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Effect of the activated charcoal on corncob hemicellulose
hydrolysate detoxification
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Abstract: It is a common method that hemicellulose of corncob was hydrolyzed by dilute sulfuric acid
to obtain hemicellulose hydrolysates. However, the hydrolysates of hemicelluloses contain not only
xylose but also some inhibitors such as furfural, acetic acid and various phenol compounds. Based on
the combination of multiple detoxification methods, the effect of activated charcoal in detoxification
procedure was studied. The results showed that the activated charcoal GH-13 and GH-15 were effective
for detoxification of the hydrolysate. The more the activated charcoal charge, the less the content of in-
hibitors in the hydrolysate, but the more xylose loss. GH-15 of 5% (W/V) was best for detoxification of
the hydrolysate and acetic acid of 24.60% and furfural of 100% were removed in the condition, the R,z
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was 0.009, which stands for removal of phenolic compounds in hydrolysates, but xylose of 23.70% was

lost in the process.
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1 MBETA

1.1 ##
1.1.1 =M KRS IBBRLEELE Candida shehatae

HDYXHT-01, M JpVT R0 Py ok e g0 == it
1.1.2 ERERFEMER: TR, W BB
AL AR, BIEE | em ZE4ARE, FHTH
BRI R KRR . WPk XB, W [ Kk
B W) (A 72 TR R B, R AN s B ORI Mk, KL
BE Ul 0.55 mm—0.70 mm); %Pk % GH-13 F
GH-15: 1t [ At 50 A fRhE P e A R A 7 (4277 i
BEEARSR e, S8 AN BRI M e, GH-13 RiJE
JEFE: 0.35 mm—0.45 mm, GH-15 ki EJER: 0.55 mm—
0.65 mm),

1.1.3  1EFFE: YPX (Yeast extract peptone xylose):s
FrHE(g/L): ANE 20, HEFMK 20, BEEEH 10, pH H AR
(B YPX I 2%3508), 0.9x10° Pa K& 20 min; &
P 1% 95 3k (g/L): 28 B B Ab PR 6 KO K VR (75 18
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JEBEZ) 30 g/L, #5 W& at LR 1, AR EARE . R
W5 BT 457 17 8% ), KH,PO, 2.5, MgSO,7H,0 0.25,
CaCl, 0.25, k¥ 5, pH 5.0, 0.9x10° Pa K& 20 min,
1.2 A&

12,1 EREEFHERKBROFE: BHEETR
EREHHEE 1 om AAKAE, ¥ 1:10 FEE L
WINHTHIA 1.0% (VIVIIRERIR, 78 H 3 K 5
1120 °C FKf# 1.5 ho fMIERR K KRB, 15
B TS FET & A

1.2.2 EREEFHEZKBRIRE: B E KRR
Ye ZOKFREDE 15 min, KBRESELIEL Sy, &
Ja¥: 1 g/L MBI ATJE/K NayS0s, FH CaO i
pH % 7.0MIkArid spoRIAb B, il L U0RE; I
FHe H,SO, 7130 pH = 5.0, FXRIMIELVUE, 25
S MBS INAS [ Fp 2RIV B (W1 V) RiE M ok, 7F 40 °C
200 r/min 5/ T4 1 h, SHIEFIR S 8K K
1.2.3 EMEEE: (1) FPssss, PREURN D @ —
W, AR IEFREE, MR 30 mL/50 mL = fA i,
T 30°C. 140 r/min £/ FE;5% 24 h; Q) KEER: 3%,
Ph 5% (WIV)Heppar 42 Fh 3 26 M 5 100 mL/250 mL
) B K R R IR SR 3k, F 30 °C.L 140 r/min 4%
T 557 48 h

1.3 DA *

1.3.1 EEHE. CERRMBEENE: =8OR 6%
% (HPLC)IM %, HPLC Z& 4t A SCL-10A, U 4§
LC-10ATvp %, RID-10A /n Z A #%, HPX-87H
(300 mmx7.8 mm, Aminex HPX-87H Ion Exclusion
column) A A . AT 45 F: TR 22K SR I B 40 °C,
s 65 °C, WA 0.005 mol/L H,SOy, i
0.8 mL/min, ["FEfE 20 pl/&F, KR 53HT A ()]
32 min, &BERMHTIIE 17 min, % BEOK @) AL
I B mL A FECOKE)WE T 1.5 mL 208,
13 000 r/min #.0> 10 min, &8 FIEW AT HPLC 4
Mo #5305 . LR BRI B vk B 38 2ok 4% 3 A bR A
B AEEZZ /S =NP

