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Influences of combination of biological pretreatment with
liquid hot water pretreatment on chemical components and
enzymatic hydrolysis of Populus tomentosa
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Abstract: [Objective] Enhance the efficiency of fungal pretreatment and lower the severity of
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liquid hot water (LHW) pretreatment. [Methods] Combinations of white rot fungi and LHW
were employed to pretreat Populus tomentosa, the influences of this combined pretreatments
on the chemical components and enzymatic hydrolysis of P. tomentosa were studied. [Results]
The highest hemicellulose removal of 70.70% was observed by combination of Lenzites
betulinus C5617 with LHW pretreatment. Celluloses were degraded in both step of the com-
bined pretreatments, combination of L. betulinus C5617 with LHW caused the highest cellu-
lose loss of 29.62%. Lignin loss happened mostly in the step of fungal pretreatment, and L.
betulinus C5617 caused a higher degradation (16.98%) of acid insoluble lignin among the two
fungi. The combined pretreatments improved the enzymatic hydrolysis of P. tomentosa sig-
nificantly. Compared with sole LHW treatment, combination of L. betulinus C5617 with LHW
pretreatment resulted in an increase by 20.60%, and an increase (12.23%) of reducing sugar
yield were obtained by combination of P. sanguineus D9497 with LHW treatment. [Conclu-
sion] This combined pretreatment can lower the severity of LHW pretreatment and was
cost-effective.

Keywords: White rot fungi, Liquid hot water pretreatment, Enzymatic hydrolysis, Populus to-
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Fig. 1 The weight loss of P. tomentosa after various
pretreatments

I *: P<<0.05; **: P<<0.01, 5ARAILAIALL.

Note: *: P<0.05; **: P<0.01 vs. untreated group.
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Fig. 2 The hemicellulose content of P. tomentosa after
various pretreatments

T *: P<0.05; **: P<0.01, 5ARACFELIH LL.

Note: *: P<0.05; **: P<0.01 vs. untreated group.
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Fig. 3 The cellulose content of P. tomentosa after vari-
ous pretreatments
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Note: *: P<0.05; **: P<0.01 vs. untreated group.
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Fig. 4 The acid insoluble lignin content and acid solu-
ble lignin content of P. tomentosa after various pre-
treatments
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Note: *: P<0.05; **: P<0.01 vs. untreated group.
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Fig. 5 The reducing sugar yield of enzymatic hydrolysis of P. tomentosa after various pretreatments

I *: P<<0.05; **: P<0.01, S5ARAILAAALL.
Note: *: P<0.05; **: P<0.01 vs. untreated group.

aE FREA R AR R F R &
PR, TEPE L. betulinus C5617 H[alH K T kb 3 f5 Rf
it 8 2 2F 4 R OFR BT R % il i e ok, RO
P. sanguineus D9497 {3 [RIFAK AL HAFE R A
ZERROKAL B S, T SR A 75 e 2 I (]
FER R/, X PV IRR UL AR AR TR
(I REE A S SR A ORI T B A IR A A 3R (R o,
R T A ER ] RORARRRSEN:  iAh, RIRER
[0 R AR AIRET 24 25 Wl A /K S il A b AN AT 3
W, BT T LR 2 2R A K AR 1020

DIE RIS B, SA0K T A BT A D o il 7K
fiff 2t Wk 2 RE W IR BE 2 7F 160 °C-220 °C 2
]34 Xiao PR FT HAOK Rt Z2 A BRMN A K
R B R, POKALEAERE 140 °C IR
B, XTEGAKAR L T-BAT s, 2SI EEAE 160 °C LA
B, BRSO B A R R B G, AR
i, BEBEAEER L betulinus C5617 Fl

P. sanguineus D9497 4Zb#, Fi£: 140 °C [k Ab
1 hJE, BUKORHEEY Xiao HCPNAK
160 °C i 3 h J5 BAHRARAHIE, X BT R A
P R FRK T Ab B 55k o 55 7 s AR A3 R A s
IO JIT R B EE FESR], 1548 T TR RLAS .

3 &

AT JE R 25 & POK T E 8, BERE
WERE A R 4E R AR R, %% T BH
W RIBEKARRCR, RRRA T &I, 3t
A S o £ AR B8k T A AR BRI fie 3oF s g 2% F
AR, AT B, 1ELE 7AW ZWEJT T
ABREIBHITE T o

2 % X

[1] Sun Y, Cheng JY. Hydrolysis of lignocellulosic
materials for ethanol production: a review[J].
Bioresource Technology, 2002, 83(1): 1-11.

