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Neosinocalamus affinis, a widely distributed grassy material rich in cellulose, is a potential resource
for cellulose ethanol production. In this study, a coupled pretreatment of low-pressure steam explosion
(SE) and alkaline sulfite ( AS) was applied to N. affinis in order to protect carbohydrates against
degradation and increase delignification, which is useful for subsequent enzymatic hydrolysis. The
optimal conditions of SE-AS were explored using the orthogonal experiment. It was found that the
optimum condition of SE-AS process was 140 C in 40% dry substrate Na,SO; and 15% dry substrate
NaOH. A final glucose yield of 88.54% was achieved during the 72-h enzymatic hydrolysis process
(substrate concentration was 5% ). Further simplification by combining low-pressure SE and AS into one-
step pretreatment with a similar glucose yield of 87.25% was achieved with 89.25% of cellulose
retention rate.
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I, SR PR sl B ) 75 3-S5 R 58 P PR 28 PO BT 25 5
Je— MR TR B BT v A SCHESe iR AF
FURLA L, R JH B8P MV A7 PR 4k 3 A PR (1. 25
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(SR WAL B ) B IV B AR S 79T A B 7 X R 2 I
FE R IEAT , PR N TR T 200 mL R PUR 2
I R VE R A T FRAS B B IR R A BRI R 2R
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Tab.1 Factors and levels for orthogonal array design

# Factor
JKF- Level

A/C B/ % C/ %
1 120 20 5
2 140 40 10
3 160 80 15

T :A 9SSR , B N SERREIR BH T CHDCHB SO A Bt 0 450 , €
SURALEM R (AEXT R IR Y o i 4y e )o Note:A represents reaction
temperature,, B represents the sulfite loading( quality score of steam explsion
pretreated raw material ) , and C represents the sodium hydroxide loading

(quality score of steam explsion pretreated raw material ).
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Tab.2 1,(3*) orthogonal array design

485 Test number

N T o Y N T

W W W N NN = = = o
W N = W= W~
S R T S N oY

Bt A T AR 5% HOREREFORY, LA FRG
SR P R U AR RO P58 91125 2 K
A5 TR BEE E , VETRR (0 (SRt 2 4 CF
WG, KA AR (1) AT I8, ST 4 (R
HUBESR (2) AT

i - PULTRISE R

Eokm 0% (D
e AR A 4
YRR H K = ﬂid&lﬂﬁ%ﬁé&%ﬁﬁjﬁ% % 100%
(2)

1.2.3 SR

T BR S B 2877 76 100 mL %5 P &%) T b ok
it ik 1 55, S IR O B 48 °C Y R B By SR 4R
(HZQ-F160) FF LA 150 v/min BY55 N 72 h, 254k
R Z A AR v A A — s
pH 4.8 HYME R - B R 94 22 vh il 28 80 mL, 46
IMAT 53 ECR 5% Zist 3 LA (et A T IR EZEA
SRR | J5 UE T R ERER TR ) i J5kL, #E 0.1,

AT 1 K Section
Neosinocalamus
affinis
BEET JE¥ESqueeze

Chips after

impregnation

12 .24 36 .48 .72 h B BG4 5 (K29 2 ml) |, 38 5
HPLC 352 [v] o5 Bl i 0 o 2 A 1 B, A A0 A 1915
SRS AERCRE T () L (4) T

SEPRE A

IR = s e o 0%
(3)
TR = 4 2R %
HEFEIER x100% (4)

1.2.4  — P ARJE KA RA - B L ALER 348 ATRAL 22

WA B R B R L 4 ) U R (BUR BOR
BTN A BN 2% B R ER AN, I HE A N
0.75% WM A FACLEN) , TR 3¢ JEAT F i T £ 40 B0k
5% AR RTER R 25 C FHE 12 h, Bl
J& BT 7 ARSI R T PR AL B B BRT 37K 4
Pl S K 40% , B F 2R VIR B AP 1,25 MPa
FHEAT 4 min ZEVRIB M AL B, AbBRZE A, A
AR RN R AN E AR WA T R4 TR R R
ARE WL B AR SCHOR Y f, # AR BRI R
UEEBRFR 517K 43, K= IR A1 5 FRR R K 4,
BB AR pH B NS, B LB KR
SYUREAE 1 IR, 1580 A AT 7K 43 )5 55 K
Mo IR TR K AR, b g — 2P
Ab PR ZEAT T BN 5% (JH pH h 4. 8 BYEE R HH
SEPRETT) IR K 48 °C , K FFINEE] 72 b, [F]
A 0.5 g/ L JC B 5 3 WA o 2 T 05 P 7R 40K 1R
Y, 7E 0,1,12,24 36,48 72 h HUHE &l (K2 2
mL) il it HPLC 20 Hri% it Z0F /9 4 2 d A5 %, ik
K AR A 1 TR,

