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Abstract:  Ultrasonic treatment can intensify enzymatic hydrolysis process of lignocellulosic biomass, which is beneficial to improving
the enzymatic hydrolysis rate and the production of fermentable sugar and bioethanol. This paper reviews enzymatic hydrolysis process of
lignocellulose and factors limiting enzymatic hydrolysis, as well as the applications of ultrasound on pretreatment of enzyme-substrate systems,
saccharification, simultaneous saccharification and fermentation, and cellulase production. Ultrasonic treatment enhances the bioconversion of
lignocellulosic in many ways and provides obvious reinforcement effect on enzymatic reactions. The mechanisms of ultrasonic intensification on
enzymatic hydrolysis were analyzed. Ultrasonic treatment improves the process of mass transfer and diffusion of heterogeneous system, increases
the enzyme/substrate affinity, enhances the conversion of enzyme/substrate complex into product, changes the conformation of enzyme
molecules flexibly to locate on the substrate easily, breaks enzymatic molecular aggregates, and makes the enzyme active sites easier to react.
Moreover, it increases the accessibility of cellulose substrates. Ultrasonic waves alters the spatial structure of the enzyme protein, causing
favorable conformation changes to the enzyme without destroying its structural integrity, so that the active sites of the enzyme can be more fully
exposed and the enzyme activity can be improved. The paper discusses whether or not cellulase activity decreases by ultrasonic treatment, the
important influence of ultrasonic reactor type and parameter setting on the research results, and the economic benefit evaluation of ultrasonic
intensified enzymatic hydrolysis of lignocellulose. Finally the paper puts forward the further research direction in the aspects of the synergistic
effect of ultrasonic enhancement and other enzymatic improvement measures, the in-depth study of mechanism and the comprehensive
optimization of operation parameters.
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Table 1 Applications of ultrasound intensification for enzymatic hydrolysis of lignocellulose
Akt J5UkH HAHSE B SCik
Intensification Materials Ultrasonic parameters Main effects Reference
approch
AR R 150.7 W/em® | 20 kHz R TR BE IR B XS BRI 1.9 4% 1]
il — &Y Sugarcane bagasse Concentration of reducing sugar was 1.9 times of the
Ultrasound control
pretreatment of
enzyme-substrate
DR IHRZE old newspaper 60 W. 20 kHz. 251 70% WSO TR B X BEAE Y 2.4 5 [17]
Ultrasound 60 W, 20 kHz. 70% duty cycle Concentration of reducing sugar was 2.4 times of the
intensification of control
saccharification
AREFE . MR SERITLATE 80 W. 20 kHz, iz 70% JEORE = B IRFUXT MR 2 4% [18]
Groundnut shells, coconut coirand 80 W, 20kHz. 70% duty cycle  Concentration of reducing sugar was double of the
pistachio shells control
F K Corncob 280 W 1500 W .20 kHz. (525t AR AL 203 4 75.6% Fi1 58.9% [19]
50% . Glucan digestibilities were increased 75.6% and
280 W and 500 W, 20 kHz, 58.9%, respectively
50% duty cycle
FHEE Rice straw 300 W, 40 kHz B S AR 19.59% [20]
Yield of total reducing sugar with ultrasound increased
by 19.5%
SRR Parthenium hysterophorus 35W. 35kHz. 555t 10% fifHfi sl J12f 4 6 %, BOb JEUE N2y 20%  [21]
35 W. 35kHz. 10% duty cycle Kinetics of hydrolysis showed a marked 6 x increase
with sonication, while total reducing sugar yield
showed rise of 20%
SRR Parthenium hysterophorus 35W. 35kHz. 555t 50% i fish St 18 4%, BRI AN 72 h 6/ 2] [22]
35 W, 35kHz. 50% duty cycle L 4h
18-fold increase in the kinetics of enzymatic hydrolysis
was seen with ultrasound, and the hydrolysis time
reduced from 72 h to just 4 h
T TR BCHAS . DAY 35 W, 35kHz, 2SHh 10% BRS04 10 4 [23]
HIR 32 35 W, 35kHz, 10% duty cycle Kinetics of enzymatic hydrolysis increased by 10-fold
Saccharum spontaneum , Mikania
micrantha, Lantana camara and
Eichhornia crassipes )
FKFEFF Corn stover 80 W, 20 kHz AR R 2 70% [24]
Catalytic efficiency of cellulase increased by 70%
HIHE#E Sugarcane bagasse 132 W. 40 kHz A Kl TN s [25]
Yield of glucose increased
HHEH Sugarcane bagasse 240 W, 24 kHz, 30 min/30s &/ aiaa i £ s it [26]
B AL P Improved the sugars and ethanol yield
240 W 24 kHz, 30 s ultrasound