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



1530

#od g AR

2012, Vol.39, No.10

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(0]

[10]

[11]

NREL (National Renewable Energy Laboratory).
Technical report: determining the cost of producing
ethanol from corn starch and lignocellulosic
feedstocks[R]. NREL/TP-580-28893, 2000.

Silverstein RA, Chen Y, Sharma-Shivappa RR, et al.

A comparison of chemical pretreatment methods
for improving saccharification of cotton stalks[J].
Bioresource Technology, 2007, 98(16): 3000—3011.
Datar R, Huang J, Maness PC, et al. Hydrogen
production from the fermentation of corn stover
biomass pretreated with a steam-explosion
process[J]. International Journal of Hydrogen
Energy, 2007, 32(8): 932—939.

Keller FA, Hamilton JE, Nguyen QA. Microbial
pretreatment of biomass Potential for reducing

severity of thermochemical biomass pretreatment[J].

Applied Biochemistry and Biotechnology, 2003,
105(1/3): 27-41.

Hwang SS, Lee SJ, Kim HK, et al. Biodegradation
and saccharification of wood chips of Pinus strobus
and Liriodendron tulipifera by white rot fungi[J].
Journal of Microbiology and Biotechnology, 2008,
18(11): 1819-1826.

Zhang XY, Xu CY, Wang HX. Pretreatment of
bamboo residues with Coriolus versicolor for
enzymatic hydrolysis[J]. Journal of Bioscience and
Bioengineering, 2007, 104(2): 149-151.

Shi J, Chinn MS, Sharma-shivappa RR. Microbial
pretreatment of cotton stalks by solid state
cultivation of Phanerochaete chrysosporium[J].
Bioresource Technology, 2008, 99(14): 6556—6564.
Shi J, Sharma-shivappa RR, Chinn M, et al. Effect
of microbial pretreatment on enzymatic hydrolysis

and fermentation of cotton stalks for ethanol

production[J]. Biomass and Bioenergy, 2009, 33(1):

88-96.
Yu HB, Guo GN, Zhang XY, et al. The effect of
biological pretreatment with the selective white-rot

fungus Echinodontium taxodii on enzymatic
hydrolysis of softwoods and hardwoods[J].
Bioresource Technology, 2009, 100(21):

5170-5175.
Wan CX, Li YB. Microbial pretreatment of corn

stover with Ceriporiopsis subvermispora for

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

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

enzymatic hydrolysis and ethanol production[J].
Bioresource Technology, 2010, 101(16): 6398—6403.
WE M. PEZAEARD] ®WY e, 2009
28(3): 315-327.

Dai YC. Species diversity of wood-decaying fungi
in Northeast China[J]. Mycosystema, 2010, 29(6):
801-818.

Mosier N, Wyman C, Dale B, et al. Features of
promising technologies for pretreatment of
lignocellulosic biomass[J]. Bioresource Technology,
2005, 96(6): 673—686.

Liu SJ. Woody biomass: niche position as a source
of sustainable renewable chemicals and energy and
kinetics of hot-water extraction/hydrolysis[J].
Biotechnology Advances, 2010, 28(5): 563—582.
Dai YC, Yuan HS, He W, et al. Polypores from
Beijing area, northern China[J]. Mycosystema,
2006, 25(3): 368—373.

Cui BK, Wei YL, Dai YC. Polypores from Zijin
Mountain, Jiangsu Province[J]. Mycosystema, 2006,
25(1): 9-14.

MEE, MEMR, =ZiFA, 5 Kol namn
AR a8 A8 AR A A1 L T ) 3 5 2L R 4 A 9],
HA22 4%, 2010, 30(23): 6348-6354.

Sluiter AD, Hames BR, Ruiz RO, et al. Laboratory
Analytical Procedure (LAP): Determination of
structural carbohydrates and lignin in biomass[R].
Technical Report: NREL/TP-510-42618, 2008.
National Renewable Energy Laboratory, Golden,
Co, USA.

Van Soest PJ. Use of detergents in the analysis of
fibrous feeds. Il. A rapid method for the
determination of fiber and lignin[J]. Journal of
Association of Official Analytical Chemists, 1963,
46: 829-835.

