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FUEZTHARLE (LMA) & & VR ML L 56 B¥ (SSCF) ot X &
BREFITSADLDINAFA TR/ —ILER

(BRXPEIPE - BPH) REAER - HHEZ - KH—R

[BEH] BB CII R T 77 R (Pennisetum purpureum Schumach) 2> 5 DRy ¥ ) —

NEBIZOWTHREEZITRo, —&IZ, V78 —XRxH ) —VAERE (B AN
AF=F ) —) X, EICHILE, Bro— 28l (SA) ~F Y —X%EEE HF) . BLOR
v h—REEE (PF) O 4 5D ANnbhbRo TS, ZLOE RN ATF ) —
NOEEOHFEIL, 20607 R FLICMAEbEDL I LIZL o TiThTna, K
WETIE, XTI FADEIRX M DETFANF—ORMAEEDORBEEEEL T, 7U%F
=T HAERNDH R IMAA L2 BRFE L7, £7c. SA & HF 2[ERIZIT 5 WATHEREEE (SSF)
BLUSSF CHEFTHF 0 —R BB KIBE K011 12XV PF 21772 5 BB 1
= A (SSF—PF) %1To7=fER, LMAA BTAAE R ET 7 2 (100g) @ SSF 7 2T 17. 4 g,
PFT6.7g, 2KT24.1gDT¥ )/ —/ABEK L, BILEBRYT 7T AD5EE2MEL THA
BIcELNAF 2 —2R (214 mg/g) & 72— (397 mg/g) R EAELTAIRTE /) —L
MR 68. 9% o 77, EHIC. K7 v ADOBKILO7-HIZ SA, HF KT PF % [EBFICIT
O [RIRFFE(LIL3EEE (SSCF) O—BRET v REZRFT LTz, AIEEZ{To-XET 772 (3.0
g) Wb 71T mg DTZ ) —NARERKRL, =& /—/VIERIE 74 1%BZE L, Zhik, 6%
TICHEDH >R ET I IANLDOTY ) — VEEOHRTRERE L 2> TWN3D,

F—J—F: BEREYT ISR, XA FF ) —N, TUoE=THA, LMAA %, SSF ¥,
SSCF ¥, Jefifit, A FkHE, BEREETFDHR

1 #R
-1 WM& FTE/—ILEEORHE
BAEFRT RN —OBEIL, KRB LEOBANCERELRSTWVWD, TOFT,
BELEBEA LR “UFT 2B a—R" LD E ) —VERD 20071 £EZADLEER X,
Galbe B LR Zacchi W' FKFE ZXx—F) HizkoT, B-HRRAMFTH2/—)
(second-generation bioethanol) & FEiZiL., FOEEMNE L TE TS, V7 En—
AL, INa—RIEFTHERENDT T UORER LR Y Bt = BRO
RO F—ANLERAENIBAT—REEL G L, GRS FwABHIEVOTH
J =L OILRREARTH 300~400 mg/g & . EVT EAMEL RoTWS, Z0kbic, §
“HRASAF Y ) AR T, TRTRERERBEE L TROZOBET LN D,
B—ZiX, V= DBREBIURREEDEILIZ X » TEERE L 2Rt &8 58 2 2280
B TEPRNINTWAA, fIBEICE LIFLIEER IR AR AR LD 2 DX
AE—L IR RBhND, TOEDIC, ETRAF—BIUIE= R N ORLE S EO BN



HERTWS, B UZ, V7 /A0 —R IR P—XATHEREINLDE~IELE—2% 20-35
wthEEESATRY . BE OBERRETIITF ) —VINRMNMELS D, Z0EHIZ, V&
Na—RAEFERETENRAATE ) —VAEETIE, RV b —2AEBERRTARTHY . ik
AEREERANTT Y ) — VIR Z G KBRS0 28538 bh T b,

1-2 TR

Ferld, BEL DB AAAM A AOHNL ) V=0 EFENEL ., Yy, BiIEEY -
DONEENENREYT 7T A (Pennisetum purpureum Schumach) iR L1z, HFIOXY
T TG AP DNRA FZE ) —VERED 2008 FEIZRE SN THEEE TIZ 13 MOR AR
HENTW3, Table 121347 1o & X DRI
BHE, b, BERE L INEERT, ZOHFT
2011 £EiZ Doran—Peterson & 73 & EKEARTLER
(PBHW) L7 R E7 7T A % 2 BEOBER % A
W BB (SA) LHHAXBE E coli LYO1 % A
WhAF Y —RB LRy b— 20D H3EEE
(CF) %#MABLE B>y ) — )V ARE
(SA—CF) ZWMELTWS[6], £ T, A cF
WX ARSI RBER L BRI & B RIS (L R EE
(SSF) & ##a x KiGH K011 2 7=~y h—X
HBE (PF) 1T &k 5 BMs7 & & (SSF—PF) %
2013 FEITHE LTZ, &6, SEETINAS
fEBESR . BERE, MM KIBHE KO11 % VT,
FEIRFICHE(L, ~F Y — A REE, R b — A FEE
1T 9 RIReHE{LILFE% (SSCF) IC K 2 —BE
2ERZONTHREFTEIToT2OT . HETD
(Scheme 1) ,

Non-treated and treated Napiergrass

SA SSF

SSCF

2a+2b

HF l !

EtOH+2b+CO,

PF l PFl
4 v

EtOH+CO,

Scheme 1.Processes for bioethanol production:
SA: saccharification, HF: hexose fermentation,

PF: pentose fermentation, CF: cofermentation,
SSF: simultaneous SA and HF,

SSCF: simultaneous SA and CF,

2a: hexose, 2b: pentose

Table 1. Summary of pretreatment, saccharification, and fermentation of napiergrass.

