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FUEZTHARMDEZDORES :
REFITSRAOMERLS K URRMERBICHT SR

(BEMXEIEE - RESP) REEF - GHEZ - KB—R

[B#]) =7 75 R (Pennisetum purpureum Schumach) D7 Vv E =7 H A RiiAL
P (EGA, Explosure to gaseous ammonia) {2 DVNTHRET L7z, EGA IX. ¥ifgxrE
T ARMKERMEBEOKTCELE . 7T oE=2T 2 RBIEET7 7 A ahIZER
THHEMERBE ST LHIETH S, ECGA DR EZEERPEL (SA) IZBWTHRIEL, 7
T =T HAPICRET 5 EOEFFEZRE LTz, TORE, 4 EE D EGA L
PEBE TH D EDBah-oTc, 4 HH EGA B LT 7T X (EGA-4) &
Acremonium cellulolyticus W 3k @ & /v T — ¥ (Acremozyme KM) B L Of
Trichoderma longibrachiatum (reesi) D ¥ o FF—¥ (Sumizyme X) DIES
FERETHOTHELZITRoTERER, 7V a—XBLUEFa—ARNEREN
100%3 LN 60%DINE TH LT, &b, [FRHELRERE (SSHIZKb=F ) —
JVAERIZEBW TS EGA DR ZREE L7, EGA4 B L7- 2 ET7 75 X (1.33 g)
WXt U CBERE (Saccharomyces cerevisiae) VAR (0.16 mL) 38 XX Acremozyme
T T —E (67 mg) I LV Sumizyme ¥ 27 F—E (67 mg) ZHV 5 SSF Cik, X
FYWB LAY TTF /= LB L OF o —R & ENENFT,

1 8
1-1 SR AF TR/ —IVEEDORE

BARRET R X —OBEIT, BB OBENLEE L 2> TS (1], ZOH T,
BEEFEALARW “V 7o —R" WoOxF ) — VAR 2007 EZAHMHER &h,
Galbe, M. BX N Zacchi, G. (R=—F > LU FKRFE) bItk-T, BRI AT A
/ —IJb (second-generation bioethanol) & BRI, FOEHEBEMENE L TETWBI[1], V7
A —RE, TAa—RPEFTRRENDT USRS IXRG Y BomE0Y 7
ZVUBXOERBEEOR h—AND B ~NI A0 —RAEEL G A, BRAAM A~ AD
oDy ) —VDORENRFERKTH 200~300mg g' &, KO ERMBBEEL > T3, FO
el EWRAALM AT Z ) — AR TIE, mRTRERELRBEE LTROZOBET
b,

FH—IZiE, V7= OBRER LOREREENEILIC L o TE R LA (R S & 28k« 723l
METREMRFTINTWER, RTAEICIE LI LIEAEREN D AN ABRELL D 8L oz *
A= L AR FpHHD (2], FORDIZ, BT RALF—BLOYET 2 N ORTLBEFEOB %
BEENTWD, FUZ, V7 /e —RF ) F= 0 OMIZ~_y b— A THEKEIND~I
Era—2% 20-35 wtREESATEY, =& /) —NVINENMEL 2D, FO=Diz, VT )
A —REFEETENSNAATE ) VEFETIE, XV F—AEERRRIRTHY, =X



= NVIRE B KBTS 28 B b T\ 5, FEERE (2011 EE) O — OBEOMRE
IZHENT, SFEE (2012 %) 13E —ORBRICE Y HAT,

12 ZUEZ7OELO0—RBRE~OER

T —XZiE, AEFERISHECHEE N R D2 BROFR AP A EFNRTND Z LMD
LTV D, RERIZH cellulose la & IBO_SDREENFIEL, cellulose | SIEFLEN5[3],
cellulose I 1 IHET =T[40 4 DT 2 VWM““7mﬁkiU%ﬂwﬁ\7\/m®
TE B 36 & OMRMEERI T K D BRI 5 1C K > T cellulose I B 25 #2 9~ % [7-9], & 72, Cellulose
L (DA IZBAIK 10138 K ONZER T COMBY 1 1]IZ K o T cellulose I IZRTZ EMNTE D
T =TI EER OKBREGEALNRH LT & | fEfEIE % cellulose [ 725 cellulose
LB E LS E T35 & Bbhs[12],

