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Abstract In this study, the detoxification methods were evaluated for the removal of fermentation inhibitors from synthetic
solution containing the composition similar to the lignocellulosic hydrolysate. The enzyme peroxidase and laccase
were used as a biological treatment method. The physico-chemical methods such as adsorption and ion exchange
were applied by using activated charcoal and ion exchange resins. The enzyme peroxidase showed a excellent
removal of phenolic compounds. The 5-HMF and furfural were completely removed by activated charcoal. The
anion exchange resin showed a good result for detoxification of acetic acid. The activaed charcoal and ion
exchange resins lead to a loss of sugars more or less. The choice of detoxification method must be made after
considering the composition and inhibitors in hydrolysates.
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o #oshk= EASS Aalsh a2 A= oy
Aol G3Fs = o2 dEA U [6]. A
ATP A WAUZ G F ATPS] ALRS wWslish
WS olmiedte] 45 o PAE Al AHE]
B T AoE A Uvk [7]. T3 HEA sE
2 AEY MEE 715E S Y rEZE
gofute] A7|s}etd 7S gyt wyES] 43T}
NS Ao & S F= o= gHA Ao (8]
T} Hol] e =l ot FEkg wEe o]
3= Clostridium®) 73 furfuralo]u HMF+ A A1E-2] A
g FekE Aol @&l o HEA sk F ferulic
acid, p-coumaric acid, syringaldehyde 5] Azt JekS
T Z0E BuEA [9].

2 E R BeiE 5 ASEA (inhibitor) S A7
= 53} (detoxification) WH-S =4 Egl3kshs w5l
I AESH o R Us Aok =g3ishd e
<% (evaporation), 8V|FZ (solvent extraction), &Z
212] (overliming), &2} (adsorption) 5°] A=t o] F 7}
Zde] o]&Hal e F22 s o] u B AE
o3l AAZAES & AAsk WHolo [10,11].
A E8HA W o)l peroxidaset laccase9t 22 G40S
o] &3t A AL HEA dEFAES LA AA H
A F = WhHo] Qa1 Trichoderma reesei®; 73S =30
£ o]&3ly AMMERES sk WiHe] At [12,13].

2 dAFolMe BaxAEZL Ve EAESL AR
S Ze A QS o83t FE3 AFS st
Yok AESHH HEE3} 59H O 2 = peroxidase 9} laccase
9} 22 BAE o]&3lNal, Y3t o REE o]
wkER|e} GAFERS o] B3tk g F-53 Wi B
wE S AsELY] Tl WE HZY F=3 HHS

A A

>

h= %
A M=
Peroxidase= Coprinus Cinereus IFO83719|4 A4AFA CiP

(C. cinereus peroxidase)E A, FF3F] AME-SIH M,
a0 EAE= 20,000 UmLOIAT [14]. Laccase= &4

Table 2. Analysis condition of HPLC

=7} 120 LAMU/g 21 NovozymeA} (Bagsvaedr, Denmark)
9] Denilite II SE AFESIFTE 202 WA= (PAYF
(Seoul, Korea)2] AMP 24 (0.35-0.55 mm, 0.9 meq/mL),
Fole wEFEAE (F)FY CMP 16 (0.35-0.55 mm,
1.75 meq/mL)S AF&-315 0™, Blol&A FAEE Sigmait
(st. Louis, USA)2] XAD 4 (20-60 mesh)E AFE-3}Th
ek Sigmaile] 4-8 mesh =719] Granular FE|S A}
£33t} o] 2wWBFAR= 1 N9J NaOHS} HCIE: o]-8-3}o]
S0l W3R E OH formO. &, oFole w3kEX&= H'
formo 2 A g & ARSI

FPEeHS Ast] AR oM, 1 242 Table 13}
Ao AAE o] &3 F531E 8] F488< 10 mLol
CiP 20 U/mL, Laccase 0.2g (24 LAMU)Z 37}alg.om,
CiP ARE Al IRb8l2s 15 L s 7kt &el3tets]
F=315 918 @389 10 mLofl o] 28R 20% (v/v),
AR 0.5 g A7 7Bt Fsshe AdollA] 1A%
Bt Wk WS $ Z7he] RS w4, 27

Feok Hlaste] AAES HrkeHTh

Table 1. The composition of synthetic solution for detoxification

Compounds and concentration
Sugars  Glucose 30 g/L, Xylose 10 g/L
Furfurals  5-Hydroxymethyl furfural (5-HMF) 1 g/L, Furfural 1 g/L

4-Hydroxybenzoic acid (4-HBA), Vanillic acid, Vanillin
Phenolics Syringaldehyde, p-coumaric acid, Ferulic acid 0.3 g/L,
respectively

Weak acid Acetic acid 5 g/L

Mg
o=

I

He=A, 72 SE B 3, oMEA] she A4
AZvETE (Agilent model 1200 liquid chromatograph)
2 stttk #EA et 5-HMF, furfural to)
Lojgo] HE7IE WAL, B oMEARS 23
E AS712 S48 A2 40 ARSE A &
w2742 Table 29} 2t}

Analytes Column Detector Solvent

Phenolics (4.6 ZXor1b5a(;( ;ﬁ?S;SXES:C;;Ient) Diodeaﬁrzrgg rl?ritector 0.3% acetic acid : methanol (93 : 7), 1.0 mL/min
Furfurals (4.6 ZXor1b5a(;( :1(;2?5??5XEI\3:CA1;|ent) Diodeaﬁrzrgg rl?ritector 0.3% acetic acid : methanol (70 : 30), 0.8 mL/min
aciltjigaar\ii d (300 mﬁmin(;)fSHrsr)T(;BQI-lo-RAD) Refractive Index Detector 5mM H.SO4, 0.6 mL/min
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Fig. 1. The removal efficiency of inhibitors in synthetic solution
by enzymes.
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Fig. 2. The removal efficiency of inhibitors in synthetic solution
by activated charcoal.
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Fig. 3. The removal efficiency of inhibitors in synthetic solution
by ion exchange resins.
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Fig. 4. The sugar loss in synthetic solution by detoxification
methods.
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