Napiergrass Pre- Process of saccharification and fermentation: Yield Ref.
treatment Enzyme and microorganisms (year)
Napiergrass H,S04 SSF: GC220 cellulase, Novozyme 118 cellobiase, S  Ethanol 107 [1] (2008)
(Merkeron ) cerevisiae DSA mg/g
Napiergrass Non SA: cellulase from Trichoderma reesei (cellulase SA:91.8% [2] (2010)
GC220), HF: 50.7%
HF: S. cerevisiae TV2
Napiergrass Non SSCF: Klebsiella oxytoca THLC0409 Ethanol 82  [3](2011)
mg/g
Napiergrass Acid SSCF: Clostridium strain TCW1, Bacillus sp. Ethanol 40 [4](201])
(H,S0O,) THLAO0409, Klebsiella pneumoniae THLB0409, mg/g
Klebsiella oxytoca THLC0409, Brevibacillus
strain AHPC8120
Napiergrass Non SSCF: Candida tropicalis JH030 Xylitol 360 [5] (2011)
mg/g




(continued)

Napiergrass PBHW SA: Novo 188 cellobiase (Novozyme), NS50013 Ethanol 73%  [6] (2011)
(Merkeron) cellulase mixture (Novozyme)

CF. E. coli LYO01
Napiergrass Non SSF: yeast (KY3 and KY-NpaBGS) Ethanol 1.09  [7] (2012)

mg/mL
Napiergrass Acid SSCF: Klebsiella oxytoca THLC0409 230 mg/g [8] (2011)
(H,S0,)

Dwarf type Non SSF: cellulase from Acremonium cellulolyticus Ethanol [9]1 (2012)
(Schumach) (Acromozyme KM), S. cerevisiae NBRC 2044 44.2%

PF: E.coli KO11
Dwarf type Non SA: 3 wt% phosphoric acid at 160 °C for 15 min Xylose 77%  [10] (2013)
(Schumach) Glucose

50%
Napiergrass Acid SSCF: Bacillus sp. THLA0409, Klebsiella Ethanol 276 [11](2013)
(H,S0,) pneumoniae THLB0409 mg/g
Dwarf type LMAA SSF: cellulase from Acremonium cellulolyticus Ethanol [12](2013)
(Schumach) (Acromozyme KM), xylanase from Trichoderma 68.9%
longibrachiatum (Sumizyme X), S. cerevisiae
NBRC 2044

PF: E. coli KO11
Dwarf type LMAA SSCF: cellulase from Acremonium cellulolyticus Ethanol [13] (2013)
(Schumach) (Acromozyme KM), xylanase from Tricoderma 74.1%

longibrachiatum (Sumizyme X), S. cerevisiae
NBRC 2044, E.coli KO11
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1-3 ZYEZ70ELO—ABER~OER
NAFTZ ) —NVEETIE, BIUREDTDIZT A VRBIZE DY) = DBRENTD
NTWEH, SETOEHARTOR T, VI7=FRODRWVWY Z /Lo —A T,
TNA VBB BIETAZ E2HALNCLTWD, £Z T, AFETIHE=RALF— -
Ko X ORI FEZRET DT =T H A ZHF A LRI EBEOREEZITo 7,
T — 23, ALFEROSHERHEE N R 2 BREOMEMEPHEAZAENTND Z EBHD
NTWD, KRR cellulose Io. & IBD -2 DIEENTFLE L, cellulose I & 5T X 5, cellulose
HIRIET 22T oA D7 2 /A2 K D0BIZ K o T cellulose L BICE#RT D, 7T E=
TS AR E T O K ERE S EALICIR L T [Py
W& S ARAE S 2 cellulose 172> & cellulose 11T, cellulose | ‘ 4 cellulose "ﬂ
AL ESETWA EBEbh S, Native Active to cellulase
EDTDIT, T E=T I N TROBHEDOHE 2 WET DI LEMCAN LTINS,
Fe V7o —ZORMLE L LT AFEX % (ammonia fiber explosion) 235 b TH Y |
NA FREHES SO OO ~DOEBIZEB VT, BEELOBER ENRR LA TWS
(Table 2), ZHiL, 7T E=TIZ L > TEBERIEMER cellulose I A REMT 572D Th B,
L72>L. AFEX (390°C21 K[IEDBEEREMHZLELTH, 72, SAA (soaking in aqueous
ammonia) X, B : KDEIED 1:6 - 1:10 TRIIET 40-80 °C TITobhTW5H, Zhb
D7 AT, BERFHEOREERE L UKBRNOOT E=T ORI R VX — 2 B
THZENMBELE 2o TWVWD, —FH, FRAROT VE=TIHET R NF—TOEIRPBHFFT
&5, AFETIE, Kim 52384 LTS LMAA (Low-moisture anhydrous ammonia) %t
RLT, V7 /Ao —2A2FBERTREMH. RKREOT »ET7 HAFHAKTICRBT R
LMAA {EIZHOWTRRET L 7=,

Table 2. Pretreatment methods using ammonia

AFEX Ammonia Fiber Explosion pretreatment at 90 °C under 21 atm Ref. [14]

SAA Soaking in Aqueous Ammonia pretreatment at 40-80 °C in a room Ref [15]
atmosphere, solid-to-liquid ratio of 1:6 - 1:10

LMAA Low-Moisture Anhydrous Ammonia pretreatment at 80 °C . 0.6 atm. for Ref. [16]
84 h. C.G. Yoo et al., Bioresour. Technol. 102, 10028 (2011)

Modified Low-Moisture Anhydrous Ammonia pretreatment at room temperature  Ref. [17]

LMAA in a room atmosphere, solid-to-liquid ratio of 1:1. Use of NH; (1.1 g) for
100 g napiergrass.