cellulose | |__NHs | cellulose I,

Native Active to cellulase

FDDIZ, TUorE=TIESNVTOMMONE 2 SET 5O TEMICHVW GRS,
¥7-, V7B — 2O E LT AFEX £ (ammoma fiber explosion) S EH HLTHE Y |
A FIRENS K OE DD LR A ~DEHIZ I T, BERIHLORRA LK 6TV 5D,
ZhiE, TUE=TIZ L o CTEERTEMER cellulose 11, BUAEMNT 570 THBH[13], LvL,
AFEX 13 90 °C 21 RUEDOEES &2V E L3 5([14], F7-. SAA (soaking in aqueous
ammonia) (£, EEY : KOFEIGH 1:6 - 1:10 TRKIE F 40-80 °C TITRRPDIL TV B[15.16],
b7 atATE, WEREFORFERL L KEERNOOT =T ORI R LF
—EETLZENMEE > TD

77"7~$}t0>//'%”7'11£QI4\/1/’%—’6(77[,—“51753‘*3}]?#?% %, €I T, AWfFETIE, VT
tAar—2X% KKE, BRTT 7 HAFHEK FICEOER., #8895 EGA (exposure to
gaseous ammonia) #5IZ OV THRET L7z,

Pretreatment methods using ammonia

AFEX | ammonia fiber explosion pretreatment at 90 °C under 21 atm

SAA soaking in aqueous ammonia pretreatment at 40-80 °C in a room
atmosphere, solid-to-liquid ratio of 1:6 - 1:10

EGA exposure to gaseous ammonia pretreatment at room temperature in a
room atmosphere, solid-to-liquid ratio of 1:1. Use of NH3 (1.1 g) for 100 g
napiergrass.

1-3 BIREHE
HIRFKFETIL, V7 /e a—Anbnxy ) —VAEFEIZBIT D8kx IR L k4 57

DI, T3 A fillil s KO E FH WD 127 7T AOE =R A AREME ] (/Wﬁtnr&u 7
STW5, FLREETV—T7) Tlix, 8EKRY 7/ vlno—R L L TCERKERSE T



fbEnle “BHEXEYT VIR 2L A< AFEEHZ LT, ROOPLO®OD K DDBRN LW
BEBERN L (Scheme 1),
TRk 24 FEEIT TQFHFTAEIEDR] I2OWT, TV E=T H R E RV S HHaT0E S
EORBIZOWTHRHNEIT- T2,

Lignocellulose

DT /2)La—RDER

Dry, Cut, Powdering

Pretreatments 2FIRAEILIEEDBRF
SSF . Ethanol RERESEFE SR ia Rl IOl iSE 2 (2
Pentose » Ethanol ESPNGIEISOXRIPL IOy &7
E. coli KO11
MVl &~ h—X DI RISIZLDIKFRE

Photocatalyst

-+ Glucose — HMF BNFY)—ZDOHMFADLZ LR

Scheme 1.

SEBICHT 55 £ TOEBRILE FRICET

T TR SCARRR AR
JEAt QU /Lo —RDER w3 7
AITALER QFHERTHRE DB % 2,9
P b s B QUWITEREEC LD o 2A0fFE L L5
R b AR R @KIGHE KOL1 12 X B3 h— R %EE w5
B AL ABEIOBRE | @ b —2AORMIERIGIZ X ZKFRHE | 3,4,6,8
®~F J — A D HMF ~D{bFZEHa 1

L.

Transformation of Glucose to 5-Hydroxymethyl-2-furfural by SiO;-MgCl, Composite, M. Yasuda, Y.

