 A BERE 12 )RR 33%%}‘»ﬁ’“ﬁ C FEREEEE I 0 A
BV FERS - F A S AUT > BT 19% RS 0 1300k ﬁﬁ;r& ¢ 2 fo 4 G4 (Arabiose
) o RIF T RAGERE AL BL G T 5 (5) H205 ASEHA ALY 0 C A
F % 0.38 g/g glucose (0.13 g/g dry bagasse) » Gf¥Z &2 i- £ 3 g2 ,42 v L iR A e E G
0.47 £ 0.52 g/g glucose (0.16 ¥ 0.18 g/g dry bagasse ) » >t H215 o

Cantarella et al. (2004) 126 4§ & (Poplar wood ) ¥ 5 Rl » 5 % T RA (Steam
explosion) a2 {8 » % * Z A Ki%jiE (Rinsing with distilled water ) ~ = 48/ #8#/§ (Two-
phase liquid contacting) ~ & & ¥ i 4F > 6 /&% (Overliming with calcium hydroxide > Ca(OH),
) #3232 (Detoxification methods ) # & > f 12 & B f% 2% -k f2 &2 mEpk W 42 (Separate
Hydrolysis and Fermentation » SHF ) 2 F # f i* &2 fE % @ 42 (Simultaneous sccharification and
fermentation > SSF) A @z it » WRIFTG F BRI FE 22k c FTEFFR D (1) T
BB FER A3 AR EFADRILS AL 2 I F 0 AT R R LR
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Bk R (T Insite #47h 0 QP AREA KRB R B 2B E 2 NG ocRB R
AR mond 1(2) LA B R orF A F MR R RARAR KLY
R LY TR

pu)

335 ~ Bt % -kt 942 (Separate Hydrolysis and Fermentation )
P Yy y

“r3) T~ B e E ok f# & mipe W AR (Separate Hydrolysis and Fermentation » SHF) ; &4
A * Bk fEE > BT R BB R EAH I R ALFE (9l ) A fE
¥ % f#pE (Soluble sugars) » £ JI* ped o REEF KRR ETE P ERERE (
Fermentable sugars ) 2_ -k f#/% (Hydrolysate ) FEf% =~ ¢ fig & = FEEARR o

3.3.5.1 % -kfFFf & (Enzymatic hydrolysis step )

P Riddp o R td 2 ot (g2 8 (&) w2t ) TP A > 1% -

AR BBk fEE > - T2 B R cpH B REMIEATERZFET > M5 g2
B pAkaS e P E AN LB RPEL B B ARBRRL TR F AT
R~ BAkfEE2 EM S KfRE R 2 pH E X o (Sun and Cheng, 2002 )

&R R AL @ﬁ%«ﬂﬁﬁﬁrﬁﬁ@&$iﬂiﬂ%z—o&%@%&@ﬁi
R i‘éﬁt/k}i’ﬁ BATH 4 A i# % (Chenug and Anderson, 1997) i % 2 )k &R &
mog ¥ AE A A Pl i (Substrate 1nh1b1t10n) i AR R FE K o $FAE A 4 Frd i
* L%Eﬂ s Bld AR F g 20t 5] k42 (Hung and Penner, 1991) > @ A F & % 24t i
B F 2 S h ~ B & (Polymerization) #2K ~#ff 2 FE AT 2228575 M >
jmﬁ%%@@ﬁ%&#ﬂgiﬁﬁ’FMEWﬁ§$ﬁ@q(M&Mmﬂ%@°

ﬁﬁ*ﬂwi%ﬁ—m@ﬁ | P A > ¥ - AR LT FRLBE A
"PEVT\ BOE M iEH 22 gk s ¢ 2R B A E (Dosage or Loading) 2. KoK fENE AP

v B-glucosidases ~ #% f KfEP A2 FEE R Y BRI BEAER S R KRR o
3.3.5.2 EEEEFE B

BRI @Y M b Aot F o R BF AR R iR B
¥k é%%‘rkﬁé > ﬁg?\‘r‘;\”’\ STREERER R R B RZE O 2 A kR E (Sharma
etal, 2002b ) °