[14] F. Teymouri, L.Lauerano-Perez, H. Alizadeh, and B. E. Dale, “Optimization of the ammonia fiber
explosion (AFEX) treatment parameters for enzymatic hydrolysis of corn stover,” Bioresource
Technology, 96 (2005) 2014-2018.

[15] T--H. Kim and Y.Y. Lee, “Pretreatment of corn stover by soaking in aqueous ammonia,” Applied
Biochemistry and Biotechnology Part A Enzyme Engineering and Biotechnology, 124 (2005) 1119-1132.

[16] C. G. Yoo, N. P. Nghiem, K. B. Hicks, T. H. Kim, “Pretreatment of Corn Stover by Low Moisture
Anhydrous Ammonia (LMAA) Process,” Bioresource Technology, Vol. 102, (2011) 10028-10034.

[17] M. Yasuda, K. Takeo, H. Nagai, T. Uto, T. Yui, T. Matsumoto, Y. Ishii, and K. Ohta, Enhancement of
ethanol production from napiergrass (Pennisetum purpureum Schumach) by a low-moisture anhydrous
ammonia pretreatment, Journal of Sustainable Bioenergy Systems, 3 (2013) 179-185




2 EBRA*E
2.1 YJ/7ena—R0ORS 54

AT T T ABEMOGIIIRD L ST LTITR o7z, ROEETZIZEAREOXRET /5
Z (30 g) % 1%NaOH /KK (400 mL) & & 12 95°CT 1 BERIEE L7, HELEHL L Tk
AR —ANEH L, INEERLMBEEEBICE > THBEEL, EEBZHIDZ L THRakL
n—2gL Lk, AREFEHRTPML T, pH 5.0 IR L=, AR LIZBABOILEEZIEL
53 (10,000 rpm, 1 min) THBEEL TEDE, ZhiV/=VEE Lz, Auekiluo—2x%
BT DHEOSHTIX, NREL IEIZHE-> THHT L7, Furtkae—2 (300 me) \IZEHEE (T2wt%,
3.0mL) ZM0%x, 30°CT1RFEIME LT, FD%, K (B4ml) ZMx T, FEBROEBER 4.0 wth
WL, Thad— b7 L—T7FT12ICT 1 BRIS S 2 & TRelb Lz,
{b#& % CaCO, THFIL T, FH/L/7BE T LB (K 87 nl) #1872, =/ \ARL—&—T30mL ¥
TEME LT, LC THOWIC L > THERD 2RO, RODFRREER 1LICRT, Kok, 3
775 Z2(2.0g) E50FICAN. BRSNS (KBF784N1, Koyo, Nara, Japan) C 850°C C 2 k¥
FICTRESE T, REMOEELZK2EE LT,

2.2 ks MREER

T —¥ & L TIiX., Acremonium cellulolyticus ¥ Acremozyme KM (Kyowa Kasei,
Osaka) & fAV 7=, Acremozyme VX Meycellase (Meiji Seika). Trichoderma viride HED¥
V7 —¥ (Wako chemicals). Aspergillus niger BRDE /N T —F (Fluka)7p & DOfoEEHE
FOLEEETHoT, T2, ¥V T F—F L& LT, HiRD Trichoderma longibrachiatum
(reesi)BHD Sumizyme X (Shin Nihon Chemicals, Anjyo, Japan) Z FV 7=,

2.3 B8 LUK X KKOT10) BiTi%%E

Saccharomyces cerevisiae NBRC 2044 X 7 /L2 —R (20.0 g/L), X7 b (1.0 g/lL), BEREVAE
#%(1.0 g/L), NaHPO, (1.0 g/L), MgSO, (3.0 g/L) % & 1o 58K (#1% pH 5.5)9 T 30 °C, 24 K¢
XUz, 24 B OBR%, MIRRBEN 7.7X10 cells/mL DORERHARKI S LTz,

Fio, B KIBEKONORTEERIIKRDO L 5124772 -7, LB (FY by 2.0 g, B
¥ R 1.0g, NaCl 2.0g, ZEEA200nL) ICEK3.0gh AL, F— 7 L—7THE L.
T —LiZ20 mLe D, TV U RUFNTREITEZYU TR OO LEREMEZARL 7,
WIZKO11 % — B0 COWBHEN HH L, BRIEFHIZEIRZICHEE L7, 30°COEREIIH
BEEZRDEIICEE24 hiF# LT, BEHEA— 7 L—TTHRELY U -0 XU F T
B ZHTRELARL, FL— MIAZ KO EZ ALE T WART, FDH%3TC,
150 rpmT24 h, #RE 5 85%& L. KOL1EMREKELS0. 52 mg/nLORIEERIK & 1572,

2.A9WMAEE

THE =X -7 a R ) — NV ENTIEREETHITR 7 a~ NI 708 (D EE.
Shimadzu GC-2014 ., < A, 5% Thermon 1000/Sunpak-A (Shimadzu)) I X > TiT-o7=s ~
F—ABIUORY F—RBEIT =2 RIS Z A (Shodex Asahipak NH2P-50 4E 250 mm
X 4.6 mminID) Z W Ti&AE 7 n~ F 2757 (Shimadzu LC-20AD ) TE& LT,



I BREEE
3.1 ZUEZTF7 ERLSHHTIRE (LMAA &)

