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Abstract:
by pretreatment, enzymatic hydrolysis and fermentation. Firstly, the pretreatment of EFB with alkali, alkali/hydrogen

In the study, we used oil palm residues (empty fruit bunch, EFB) as raw material to produce cellulosic ethanol

peroxide and the effects on the components and enzymatic hydrolysis of cellulose were studied. The results show that dilute
alkali was the suitable pretreatment method and the conditions were first to soak the substrate with 1% sodium hydroxide
with a solid-liquid ratio of 1:10 at 40 °C for 24 h, and then subjected to 121 °C for 30 min. Under the conditions, EFB solid
recovery was 74.09%, and glucan, xylan and lignin content were 44.08%, 25.74% and 13.89%, respectively. After separated
with alkali solution, the pretreated EFB was washed and hydrolyzed for 72 h with 5% substrate concentration and 30 FPU/g
dry mass (DM) enzyme loading, and the conversion of glucan and xylan reached 84.44% and 89.28%, respectively. We
further investigated the effects of substrate concentration and enzyme loading on enzymatic hydrolysis and ethanol batch
simultaneous saccharification and fermentation (SSF). The results show that when enzyme loading was 30 FPU/g DM and
substrate concentration was increased from 5% to 25%, ethanol concentration were 9.76 g/L and 35.25 g/L after 72 h
fermentation with Saccharomyces cerevisiae (inoculum size 5%, V/V), which was 79.09% and 56.96% of ethanol theory

yield.

Keywords: palm residues, alkaline pretreatment, enzymatic hydrolysis, simultaneous saccharification and fermentation
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RESRSE R AT T HiAb B, & P NaOH AbBH T (1)
T HE 2T 24 I 7 28R B 5 o Jung 25 /K A
e R TIALEE, 7E 60 ‘CHI 21% (Wiw) &
KIZL 12 h T 41.1% BIAR T Z BB IR . Kim 2506
FAAK R BLIR . NaOH XA ki E A7 FiAb B,
FAFRER AL BESE ST 90% AU LT 4E 2R A 329% A
J WA 2 AR P . Kassim 2171 1% NaOH
SRR SR ST R AT WAL EE, ARG 0.7% (V1Y)
H,SO4 7K i, 135 13.38 g/L AWEFI 0.54 g/L %
Wi, JEHEAT x5 WAL R O TE B AR R
0.51 g/g FAINE. L iRRFFE WA JFoRA
TR R A B RCR , ARBCA E— XA R 4%
PER RN BRI TXT L, I EUR PSR R R 7
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PRRE R AL F A R R TR A 17%~
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IO, DO A T AR J5T 3R T Ak A B
FHE R BRI 25 e X R | A
Bt HyOp —FhTRIAL B A& HEA T LA, R BiE
Bl HLO, TALFE KOS, HA R Z MR e
A SCLHE T Ml . B/H0, A5 TilAh A5 A4 % AR
BRI A 0 22 ) S A (52 ), B T 3 P T
WEFREA s F55 T IR EE | ot 28 o %o R SR
(18 5 M) LA S AN R JEC vk B 1) Tt [ 26 WAk 2 T

1 #@EFE

1.1 ER 5
1.1.1 R
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1.2 A&
1.2.1  FsbE &AM

BRI A FRICTE R 30 g AUARHHSR
i, T 500 mL HEEHRT, A BT 380
H0.5% . 19%F1 2%H) NaOH ¥ 300 mL, BJI [
WL 1210, RrlkEserRiEE, 8T 40 CHi
IR, #533 200 t/min, 21 24 h; JFET 121 C
KEs, GRIRBE 35002 5 min A1 30 min, J2
07 45 SR J A 3 5 A i A T R 0, TR AR
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200 r/min, ¥ 24 h, S 45 A AR i 3 o 4
UEDEATER AT, FH R OB R RE S R IR &
pH bk, e HEAESCR R S i, I8
TR HBURE FH e 80BOR € 1 FERR A