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



e i /\‘

BT PEAE T PRI F AR 2 4l 20 L I /K AP ) 2 R

631

TELE R, S BRE LR R &
PR 38 (2 BR 38) (%o) =R 45 LA 1Y 7 i — 42 i 7 Ak
P S 2% B3 0 2 B )/ B RS B W B 3 RO A
FH 2 (%)= 18 #6340 J5UWE 5 /00 06 38 JE 0 & £ BEAR %
(g/e)= Wiy i THFEIR R bl &, £ %= K [g/(L-h)]=
OB i R WA ]
1.3.2 EAEUEMWRIME: H UV-min 1240 %581
ﬁﬁ X K i R B VR ZE 280 nm YR T i

AW FE I 7, 7K A Y 0 I3 B VR FH 2 IR K R B 100
ﬁﬁﬂmﬁﬁ,7mmﬁ35ﬁﬁo@ﬁUTﬁﬁ
T DRI B4 A B HE 308 T AR T T 25 A0 B Y Rogo 1),
AR AR T X B 2R S W B R BRAOCR, SN
1 B, BRI ER 2R A A R BRACR; HhfE#,
LR EAS YR E .

Rogo=IT0 5 OB/ 7K it D O (B

2 HR5a5h0
2.1 GEMERMAAEE

TR FZ K2 CaO BiEE)E, 1545053
mwuwm%ﬁéﬁmsGwmﬁwaNE#

TIMERE, RS AR M b R s | 2 T R 1 25
HomEwlE 1,

e 1A, & 2% (W/V) XB g, BiER
TR R . QRS B i S CaO R EE S o] AR
ks % 2% (WIV) GH-13 Fil 2% (W/V) GH-15 i #

Ja, R L BR RS, 40l ik B 93.27% AN
96.15%, {HXT LR RBRABCR A . FiRg5 SRR
B, WM XB XK i 2R R 24 18 A B
22RO, TG PE A GH-13 I GH-15 X 520 E K
AN 2T 2 ZK ORI T B A B —
JRERAICR o SR 3 G Pk RS A 22388/, {H XB
JERER B, GH-13 H1 GH-15 J5URER I R RS 5,
A DS T S A oA Y05 4 i R 2 1 B B 8 SR 27
H— R, TE T SR IR,k R SR S T Rk
GH-13 F1 GH-15, WF5% T 3 14 ¢ FH 8 (e 58 ) X /K i
WML FERCR B 52
2.2 GEMERIREHILE
221 FEMRIREMBELROEZM: 5550
1%. 2%. 3%. 4%F1 5% (W/V)I*) GH-13 fil GH-15
X 3 K TS s i K ff W AT I wE AL B, OB R R
HPLC yEHEATARIN, 2558 L IE 1 FniE 2,

r & 1 FIPE 2 Bl 1, GH-13 K GH-15 B9 HJE xt
T A A 4 ZOK R IR B A R R, I
Bz R iR AL, B GH-13 & GH-15 #REEY
B, KOS 2J- £F 2 K R RN 2 R 1Y 25 B
RIA, 5 ETHEE, [R]I K A 4% TR R Ok
RAWFEZ WA, 24 GH-13 K GH-15 #kEH N 5%
(WWN,W%WUW%éﬁf 1M R bR H)
IR 29.41% % 24.60%, X WA 41 4 K K i
TR T 7 Bl R AN 5

1 JEMR XB. GH-13 1 GH-15 X F K5 3 £ 45 2= 7k 7% 89 B =5 35 3R

Table 1 The results of hemicellulose hydrolysate detoxificated by activated charcoal XB, GH-13 and GH-15

WA R BURR K £l e S ETA L LR KRR HREE S
Composition Glucose  Loss rate Xylose Loss rate  Arabinose Loss rate Acetic acid Removal Furfural Removal
P (g/L) (%) (g/L) (%) (€4D) (%) (g/L) rate (%) (g/'L) rate (%)
VR . 3.93+0.01 0 28.40+0.02 0 2.81+0.01 0 4.43+0.02 0 0.312+0.007 0
Stock solution
CaO 3.62+0.03  7.89+0.51 26.72+0.03 5.98+0.11 2.51+0.01 10.68+0.36 3.63+0.01 18.06+0.23 0.124+0.006 50.26+1.92
A 3.61+£0.04 8.14+1.02 26.44+0.02 6.87+£0.07 2.50+0.02 11.03+0.71 3.59+0.02 18.96+0.46 0.119+0.001 61.86+0.32
B 2.83+0.04 27.99+1.02 22.82+0.03 19.71+0.11 2.01+0.01 28.47+0.36 3.50+0.01 20.09+0.23 0.021+0.003 93.27+0.96
C 2.76+0.03 29.77+0.51 23.61+0.03 16.82+0.11 1.96+0.03 30.25+1.07 3.50+0.02 20.09+0.23 0.012+0.002 96.15+0.64