XET T T AT, BIRRKEAREES CRIE L0 v, L2 HEH L, Il%. 70°
T 72 BRI L. BMR(E LT, BERRET 7T XK (100 g KFE 320 L) 77 R =
(1 L) IZA#L, 7K (100 g) ZEIZLTWw-< Y M2 T, BEREZHEHOXEE, BEER
TTRREITWV, ROT V=T HAZFE L, ZOBELZ=BHVIEL, NEDOT A%
FREZTVE=TICB#R L, 77AaRNIHREENT UV E=TEHERIZ 1.1 ¢ THY., B
WO SMLEBICHANTHERT T =T EPBO TOLRW, £z, BESHEKEDHIT 101
ThHN, KBERBTIIE<EET, SAA LIFRARIFLEETHD, ZOX T L THY
L7ZRET 7 28K%E 1 @BE»0 4 BEEECTHRE L=, LEK, ToE=T HAE2TA
RHL—Z—THEEL, LBEPIIAK(Q L) T3 E %L, RBEOKEERETHELZ, AL
TZLERET 75 28KIT 60 ° C TEBRL, KOFLEBEIRICAW:L, o7k x%
LMAA-n L& fFiT, n [ZAERFRIOBE2R L TW5, £, RET 77 XBKRIZKEMZ 72
WTT =T A ABRBARICRE S AR GE% IMAA (dry) & L7z, Table 3 IZ5 54T
DREFRBLUOHERBENCAEFRRERES LY /) —VOHEBINEEZRT,

Table 3 Components of napiergrass and theoretical amounts of saccharide and
ethanol produced from 100 g of napiergrass

Component (wt%)® Theoritical amounts (g)
Pretreatment
Hec Lg Ash X | Glucose Xylose Ethanol®
Non-treatment 482 126 139 253 348 192¢g 27.6
LMAA-4 pretreatment  61.1 7.1 7.1 24.7] 44.1 243 35.0

a) Hc: holocellulose, Lg: lignin, X: others. B) Maximum yield of ethanol from SSF

3.2 LMAA OB
3.2.1 BMET 2 (SA) IT &k B (M

LMAA RiLEON R % FELIS(SA) THRIE L 7=, Frt/ir—X(10.0 g) % BrEiEE R
(60mL, pH5.0) Z48 L., F— FZ7 L—7|ZT 120°C CRERIEEZ T, AL TF—F (1.0
g) FWIRITIMZ T, 45 °C THLL BB LD OHE(LEIT o=, KWL 12000 rpm T
EODOEMEEITV., EBARE RO HPLC 5 21772 o 72, Figure 1 12iX. LMAA TR L7~ %
T 7T AOFECRIGCR T HRMELERT, TUE =T AEEREE LSRR ET S
FAEFANT SA 2T o2 R. BRI IMAA4 IZBWVWTE DL ES RKEICREZE L, 48
FD LMAA4 Z 5B 2R & L7, £72. LMAA4 BILET LMAA4(dry)BTLE L L8
NTNBZLEBRENID LN KEHAND L LMAARTEOENE LT3 2 LB ahoTs,
Table 4 17/X 168 h OFHLRIETHEONA IV a—ABLUF o — 2 BB I ONKL TT,
RUBOFET 77 ZApbiE, SEPNRANTER L Run 1), LMAABTAE% L7-RE
TTIRATHL I A a—AN#EIL 66-76% (218 L7~ Runs 2-4), UL, Fro—RIRE
IX51% BV E E Th o7, Figure 2 [ZITRFFHOEILEROERZRT, IMAA-4 LB Z1T
TEIEY TN a—ADERENERFET80%E TR LT A Z ENRER NN, o
—x@ém IR ORISR L ¥ B2 360 BRI 2B L INEY 60%2 8 E - 77,

— 100 —



Table 4 Saccharification of LMAA-pretreated napiergrass. *

50

b 5 Product /g (yield/%)*
% o *® ': ; e s Fx Glucose  Xylose Total
$ 40 e 5 ° 5 1 NO 0.0 2.20(63) 0.68(36) 2.88(54)
g i p & & ‘ 2 LMAA-1 0.0 2.89(66) 0.91(38) 3.80(63)
8 30 bop 8 3 LMAA-2 0.0 3.07(70) 1.16(49) 4.23(63)
% ol -
» A - = 4 LMAA-4 0.0 3.36(76) 120(51) 4.57(67)
£ - 5 LMAA-4 03 3.23(73) 1.13(48) 4.36(64)
: 20 1. 6 LMAA-4 04 3.56(81) 1.49(63) 5.05(74)
@2 7 LMAA-4 0.5 4.14 (94) 1.60 (68) 5.74 (85)
§ 1.0 8 LMAA4 0.6 4.25(96) 1.48(62) 5.73(86)
£ 9 LMAA4 0.7 3.92(90) 1.51(64) 5.43(81)
- T T N T 10 LMAA-4 08 3.72(84) 1.47(62) 5.20(78)
. 11 LMAA-4 0.9 3.63(82) 1.30(55) 4.93(73)
9 2140 PRSI 12 LMAA-4 1.0 3.05(69) 0.95(40) 4.00(59)
Saccarification time /h 13 NO 0.5 2.20(63) 0.96 (50) 3.16(59)

Figure 1. Time-conversion plots of the 2 Saccharification was performed for napiergrass (10.0 g) using the

total yields of saccharides in the hydrolytic enzyme (1.0 g) in an acetate buffer (60 mL) at 45°C

harificati £ th Cocitic] for 168 h.
sacc. ol .0 ¢ Pprofreate@  y, pretreatment (PT). NO: non-treatment. LMAA: a low-moisture
DapieIprass uag Acromozyme: anhydrous ammonia pretreatment. The value was the period in

LMAA-1 (A), LMAA-2 (), LMAA-4 week for LMAA- pretreatment.
(¢), LMAA4 (dry) (O), and non- ¢ Fx value was the fraction of xylanase in the mixture (1.0 g) of
treatment (==). cellulase and xylanase.
d 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 Fraction of xylanase (£y)

saccfhande in sacchanﬁcatlon of LMAA-4 treated Figure 3. The effects of the Fx on the yields of
napiergrass (10.0 g) using Acremozyme (C) and/or .