Mot IR S A KRR 5 R S RPN (T RPE) . F A BB LS
W (S RLPE) B2 KRR Sl BRI E L MKEAE e ER 2 A P
» Y Candida kefyr ~ Candida shebatae ~ C. lignosa ~ C. insectosa ~ Pichia stipitis ~ § ¥ B 4 Kaz
Saccharomyces cerevisiae ﬁ%ﬁ (Farone and Cuzens, 1998 ) ~ Candida shehatae FPL-702 ( Sreenath et
al.,2001 ) ~ Saccharomyces cerebisiae ATCC 96581 (Martin et al., 2002 ) ~ Saccharomyces cerebisiae TMB
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3001 (Martin et al., 2002 ) ~ Saccharomyces cerebisiae vax. ellipsoidens ( Sharma et al., 2002b; Sharma et
al., 2004 ) ~ Escherichia Coli FBR5 ( Saha et al., 2005a; Saha et al., 2005b ) ~ Clostridium 22 Zymomonas
mobilis (Farone and Cuzens, 1998) > 11 % if Té.? 2. & & > 4rgg (Magnesium) ~ ¥ (Nitrogen )
~ 47 (Potassium ) ~ FEfE# ( Phosphate) At é (Vitamins ) % (Farone and Cuzens, 1998
)’*%L?m&T’%WQﬂM <ﬁ>xﬁ¢epu@_~%mvwéﬁw’ﬂ&%
HpEigLepg 5 8o n ;e r HEMES 22 (Gluscose oxidase ) M #--K fZ
Y 2o A 2T fR o JJ% * 5;% *“#‘@ﬁ? A2 Saccharomyces cerevisiae 2 Kluveromyces

marxcianus YA W T RPEIE L H s * 2 % o

dOTEAREAEAE 2 2 o BAR RAFE AL > Hikd Sy RIvIEY 0 BRERE S
o TS A ST IR B L CO A AT LB B LR e s

o

3.3.6 FHpEi- 2 pEpt @42 (Simultaneous sccharification and fermentation )

3l Tk b it 2 A W A% (Simultaneous sccharification and fermentation » SSF) | %
LS 0 - F BTN R R REOREEEREREY AP - e R R
B AR TRAFERES ABEEBER > - 2 6 R AT EMRE S (
Genetically engineered microbes ) #-§ % #& ~ A& ¥& 22 Bi¥) AE ARG % = ¢ 5 2 3 AE o

d R h PR R RAY o PR - F R RS SRR R
BHESA Aoy o QY KiRAL 2 phs Rk dEd 32 o v JEH A k258
M2 prglie* > P g FiE i (Sterile conditions) 2 & F+ $#&% (Sun and Cheng, 2002) » fe
FlpEE R Rz R E R R (40~60°C) v EEpEALS 2 H B R (25~35°C) 5 & » WAz F &
o R 2 ITIER > PR ERHL E KRB A 2 ¥ o do Trichoderma reesei cellulase
» B-glucosidase £2 H1-55 (Oh et al., 1996) ~ Candida shehatae FPL-702 ( Sreenath et al.. 2001 ) ~
Trichoderma reesei cellulase 2 Saccharomyces cerebisiae D5A (Laser et al., 2002; Tucker et al., 2003 ) ~
Kinyveromyces marxianus CECT 10875 (Ballesteros et al., 2004 ) Kluyveromyces marscianus Y 01070 (
Kadar et. al., 2004 ) ~ Trichoderma reesei cellulase 22 10% (v/v) Saccharomyces cerebisiae YC-097 ( Zhu
et al., 2006b; Zhu et al., 2006d ) ~ Saccharomyces cerebisiae ( Cantarella et al., 2004; Chen and Jin, 2006;
Karimi et al., 2006; Rudolf et al., 2005) ~ Mucor indicus CCUG 22424 (Karimi et al., 2006 ) ~

Rhizopus oryzae CCUG 28958 ( Karimi et al., 2006 ) °

B H A o mE s TS E 0 AT BALEE EAY pH £ - B
ARG N e s HEA o

Ballesteros et al. (2002b) i * @& 3| % 7 ¥k Klwyveromyces marxianus CECT 10875 &2
B ok f29% (Cellulase ) Celluclast 1.5L 0 & % * [ ¥ 4 i & B % © 42 ( Simultaneous

saccharification and fermentation process ; SSF) f& ¥ fc2. Mk I F &2 ¢ g > L 7
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e A& B (Substrates ) & & ~ ZA B 4v » > 3% (Batch & Fed-batch) ¥ f% % # £ (Enzymatic
loading) ¢ FER B A F2 BB - AL B 5 M7 (1) ikf SSF W™ > AFER
5% (w/v) ~EAMEL 45 FPU/g % » e AT HF > 93 LEHE2 803 % HIFH 2L
FTEmEMEL AT ERVH4 SSF Aizz e MAF P> LR ME2LET 4
@%‘@k&&é?ﬁé%k&@@\%k&éﬁngn%iﬁa,m)¢wk4g?
KR 10% (w/v) T o Apfdpi=t 8 SSE WAe2 ¢ fRER 5 177 g/L~ AF 5 79.7% 0 3t
&% SSF #4282 12.6 /L ~ 56.4% -

Chen and Jin (2006) % &k 2% (Crystalline cellulose) T35 RAL » #5347 F R R
T o kR BEER R Saccharomyces cerebisiae ¥t ¥ % K fR 53 AR fEIF Penicillium decumbens
B2 B w2 B2 ¥ i (Reversibility) » B3 %87 (1) § 2 BER * 3 2% (
v/v)o Ble R s b g MR RREE L R ORIRA A Fed T 5 (2) ¢ BHOYEEE KR
z el e > BUFR RpEEE S L B2 kF 0 MR B RO ERA S > Rire fEp SSF H
ARM A2 (8 BERBEMETT MR (3) R X e B2 BT R2Z ¥ (Denaturation )
L5 T 2o R Penicillium decumbens 2 FRFFETE GV (4) pER RE