T I PR AL PSR BN K Rb 27K i SR IR AR EAT HPLC Al A: CaO+2% (W/V) XB JLEE; B: CaO+2% (W/V) GH-13 JiEEK; C:

CaO+2% (W/V) GH-15 il F Wi

Note: Add water to hemicellulose hydrolysate to initiate volume after detoxificated with activated charcoal. A, B, C: Detoxificated by
CaO+2% (W/V) XB, 2% (W/V) GH-13 and 2% (W/V) GH-15, respectively after CaO treatment.
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Fig. 1 Effects of different concentrations of GH-13 on
compositions of hemicellulose hydrolysate
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Fig. 2 Effects of different concentrations of GH-15 on
compositions of hemicellulose hydrolysate

ANIEIH B GH-13 F1 GH-15 X% £ K 24P 4 oK
i Y TP B 2 B R i g e LI 3. iRl 3 TIE
TR LT Y Z KAWL CaO LTSS, Rago {Ej‘]
0.833, XU BRI EGW LRBCRA B, &
GH-13 1 GH-15 it # )5, Ffi# GH-13 Fil GH-15 ¥ &
(R, Rogo (E IR T, XTERALA WY EBRECR
HA5E .24 GH-13 1l GH-15 WRIEH 5% (W/V)EF, Rago
{43500 0.022 F1 0.009, 6 HA MBS 251059 25 B
HA e 4

LRAME, AR T IEER GH-13 F1 GH-15
Xt G R E BRI B, (H X 25 bRk R BN
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Fig. 3 Effects of GH-13 and GH-15 concentrations on the
removal of phenolic compounds

3, 4% (WIV)RY GH-13 5% GH-15 B A] 5% 4R o p
B, XF T2 G 2585, 3% (WIV) GH-13 K&
GH-15 0] 35 B HI R, Rago H 53135 0.030
2 0.034, (LB W6 P e v FE B R, ZESG a4
FERRIFI, 5 R BB R, R 5%
(WIV)i GH-13 FI GH-15 AbBE, ACHE 2 K435 N
27.20%% 23.70%.

F it E GH-13 Ml GH-15 MM dE ik
I, BRI N 22 B B HDYXHT-01 764 [m) ik
GH-13 1 GH-15 e Kt - 41 4 2 I i K i ok A 7
CBERWE, VATEFRBAE RIS PE R R L
222 FEMRREMBRBBRAEBRZM: K KD
e 27 2 K MRBOR A LR ik i B A S, AR
M HS R 22 % HDYXHT-01 7E 30 °C. 140 r/min %
1% 48 h i, A A KU £ A R KSR A SRR
JBE AR S L BE 7 R AR bR, THIARAS 3 3 SRR Y ]
% CEARR R R 5, ERILE 2,

MFE 2 LA, B GH-13 fl GH-15 W EERY
WK, KRR W= B ey, 0 FRE R R R K,
PRI 225 HDYXHT-01 X B K ih 227 4k 2K
fRB A AR i, B LTS Y GH-13 WRE
R 5% (WIViE, CBE” &Ik 10.86 g/L, ik 5 F]
FHZIK 98.73%, LBERHN 037 glg, LR HN
0.23 4 g/(L-h); GH-15 ¥ R 5% (WIV)IE, L=
ik 1121 g/L, W JFEHEFIH2RIK 95.84%, LEEFRHN
0.39 g/g, LEEF=#%H 0.23 g/(L-h), £S5 L 5 R
KAH.
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Table 2 Fermentation results of hemicellulose hydrolysate detoxificated by activated charcoal

ARIFHRIEE o AAEE R OSEMANR  ZBR LB ZBR

charcoal’s Xylose Gluxcose Arabinose RC'd}IClI.lg sugar Ethgnol Ethanol Ethanol productivity
s (17 (g/L) (g/L) (g/L) utilization (%) production (g/L) yield (g/g) [g/(L-h)]