Sumizyme (H): Glucose (e) and xylose (A ) from the glucose (®) and xylose (A) in the
saccharification using C (1.00 g). Glucose (O) and saccharification of LMAA-4 treated napiergrass
xylose (A) from the saccharification using C (0.50 g) (10.0 g) for 192 h using a mixed enzymes

and H (0.50 g)

= 101 =



I T, ¥V —RAOEREOR LESRFMOEREBRLT, ¥ 77— XN%xtk
WNZ—E () IZHEMLTSA Z{To7z, XDIRELE (R) % A= X/(CX) OXTE&E LT,
LMAA-4 BTALER R ©°F /T A% F=0.5 D% THEL L2 R % Figure 2 IR T, ¥ 7F—
TORBIZE - TN a—RADAERINEIT 95%F TH EL, Fa—XAOARIEDL 67%21
ML7z, 6z, PR S 168 REfICEME C& 7, UEDZ ML CIZXZRMT A L
WL VIEEREOR E. £7-. SARRIOEMATREEL o7,

Wiz, BRIREHE (R) OFELEITRoTz, F#0.305 1.0 ETEREIET, SA%
168 h 17> 7=, Figure 3128 AETHD /N a— R B L VF L o0 —ADWNRE oy M ERT,
E=0.5TCZna—2R (93%)BLOFa—R(67%) 23F b, £=0.6 L7 /a3 —2R(96%) %
FOFvm—2 (61%) Lot ¥ E—RADINBOE £=0.5 > BREALROEHEE
CLWREL, £2. E=0.5 TO/ NV a—2ABIOF L o—ADAERINERIL, ROEDOBE
63%33 L IN50%TH Y (run 13), LMAA LR TiX 94%FB L1V 68% £ TH ESHDZ LITHKIIL
(run 7), IMAA X SAIZRH L THEBITH D Z L3RIz,

3.2.2 SSF I= &k %%

WA FBEBFRIT R T D LMAAA BT DN E % SSFIZ & » TRAE L 72, SSF L, RET 7T A
(1.33 g). MK AEEESE (133 mg) . 36 L UEERI/KVANK (0. 16 mL) % EFELFRENHR (8mL, pH 5.0)
Wz, 36 CTRIEZETRoT2, RIGENOFRAET D _BILIRFER T, RICEZEH L, £
3. mANC, SSF TOEERIREGLE (F) OFREbE{To, £=0.020 £=0.7 ¥ TBH
REIEZX TSSF 2{ToOXF o —RB LU0 ¥ ) — NV DINE% Figure 4 12777, K
=04 BLV05 T /) —/MB 8B ULDEWNEREZR L, UEOENS KbFo—
AREOE Fx=0.4 % SSF TOREMBRALEOTHL I LD Gholc, ZNHDT &
235, LMAA fiLERIX SSFICR L THLENTH D Z LR ohol,
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The fraction of xylanase (#y) Figure 5. The time-conversion of CO, evolved

; : ‘ from the SSF reaction of LMAA-treated (@),
Figure 4. Dependence of yields of glucose () and non-treated ([J), and alkali-treated (A) napiergrass.

etha-nol (4) in the SSF of LMAA-4 pretreated The amounts of CO, were presented as the evolved
TSR CO; from 1.0 g of holocellolose
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3.2.3 LMAA L 7L BTREE ) L&

U7 ea— 20— R ETREIX, TAD VEIBICE > TY V=S E2BRETS
HFETITbhTE L, Lo, HxOBF (BRWX 6) ITLV., VI=VEFEDODRNF
B 75 AORILEFEE LTET AR Y BIAESER T/ <. Figure 5§ IR “B{LRE
HAEBRDBRFEDLEBNLIND LI, O 2R TRERBIREZE N L35
olz, ThUX, TNV BHLERIZ L DB EWE OFEBEE T IX BB L ERRBEOR
HBARREZEZ 6N TWD, LL, SRS Uiz IMA GTAE TIE, 20X 5 RRBEBETRET
DOE|HNEZ 6T, RABDORET 75 ADRREM L FROEG L o> TWD, IbIT,
AFEX B LUV SAA TIET U E =T KR EE D 72912, 78 =7 ORIPUIITZ RNV F—238%
ETHDHM, IMARILETREAARDT V=T 2RAVAEbEa R b« [Ex RV F—TT
YEZTOEW - VA IABEETHE BN, R LT, IMAAFTLAEITY 7/ &
Na—AD SSF 7ut A2 @RI TEH2FHRAMNELTEDO—2>TH Y Ka R MRz x
X—THRHIZLENTED L EDbN S,

3.3 REFITSADLDHENNLATE /) —ILEE
3.3.1 SSF—PF &I &k 5 —BBEi%k

BN, KEEEERZAVTKERTY—/VLTDSSF 21T/ o7, LMAA BT L7 ET
7R (100 g) & RERERMICAN., BEEEEER 300 nL # ANA— b7 L—T LT, 7
U= R_RFHNTEER 10 g (BEVT—F 6.0 g, ¥ TFT—F 4.0 ¢) ZAREWK 300 mL I
WP LBE 7 ANVZ—IZE DAL, S cerevisiae DREEIE 12 mL & & HITHERENICA
Nz, ERBEM]EIT->7# 34°CT 150 rpm THEEL L NG LTz, ZB{LREBEREKRT %
HEKRTREE L, =¥ /) —VEFRI7a~ 757 — (G0) T, Za—A&xmEEiEE
sua< 757 4— (HPLC) THM LIz, RLLTIT.4gDTF /) —L12.6 gDFY
o — R &&=,