Penicillinm decumbens 2- Filter Paper Activity ¥2 B-Glycosidase activity S i 5 #2588 o

Zhu et al. (2006b) ™ #&% (Rice straw ) (€5 Rl » ke il (Microwave/acid) -~

4% 4o Hok (Microwave/alkali) ¥2 H,O, kJZ % = BFF B ( Microwave/acid/alkali/H,O,) {é »
# AP0 (Batch) Fe b pEit &2 AR p% %42 (Simultaneous Saccharification and Fermentation ;
SSF) » 14 Orthogonal experiment 35 d13+=% ;% SSF @ A7 2 B i 15 £ » ZR {5 IR 2 B iF 1%
@ (A4 pH BEEF @ &) 175 @438 (Fed-batch) SSF @ A2 2 i & » FF 34t
F 3% SSF AR ik o ot gt SSEF Az A e BERECRA

F oy BEAT Pt SSF WARZ B G EITIEL ZATER 10% (w/v) ~ F B4
4 pH 53~ F iR &R 40°C ~ f2% # £ 15 mg/g substrate ~ & PR 72 /] PF 0 A% iE
BT AN o kR L 290 /Lo ¢ BAZ (Yield) 1 613% EEE AR 5 515 me/e
cthanol o & #L4 = 3% SSF Hl4z2 B 3k (7 6F & 5 F fdr 445 pH & 53~ F iR A& 40°C ~
% # & 125 mg/g substrate ~ A#HBZ R A2 F RIS ERKEF 5034 SSF ﬁlﬁi“z 2. 1.8
B~ A AR R 36 ) P~ AR (3g~3g~2g02g) 0 F R T AN e iRk
B 5573 g/l e fAF S 603% % ) 4~E 5 436 mg/g ethanol o d >t 4L+ =t ;4 SSF
WAFTRAZATERATHFAZREFE RIAWUCHBZER “HHEZERZAR
AP HERE - B F B o iAo

3.3.7 SHF % 42 #7 SSF 22 ‘' &

Alfani et al. (2000) 12 % 4% (Wheat straw ) €5 R o 25 Z T8R4 (Steam explosion
) IR (S o s BEEE K2 B W42 (Separate Hydrolysis and Fermentation » SHF )
B e o pE i 2 A2 W A% (Simultaneous sccharification and fermentation » SSF) @ (1) SSF # 4%

13 TP o P B



2007/08/27 HBHE LB S B ST R ERET  Version 12

AL FEEE T IR SHE #l4® 5 (2) SSF #ld A2 e BA X bmAE % (
Theoretical ethanol yield ) 2. +* & <3t SHF @lﬁii ; ez g4 A i 5 (Ethanol productivity
o/L+h) BIF % SHF #liz% ; (3) SSF WA wg - B F i - “’r%#k?éi’#& e % A i
;(4) SSF W Az® » F F A4k = ¢ 52 bl fR$EiTIE % & (Stoichiometric value) ;5 (5)
SHE ®Az? > Sk @~ § 5okt 6% > SSF Waey -

Ohgren et al. (2007b) 1 * & 4% (Corn stover) %5 il » £ & %% % &JZ (Steam
pretreatment ) {& » 14 R ]1% P (Whole slurry ) 2% i T 4e fF 2. jﬁ M F (Washed slurry
with additional sugars) %% AAF > f1%* » B %4 -k 22 mps W42 (Separate Hydrolysis and
Fermentation » SHF ) & F # fE it &2 fgE % % 42 ( Simultaneous sccharification and fermentation
»SSF) A%l g » 45 ‘}é?’ﬁéﬁ*’%{%%}i kfE»s (Xylanase) 3t @l Az2 R - =77 8B
87 (1) # SHF WAeA T o TR N el R R ORI G FE Y f oG 2
#5 (2) fj* SSF ®Aedm T > g F Frdlde 2 i""‘jﬁﬁ*#ﬂﬁmﬁsﬁ;ﬁ v L ﬁ%&ﬁ’r—; - RNV R ]
FApEZ R EL AT F 5 (3) RFREI PR R (EL A W2 SHE fiz > o %
A J A 2 3R RGR P T L AL T2 SSE QAR o BTER SSE AT B SHE QAR 5 (4) 4 K
*oEK fE9% (Xylanase) 3 B4 4 B ¢ iR A 5 o

33.8 A4 A dper i

R, ® 2_ Fermentation beer (FEf¥A H B A ) o o > v giicd 0 £ 2
FAEARPELR aRATLATE AL SEE X REE AL BE LG B
Pl e 1 17
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