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Progress in detoxification of inhibitors generated during
lignocellulose pretreatment
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Abstract: Lignocellulose can be hydrolyzed by cellulase into fermentable sugars to produce hydrogen, ethanol, butanol and
other biofuels with added value. Pretreatment is a critical step in biomass conversion, but also generates inhibitors with negative
impacts on subsequent enzymatic hydrolysis and fermentation. Hence, pretreatment and detoxification methods are the basis of
efficient biomass conversion. Commonly used pretreatment methods of lignocellulose are chemical and physic-chemical
processes. Here, we introduce different inhibitors and their inhibitory mechanisms, and summarize various detoxification
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methods. Moreover, we propose research directions for detoxification of inhibitors generated during lignocellulose pretreatment.
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1 AKRAHEZEYMROFALIESE5 2 (518 Ravindran 1)
Fig. 1 Classification of pretreatments methods for lignocellulosic biomass (from Ravindran!*?).
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Table 1

Inhibitors produced by different pretreatment methods and their sources

Pretreatment methods Major inhibitors Sources References
Acid pretreatment Furans, organic acids Hemicellulose [16]
Alkaline pretreatment Organic acids, phenolics Lignin, hemicellulose [17]
Organic solvent pretreatment Furans, organic acids Hemicellulose [18]
Liquid hot water pretreatment Furans, organic acids, phenolics Hemicelluloses, lignin [15]
Steam explosion pretreatment Furans, organic acids, phenolics Hemicellulose [19]
Acid-catalyzed steam explosion pretreatment Furans, organic acids, phenolics Hemicelluloses, lignin [20]
Ammonia fiber expansion pretreatment Phenolics, furans Lignin, hemicellulose [21]
Wet oxidation pretreatment Organic acids, phenolics Hemicellulose [16]
lonic liquids pretreatment lonic liquids, phenolics, furans lonic liquids, lignin, [22]

hemicellulose
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Inhibitors produced by lignocellulose pretreatment (from Song et al.[??).
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P BB o H T2 45 2 0 2 R 10 Ak 3 ) A 411
T BB . Bras U1 FE 44 8 B N i /K A
WEE, AR BR 99%IMIKIMEEDS . LR FIH R,
{H OB Je ik ) T 40%. Pan 25 9E1T T 6 F 40
Kt g (Nanofiltration, NF) Fl/2%i% (Reverse
osmosis, RO) [HIBAE IR [R] B 43 123 410 il 990 - e 4
DA v i IR A 3L e B 7 S R i P R B
5L RW], 7E NF/RO Z& AL b i = R i e fh g
IR B AU A RN oy B OR o A . AR BT
PLAABE A 5051k 96.2% . 85.7%7F1 92.7%,
HR . 2. MR . 5-HMF FIF& SR £ R R4
Hh 99.5%. 98.7%. 99.2%. 93.4%7Fl 92.2%, 5L
LT AR 45 4k 25 K i [R) B o B RV 4 7 E Ao
AN, BERIBEGEH, Jiang ZEUERT AR LA T
WFFE T 6 R T A B 283 AR IR AT pH L B 15
A . NapSO, W B2 X B 14 ] 1 4 BR 26 1) 5%
Wi, 7E pH 2SR 254 T 4 5 NapSO, Vi JFE il 55
TR R S AR B AR IR, FLR SRkl b3
6 L /KRBT 2 35 min, %3 Al Ll 2548 90%HY
WYy, MR . AR BT 0 iR a]
I35k %) 93.55% ., 90.75%. 90.53%. | FH4N Kk
B 06 75 2 PB4 A A O I T Ak S840 i 4 5 3 Y i
Sk, I R IR AR, R AR 45 2R
W LEE, Priag ek, M UERR &
BORMEEZ I, 53N B A, R
F T KRB A
422 WM
PREATRE . R SR Ss LSS,
W 5 4% i FH A2 6 2R M Ef - (Polyethylenimine,
PEI) 55 W B 700 A8 LA S 20 45 1) 5 4 R0 AR S5 194 T A
PERE, IR VZ GTE . LR BEF PEI 484 BT ie
6 1R b PR AR S5 2 4 3R T A PR R A kTR L B
iR AN W 5T, AR5 5 g W ATL i [ i ik
Py 5l4, Deng ZEUPFI T PEI LG — 479 3k — 1 4k
HALE (Poly-diallyldimethylammonium chloride,
PDADMAC) 1 B 1 [m] g s 2 0 Ak 3 i 14 7 s
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MR PR . OR . ZBRINER . BEIE . 5-HMF
MG Y . 45REKY], pH 45 B PEI I
pDADMAC s Iy 15 g/L IR 4T, RS
F% 43%I A HLIR | 73%(0) .5 B LA AT 100%
RIS AL A, TR A (il R IR A 1 0 R
KT 10%. B ARAT HLAER AL 254k & 4 4 [l iR
XA 20%, H K R 4 179 [ i %6 AT 35 %1 80% ., Huang
2 UOVEIE 5 T W K o 0 46 1 2 20 - — 20 SR
(Styrene-divinylbenzene, St-DVB) W [ff# i 3
T T G AEA TLAL B R IR R LA AR L R
PEAR TR SFM G P B e e . S5RERHT, LR
G RIS St-DVB W BRI e R 175 A o
2 BEREFN 5-HMF _F Y 0 I 3 BRI e R 80y
¥ . Lopez-Linares 21| FH G BR IR e SE AT RS AT,
T B 7 3400 g WO B T A BRI, B 2
R R JLT- A B, Tk MR 2 Ak B g A
Rt B3 TR R AR K . TEX RGO T A,
CBE R3] T IR E R 85%. PEI.pDADMAC .
St-DVB il & F 2 #a W) g 55 — 4k ELAG 16 5P WL ff
RE 1 B BB R B, AN RERS 5 KRR B 42 5
T I 2B, 1A R 3 A ML Al ROt BRI T 42
FAAE A 7= ot A2 0 JrURE S RS 0 s 1) e
RAEFIH
43 HEYERE