Table 5. Pentose fermentation by KO11

No Xylose KOI11 solution SSFsoln. Xylose/mg ethanol/mg ethanol
’ /g /mL® /mLY (yield/%) © (yield/%)® [yield/%]® conc./gL"?
1 1.26 50 50 8079 (64.0) 352428 (46.5) [37.2] 3.52
2 1.26 60 50 4574122 (36.3)  440+75 (58.1) [50.8] 4.00
3 1.28 70 50 60+10 (4.7) 59477 (77.5) [73.6] 4.95
4 1.28 80 50 86+38 (6.7)  540+59 (70.4) [65.4] 4.15
5 0.75 70 40 0 (0.0) 309+3 (72.0) [68.6] 3.09
6 1.00 70 40 0 (0.0) 5314 (88.4) [86.3] 4.82
7 1.50 70 40 771£23 (51)  566+10 (66.2) [54.7] 5.15

a) The volume of the cell suspension of E. coli KO11 in ml.

b) Pentose fermentation was performed for the SSF solution which contained 25.2 g L™ of xylose and 4.4 gL' of
glucose.

c) Recovered xylose.

d) The values in parenthesis are ethanol yields from both xylose and glucose.

) The values in blanket are the ethanol yields from xylose.

f) Concentration of ethanol in g L.
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Fia—RA%EETe SSFEERICR L TRIFH KO1L 12 L 2% h—AREEE k4 12k TiTo
7o BN, KOll BOE(LE{T/s o7, SSF KT OF vr— A REE(L ST RN R
DOENEBEUT-, SSF B THOBHK A TR L —F—Tx ¥ ) —ILOgELEBELITV.
PP 25,2 g/L DF L u— R LIBEE 4. 4g/L DU N a— R B ELABIRE ST, OB 50 nL
Ltﬁ@mum%ﬁ&%amu@mmWKTWCJmnmf%&9%%Ltﬁﬂ%ﬂmm

5 257 T, KOl BEHEINXERIILER-TZF /) —LVEROUNEBHE L L7=23, 80 ml iI

ZTeBEE 70 ul OBPAICH AT F ) —ABERNESETLE, ZhbDZ Ehbxy
~x%w BITA5EKOIL 170 oL THhHBEHREL,
’®IZ, CBITAXF e —ABOREILE{T/>7-, SSF R THOBK Y /R L — & —

D L3R v~§7—f°:u§7/—/v%&%b\fz§%ﬁﬁb Frm AR N 0. 76, 1, 125,
LogBENTERZRE LT, ENEHORE 40 nL IZFE RO K011 IFBEETH D 70 mL
iz 37°C. 160 rpm THRE SEB LE, Fa—RABREN=E2ICLEN 2T /—
VKON E LA, 1.25 gMAT-HEE 1.0 gMAH/ELV=E /) — L EKRO
FPETF LI, TNODOZENLF IO —RBEHTOREBEF I n—A&IL 1.0 g Thd LR
EENT, LLEORIMNG ., #HE SSF IAHK (40 mL, ¥ m— 2 1.0 ¢) tZ KO11 ¥E (70 mL)
ZMZTPFEITHZ & T, INE BB UT=F /—ADBERLTE,

UEDRER?L, BB ENTRET 75X (100g) b ? SSF-PF OB nE R |2 &
Bk ) —NVEETEO~ AT 2% Scheme 2 |Z/7R" T, AILEIZ L » TU 7= RO D 56%
ERETIIENTETVD, SSF ATy /J—b L Fra—ADONETENFI.

Dry powdered napiergrass (127 g)
Glucan 39.7 g, Xylan 21.4 g, Lignin 16.1 g

LMAA-treated napiergrass (100 g)

v
Water 127 mL. — | LMAA (room temp, 4 weeks)
NH, 1.4 ¢ ok
Removal of NH, NH; 1.4 g
Water 7.6 L. — | Washing with water Lignin 9.0 g
Dryness Water 7.7 L
v

Glucan 39.7 g, Xylan 21.4 g, Lignin 7.1 g

Evaporation

v
Buffer 588 mL —» o
Cellulase 6.0 g SSF (34°C, 48 h)
Xylanase 4.0 g Glucan 7.1 gl Glucose 2.2 g
Cell suspension of Xylan 10.1 g Xylose 12.6 g
S. cerevisiae 12 mL Lignin 7.1 g Ethanol 174 g Ethanol 17.4 g

— Water 100 mL

Glucan7.1 g Glucose 2.2 g Ethanol 6.7 g
Xylan 10.1 g Xylose 12.6 g hucas 71
Cell suspension Lignin7.1 g Water 500 mL 5
e : Xylan 10.1 g
of E. coli. KO11 PF (37 °C, 94 h) Lignin 7.1 g
’ —-’ :
882 mL Water 1.38 L

Scheme 2. Total mass balance from LMAA-pretreated napiergrass (100 g).
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T12%B LV 52.8% Thole, F/Na—R22gK->TED ., TNAREBESNRholclodb
J—VRBRIZAELVES R T2, EXin—XDEDDIcX T FF—EEEE L,
F L —RAPRTREEDOSD XY WEENIZHEDOINRIT 50%IZ L EEoTz, [MLPDHET
Fu—RAORERESEDILERHD Z EBTH 5,

Table 6. SSCF of LMAA-treated napiergrass *

Napiergrass Enzyme KOI1 Yeast Products/mg (Yield/%)" Ethanol

No PT® Weightg /mg® /mL® /mL® Xylose Glucose Ethanol /gLt®
1 NO 3.0 300 21 0.36 216+38 (38) 19+2(2) 353+31 (43) 8.8
LMAA 3.0 300 21 036 73+£25(10) 47+10(4) 7T77£15 (74) 19.4

3 LMAA 3.0 300 21 0 148+11 (20) 43£2 (3) 73112 (70) 18.3
4t LMAA 3.0 300 0 036 47343 (65) 29+10(2) 576+39(55) 144
5 LMAA 25 250 21 036 304+15(50) 37x6(3) 547+41(63)  13.7
6 LMAA 35 350 21 036 385+45(53) 37+2(3) 719£13(59)  18.1
7 LMAA 40 400 21 036 438+£37(60) 3948 (3) 829428 (60)  21.4

a SSCF was performed for buffer (40 mL) containing napiergrass (3.0 -4.0 g), cellulase (150-200 mg) and
xylanase (150-200 mg), E. coli KO11 (21 ml), and S. cerevisiae (0.36 mL) at 36°C for 96 h.

b The maximum amounts of xylose, glucose, and ethanol were 729 mg, 1323 mg, and 1049 mg obtained from
3.0 g of LMAA-pretreated napiergrass, respectively.