N

akamura, J. Matsumoto, H. Yokoi, and T. Shiragami, Bull. Chem. Soc. Jpn., 84, 416-418 (2011).

The effect of TiO,-photocatalytic pretreatment on the biological production of ethanol from
lignocelluloses, M. Yasuda, A. Miura, R. Yuki, Y. Nakamura, T. Shiragami, Y. Ishii, and H. Yokoi, J.
Photochem. Photobiol. A: Chem. 220 195-199 (2011)

Pentose acting as a sacrificial multi-electron source in photocatalytic hydrogen evolution from water by
Pt-doped TiO,, T. Shiragami, T. Tomo, H. Tsumagari, R. Yuki, T. Yamashita, and M. Yasuda, Chem.
Lert., 41,29-31 (2012).

4. Hydrogen evolution from napiergrass by the combination of biological treatment and a Pt-loaded




TiO,-photocatalytic reaction, T. Shiragami, T. Tomo, H. Tsumagari, Y. Ishii, M. Yasuda, Catalyst, 2
56-67 (2012)

5. Ethanol production from non-pretreated napiergrass through a simultaneous saccharification and
fermentation process followed by a pentose fermentation with Escherichia coli KO11, M. Yasuda,‘ A.
Miura, T. Shiragami, J. Matsumoto, 1. Kamei, Y. Ishii, K. Ohta, J. Biosci. Bioeng. 114, 188-192 (2012)

6. EARRNSNT OAFERIGE L ORBESURC £ 531 AR EHME, (REESH, PHEBA. =#
RS, AR, A, B L%, BlAF T FHRE 41, 17-21 (2012)

7. Effectiveness of lignin-removal in simultaneous saccharification and fermentation of napiergrass, rice
straw, silbergrass, and bamboo with different lignin-contents, M. Yasuda,a, K. Takeo, T. Matsumoto, T.
Shiragami, Y. Matsushita, K. Sugamoto, and Y. Ishii, Sustainable Degradation of Lignocellulosic
Biomass - Techniques, Applications and Commercialization, Edited by A. K. Chandel and S. Silverio
da Silva, InTech (2013).

8. Structural dependence of alcoholic sacrificial agents on TiO,-photocatalytic hydrogen evolution, T.
Shiragami, T. Tomo, T. Matsumoto, and M. Yasuda, Bull. Chem. Soc. Jpn., in press (2013).

9. Exposure to gaseous ammonia pretreatment of napiergrass for bioethanol production through a
simultaneous saccharification and fermentation, M. Yasuda, K. Takeo, H. Nagai, J. Sakasegawa, T. Uto,
T. Yui,T. Matsumoto, Y. Ishii, and K. Ohta, J. Biosci. Bioeng. 115, submitted (2013).

2 ERAE
2.1 Y5770 —R0ORS3H

RET T T ADRGDIIERD LS T2, BIKRILLIERET 77 AB0g) 1FA% /—
T L CHAES 2 B0 BRE, 1% NaOH 7KIEHE (400 mL) T 95° C, 1 WAL A 1T -7,
B DR L BEC L >, Rk o—R ZEEALEYE U CHBEL -, IBKIIFERT
FRFIL T, pH 5.0 {2 L7z, oK iLE % 5057 % 10,000 rpm T 10 43TV,
V7= %HEELT,

Autrn—AOES5HTL, National Renewable Energy Laboratory (NREL) ¥&[17]IZ%E
> THT o7z, Frtia—2 (300 mg) (ZHRHEEE (72%, 3.0mL) ZMZ T, BRI, 30°C T
1 BERIAGE U7z, RIC, BREEDREDN 4 %2/ DFTKG@A nL) 272, ThEA— M7 L
—7IZ AR, 121 °C T 1 h /KL, WEI o< 7T 7 THESITZITV., BEiRNHs 7L
D ROIF TR, ROFRIE, MRRET 772 20g) #5203 I A, EXUF
(KBF784N1, Koyo, Nara, Japan) C 850 °C T 2 BFfEJI#AT 5 = & TRz,