1.2.2  FARS&pE:

PRUCTAL RS AR R T 508 1 g,
2g.3g.4g. 5gHf6g, BT 50mL #HIEH T,
A pHAE N 4.8 RYFGHR-FE R BN 2% +h K 5 mL,
IIMZEIE K WA SRR 20 mL, BV 19
WIS HN 5% . 10% . 15% . 20% . 25%
1 30%, BE#kiE A 10~40 FPU/g, IRJE N 45 C,
FETUN 150 r/min, B AR 25 S B3SO = 80
R T I LA R i

B A R LA A

TR RMHRLACE (%) = WA b
X100 / JEYIP AR Frmx1.11);
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X100 / JEY TR 4ER 5 i x1.13);
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7 20 ul,

2 EREMN
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M4 NaOH WEERIINZE 2% B R SR AT
76.59% . FEWAL T RIS, 10 il A A 1]
K, WEARRSERE, S8R 72.67%, B
DRV A AP M B R A, (RARAE 1 /L
ZF, CREEWA 7B, Hmnl ik
8.72 g/L, Xl T IALFRAR B MK, FhE£F 4
JER R BT R WERR bR sy , S 4ER R 4E R
WA A R, (BECUL, 274k R LT 4
R BT A 7B Ho0, TilAb B4
BEE HoOp WREERUIG R, A RIS BRI,
(EEEAAEIRIE 76.17%~79.14% G HE N, WAHT
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AWES B L HAD AL BRSO T HyO,
XPRLFAER WA —EWRERIE- . BR 1 AT LE
h, WAHT CFR S A S 2 2% NaOH At
P30 min S5, LmRWETTLIAS] 8.72 g/L,
55 1 BT, 2% NaOH B iRALHE 30 min
2, KRS EWEMN, WHZd NaOH il
FAL B Z 5, e £F 2 N 0 45 ke 2 T 58 A i
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HEA R P iR TR 32.52%, LAY
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0.5% NaOH Wb G =44y mAA b Ak, 4
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NaOH Fl H,O, A B, £F4E% | KF4E XA
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B BAR L, ARE H0, IEMER, =
AT AL . B2, BAb PR AT Hy0,
FHE T o & B AR AN A NaOH ¥
R RE, FIk, P 1% NaOH iR Hikh #
S ATE

2.2 TRALER K4 X EERE AT R0

Xof AN ) 0 Ak B 2% 1 T ) e e o AR R o
PURYIWE 5% | Bz 30 FPU/g B 72 h, 45
R 2 iR, B NaOH ¥ 5 RN AL 235 B 1)

Table 1 Effects of different pretreatment conditions on the solid recovery and the liquid composition

Pretreatment conditions

Solid recovery (%)

Liquid (V=300 mL)
Xylose (g/L) Acetic acid (g/L)

Glucose (g/L)

0.5% NaOH, 40 ‘C, 24 h 84.01
0.5% NaOH, 40 ‘C, 24 h; 121 °C, 5 min 82.52
0.5% NaOH, 40 ‘C, 24 h; 121 C, 30 min 79.04
1% NaOH, 40 ‘C,24h 80.47
1% NaOH, 40 ‘C, 24 h; 121 C, 5 min 76.13
1% NaOH, 40 ‘C, 24 h; 121 °C, 30 min 74.09
2% NaOH, 40 ‘C, 24 h 76.59
2% NaOH, 40 ‘C, 24 h; 121 C, 5 min 73.43
2% NaOH, 40 ‘C, 24 h; 121 ‘C, 30 min 72.67
1% NaOH+0.6% H,0,, 40 ‘C, 24 h 79.14
1% NaOH+1% H,0,, 40 C,24 h 77.82
1% NaOH+2% H,0,, 40 ‘C,24 h 76.17