¢ Pretreatment (PT). NO: non-treatment. LMAA: a low-moisture anhydrous ammonia pretreatment for four
weeks.

d Weight of total hydrolytic enzyme (cellulase and xylanase) in mg. The fraction (Fx) of xylanase in the mixture
of cellulase and xylanase was 0.50

e Volume of the cell suspension of E. coli KO11 in ml.

f Volume of the cell suspension of S. cerevisiae in mL

g Concentration of ethanol in g L™

h The maximum amounts of xylose, glucose, and ethanol obtained from non-treated napiergrass (3.0 g) were
576 mg, 1043 mg, and 827 mg, respectively.

i The simultaneous saccharification and fermentation (SSF) using cellulase (150 mg) and xylanase (150 mg),
and S. cerevisiae (0.36 mL) at 36°C for 96 h.

3.3.2 RIFFMMLIL ¥ (SSCF) IZ Kk 5 —ERBEE

SSCFIZ & B —BeftE T ¥ / — VAEIRRDO X D I24T72 o7z, IMABTLE LR T 75
A (2.5~4.0 g) % 100 mL /SA TAE LA, BEK 13 ol Mz, BERArY~<y b
FoFLebiA— b7 L— T THEBREELZTTR o7, RIZZ Y —0 XU FHNTNAAS A< X
D 10%THY T 5B GRE. 0.3g BAT—F 0.16g, ¥ F5F—F0.15¢) LB 3
mL AZEENLBE 7 ANV —IZ L > TAB LA TN Z T, ST, BEREEEIR 0.36
mL & KO11 358 #% 21 mL M2 72, pH % 6. 0 IZFARE L 72, BREHEE THITITV. 36CD
EIRE CHEP LA RIE &, TBIERBORBEDOHEBIIA ALY U F—TIThv, —
BRALIRFERAK TRMZ G THRE & L, $8% HPLC T ¥ / —/L % GLC TENENHIE L
7z & DfER% Table 6 (Y, BBILOKE, LMAALEXET 75X (3.0g) LT
10% DIBA MK D fREESE L BEREEE %R (0.36 ml) & KO1l1 #6%wk (21 mL) ZPFAL T 96 h
RItd 52 & CTINE AT ) — VAR L (run 2),

Figure 6 iZ/Z SSCFIZHBi1T A% / — B L UHEORNENL Z/RT, IEIT LMAA LB
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(3 g) DEHBIIIKIE L TRETDHEZEZLNDT Y /—/LE (1048 mg) LPER (Finm
—2: 729 mg, F NV —R:1323 mg) EZEEIILTCEHLELDOTHD, F/va—RiIRm
BERICEBBETERL, TOBRKEBRICTIZEALHEESNLTWS, —FH., ¥ 0—2ADAERR
TS, 6 h THRAMEICEL, 27 h LERE L THRAIZED LTS, =% — /L ORI
BAID 24h TRESHML, ZORITBONITHIMLTWD, Zhix, 9. XETIFF R
DTN A—A~DREREITL, T Va3 —

ABBENRTIZEZ > TWVWBZEEZRLT £
Wb, D%, FET T T ADF L 0—2A S 60
~OFEENRBIER, Fon—AD0RE S ®» g% © s
REZ TS, £, KOl OHREAVY 8§ 50 - P o
% SSCFZEHE~NTEERE 2 OFA L7223, § ®
TH ) —=NVDIH EBRYBRNZEHE 5 40 - ®
DEBRTHL TR > TV, ks
SSCF Ov 2,37 2% Scheme 3R 2 30 2
9, SSCF TiiFvrm—Rena—zxp S AAAAAAAAA
KEBL DT ST BIC b i BT 218 A
TH )= VIRRIL 4B E EE T, Th AA st

\ B K TS 10 | ®ooggeqe 2
I o — X OEIZ D5 R FEH ® 000 o o
BT LAEEE L2 G, SSCF e 4 4
(K DREBEIT 96 h1T O, FIr—AD 0 6 12 18 24 30 36 42 48

FEKIZ 96 h g BEL TS, ZDED
FHEENROWEIZIIF v u—ADOHE{L% Figure 6. Time-conversion of ethanol of yields (@),

RFEICFTO LERSHLLELI LMD, glucose (@), and xylose (A) in the SSCF using S.
cerevisiae, E. coli KO11, cellulase and xylanase.

