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Abstract

Bio-fuel has been receiving a great amount of interest from the standpoint of utilizing renewable resources. We
have paid much attention on the preparation of the bio-fuels such as 5-hydroxymethyl-2-furfural (HMF) and ethanol
which can be derived from the dedydration and the fermentation of hexose (1a), respectively. As a source of 1a, we
focused on five kinds of pulps which are made from lignocelluloses such as sabai, wheat straw, kenaf, sweet
sorghum bagasse, and bamboo. These pulps were turned into the reducing saccharides (1) by the hydrolysis of the
pulp (1 g) with a hydrolytic enzyme (100 mg, acremozyme, cellulase from acremonium) in an acetate buffer solution
(60 mL, pH 5.0) at 45 °C for 24 h under vigorous shaking. The 1a was produced in 60-78% of yields whereas
pentose (1b) contents was low (11-20%). Ethanol was produced by the usual fermentation of buffer solution of 1
with Saccharomyces cerevisia at 30 °C. Total yields of ethanol from the pulps were determined to be 38-59%
whereas 1b was recovered without reaction. In the case of the preparation of HMF, the water was remover from the
saccharide solution under reduced pressure and then the 1 (500 mg) was subjected to dehydration in MeCN (40 ml)
at 140 °C for 24 h in an autoclave using a composite of MgCl, (31 wt%) with silica gel (1 g) which served as an acid

catalyst under dry conditions. HMF was produced from pulp in a 43-55% of total yield.
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Table 1. Comparison of bio-fuel in combustion energy.

AH® AHY

Fuels 4 4
(kJ mol™) &g

Formula (MW)

Glucose

Ethanol

CeH1,04(180.2) 2803 16
C,HsO (46.1) 1367 30
H,(2.0) 285 143
CeHgO5 (126.1) 27819 22
C7H;6(100.2) 4400 44

Hydrogen
HMF ©

Heptane ©

a) Combustion energy in kJ mol™. Cited from reference 3.

b) Combustion energy in kJ g’

¢) 5-Hydroxymethyl-2-furfural (HMF); density = 1.29 g cm™,
melting point = 30 —34 °C, boiling point = 114—116 °C

d) Cited from reference 4.

¢) Heptane is representative compound of gasoline. Density =
0.89 g cm™, boiling point = 98-99 °C
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C6H1206 —_— 2 CzHSOH + 2 C02 (1)
C6H1206 + 6 HzO —> 12 H2 + 6 C02 (2)
C6H1206 — HMF (C6H6O3) + 3 H20 (3)
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ETHIEEEZLEE V= BLUNIELE—R
HSkDA2 h—R L ) a— R L ONEENKETH 5, /3
NV 7 e —R&FEE LT Y 7=10 8-
THLE S50, JE TR KBV~ L —2
BRI S, B —RADEENEL 2> TWD, £DT-
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Under dry conditions
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Under wet conditions

"+ Mg(oH
H g( )2 (5)

Scheme 1 MgCl,-SiO, composite (2) .
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Har T THET D, HET, 1a ORI X
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Lignocellulose

Delignification

Pulp

Enzyme

Hexose (1a)

Catalyst (2) S. cerevisiae
-3H,0 -2C0O,
Bio-fuel OHC-_~ON,_CH,0H
10-TUels \ CH4CH,0H
HMF

Scheme 2 Reaction routes from pulp to bio-fuels.
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. LR S AN ORAE L THE . 91 cm MUAIITHE
b L THWE,

7 = UE, RO RO 2 T, EERR
TEMHR (pH 5.0) 1%, EEEE/KIAR (0.1 mol L) I6 L UHEEE
T UL (0.1molLY) % 111 TIRA L THR L,

BAT—EBE LT, AL TOMETEENH Y | &
DENT EDRFN BTV D Acremonium cellulolyticum FH 3
DOififiE /T —+F (Acremozyme, Kyowa Kasei) % FV 7=,
Acremozyme DFERTENEZ AL THIE L7z, 1 emX 1
ecm D AHHE 2 K% pH 5.0, 45 °CC 150 min T2 S+
B DH I R 10,000 units & L7z, AEORR., BERE

(@) 10 mg CHAEERFR] (b)) 114 min T 1cecmX1cm O AHK
2 Bi& SERRREE S HIGTENTRD DAL, Acremozyme DB
FIEMEIZ. (05 13158 units mg™! &3RD BTz,

BEFRIEVE (units mg™!) = 150X10,000/ (aXb) (6)

22 MKDEEEBERICKZ/NIIVTOHELE R

VT HROFECES T, KREGRERE 1 C Acremozyme %
W, EigfEER (pH 5.0) 1145 CT, 2L T7HkE &
LI L MERBHE LA BITo, BLOERIT
Somogyi-Nelson # " T/T>72, 2 h—A (1b) &iIA
N AEY TERLE,

