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A review of enhancement of lignocellulose enzymatic hydrolysis via
hydrogen peroxide pretreatments
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(College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract; In the process of biomass conversion, the intricate structure and the presence of lignin in lignocelluloses
hinder the saccharification of carbohydrate components through enzymatic hydrolysis. Pretreatment can remove lignin
and destroy the physical and chemical structures of lignocelluloses, thus achieving efficient conversion of biomass to
monosaccharide. Hydrogen peroxide is widely used in the pretreatment of lignocelluloses because of its strong oxida-
tive degradation ability to lignin. Hydrogen peroxide pretreatment methods mainly consist of hydrogen peroxide-
acid, hydrogen peroxide-alkali, and hydrogen peroxide-activator pretreatments. This review summarized the mecha-
nism of lignin degradation in these hydrogen peroxide pretreatments. In acidic media, hydrogen peroxide acts as an
electrophilic reagent by forming hydronium ion. The aromatic hydroxylation of hydronium ion by substitution/addi-
tion reaction is the main reaction for degradation of lignin in acidic media of hydrogen peroxide. In alkaline medi-
um, some active reaction substances ( hydrogen peroxide anion, hydroxyl group radical, and superoxide anion radi-
cal) are formed by the decomposition of hydrogen peroxide. The alkene and carbonyl groups of the side chain of lig-
nin can be attacked by those active reaction substances with a nucleophilic reaction. In hydrogen peroxide-activator
systems, hydrogen peroxide can be activated by transition metal ions to enhance the oxidation ability of the hydrogen
peroxide for the lignin degradation. The improvements of enzymatic hydrolysis of lignocelluloses through hydrogen
peroxide pretreatments were summarized. In the hydrogen peroxide pretreatment, hydrogen peroxide-acid pretreat-
ment shows the strongest lignin removal ability and the higher improvement on the enzymatic hydrolysis of lignocel-
luloses. The main lignin degradation products in hydrogen peroxide pretreatment were organic carboxylic acids and
phenolic compounds. The advantages and disadvantages of various hydrogen peroxide pretreatments were compared.
The feasibility of various hydrogen peroxide pretreatment methods was evaluated by economic analysis. Hydrogen
peroxide-alkali pretreatment shows the lowest economic cost in those three hydrogen peroxide pretreatment methods.
Gramineous plants are suitable for hydrogen peroxide-alkali pretreatment and wood materials are suitable for the hy-
drogen peroxide-acid pretreatment. Finally, the development trend of hydrogen peroxide pretreatment was predicted

and prospected based on the characteristics of these pretreatment methods. The decomposition of hydrogen peroxide,
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the design of reaction equipment, the safety of pretreatment systems, and the utilization of degradation products of

lignocelluloses are the main research directions of hydrogen peroxide pretreatment in the future. In conclusion, hy-

drogen peroxide pretreatments with low reagent dose, low temperature, and low system pressure were the main re-

search direction of hydrogen peroxide pretreatment in the future. The objective of this work was to comprehensively

review various hydrogen peroxide pretreatment methods and offer insights into potential research directions in the

field of hydrogen peroxide pretreatment.
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Fig. 1 Depolymerization of model lignin by HPAA pretreatment
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Table 1 Effect of hydrogen peroxide-acid pretreatment on lignin removal and

enzymatic hydrolysis of lignocellulose materials

JEkk FAb B 2% RIFREBERFE, % il 7K AR 27 30k
B 5 AL AR ,80~90 °C,6 h >98.0 — [23]
e A E- R, =il 2 h 84.3 AR 2 100% [24]
P HPAA,80 °C,2 h 85.1 Tt it 0 BT 1 MR P > 10 /L [25]
L) HPAA,60 °C,2 h 92.0 A% 95.0% [26]
ESP/S i HPAA,80 °C,2 h 45.0 AL RCRAR S 2.1 1% [27]
T 69.1%HPAA ,80 °C ,26.5 h 97.1 IKAFAF 4 93.6% [28]
INEREFT PHP,50 °C,5 h 78.3 IKAFASFHRZ) 100% [29]
INEFEFT PHP,50 °C,5 h 71.8 AR Y 164.9 ¢/L [30]
) PHP,50 °C,5 h 87.8 A2 100% [31]