Dry powdered napiergrass (127 g)
Glucan 39.7 g, Xylan 21.4 g, Lignin 16.1 g
v
Water 127 mL — | LMAA (room temp, 4 weeks)
NH, 14¢g
Removal of NH, — NH, l4g
v
Washing with water Lignin 9.0 g
Water 7.6 L ——» Dryness — Water 7.7 L
v
Dry LMAA-treated napiergrass (100 g)
Glucan 39.7 g, Xylan 21.4 g, Lignin 7.1 g
Buffer 633 mL ‘ Ethanol 259 g
Cellulase 5.0 g — SSCF (36 °C, 96 h) — Glucose 1.6 g
Xylanase 5.0 g Xylose2.4 g
Suspension of E. coli. KO11 700 mL
Suspension of S. cerevisiae 12 mL

Scheme 3 Mass balance of SSCF process.
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3.3.3BMBORETITSADLDINAA TS/ —ILEEEDWEDHE

SSF—PF KWSSCF ® 2 2Dt AD##1T 5 &, SSCFIIRIG 7 ut X & —BEX
ISIRDTHE DO F Ix—Ta y2BE, RISOPREEITO Z B TE, GRS 24
hiZEEENT=, £=, SEOFERERRILR MO R E LB L 72 L D% Table 7 IZ/~7,
KNBEDORET 75 ADPA . SA-CF 7 ADINERIT 36%Th D . =T~ T SSCF Tl
2%EBVMEZRL TS, T2, @EKEGLE (PBHW) [6] F 7213 IMAA ATALEE L7z R T 7
Z A TIiX,SA—CF 7 XDIEIL T3 TH ¥ , ARBFFED SSCF TiiEh & RIZEDOILE (74. 1%)
EBDHIENTE, ThbDZ b, IMAA BILER L SSCF Z#ASbE D Z & TR X
NE—LEI R NONRA FF ) — AT at AOEEIZKI LTz,

Table 7 Comparison of ethanol yields

Napiergrass G)lg,cl:ll: Process PT? Ethanol yield (%) Rel
Merkeron 39.2+258 SA+CF NO 108.7 mg/g (36%) [6]
Merkeron ~ 47.4+18.0 SA+CF PBHW 224.5 mg/g (73%) (6]
Schumach 37.5+26.5 SSF+PF NO 144.0 mg/g (44%) [12]
Schumach 39.7+21.4 SSF+PF LMAA 241.0 mg/g (69%) [12]

Schumach  39.7+21.5 SSCF NO 117.2 mg/g (42%) present
Schumach  39.7+21.4 SSCF LMAA 259.1 mg/g (74%) present
a) Pretreatment. NO: non-pretreatment, PBHW: Using of pressureized water at 230°Cfor 2h.

4. FRL 20-25 SEEDRRROFEEYD

BWERFEAY PFHADEME LT, AHEABE (BFEH) ORRELE “GRET S5
R” BIOKE—BEIE (B OBR LV b—2AREEFRE M X KIBE K011 O
Wadd, TNOLDOZODEAREME[BODIT TEDRIINA AT ) —VEEETE DR
WMER, B, BIUOREAFEZROHTZETRAART e 27 MIEOR LRI RMEER
THoT,

#ZC. Scheme 4 \TRTHIZEEEIC L2 > T 5EM. XETJ 7 A0ORILHE, Bk,
BLUORBEOMELITIRoT-, £, V=V BORRDZAEDOY 7V /)L a—R (RET
TITA AFTTZ, RRAX, &) AWM A =F ) —VEAEEREZITV., RET 77
AWNAFE ) —NOREEE LTRLENTWAZEERH L (BFEHREQ), KIZ, #H
LUWRTALEE R & LT R LMAA B2 B% Lz (BFREEQ), ZHhiXERENSDVET, Vg
INPBET RN F —CHEERT VBT HRAERAVBH LWRIEFETH D, ZOHFET
BB LR ET 7722807 —F, ¥ 55—, KIBE K011 BLUBRO 4 BESR
12 & B [EIREFE(L 3L 36 BE (SSCF) 21TV, FUBIEEHET & 7 — VISR 74, 1%% 2Rk LT= (BFFEiRE
®. @), ZOEIZ Table1 IR TEETRET I ITATHRESNTWAT Y ) — VIR TR
BRE Lo TS,

—FH. V7 e —RA0LRE S o ATEEIND Y ) — /VITBREILEE A%RTH
ThY, =& ) —LOHBIIZE Oax BT EBbhD, 22T, "M v ADEE
L CHEE SN D82 MBS CAEY RICEBRTHIE, RRERER L THRAICSBERE
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NTBHZENTESE, ZOZELIKEFBLT, AFad=7 P THREMET Z Iz X 58
A4 AKRBOREIZSOWT LI ETiR o7 (MEREG), £ ORER, KERIED RFEITEFEH
BB LEEB IO ) 2 a—ip EORA, F< 2B DA T ABKRREE RTS8V T
BENTBER L L TE X B8 HIRIT 100D BETAFELZAETE D B ool £,
FEHIEE DR DR Y 7o a— L B EEEANC BV 2 etk BR A RSO R, M
TR LVWOFHFLWVEEEZRVWH L, S5, YHEIN—T7 0B ICBR% Lk
2 SR ABEL Y AL ERANT I L a—2ZAnE IF -t Rafx o AFAL 7L 75—
V) SOBEBIZOWTHRE L, BWEBRSREER L (WFEREO),

Lignocellulose ONY /) A—RADER

Dry, Cut, Powdering . .
Pretreatment @%ﬁfﬁ Bl mfiﬁ.i@ Faﬁ%

Pretreated lignocellulose

|__sscF » Ethanol [OBE S I L T L e
» Ethanol
|  ssF P n
Q@EIEEILRECLDTR/—ILEE
Pentose —— Ethanol
PF
» Hydrogen §&p: LS Sl 10V & 3 0%
‘ Photocatalyst
Pentose + Hexose —— HMF ®ONFY—RADHMF DAL 2 ik
Scheme 4
T WS RR A FTRk R
JROEE DV Z 7 Era—RDORIR ) i 3 6
i ALER @ HATAERIE DR F 2,912
PE{ b HEBE QR LB L 5 7t 2D #E(L B 10
- @@ﬁ%@%ﬁtiéx&/—wgg 59
B A AREL ORI @EAERISIC X 50K Binik 2 3,4,7,8, 11
®~F Y — A D IMF ~DILFE a3 1
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