23 BRI R L—I)AT IVEEERDRE
Tt~ 7 x>0 KRKFE (MgCl, + 6H,0, 602 mg,
FEHIIR) 2 A F /—)b (40mL) ([ZIEMREE, U B7
(g, LY TEFER, BW300, 40 pmo) E MR
TRAG LT, 3 MBS, = "R L — 4 — TRl 2 3%
L. RICHE Sz 2 A C 50°CC 24 hy JBUERZEE L C
Si0, D EEICK LT MgCl, D& H &N 32 wi% D

MgCL-SiO, &K (2) #4H7,

24 NILTHELRDERKRIGIZED HMF D& K
PNV T PG O PR SZ & D HMF OARITKO X 5
AT o 72, BERPHLIREZ = SR L — & — 2, KEH
EL TR ITCEAZE, EL X2 57— —7 A THAKL
727 h=bF U (40 mL) I[ZEERTTHE (0.5 g) E4rEK
L.2(1.0g) L&bicA—Fr7L—7 (K 1A) NIZ AR,
#B% 120~160 CTINEVEAT o7z, RIS TH, A#i
KO TRHKGEITD1IEBLIV2%E2AH|L, =KL —FIZX
DIEI AR E LT, YV BTNV T A a~< T T T 4 —
BB : 7 aak v b/ A K /) —) 128> T HMF ©
B2 ATV SO TH-36 L OV BC-NMR & Ol TRIE %
1T -72o HMF ® NMR AL hLF—XZ % FllRT,

5-Hydroxymethyl-2-furfural (HMF): "H NMR (400 MHz)
84.72 (s, 2H), 6.52 (d, J = 8.7 Hz, 1H), 7.22 (d, J = 8.7 Hz, 1H),
9.59 (s, 1H); *C NMR: & 57.02, 110.06, 124.11, 151.96, 161.44,
173.05.
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Figure 1. (A) Autoclave and (B) an apparatus for the
fermentation.
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RE (Saccharomyces cerevisiae) DHRIEFEIZIROD XL 912
1ToTz ZNVa—RA20g, Wi~ 7 %> 7 LK 0.3
g, VUM AKEHIY 7 AL01g, RUXT R 01g, FBERE
THR 0.1 g & E—H—IT AN, ZERKEMZ 100mL & L
72. pH 5.5 & LERBAEIC LRtaklZ 50 mL &0, A— |
I =TT, A= v—T%, J V=TT
BRET 2B TRNHHOL., S cerevisiae (NBRC 2044) %
AeECTHEM L, Z0#% 30 CT224hEE IEHR LT,
BERERTRE R IR 21572,

P RFRTESEEHE T 1 mL 24720 OAEEEZ RO X 512K
Too 7V — XU FCRERFRIES IR 100 uL 2= > XU T
2 —7IZEY | MERGHERMIZK 20 uL i F Lz, 3 —H
T AEINSE, TMBEICL D 40 [EOMBRTHY G- 4
SOXMENIZIFIET D EEOFZ 5 [\ YR LT 72,
1 Kl ORI DY & RO TR, YL 013 38.7 &
kbbhiz, ZoMlE FROMNFUMAL, 1 mL 4720
DR A 7.7X107 cells mL" &3Ked7-,

A B E (cells mL™") =0 x 10 x 2 x 10°
=2 x10° x¢ -(7)
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ST HEHEIE 8 mL & REGRBRE ICERILL ., A X —TF —
Fv SN, A— 27 L—7T 121°CT 20 min [, B#H
BiTolc, BAET D _MLIRFLAED DI, KRR
BT 2a—TE2WY T, Z0OEA ALY X =27
K REMRCTHE L TEREEITo7 (K 1B), FERERTRGE
% 0.16 mL % RAUGAERE IZ AL, 30CTREEEZITV.,
fRIRFEDOFAENKET UI- R 2 SOSHE TR & Uiz, K
MT#H, =%/ —/% GLC TER LT,

3. HMRLER
31 MKDREERICED/NILT ORI RE

ST (1 g) BRBGRBREICEED . & 2 ~EEREE TR
(pH5.0, 50mL) ZANZ. & HIT Acremozyme (100 mg)
ZIMAT, 45 Clithole, TREBELRD S, 24 hy
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Table 2. Transformation from pulp to HMF and ethanol through biological and dehydration reactions.