#5 A Chips
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THLAR A
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AL
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Process of combined low-pressure SE-AS pretreatment
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1.3 SWFE
1.3.1 25947

i 5 5] PR AR R S 00 = 0 7 o A R AR
Wk g3 D AL BRI R Y SRR R R K
ERKAY B Fr i B T RERL (0.3 £0.000 1)
g, MA 3 mL 72% B2, 7€ 30 °C 1 1H i K % 47 IR
(HZ-9212S) H/Kf# 1 h, BB 10 ~ 15 min FEFE 1 1K,
SRIG K B W T in A 84 mL 2 B K ¥ 12 7% B 3|
3% A4 H 3 K E S (YSQ-18-5) , 7E 121 C R %
N1 h, B2 mL B3SRBS A b, i
R 28 0.22 wm U8 B3 3E, fff F§ HPLC ( Waters
2695e) IMATET e R ST ge R o I A R . 3
A 5/ E) Aminex HPX-87P (300 x 7. 8 mm) ¥, 4
85 °C , /s WK AR EE Ry 35 °C, KB F /K
BN 0.6 mL/min, 10 WL FERETR . 5541, F60 A% 1) Bl £
W b s v, R B oK e E P, 7E 105 C
HEAE (DF-240) Hopt T B 2 i AN P ARk, R AE
600 °C 3 BERE 6 h W1 AR, IR AR A
Y/ O] i e 5 e w2 i e - AR
1.3.2 BEfAfsmiE o

A A R AE 5O HL ( L-550) 7 3 000 r/min B.0> 3

min, (AR E, EIEHGET 0. 22 wm AOUESLE
Bt Waters 2695 F) 12 A5 B0FH €0 135 AG: I 48] 25 B8 & o
HPLC 4381 55 AF R4 53537 o

2 #R54%

2.1 T R B Eh ik X R A S4B AR B B2 IR
MR 3 AT AR R ZE VR R SR B T A
BITEMER A N S il 17.88% [ &
11. 18% , MIARZ B AL I A, B S At 1% 6 i
AbPRAR R 2R VIR AT 44, Wit L T 8 DA B b2 2
vt FH B PR B, A 2 1% MO B3 A S R R 82 A B4 3
SRR I AS R T Dy 28 0 A 22 AL R4 FH A 25 5L
PRI B A 2 R R K (L8 9) RN
SAFT AR F ) F B B 2 d KA 5 [T e R ) el e
WA RRA S KA RN, W80T K&
REWNIFE, 5 — 5T, kKA G W 76 38 A Tl ik 28
1 AR PO AR RRE BE (B, X T BB TR
TR RN B PR ES T, NaOH X i 7K 1k & 9 1 3 1 2
I 5 1 55 5 [R]BF Na, SO, (86 £ /E A T BEK &R
W, RIET KREBARMRT , A RZEL 05

R3I AREEHGHLETIMBLFARMGE

Tab.3 Chemical composition and yield of bamboo sample of different conditions %

Fed T O L e TR O

Sample Glucan Xylan Acid insoluble Acid soluble Araban Galactan Mannan Ash Yield

lignin lignin
43.59 + 17.88 + 25.87 + 3.91+ 116 + 0.24 = 0.74 = .32+

i 1.42 0.74 0.82 0.28 0.09 0.05 0.02 0.10 100
i 50.89 + 11.18 + 26.15 + 4.29 = 0.97 = 0.20 = 0.88 + 85.61 +

SE 1.72 0.53 0. 84 0.26 0.10 0.03 - 0.05 1.34
60. 59 + 8.67 + 17.49 = 3.25+ 0.56 = 1.44 + 70.42

: 2.01 0. 44 1.34 0.67 0.01 - - 0.01 1.19
57.98 + 10.39 + 18.53 + 3.31+ 0.76 = 1.54 + 72.84 &

2 1.50 0.56 1.25 0.56 0. 00 - - 0.02 0.79
57.51 + 10. 40 + 19. 88 + 2.98 = 0.44 = 0.89 + 75.23

’ 171 0.34 0.97 0.28 0. 00 - - 0.01 1.01
65.12 + 9.31+ 10.58 + 312+ 0.45 + 0.97 + 65.34 +