A=y IO T e A R W A R S
il 4 s I A AR B B T B 19 4 I il 3 2o 3
T i 2 PR S B B A, RERS AR s R B
JC, WP A, SEELPGHE A AU R R R
g H gt
431 BHERE

Tramontina 218 5ot 40k 4y i 8 A AL
Tl S5 T A VR 5 A AR T R e £ 4 2K R
WY . S5 RRY, SRMFM PR
KA IAR LG, AR ARAR ZE AT B R B AR T
WA 2 e B 7 A 1 S B Ay BN T 24 £%
Ml 2.4 £, WA NTERBEW LR FE T —E4Y
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H b2 %58 245 (Bioelectrochemical detoxification
system, BEDS) A B4t 4 K iAb #0541 1Y
JR R , TR A A A 2 YRR A LAk 3 7 A ) T 2
Y%k BEDS R G0, 90%HY i J5 i Xt £F 4 2 il
FCAE DB BEPE R 0T, T L OB Y 4 2k
B, R [ AT A B 85%, I TARA
5 2 1) 8 SO [ i <70,
4.3.2  HI Y 2 R AR

Sato ZUNE I 4F AHP T BN I M AR AE T
PR DA R (9 2 KRR ) AT RS E , e Hh— bk
A A2 Na*. ZW. p-CA il FA PUFh 4 i) 24
AT TEIRERR, 25 149 UK R,
— Bk AL bR GLBRC Y87, 15 A I 2 19 b 31 il
fiff S 2 BB A AR IR IS, S BERY AL R 42
I E] 70%, JTEEAERE, T A T 52 T A O
FLME Y IAFBIIEA T —E R BEE , Liu 250
T e O S AL A X B R AR AS R AL 5-HMF
T 2 1 P ol PR e 5 i AR I i A7 R T iR A T
W5, & B 32 P B bR NRRLY-50049 [ iiif 52 & 74
W BN AR A E WA . R R A RN
20 R I 7 LA B PR VR R A I A e HE R A
o AR EIAZERER 5-HMF 1755 1Y 1 Pk
Y-50049 7 I fifk F1 SCME 9l 1R 34 45 v A7 7 i 26 -
6-ME MR AU (Zwfl) MR R (1 iRk, Zwfl
B S 223k 4. NADPH, %l i 0 I i i Jis e
B 5-HMF, SZEUERE Y-50049 Xif Ik IR 1 2 ) o
G ST 2 B T 2 4 2 TR G S M 6 2R 1 TR
FEIK AT R 5T 2 N A K A R A2 1 A
3 I AL 22 TR] R B A P A AR R A P At
TR, R R R R R R AR A A R T 2
PR BRAL 7 R Al . Wu 2502 S i A 2 R A
FIWIFEBEAR, XIAATR TR, R EK
SO R P K A VR B A1 ) 40 EL A S VR T 2 ) 2 A
PR M22, 5878 R M22 76 AR 5 K i i b & 1
KB 2,3- T B E S 24.32 po/L, AHLIR
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PR M22 XA N 2 P T, 2,3-T =
P RO HLER (9 7 5 43 4 5 1 114%7F1 90%.

ARG SR FRE 5 A A Y2 SER 412
PR TR S5 AR B e AR B S W i 32 1, A
o i 22 P T e 3 R Pl R R S R TR AR A A
TR SR BT I A2 77 Re % 5 400 i 90 B g 1 i 2 R
o 2T 4k 25K A TR 75 4 e 0590,
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