222 HEAAMA-TETALE

HPAA Pk 384 ] Xof A 5t 2F 4 Jiof} ) K BT 3=
VEREVERE AR (32 1), HPAA TR AL B o % A B %
AT HIRERR WG T 4R 4 2R Ml X TR R 4 R AT K
P, T3 1 ISR B K i CR T B R A
FIA IR E HPAA i 2R Fad Ak A A it A
ZHR NN Ak HPAA 1A BT A 5 K B 8% bR sk
R Tan %508 FH TR 408 69.1% HPAA IR 7E
80 °C T X H B AL BE 26.5 h J5,97.1% A 5T Z 4k
Rl MATRDIR EE AT HPAA ¥R T £ 5 &4 X
0.5% MBRERVE A AL, AR HALEE 3 h RTERFE
BroR kil ik 97% ., Ying %72 B 5 & BLAE 80%
HPAA FiAbHE b AR EE M 0 mmol/L B4 200
mmol/L, ) KK BT R B R M 21% 42 55 2 86%
PG AT DL, &% R A L 76 R 45 HPAA 1140 B AR N
R AR e ) E RAHEANEN, A, HPAA Fil
b BRSBTS 27 4k SR SRS B i, AR
S 41 Y K 07 Wen P 1%
NaOH # [k T HPAA AL 347 A 92.0% 1 £, 15
BB R B OK 0 AR RN 85.7% 48 T =
95.0% L) L, Liao 25" {fi H NaOH Xf HPAA Fil4b
PRI AR HEA T LRI RS, 25 AN GEE T K
ffg R Hib 154 T 33.3% 1) HPAA fi+#,
It HPAA T4 H ) B 2 1k A5 B8 AT LA 52 30 o 4
Y P A BHASCR

BRULZ A1, HPAA FHAL B (A A Jo 2 4 R 3%
T LY R A Sy, AL PR s A A A3 £ 4
R HURFTZR A 53, iX 653 B3 1Y 41 53 W] S5 45 Bk |

2 S A AR
2.2.3 it AAC AR TRAL P

PHP AL B 32 22 DL B fiff A I £ 2 J Rk 11 2
R MARTZE T, PHP FiAbH/NEFEFG,
Bt EELLILF Y O 3, I TIAL B AT LA E
R M A A DEEERAMAREERER® . Qu
A0 pgr W] PHP (79.6% Wi R Fll 1.9% 13t 48 Ak
OB T 71.8% 0 /NEFEFF AR BT E (B 27 4
R P R AR T 240 I 45 1 Ak B A R
TE 20% B I3 2 43 0T Tt 7K A 1) 46 2 0 ok i
WBETT IR 164.9 o/ L, [R5 WEAL K 1 (1) £, 105 Jo i
WIENTIK 71.2 g/L, HULATAHL, PHP A4 2 75 il
B v VI B PR R IR) 2P MR AL & e A 2B B
B N I

PHP FiAL BT A 5T 2 R R AR 25 R okt 22 7
A, I 1 FTLUA ), PHP 76 T4k 245 )
TG X AR S SR it A 35 i R iR R S Bk
O RERF IR B A B R B BRAOR A, dmi AR
M JFRE IS S PHP fAb 3,
2.3 TFEUS-EEFAIEARRT 4 EFERHE R
=4

e 3 S AL S R AL B R 5 R R
i SR K AR SR 1) /Ny TAL B W, X T 8UR SR
PR AME R [ o AR Ak - R T AL B T R
DARERRA R R A o0 0 3, sk (] T4 B HH i 28 48
KA W 33.8% ~ 46. 6% A it £, 25 o) M,
HPAA THAL Bt v] IS/ AR E ™, HPAA
TR ST 2R R A T ) T AL I A PR 2