irradiation for every 30 min of

incubation
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3 1 23R Continued

SRALIEAR JsUR A S
Intensification Materials Ultrasonic parameters
approch

oA SCHk

Main effects Reference

Hok Sugarcane bagasse 60 W/em?, 24 kHz

AJE Sawdust

50 W, 20 kHz, (525t 70%

FEHBERE RN, K== [27]
3510 31.3 g/kg 1 60.6 glkg

Maximum yield of hydrolysis were 31.3 g/kg and 60.6

g/kg respectively under direct and indirect sonication,

respectively

1 hoREAE PRI, 50 IR 3h SR JE0™ (28]

50 W, 20 kHz. 70% duty cycle A Y

R R AL SSF

Ultrasound

T Sugarcane bagasse

intensification of

240 W, 24 KH, %F 30 min #F
1730 s 7 A
240 W, 24 kHz, 30 s ultrasound

Ultrasound intensified enzymatic hydrolysis within

1 h resulted in approximately same yield of reducing

sugars within 3 h with conventional stirring

P A R [26]

Increased the rate of fermentation was higher

SSF irradiation for every 30 min of
incubation
A 35W. 35kHz, dizsboh 10% ik BERIARR [29]
Parthenium hysterophorus 35 W, 35kHz. 10% duty cycle Fermentation and enzymatic hydrolysis were enhanced
ki Oil palm fronds 200 W, 37 kHz TR BT 182 g/L, 77% 57% [30]
Maximal bioethanol concentration was 18.2 /L and
yield was 57.0%

PRI HREE Sugarcane bagasse 240 W. 24 kHz, %} 6h #f7
Ultrasound 30 s AR AL B
intensification 240 W. 24 kHz, 30s

of cellulase

production h of incubation

oy A A TR 5 AR S 1.4 4% [26]
Produced conidia showed higher intensity, the protein

concentration increased 1.4 fold

ultrasound irradiation for every 6

RE PR MR, A RERAR 12 ), BIK
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WG, X LS T LAY i AR, JFE s
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TIOR3 5T o AR 18T AN X R Pt 25

SPHURYIE AR . R, RS T LA
P R TEAR . O 7 53 FoKFB9IR G, ANTTT I
Inte .
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AR, DT M i K AR ) S S 7 38 48 Tl R - 4T
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VI - R AER AW ) P2 LI A it K 5 HAH
RG], TR SRy, K -
BRI 9 25 AR AEXTFR Y . HZE 2 R
PN 55— M) (g e aRmm ) i, JEmes
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25 129132 I Holtzapled 25 70 48— 257 i
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2. Adsorption or “Locking” of
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1.Transfer of enzyme
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4. Transfer of the FAY 7K it 2

3.Catalysis of surface
hydrolytic reactions by specific
enzyme macromolecules

hydrolytic reaction products to
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Fig.1 Schematic diagram of the general stages of an
enzymatic reaction on a solid substrate
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A BT A RS T R A M R T L A
Nguyen 25 "' FI Sun 28 "' (O RFSEIESE, 8 kO
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