2.2t 5—HIC kBRI

FArEa—2(10.0 g) & EFEEMGR (60 mL, pH 5.0) IZH# L., A— b7 L—TI2T
120°C CHEZIT-72[18], MK MERESE (1.0 g) ZEWEICINZ T, 45 °C TEL <@L
RN ORHEZIT > 7o, BOSEIRIE 12000 rpm TEROHEZTTV., EEAZ KD HPLC 24T
1120 o7-, BATF—F & LTIL, Acremonium K DENF —¥ (dcremozyme KM, Kyowa
kasei) Z H\ 7= Acremozyme % Meycellase (Meiji Seika)., 7Trichoderma viride M1 D+
)vZ7 —+F¥ (Wako chemicals). Aspergillus niger HED¥E /N T —F (Fluka) 7g K Dfh D%
Ly @mENTHoT-, Fio, ¥ T7F—¥ & LT, HIRD Trichoderma longibrachiatum



(reesei) KD F T F—1 (Sumizyme X, Shin Nihon Chemicals, Anjyo, Japan, 5, 000 u
g ) EAW,

We 34 iR RhEatt
Acremozyme KM A cellulase from Acremonium cellulolyticus
Kyowa Kasei, Osaka
Sumizyme X A xylanase from Trichoderma longibrachiatum (reesi)

Shin Nihon Chemicals, Anjyo, Japan

2.3 MAKIBERS L UEEZAVSERMECRE

Saccharomyces cerevisiae NBRC 2044 (£ 7 /v 23—A (200gL™"), X7 b (1.0gL"), Bk
VEIR(1.0 g L"), NaHPO, (1.0 g L), MgSO, (3.0 g L) & & ekt ik (#1% pH 5.5)% T 30 °C, 24
MRIRE8 L7z, 24 BRI OBE3 %, MIBREREE A 7.7 X107 cells mL™' OBFRHARK G HLTZ[19]
[FIREFE(LHBEL SSHIITRD X 21T -T2, V7 /EAr—R (1.33g) % EFFEEAEMEHK (5. 0 nL,
pH 5. 0) FIZ oy # &, EFRRFEMETHE (3. 0 mL) (S50 & B 7o N7k 70 g% 3% (133 mg) 46 K O REIE
WHE (0.16 mL) 2N 7o, BHREWEITR-T-%, BMLIBHR LMD 34 °C TRIGZEIT-
Too AL ZRILIRFBZIA ALY U —OE L, ZB(CRFBORARTRISZIBH LT,
EBRFERIT, 3EDOERDFE L L TRDT,

2. AWAk

TH ) —E2-Tan ) —VENTEELTEITAIu~v NI 75 Lo TiTo 7 :
SyFrdEEE . Shimadzu GC-2014 . #7 A, 5% Thermon 1000/Sunpak-A (Shimadzu), ~F% YV —
ABLORY h—2A LT =A 558 7 L (Shodex Asahipak NH2P-50 4E 250 mm X 4.6
mm in ID) # AW Tk n~ k25 7 (Shimadzu LC-20AD ) TERL7-, ELEETAMKEE
(SEM) &1, Hitachi S-4100 (Tokyo, Japan) CHgiE L 7=,

I BRLEEE
3.1 REF7ITSR

HEARVZ/7Ern—RE LT, V7=V ERNBDVRVERRET V5 R (Pennisetum
purpureum Schumach) [20, 21| ZiRIR L7z, RET 7T X%, B KFERTEEE THEEE L= 0
RV, FERMEEH Lz, W&, 70°C T 72 FfRR L. BRIE LT