52 3

FRAEAE G o S S T B 5R A AR ET 2 SURL K A S

(FFefg 7R TN R LR R BRI .
R KR A HA T L
UKW W NTTE S dk =R i AN R e/ I
ik 47% 7

PHP THAL BRI 0 £ 4 2 (% A 7= ) 32 52 0 B
R LR REIR S-F L -2- i F R 4000 ) £ 4
F A PHP FiAbh B vh & A Ak 43 i S T, A A =
IR IR T 4 e R AL, LR IR T 4R 4E R (1)
R FEDT ) PHP HE, AR 40 ad 2-0k I R R — 2
(SH) - Mg i — P 0 i — W R X — R ik AR ik AT
LR > PHP FiAL R 0 A & AT DL
SR/ G G | N NIG i B i et B s S D
B PHP LU TR AL & 10 , ot ke &5 4 Bk S 1L AR
R . TR % /Ny FAHLER™ . Bbsh, PHP =
A= A LR 23 1 — A5 it S A A i A DLIR
NI AR SR A AR ST T Ak B %
FEMIT AT B T B 4 W R e i A, B2
X2 T P 2% BN Ak 2 AR AL T 2%
24 TEUS-BEIALENEFHHT

FETF HPAA TRAL B0 78 v i) SRR L BB A4k
SERFIPEAT 25 /0 Al 0, HPAA TUAL Az A A 7=
LR AN 3.7 Feon/L, Hop i E AL S A R 1Y
AR 1.9 £0/L ) SRS RSN
L& - R AL I XS54 LA AL, W] LAAE 25 T
b B ELRE 2R TR B 2B 7 AR AT AR 2 1.8
%0/ PHP Tk B b A 2% FE R it Sk
SR 22 PR A T DU, REALEE 1 o N RS FE
B 6119.5 JC, Al 7= H 8 294.0 G, Al Ky 2 174.5
JC, i EIER T PHP AL BRAE AR P2 2 BET I 22
AL ApE

TR P e RO o A - T Ak BB AR A
FR RN, AR5 SR g B AR R A
IS MLER | 5 5 3 50 s I 30 2 A it A T -

PR TR B AT A1 a7 FH A 7 1) B e it
2.5 WEAS-BETLEMRERS

S EM AR AR L, i A SR A B
REBO A it SR AT AR B R 1 48 Ak , B 45T
Sy a i AN G B P e AL HE R
FEART 80 C AT, it S AL & -H iR . HPAA |
PHP iX 3 Al fiisb 277 =03 0] DL S A 57 2 4t ok
TR BT 2R 20 o 0 AR B, 2 AR &R R
HPAA FiUh B ik B2 o 2 21 2 25 51 2k 4 /0 | 1 PHP
AL LT fE 58 W fg e £ A b A-
PR AL B4 T R R sl AL A, X S O
ALFR R A R, PHP T4 B H i 3 S8 A 0
AR T 3%, Hom 2 AP Re iy, M, o S E-
R A HPAA — 5 4 15% M AL &, #Em
FRATA PR A5 0 AR S K AR A

3 WAMA-RIAHE

3.1 FE4US-EHmLESARRENNE

A it A - T AL B AR T 4T 4k JFUORE R
Jie 25 B 5% R B /K fire 52 ) AR R T AN 36 2 BT R
FEBEHEA B i S AR T R e B 2
SRR, 1 M R N I R g i E AL A B T
(HOO™) . A M A B & 7 H t 2% (HO™ M
-0,7) L FERRE A T E ALY HOO™ J2 it Ak
AT BT FE ) B PE B, HE sl A
H,0,+0H >00H +H,0, X Fh B ¥ i E %L
F, ETRAL B O e T A I 2R M v 1 A S
FIHEE | AT (iR A | R e i AR B L 2 4
PAERR I 25 F N WAk Al & e A1) S it
AN 3a B, AN, HOO 38 1] LA AL T 25 R
JO5 R 5 B IR B iE— AL R A R, A& 3b iR B
T — R SME 5y FRIR ), B AL AR I 3c
Fi7R .

®2 HEUS-HFLENAKRTERERARREBRNEKERENZIG

Table 2 Effect of hydrogen peroxide-alkali pretreatment on lignin removal and

enzymatic hydrolysis of lignocellulose materials
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Table 3 Effect of activation of hydrogen peroxide pretreatment on lignin removal and

enzymatic hydrolyse of lignocellulose materials
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Table 4 Effects of different pretreatment methods on lignin removal from biomass materials
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