0.12 0.19 2.27
0.13 0.21 5.37
0.14 0.25 5.48
0.14 0.38 2.52
0.32 0.54 7.31
0.42 0.61 7.64
0.16 0.42 2.67
0.65 0.57 8.13
0.77 0.65 8.72
0.39 0.82 5.25
0.41 0.83 5.64
0.43 0.84 5.91
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Fig. 1 Effects of different pretreatment conditions on the contents of solid composition in palm residues. 1: untreated
EFB; 2: 0.5% NaOH, 40 °C, 24 h; 3: 0.5% NaOH, 40 C, 24 h; 121 °C, 5 min; 4: 0.5% NaOH, 40 C, 24 h; 121 C,
30 min; 5: 1% NaOH, 40 ‘C, 24 h; 6: 1% NaOH, 40 C, 24 h; 121 ‘C, 5 min; 7: 1% NaOH, 40 C, 24 h; 121 “C, 30 min;
8: 2% NaOH, 40 °C, 24 h; 9: 2% NaOH, 40 C, 24 h; 121 °C, 5 min; 10: 2% NaOH, 40 ‘C, 24 h; 121 °C, 30 min; 11:
1% NaOH+0.6% H,0,, 40 ‘C, 24 h; 12: 1% NaOH+1% H,0,, 40 C, 24 h; 13: 1% NaOH+2% H,0,, 40 ‘C, 24 h.
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Fig. 2 Effects of different pretreatment conditions on enzymatic hydrolysis for palm residues. 1: untreated EFB; 2:
0.5% NaOH, 40 C, 24 h; 3: 0.5% NaOH, 40 ‘C, 24 h; 121 ‘C, 5 min; 4: 0.5% NaOH, 40 C, 24 h; 121 °C, 30 min; 5:
1% NaOH, 40 C, 24 h; 6: 1% NaOH, 40 C, 24 h; 121 C, 5 min; 7: 1% NaOH, 40 ‘C, 24 h; 121°C, 30 min; 8: 2%
NaOH, 40 C, 24 h; 9: 2% NaOH, 40 C, 24 h; 121 °C, 5 min; 10: 2% NaOH, 40 C, 24 h; 121 C, 30 min; 11: 1%
NaOH+0.6% H,0,, 40 ‘C, 24 h; 12: 1% NaOH+1% H,0,, 40 C, 24 h; 13: 1% NaOH+2% H,0,, 40°C, 24 h.

HaK, LR LT Y W BRI K, YR BiE O3B HA 44.04% F1 38.65% . {H2 24 NaOH #k &
K 1% NaOH AL BG4 4k R B R M 27 4 WOINZ 291, 2T 2 2R A 3R 2 4 2R iR
R R TIA 80% L I, MRIEN 0.5% 1% NaOH FAFIGM, Kt ASCE kb
NaOH b $ J5 £F 4k 28 B A R 21 4 R il i o ZFh NaOH & EHE N 1%
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FH 1% NaOH 7E 121 C X 5% i s iR i ik
P2 5 R AL R L 40 CARIRAL RS (/e Ak
15, VA R AL B2 SR AR AT 4 N RS T
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84.44% F1 89.28% , # 5 min I A 1 W A4,
i U VR R A S5 0 R ] e il A SR R ) 2, A
I, ARSI AL SR 121 "CTF U 30 min
BRHEIE . A NaOH il HyO, fIG il 15 Ak 3 5 1 [
PRRE S, BRI AR TR FH NaOH I A0 3
PIREML, (HBEE HOo WREEMIG K, BEffRA8 L
AR, AR R LR B0 50 57 % F
67% , BCFASQ0E = AL BRI S . iR 2 ]
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FHAR B3, oA T 743 P 0 2 M e 38 L AH Ve 88
WBHTH R I 10 FPU/g I, i 72 h
J R BE AR B2 43 1 DR 15.91 /L il
10.42 g/L, 2 YE 2R il 3 F-F 2 4k R W50 3l
K 65.71%F 72.72% , AF & il H 3 i %=
30 FPU/g I, M 72 b Je FrAs i 2 i i A
AW BE 435 20.59 g/L 1 12.61 g/L, AR
T Y FE T 56 A0 2 21 A R 2550 1 v LAGA 3]
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Fig. 3 Effects of different enzyme dosage on enzymatic hydrolysis. (A) Relationship between glucose concentration
and hydrolysis time. (B) Relationship between xylose concentration and hydrolysis time.
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2.4 JERYDIRE X BB S0

