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Effects of hot-NaOH pretreatment on Jerusalem artichoke
stalk composition and subsequent enzymatic hydrolysis

Qing Wang, Jingwen Qiu, Yang Li, and Fei Shen
Institute of Ecological and Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: In order to explore the possibility of Jerusalem artichoke stalk for bioenergy conversion, we analyzed the main
composition of whole stalk, pitch, and core of the stalk. Meanwhile, these parts were pretreated with different NaOH
concentrations at 121 °C. Afterwards, enzymatic hydrolysis was performed to evaluate the pretreatment efficiency.
Jerusalem artichoke stalk was characterized by relatively high lignin content (32.0%) compared with traditional crop stalks.
The total carbohydrate content was close to that of crop stalks, but with higher cellulose content (40.5%) and lower
hemicellulose (19.6%) than those of traditional crop stalks. After pretreatment, the lignin content in the whole stalk, pitch,
and core decreased by 13.1%-13.4%, 8.3%-13.5%, and 19.9%-27.2%, respectively, compared with the unpretreated
substrates. The hemicellulose content in the whole stalk, pitch, and core decreased 87.8%—96.9%, 87.6%—-95.0%, and
74.0%-90.2%, respectively. Correspondingly, the cellulose content in the pretreated whole stalk, pitch, and core increased
by 56.5%-60.2%, 52.2%-55.4%, and 62.7%—73.2%, respectively. Moreover, increase of NaOH concentration for
pretreatment could improve the enzymatic hydrolysis of the whole stalk and pitch by 2.3-2.6 folds and 10.3—18.5 folds,
respectively. The hydrolysis of pretreated stalk core decreased significantly as 2.0 mol/L NaOH was employed, although
the increased NaOH concentration can also improve its hydrolysis performance. Based on these results, hot-NaOH can be
regarded as an option for Jerusalem artichoke stalk pretreatment. Increasing NaOH concentration was beneficial to
hemicellulose and lignin removal, and consequently improved sugar conversion. However, the potential decrease of sugar
conversion of the pretreated core by higher NaOH concentration suggested further optimization on the pretreatment

conditions should be performed.

Keywords: Jerusalem artichoke stalk, composition analysis, hot-NaOH pretreatment, enzymatic hydrolysis
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Tablel Main composition of Jerusalem artichoke stalk

coml\[/)IZ:iltion Stalk pitch  Stalk core \th?lie
Glucan (%) 40.6+0.13  45.6+£0.07 40.5+0.13
Xylan (%) 16.9£0.19  11.1+£0.19  16.2+0.07
Mannan (%) 1.840.15 2.6+0.07 2.0+0.28
Galactan (%) 1.0£0.00  1.27+0.03  0.99+0.01
Arabinan (%) 0.51£0.01  0.42+0.00  0.42+0.00
AIL " (%) 32.740.40  15.940.14  29.7+0.19
ASL* (%) 2.240.01 32+0.01  2.3+0.03
Extractives (%) 5.0+0.15 6.7+0.10 6.1+0.15
Ash (%) 2.440.10 3.2+0.10 2.9+0.03

AIL™ refers to acid-insoluble lignin; ASL® refers to
acid-soluble lignin.

http://journals.im.ac.cn/cjben

INFE VL BOKRESEAH Y, (R S atm TR
HIRNVEPITEFT (34%-36%). FLF 4k K45 Fh 5
B2 S R AE RS AFAR AT, (B BT %A
HIRAVEYIREFT (24%-29%). B B LT 4 25 & i
A i 21 4R R ) A A AL B T, TR e
BARH LA 2 b, RN PR, U8
U 5 Sl K A A R b BRSO o T A A 2R AT
HOR B 2 R AR G 0 R AE A AT
(12%—17%), X R BEVE 7 48 0 79 40 AR FE
UEAh , BEC TP AR R & TR 2 5.0%,
Mg R MR R & R BT R 4.8%
M 15.8%. MWK MMEE, 58 & KR
YEY, 1 R rh a5 v AR J5 25 St A R ] 4 R
B =R BT ABTERRE T T ZEFT A BRI
(0 o AR X B RS, ARBTR SRk, X HHE
T BRFK A RS R DI REAE O, FLAE
H A e A AR £ e T RE 5 R O

2.2 AREIKRE NaOH Fb M B FEFEE
4R 5y H 2

Y NiRA R Y SN ISMERTY AL SEL € 114
T LT RIS, A AT LU 25 5 HhiE 2ok i
KA, FEFAER AL E A . RS [ B
NaOH 7£ 121 CHAF T X 45 E 2 | 31 5 A
Oy SHEATF AL FR AL B S PRy gk 2
Fis