3.2 FUE=ZTHARRINE

WA YT 77 AEK (100 g, &F 320 mL) #7722 (1 L) iZAf, K& (100 g) %
WHIZ L Tw-< 0 &Mz T, BREFRS T, BER 7 THRKZITV, ROT E=
THREZRE L., ZOBEZ=ERVIEL, REOH A ZZERIZT VE=TIZEB LT,
77 RAaNIZEEEINTET =T ERIT 11 g THY . BEHO SAA B R THEHT 3
T oET BB TORY, £, BEESHEKEDLIF 1:1 THBHM, KBEKBTIEEL
EET. SAA LIXRARHHNHEETHD, TOXHICLTHBLERXET 77 2HWEE 1



b 4EMEECTHRE L, RBEE, TUE=THREZZIARL—F—TREL, QAEHITK
QL)T3[E L., IWBEOKERE I LT, LB LI LIERET 77 2AkKIT60°C T
Wil L IROAEMLFERUSIZHVWE, Z D7 1k X % Explosre to gaseous ammonia, EGA-n
AT, 0 ITNEFEEOBEERL TS, 60, HWEHKREZERE, TUoE=T VRICE
#5445 H1E% EGAn (dry)& L7z, Table 1 (2, RAEENO), EGA-1 (wet). EGA-2 (wet),,
EGA-4-(wet) LB L7=RET 7T ADOKy & RT,

Table 1. Components of the EGA-pretreated napiergrass

Components/wt%
Pretreatment ® Holocellulose Lignin Ash Others
(glucane : xylane)

NO 48.2 (28.2:20.0) 126 139 253
EGA-1 53.7 (32.1:21.6) 11.0 130 223
EGA-2 60.4 (36.1:24.3) 9.9 9.5 20.2
EGA-4 61.1 (36.6:24.4) 7.1 7.1 24.7

a) NO: no-treatment. EGA-n: the exposure to gaseous ammonia
pretreatment for n weeks under wet conditions.

3.3 PUESTHARUMBEOKEIERBICHNT SR

FHLRSIC x5 EGA BT O R Z MREE L=, FELRUS L, BFEEFEEIR(60 mL)IZ /5K
SERET TR (100g) % Acremozyme (1.0 g)% VT 45°C TIT772 -7z, Figure1 (Z
X, EGA-n T L7=RET 77 ZADHELINICBIT 5L E RS, FEREIL EGA4 IZ
BT, EGA-1 BLV EGA2 LV bbb BEIRKRNEICEEL, £ iz, 4 EHD
EGA-4 & Bl 72aifB i & Lz, F7-. EGA-4 LT EGA4 (dry)RifLEEL D HEN TV D
ZEDHEND BT, KEMVD & EGA RHLEEDZIRNE L35 2 L3 0ho T,

Table 2 I[ZIHE L RIETELNA L a— 2B L UF L o — 2B L QIE L R, FUH
DRET T T Ak, SHELINE 4% TAEK L7 (Run 1), EGABIALE%. LIzxET 7J
TIXN R L, 63-67% (2% L 7= (Runs 2-4), Figure 2 (213, EGA-4 ATALEM L/ LD
INa—2BLOFn—RAOEREEERETRT, Fo—AOEMITELS, 360 FFEE T
BN AR L, —FHRZ v a—2AREETIERCHEML, 48 B E CICREINEICE)
ElLl, TI T, ~In—A0RELRICEED HT72DIZ, Arcemozyme E/LT—X (C)
X T —EEHINL, Sumizyme ¥ 5 F—EMH) % 1.OXE 7JL8ML, Z 2T,
F, {EILIBABER PO H 04y RE2F$,Figure 3 13 192 O LIZ L > TEKTZ I L a—
ABIOF VY —RWNBIZXTSH K OBRERL TS, ZORPL, Fro—ADIR
DR EIRD 0.50 7 F OFEfEE L1z, Figure2 (2R3 L5z, IRABEHR (£=0.50) %
HAnad Z & T, BHERFRARIBICER I TV D