FH 1% NaOH LA L 1« 10 XPhsti 5% i it
ITALEE, SE7E 40 CTFIRM 24 h, RGET
121 C R 30 min, FiAb B S B EARRE i LA
30 FPU/g B X AR E (5%~30%) k)it
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WERE I3 A, 2T 4 2R 47 4k 2 W R 2
JIN, TR A R B TR ARV BE B K iR
WHER 5% BT LR R A 4E R MR Rk, o
WK 84.449% F189.28 % , i %I B M 20.47 g/L,
ARBEREE ] 12.63 g/L. MEYRERSE 10%
I, 2R RN AR BRI 66.55%F1
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29.27 g/L F1 20.89 g/L. i 249y B 1 hn &=
259 it , TR B RIARE U B AN P BE A IS vk
JEE B3 I A, 4390k 47.44 g/L FN 31.43 g/L,
AR F) 2T 2 22 it A S5 R 41 4k 25 i R 0 0 o
43.13% 1 50.29% , X FI e i TRk Bk
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FIHULEE, SefE 40 C IR 24 h, RIFET
121 “CF i 30 min, THAREES ) HARE T LA
1 30 FPU/g ., M S% XA RHKE (5%~30%)
YT R R, & 72 h R4S A 5
Ji7R o BEAE IR BE (K, R TETAS I £ Bk
B, SRR BE N 25 %o i} £ Tk P 55 5
R, #3525¢/L, 7R 0.49 g/(Lh), 4
SR N IS TRRY 56.96% o TE 5%~30%
W, RPIREERR , RIS £ BEA5 R AR
IRy 5% Bt K 72 h )i L EEASR R HiE
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Fig. 4 Effects of different substrate concentration on enzymatic hydrolysis. (A) Relationship between sugar
concentration and substrate concentration. (B) Relationship between enzymatic hydrolysis conversion and substrate

concentration.
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Fig. 5 Simultaneous saccharification and fermentation of different substrate concentration. (A) Relationship between
ethanol concentration and fermentation time. (B) Relationship between Ethanol yield and substrate concentration. (C)
Relationship between glucose concentration and fermentation time. (D) Relationship between xylose concentration and

fermentation time.

TEREA R R D, RS i — AR, VR
BEATE 5 /L LIF, HIETE 12 h A —LE5 8 10 &
R, KEBE 72 h BRI E AR S B 8 E, XK
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AR [P WA R I R Y BERAAE . AR S
50 i FH 0 P B TR AS BE R AR, T L B R T 1Y)
HEATARE B B B, R RES 72 h B
K 25% AR EERT LIRS 25.75 g/L, ikE|H
N
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TEWARH, NaOH XF A BT R AREMEAE I o X
LA B  A EAAE  LUR R B 5 %
TIT , £ 2 2 B R A 21 Y R W AH 53 0
84.44% 1 89.28% , TN A L2 A FH AR Al 55 1 it
L £F i 2% il i R 2 41 2 25 i AR 0 0 2
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KW, YIEYIME N 5%, KB 72 h 5 2B
WHEH 9.76 g/L, iKFIHHEIF R 79.09% , 7=
SREECN 0.14 g/(L-h)s HIRPIH RS IR 25%
KW T2 h 5 CBERWREE SN 35.25 g/L, ikE|FS
13511 56.96% , A 7758 AR 0.49 g/(L-h), Jung
0% 219 SR AL R 2 T2 B L 5% 4T
LRI AT PR R EE, 168 h 5 LBk
JEHR 18.6 g/L, KFIIBIFRN 65.6%, ik
JEH 0.11 g/(L'h), B AFEPBE TR T LA 5
TR BE X 4T 2 I (R 2D MR AL R T 520, > )i
PR E A 309 I, >R FH i il gt 4 ARk [vi] 20 WA b i I
A EZSE T AN OFA R m, 1Lk
44.98%, 'EFEIEE N 0.4 g/(L-h), KL, JE2ERY
S5 AT UGSl o 2 R R D e T
i AL A5 T Bk i — A0 v Bl A RN LA
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