N 1.81 0.45 0.78 0.38 0.01 - - 0. 06 0.98
70. 49 + 9.21 + 6.78 + 2.57 + 0.65 + 1.21 58.53 +

> 1.45 0.76 0.88 0.14 0.01 - - 0.02 1.03
70.25 + 10.23 + 7.63 + 2.67 + 0.31+ 1.43 50.85 +

0 1.29 0.19 0.95 0.08 0.01 - - 0.01 0.84
70.40 + 11.16 = 6.56 + 2.86 = 0.78 + 58.35

! 1. 64 0.26 1.05 0.10 - - - 0.00 1.23
70. 04 + 10.33 + 6.75 2.52 + 0.21 + 0.89 + 57.36

8 1.90 0.61 0.74 0.21 0.00 - - 0.01 0.94
70.42 + 9.58 + 6.14 + 3.01 + 1.04 + 56.87 +

’ 1.88 0.19 1.16 0.08 - - - 0.00 1.21

1 RM M ZEATECRL, SE MG Z8 708 0% S5 (1 25 7T 5B, Notes: RM represents raw material bamboo, and SE represents bamboo after low-pressure

steam explosion.
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2.2 WETHEREL AR EHRRA

MFE 4 AT LLE 3 AN R X B RE 72 h J5
A R332 ) R/ MR« OB TRLBE (A) > &
AR (C) > WERRREH = (B) . 3 THET,
SR FE RS e Ry . IR TS N 15
B AL B 51 J A, B, €, BIV O I R 160
C EAREREE 5 80% R AR N 15%

F4 BHETHRBRAMLBRERZSBHRAMIE

L9(3%) & 5 #T
Tab.4 19(3%) orthogonal array analysis of low-pressure

SE-AS pretreatment of bamboo

2253 HT Range analysis A B c
ky 173. 80 231.34 222.18
k, 249.01 231.26 229.25
ks 274.90 235. 11 246. 28
K, 57.93 77. 11 74. 06
K, 83. 00 77.09 76.42
K, 91.63 78.37 82.09
R 33.70 1.28 8.03

Vo SR 2 x KT X R0 046 5 2 B, K, W &, 974
B ,R A2, Notes: k, represents sum of experimental value of level x
under corresponding factor, K, represents average value of k,, and R

represents range.

K 2 AT LI Y X A, B, C, #EAT 3 CEATI SR
HAH AR R OB N 93.15% , i T HAth £
R BRI R W ALB, C MR R T 2 5, #
Wb 5.7.8.9 7E 72 h J5 i % W45 2 53 I 88.54% |
91.52% .90.23% .93.15% , 4 X5 45 5 A0 221
B 5% AR 5 SR BT R H Y B T B2 R Ak 2
2 /N T HAL 3 4150 . NRRIRIHAERIT 2y
BUAS () F71 BE 25 6, IROBE I BE Ry 140 °C AR R ER H 5
H40% REACEN N 15% B9 TAL P44 (58
S HERNEH, B RS 5 BAH ARG

Vel 2 Gl SV A R A B 0 G A A R ) S
Fig.2  Effects of AS pretreatment on the enzymatic

hydrolysis of substrates

BT 240,

M3 BT LA .72 h S5 2847 DRURE B 7 2 A
FHA 5. 23% ; 1M 0 IR0 BE 28 VR, 1 2 WA
AN 29. 01% . AT L 28 75 0% J 35 kS
TREREL TAL B | R LAAE J 8 ik 3k A v R R 2 4 v
P ARACRE . X T AT TERE AR 22 A0 I B 3R X T 4
WA ) Tl AR 25503 S — A DGR R 32 X RAYY A 25 4
N ECE A, R R AL A B B AR A
RV SCmi s A5 4, 25 0R SRR TR AR 22,
WAL AR MR 2 FF IR IR R B AR 22 5 3L
AREARI MR AR, EEARZ N A% A F 5
AR T AR,

100 .
—=— F£ 59 Sample 9
ECH p— FEFLS Sample 5
80 - —~v—RV
60
50
40
30
= 20
10

ISR Glucose yield/%

T v v
I I I

L 1 L
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FKEHEfE] Hydrolysis time/h

P13 AR SRR IA BN T b (0 A i

Fig.3 Enzymatic hydrolysis profiles of pretreated

bamboo under different conditions
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R Yt S5O R 5K £ A [ B 58 40 47 Bl 14 D
M BEA R Ty 2, Bl A W B R A LR | RETE £
EK AL G YR B R T2 T R B A R, SRIE
TSR ) R A R, R 3 3 ]
HEBLH KRS S O By R 2 [ U 2R A 83. 85%
H185.62% .
2.3 EMHEBMBRS T