Pulp Yields of reducing sugar/% Yield of Fermentation yield/% ©
Th=]0 1 3 6 9 12 24[1a% 1b" HMF/%" | 1a | 1b CO, Ethanol
Sabai 4 21 57 73 88 90 92| 78 14| 55(70) 1| 14| 43(55) | 44(57)
Wheatstraw | 0 14 48 67 73 80 80| 60 20 45 (75) 0.1 20 | 37(62) 38 (64)
Kenaf 0 11 35 46 63 78 86| 67 14 43 (64) 5 14 | 52(78) 59 (88)
Bagasse 0 12 39 45 59 72 86| 74 12| 53(71) 1] 12| 5169 | 52(70)
Bamboo 0 12 34 37 53 66 76| 64 11 49 (76) 6 11 51 (80) 59 (92)

a) Saccharification was performed by the reaction of the pulp (1 g) with acremozyme (100 mg) in acetate buffer

(50 mL) at 45 °C.

b) The preparation of HMF was performed by the reaction of 1 (500 mg) with 2 (1.0 g) in acetonitrile (40 mL) at
140 °C for 24 h. Yields are based on 1 used: Total yield= (yield of hexose)x(yield of HMF). The values in
parenthesis are the HMF yield from 1a: Yield = 100 (mol of HMF)/(mol of glucose)

c¢) Fermentation time was 60-96 h. Yields are based on 1 used: Total yield= (yield of hexose)x(yield of ethanol).
The values in parenthesis are the ethanol yield from 1a: Yield of ethanol = 100 (mol of ethanol)/(mol of 1a)

d) Saccharification time in h.

e) Yield of hexose after saccharification for 24 h. Yield of glucose = 100[0.9 (weight of 1a) ]/(weight of pulp).
f) Yields of pentose after saccharification for 24 h. Yield of pentose = 100[0.88 (weight of 1b)]/(weight of pulp).

PRS2 AT > 72, ROGKIR 0,1,3,6,9,12,24h 132 H
7Y > 7 %47V, Somogyi-Nelson 1% Cig o Bt & /04T L 72,
28h DV T NTHONTIE, AN ETIb EREL,
BIUCHEENG 1b B2 72L& T52LT1aEbERL
Too ROIGHER 23R 2 1T, BITHED 76~92% DI T
b, £/2, BExxfEPoO1a:1b hid, AX T LS T
1. 1:0.16~020 TH Y BEDFEARZNAA AV ATD1:
03~0.512RB L 1b DEFEMELS 2o TS, F o,
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TAT - 72, HELINERIT 44% EARWVRE R & 7o 72,

3.2 HMF 8D RIEEH D &EL

BEIZ, #ifho 7 v a—2 (Feflidk) 6 L O~
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Scheme 3

FOSIRIEE TR, P A F NV ANLHRF T KR NN-U A F Uk
VAT X RO SRR 1 2T 55, HMF &
DD B TIABE DR ENRETH V. ROSRBEICHE L
TR, F721 2R L2 FL= U TlX HMF 213 &
AMEER LRV THEES ehotz, 22T, DBRNRLIA
R Cx57® b= MY VERE Lz, KNREAE LS
TULR AR LR, 140 CHREETH D Z END0-o

7

bl i3, MgCl, 2 05 L T2 u Si0, & AW G T
1%, < HMF NERL LR Ds o 1=, E£7= Si0, k%2 7
VW MgCly 721 DS TH HMF e AR LR o7,
72 Bl 4 & L C CaCl,-Si0,, LaCls-SiO, A4 % VT
FRRDO G E{T o7z & A BINETH o T, KIRGHD
BBEAL DR F. MgClL-SiO, (32 wt%)Z% A T 140°C, 24 h
D& THGL D 7L 21— 205 HMF DR 70% THER L
7o T2 T, SiOp S CTERRT 2K ZRN D S B
&b LB ERbhs,
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VT OEEFERHME TET- 1a 725 O HMF &RIZHBWT
I, FP AR L — 2 — T R D b ROGEE B DK
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2%, FATBENCEZER T T50 C, 3h, BWETFT
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W (0.5¢g ZoL. 2 (1.0g M TAH—Fr7 L—
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2OV OFESFERE L & BRI LK S Ko TRINER 45~
55%C HMF 2435 Z &k Lz,
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2OV HEGIR 8 mL & KAUGBRE 1T L, A ¥ —F —
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TR & BOGH TR & Uie, SRR E2 &R 2177, 1a
HHEORREDILHIL 5T~N%E 72512, 7V T DG h—4
VIR 38~59% T & ) — L&A LTz,
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JEBED B DAL R OFEAIT R T 2 Z E NATREE 2 D,

WD 7 v 20— 26D HMF OERAFZE Cid, Bz
DMSO <Cfik i 2 i LINEADLK SOE S 15 2 & 1XBEIC
HHATN D O 2 I F K P TR A Al & LA
WDHITERSD B3, ZOFIER KRB CRIEILT 2 &
EHiT, VT VR, KRR EORIAERRME A LT VO
T, BINETELIENTE R, TOEDRKIIIEZENLIC
BhboT, DEEBI Y YA 7 AB3E S H BYFT A
KA Aol Y. SREBY D e L OREIR
et KO D A 4 ViR 7e EORY— ISR N LA &
NTND, KEFFED T AT AT, BREIICARTZ2 20T A i
SRMEEZ AN THD Z LR E > TN D,

BARR VT NEDTE ) — VAT, B o~
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WIZIZR D F LN, BERR VT 2R L CHEE L
T2MBABRR T 2 BV R (RR) BRI F 35 O MITE 38 A K IR
AL LT,
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