EGA-4 RIMLEREL 7= T/ 5 2(10.0 g % C (0.50 g) BLT H (0.50 g) THELT B
BRETIE, ZAra—RBLUF o —ZADIRFIZETNEN 100% BILT 60%L 72> 7 (Run
5), RUBDORET 77 ADOREGEHEFIZL HBLDOBE Rune), Fra—RABIUFo—
ADINRITZENFEIN 65% BLTA%EIENEE TH o7,
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Figure 1. Time-conversion plots of the total yields of saccharides in the saccharification of the
pretreated napiergrass using Acromozyme cellulase. EGA-1 (A), EGA-2 (), EGA-4 (@),
EGA-4 (dry) (O), and no-treatment (—).

Table 2. The effects of EGA-pretreatment on the saccharification of napiergrass with
hydrolytic enzymes. ®

Run PT? Enz'yme © Teu/h® Product /g (yield/%) ©
(weight/g) Glucose  Xylose Total
1 NO  C(.0) 168 2.20(70) 0.68 (31) 2.88 (54)
2 EGA-1 C(1.0) 168 2.89(81) 0.91(38) 3.80(63)
3 EGA2 C(1.0) 168 3.07(77) 1.16 (43) 4.23 (63)
4 EGA-4 C(1.0) 168  3.36(83) 1.20(44) 4.57(67)
5 EGA-4 C(0.51+H(0.5) 168 4.15(100) 1.60(60) 5.75(81)

6 NO  C(05+H (0.5 168 2.20(70) 0.96(43) 3.16(59)

a) Saccharification was performed for pretreated napiergrass (10.0 g) using the hydrolytic
enzyme (1.0 g) in an acetate buffer (60 mL).

b) Pretreatment (PT). NO: no-treatment. EGA-n: the exposure to gaseous ammonia
pretreatment for n weeks under wet conditions.

¢) Hydrolytic enzyme. C: Acremozyme, H: Sumizyme.

d) Saccharification time.

e) The amounts of saccharides obtained from the saccharification of 10 g of the pretreated
napiergrass.
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Figure 2. Time-conversion plots of the amounts of glucose and xylose in saccharification of
EGA-4 treated napiergrass (10.0 g) using Acremozyme (C) and/or Sumizyme (H).

Glucose (@) and xylose (A) from the saccharification using C (1.00 g).

Glucose () and xylose (A) from the saccharification using C (0.50 g) and H (0.50 g)
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Figure 3. The effects of the fraction of Sumizyme (F%) on the yields of glucose () and
xylose (A) in the saccharification of EGA-4 treated napiergrass (10.0 g) for 192 h using a

mixed enzyme of Acremozyme and Sumizyme.



3.4 PUEZTFHRAMVEORBHLAEBRIEICNT 2R

EGA RTLE DS R % | [FIFRFHE(L3EE (SSF) [19ICBWTKRD L 5 ITHRAE LT, HEiERREER
(3.0 mL, pH 5.0) (&M L= NK Sy fgEESR (133 mg)d L OBERHAREAL (0.16 mL) 7% HEBAARTE
W (5.0mL, pHS.0)ICl S 7= 7 /B —R (133 gdMil-, BELEZECHRLE
#%.35°C THLL BB LENLRIEETR T, ZB{ELRBEORENILE > THH GEE 24
BERE) . X5 4 BBIRIEEGT. ~I Bl — 20 tE5EfE X7, Table 3 (2, UV 7
JENmr—2133g DSSEFLELNDTY )= Fra—R Fo—AOERETRT,

AT 2T b o 2B A. C ZHVWD SSFRIGIZE T, =&/ —ABLUF T a—
A EFNEN 57%B LV 26%DINETAERK L= (Run 7), EGA-2 AL L7=RET /' TF AT
g, =4 ) —LBIEF o —RE2ZETNEN 80% BILVS2%DINETAEK L7 (Run 8), =
DX 912 EGA AL SSF # W RENCED IMEPHHZ L ER LTS, C & HDORS
PR A M SSF Tik, F e —REL LTI L X703, [URITEAR 50 %fREIC ¥
5 TW5% (Runs 9-10), Figure4 (Zi%, =% / — /B I OF o — AL % L 7= X %7~
T