ZENT e e A R 2R VR, T el I A PR
PEATTAC IS | BE S 78 5 S0 Ak ik o 72 rh 45 2 AR
50 PR 8 W A SR SR A W e B B S
AR TIUAL AR A B H 28 R B A BEE 1l — 25 Fildh
HOFTfRIA T AR B A P s R
U2 (R

B 4 0] LUF A R IERH &, IR 2R 0A
SR AL PR ZENT E B T AR
LR UAEZR IOV S5 R O P FN2T 2 3R HE 3 i AR A 3
KAT DR S5 SL A AR R R AR . SRR 78R
SR TRA B () ZEAT A L, 20 251K e 28 YRR - el
AR R AL A TAL B 24T R AR 4P R
LR . NaOH HA 5RIZ HIAE, 12 h 7 iR Bt



R

FEREMS (LT AF 2H 5315 3 78 70 W KV T, 33 % T/ 2k
M ZEVR AL I T By . Fe i IRV E FHANY
AE T B VR A e P A T 2 G R 1 B L R
GER7 kil AR A 4 G, b AR SRR AR B
ARZEN ) FEERB SR E S AN ARRE
il o — DR T 28 VR B — B VA TR R A 5 T4k B
ZEATRR T RE AR RN R, R A e KRR
TRE T HER AR B R B 351K 89. 25% ,iX 5
O3 WAL R SCR AL Pl S HE W B0 ST 5 PR
R BT 4e R BA —E MR ER], @ i &
2 FRIAL IR 47 A4 e A% 7 28 VR 8 [R] 5 2R A 78 40
Bl AR R R AR 2

3 A% Lignin

4T 4k F Hemicellulose

W A4 Cellulose
—a— B Yield

100

of sample and ratention rate/%

bR L AR R SR B X Chemical content

RM SE

AS-SE-1

AS-SE-2

AS-SE-1 53 2 A% FT 28 9008 15— 6 2 0 5 PR 66 A 7 LAk B, AS-
SE-2 Jg— AR IR A8 IR — B P N B R R A 5 PIUAL B, AS-SE-1
represents two-step combination of low-pressure steam explosion and
alkaline sulfite, AS-SE-2 represents one-step combination low-
pressure steam explosion and alkaline sulfite.
4 AR BT A4S ZR A R B R
Fig.4 Solids yield and retention of main components of bamboo

sample of the one-step low-pressure SE-AS pretreated bamboo

LS AT DL H 2 A G A 3R B 3 5 T A
EIERRAR . — AR ZE VAR - W AR PR AR R
TOAL R ZE AT 10 75 280 1 8 8 = & 75. 34% M L 2K
PR S T 13 4%, X138 TAREAEA 4R
R R 5% LA % S Ak %) 45 4 7 s R 2T i ik, (E 2 e
TAREMER AR T R AT 20w kb 3 L
AR 2% . TEB T R P S N SE 36 % A FLAY T
B REZERAIGHER, 58 T RO, FRIAEE
FAT L il ) A R B TR M, A A5 il 5 A 2 R
Bl LR, T4 T A aicfe . — 20 A 2R
P iR I JC 8 2 R AR, L 2 A A R A )
T 87.25% , 5575 T PRI ) A M1 AR FE -

3 % #®

1) SR 0 T2 A P B P S 4 7 56 T Ak LR
FEZEVIRMZENT IR, 1A ROk B B AL & ) () i
JE R A S AR S5 3R AR o~ 27 4 3%, nl A ZE AT JEURL

ZER TS GRS G R SR A 5 (IR A8 PR AL B 2 A B LT £ 2R AR A 103
100 -
—— RM
0 —a—SE
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—=— AS-SE-SSA-2
707 —e— ASSE-1

WIS ZEClucose vield/%
I~
o

1 | 1 1
10 20 30 40 50 60 70 R0
FK AL Ta Hydrolysis time/h

AS-SE-SSA-2 y— IR PR A PR — WU 7 4 2 548 5 T 40 3
S SR AR T ANV PEF . AS-SE-SSA-2 represents adding
SSA in enzymatic hydrolysis of one-step combination of low-pressure
steam explosion and alkaline sulfite.
5 AREZAE T PR i A
Fig.5 Enzymatic hydrolysis profiles of the one-step

low-pressure SE-AS pretreated bamboo
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