1% GH-13 23.13+0.04 2.86+0.03 2.13+0.04 64.71£1.01 5.62+0.21 0.29+0.01 0.12+0.04

2% GH-13 22.80+0.02 2.83£0.02 2.00£0.02 89.26+1.20 8.93+0.13 0.33£0.05 0.19+0.03

3% GH-13 22.42+0.03 2.16£0.01 1.83+0.04 94.33£1.52 10.11£0.14 0.36+0.05 0.21£0.03

4% GH-13 21.63+0.04 2.07+0.04 1.64+0.04 97.72+1.43 10.62+0.21 0.36+0.07 0.22+0.04

5% GH-13 20.32+0.03 2.02+0.01 1.48+0.03 98.73+1.64 10.86+0.23 0.37+0.08 0.23£0.05

1% GH-15 23.91+0.03 3.71£0.04 2.12+0.04 63.33+1.34 6.81£0.16 0.36+0.08 0.14+0.03

2% GH-15 23.61+0.04 2.76£0.03 1.96+0.03 87.58+1.69 9.62+0.18 0.37£0.07 0.20£0.04

3% GH-15 22.78+0.02 2.45+0.04 1.85+0.01 91.07+1.28 10.42+0.11 0.38+0.04 0.22+0.02

4% GH-15 21.53+0.04 2.34+0.02 1.74+0.04 93.92+1.43 10.85+0.22 0.39+0.08 0.23£0.05

5% GH-15 21.34+0.04 2.24+0.03 1.43+0.04 95.84+1.76 11.21+0.14 0.39+0.05 0.23£0.03

Zi LTk, RG22 RE HDYXHT-01 mI LA
AR L b 1) 58 35 1) T KU 2 7 4 25 0 7 7K S Tt
1T OBEREE . TERFE MBI E N, GH-13 F1 GH-15
%?&%%%FﬂﬁﬂéwW)TWWFTZ@F

W JFEHERIHI A . RS 3R 7 R 3R 3 B
ﬁﬁf@@MWWGHH%ﬁMﬁ@Z%FEﬁZ
BE5 R E T 5% (W/V) GH-13, Jf HiZmiFh st H
RIAITT M AR H 02 15 J0/8 i, TR, A6 21
T, Wi 5% (W/V) GH-15 Jpfedtik .

3 W
A S ﬁﬁiﬁﬂfm%ﬁ%Tk@ﬁmﬂﬁ
AT R A 0, 3 LA ] 90 FE R ) T A X B

(R, BELRS A K B s i e it A A SCHE 2
i PR 3 R Y R L S e A T T A S
e, ARG TS M e TR K AR B O R P AR
o BXFMRA WL B T LIA 20 25 BR sk 2 7K
fif W B B, 2 B AT e 2 0 B EE O T
Alves!" LK ot b ik 15 08 P i IR BRI 4 A, G
BRI 63 h KTHEJG, ABERAFREIAF T 0.79 g/g, K
BERE = 2GR F T 0.47 g/(L-h), T 15250 M o W i e
BERBEMABEREAT F A 0.58 g/g, AMim =R H
4 0.35 g/(L-h), Converti 25U g 4745 92 1 B) & 1%
AR BLEE K R, W5 T FE S Ca(OH), ¥ pH 10.0
J&, FGRRIEE pH 5.5, A 1 g/L W FEREREN,

WA 100 °C, IR RGP s M, 7ER I AR
BB R 89.0 o/L AUMEEEWE AR BE 96 h, LR
ARREBR E N 39.5 ¢/L AEARMIEH, FIH 5% (W)
(TG R e GH-15 X 6 KU 2= £F 2 R K fff i kA 7
BEALIS, FEA9 B 0 VR B 30 /L A4 B K
R, R ARG B AR 22 T B HDYXHT-01 17 %
B 48 h, ZEE= A3k 11.21 g/L, Haf JFBEF| H %
ik 95.84%, LSRN 023 g/(L-h), LEEERA
0.39 g/g, KEHE LS RIF) 84.78%.

ASCAER S h, PR T[] JORE R U Rk
TR M I, 245 SR R ST e 1) 8 B R 5 L R
B, TERLEVO AN B2 0F T, S8R IR G PE sk
(GH-13, GH-15)% 7K fiff- ¥ 158 25 80 A0 T 8 ke R T 4
IR (XB)o B [FFE PR 1936 P 7k GH-13 Fil GH-15 %7K
i VL1 O B SR A 22 AN, U5 H 9 A e 1 A 2 S L
X RILEE RS WS /N o i A 3 P e VR B T B R, 3 DA
PURBEZ H 2 o L5 A5 IR EHE R R L R R, &
Pt e i RO PE R I AR S T R, EARI AR,
Ph 5% (W/V) GH-15 IR 8 5CR Bt HVGRE 5 7K il
R BRI A =

BEAR, 3R 56 25 5 s T P R X TR 1Y) 22 BR AR
B, MR TRy THE, HIL&EERIES,
— AR B ik, BRI EROR., HR
BN, KSR A R P R R AR, TR A
B REA Tk, LU A i
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