AR F SR NaOH AL FRVE X35 E AT |
I ABE AR TR LR A —E e, &
ANV ) NaOH 4T HiAb LS, FFhAR R
P EAINT TR A S R L 13.1%-13.4%,
B PR R R SRS 8.3%-13.5%, Mighthrh
KRIFE SRR T 19.9%27.2% . it 5 i 4b B )
NaOH ¥ 88 55, 2FF . B K LR BRI i AR it
TEYRETHEY, ZEBIE ST R A



EM F/AGRIRAIEXS S ZFTE A A ES KRR IR 1463

2 NaOH Mt FE=FEEHTHIF MW
Table 2 Main composition of Jerusalem artichoke
stalk after hot-NaOH pretreatment

NaOH
concentration
. . Unpretreated
Main composition (%) (mol/L) stalk
05 1.0 2.0
Lignin 32.0 309 30.2 34.9
Stalk  micellulose 3.5 22 1.0 202
pitch
Cellulose 61.8 62.8 63.1 40.6
Lignin 15.3 143 139 19.1
Stalk  micellulose 4.0 32 15 154
core
Cellulose 742 75.8 79.0 45.6
Lignin 27.8 27.7 27.7 32.0
Whol
°C Hemicellulose 24 1.5 0.6 19.6

stalk

Cellulose 63.4 63.5 649 40.5
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e 2 s, AR B A5, X2
PR AT AR B NaOH A3 5
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AL ER A BE , AT LA Rk AT K AR . &
72 h KRG, B NaOH ¥k A AN, /KA
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$Em F) 1.0 mol/L Xf /K iR R . AL
A B A A AT LK 56N 18.8% o AHXF T A4
PRAFT 2 AR BE R NaOH FiAbHS , HigK
fif R 2.3-2.6 fi5 o ULk, ML NaOH il
G I I ol o R E S Al ) 2 O R
(180 C), FEFHIFMIEEAK AR IT=CF, KRR L
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Fig. 1 The enzymatic hydrolysis of pretreated stalk pitch (A) and pretreated stalk core (B) at different NaOH

concentrations.
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—v— Unpretreated whole stalk
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Fig. 2 The enzymatic hydrolysis of pretreated whole
stalk at different NaOH concentrations.
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UNEFUE R, BOE T MK R RE RO, xR
JR S BBRAREE, 7ERRKIE NaOH Hikt
W5, BARHORBUR AL LF 4E R T g i st
B, SRMIHK AR R A2 TR X Al BEAY A
T, BEEARBTRAEAER SR (&),
ARBR ML HER 9 LR T FE NaOH R AHXS
B, WG, R NaOH 7EFIAL #T 5
T 4E R B A o R IR AR AL S B E A
BREFAEZR P20, Rt Ay DA A AR i i 2T
KB TAICHT B-1,4 BT BEA) n] LLBET 4k R
LK, HAER Co A2 E H B Na 2
A, TS S5 /K fife 1) 4 2 ™ e AT /K A

Ffk. BEAh, EXPAIRIHE NaOH TiAb# )5 1)
B AEREFT 4B (AR R 25 S BE 2 2 B (3% 3),
S ) Bz (0 235 R Ak 3 B 0 £ T R
o MREC S & BE A BT RS T a3
XA SRS AL M NaOH FilAb S A 6 s
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JeREF ST (8 3) &I, TERHE NaOH
TR RS 28 EREE, fE 26=28° I 34° i
P2 AR AR, BT AR R R B SS
pm DX, AT BEJE G A MR NaOH FiAb B /5
O AR R AR 1Y) 55 A — A SR

%3 NaOH MAEEHRFETNERE
Table 3 Crystallinity of the pretreated Jerusalem
artichoke stalk

NaOH Crystallinity (%)
concentration Stalk Stalk Whole
(mol/L) core pitch stalk
0.5 25.8 45.0 26.8
1.0 30.7 43.9 21.1
2.0 29.2 33.8 12.0
Unpretreated stalk 35.9 37.1 35.7

SR AL BE S B0 BE AR T K R LA
B, B AR A K2 1 7K R A< AR R Ak B
ISR BORSR R , (HREREAR . M TITAL B 5t
B AXER ), BIRTUL 5 P 4R 5
FEARECA W, SR B3R 19 L BRK i,
X S T BUERK i AR BAR R EAR LA . i
BERT UL, 5 S5 3 oA 35 3 25 AT B K R OR
T E— 20 P R AL PR A SR B (A R Ak BRI ] | 42
e Kb B SR Bl AR e Ak B RE S ) o AR, B
AL PSR, LR B S RO o I,
KA NaOH FlAh U4 = 25 FF ) T AT 2t —
AL
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Fig. 3 The X-ray diffraction of pretreated stalk core
at different NaOH concentrations.
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