UEDESIZ, EGA-4 A L7z T 77 R (133 g) % EEEEEKR (8 mL) Jx 7=
WKIZELT—F (C.6Tmg) BLUXT T+ —+F (H, 67mg) DIRAEESE L BERHERIK (0.16
mL) #MMz 7Bl EicB T, =%/ —ABIOF oo —RURITFNLENL 94%B L0
48%Z %% L 7= (Run 10),

Table 3. The effects of pre-treatment on SSF process of napiergrass *

Run PT® Enzyme Tese Product /mg (Yield/%)
(weight/mg)® /h?®  Glucose  Xylose EtOH

7 NO  C(133) 21-28 1342 (2.4) 77+ 6 (26) 122+ 6 (57)

8 EGA-2 C(133) 26-31 1642 (3.0) 188+4 (52) 219+11 (80)

9 EGA-2 C(67)tH(67) 30 16+1 (3.0) 1805 (50) 21510 (79)
10 EGA-4 C(67)+H (67) 30 14+l (2.5) 173£2 (48) 259+10 (94)

a) The SSF was performed for the EGA-treated and no-treated napiergrass (1.33 g) in buffer
solution (8 mL) using hydrolytic enzyme (total amount 133 mg) and the cell suspension of
S. cerevisiae (0.16 mL) at 35 °C.

b) Pretreatment (PT). NO: no-treatment. EGA-4: the exposure to gaseous ammonia
pretreatment for 4 weeks under wet conditions.

¢) Hydrolytic enzyme. C: Acremozyme, H: Sumizyme.

d) Tssr was SSF reaction time until the CO, evolution ceased. The reaction continued for more
24 h after the CO, evolution ceased.
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Figure 4. The yields of ethanol (black bar) and xylose (gray bar) in the SSF process.
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3.5 PUEZTHARNEORE

RWEERET 77 A L BGA BB L= R BT 77 2R DR 7228 k% SEM 2 AT
st L7- (Figure 5) . EGA Biifl¥E L7=RE' 7 7T A TlE, ##EIZ6T 2 B OTIIIALBE
g, U, EdEFE DRSS A VT, cellulose #5dh L CD Trichoderma reesei
cellobiohydrolase 1 & DBEA 1TV, cellulose 111, BUFEMICBWWTE R NFERERE O
IR > TATA FLT, #HAARERIEDRK%E cellulose | DFE LY LR LTWDH D
ENGyoTts (23], EGA-RILERIC L » T, BRB AL —RICHEE LT < kol L bh
P

V27 ) —ADO—RERFILEILZ, 74 )EiBIC LT V=0l 2 RET 5
HETiibh T, LirL, HxOLHEIOKREF LY, V7= FRODRNRET 75 A
DT EE LTT D U TR AN T/ BB TRRZELS T5%ERH D, Zid,
T A Y BRI X B REEFEEME OWERE X 1 X ROV ERRBREOBRINRIRN EEZ D
NTWa (201, LavL, SREEE L7z EGA AfLERETiX, £ O X 5 2Rl TR TOIH| 23 &
ZoTUWRY, SHIZ, AFEX BELUSAA TET rE=T KB EESITeDIZ, TVyE=T D
BINICIE= R X —BLETH D0, EGA LB TIIH AROT o 2=T 2HWVW 5 H1-HIK
AR R RAFXF—TT U E=T ORI - VA IZANESTHS LB,



(A)

Figure 5. SEM images of no-treated napiergrass (A), EGA-treated napiergrass under dry
conditions for 1 week (B), EGA-treated napiergrass under wet conditions for 2 weeks (C) and
4 weeks (D). The SEM images were taken under the magnification of 400.
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