Behera BK, Arora M, Sharma DK. Scanning
electron microscopic (SEM) studies on structural
architecture of lignocellulosic materials of
Calotropis procera during its processing for
saccharification[J]. Bioresource Technology, 1996,
58(3): 241-245.

Hakala TK, Maijala P, Konn J, et al. Evaluation of
novel wood-rotting polypores and corticioid fungi
for the decay and biopulping of Norway spruce



TR U R PR HOR Ak B B 7 17 40 RO K A R B R i

1531

[23]

[24]

[25]

[26]

[27]

[28]

(Picea abies) wood[J]. Enzyme and Microbial
Technology, 2004, 34(3/4): 255-263.

Xu CY, Ma FY, Zhang XY, et al. Biological
pretreatment of corn stover by Irpex lacteus for
enzymatic hydrolysis[J]. Journal of Agricultural
and Food Chemistry, 2010, 58(20): 10893-10898.
Kumar P, Barrett DM, Delwiche MJ, et al. Methods
for pretreatment of lignocellulosic biomass for
efficient hydrolysis and biofuel production[J].
Industrial and Engineering Chemistry Research,
2009, 48(8): 3713-3729.

Kirk TK, Farrell RL. Enzymatic “combustion”: the
microbial degradation of lignin[J]. Annual Review
of Microbiology, 1987, 41(1): 465-501.

Hatakka ~A. Biodegradation of lignin[A]//
Steinbiichel A, Hofrichter M. Biopolymers, vol. 1:
Lignin, humic substances and coal [M]. Weinheim:
Wiley-VCH, 2001: 129-180.

Xu CY, Ma FY, Zhang XY. Lignocellulose
degradation and enzyme production by Irpex
lacteus CD2 during solid-state fermentation of corn
stover[J]. Journal of Bioscience and Bioengineering,
2009, 108(5): 372—-375.

Yu HB, Du WQ, Zhang J, et al. Fungal treatment of
cornstalks enhances the delignification and xylan
loss during mild alkaline pretreatment
enzymatic digestibility of glucan[J]. Bioresource
Technology, 2010, 101(17): 6728—-6734.

and

[29]

[30]

[31]

(32]

(33]

[34]

Mooney CA, Mansfield SD, Touhy MG, et al. The
effect of initial pore volume and lignin content on
the enzymatic hydrolysis of softwoods[J].
Bioresource Technology, 1998, 64(2): 113-119.
Pan XJ, Xie D, Gilkes N, et al. Strategies to
enhance the enzymatic hydrolysis of pretreated
softwood with high residual lignin content[J].
Applied Biochemistry and Biotechnology, 2005,
124(1/3): 1069-1079.

Mosier N, Hendrickson R, Ho N, et al
Optimization of pH controlled liquid hot water
pretreatment of corn stover[J]. Bioresource
Technology, 2005, 96(18): 1986—1993.

Liu CG, Wyman CE.
compressed-hot water through corn stover to
enhance hemicellulose sugar recovery and
enzymatic digestibility of cellulose[J]. Bioresource
Technology, 2005, 96(18): 1978-1985.

Pérez JA, Ballesteros |, Ballesteros M, et al.
Optimizing Liquid Hot Water pretreatment
conditions to enhance sugar recovery from wheat
straw for fuel-ethanol production[J]. Fuel, 2008,
87(17/18): 3640—3647.

Xiao LP, Sun ZJ, Shi ZJ, et al. Impact of hot
compressed water pretreatment on the structural

Partial flow of

changes of woody biomass for bioethanol
production[J]. Bioresources, 2011, 6(2):
1576-1598.

RY AR R RY AR RY RY RY) RY AR RY RY RY RY 7R RY Y R RY 7R RY) RY R RY R RY RY AR RY Y RY) Y 7Y RY) RY R RY 7R RY Y R Y R RY R R RY 7R RY) RY R R R RY RY R RY) R

IRAEAR A

(kA 5amIR) RJXFB

(A Eim e ) Z wifdt P Y3 SCTI44 “Microbiology” RIFE I BR A B 44, & L 1A FITERL [ o
VR 51 PR R SN EScdh P AR IR 5 SCTH) 44 ORI, XK
TS IHEIRM ST . AR R RZE Ve, YRk Bk, ATSSCHI4 A 2010 R E
“Microbiology China”, T AA/E# | T FEE S B o

SR T ATIHER PR E RS, AR T X3

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



