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Abstract

Monosaccharides hydrolyzed from lignocellulosic biomass are the substrates for butanol
fermentation by solvent-producing clostridia. However, the release of the fermentable sugars
during acid or base hydrolysis accompanies with the production of byproducts. These
byproducts may affect the subsequent fermentation reaction. This study evaluated the influence
of furfural and hydroxymethyl furfural (HMF), the byproducts of chemical hydrolysis, on
acetone-butanol-ethanol (ABE) fermentation. A series of batch experiments were performed
with different paired concentrations of furfural and HMF. Results indicate that butanol
production for 0.1 g/L furfural and 0.3 g/L HMF increased 116% of that for 0 g/L furfural and O
g/L HMF while the butanol production escalated 111% for 0.3 g/L furfural and 0.3 g/L HMF.
Meanwhile, the butanol production rates for the paired concentrations of 0.1 g/L furfural and
0.3 g/L HMF, and 0.3 g/L furfural and 0.3 g/L HMF increased 133 and 301%, respectively.
Furfural and HMF also accelerated the consumption of sugar during ABE fermentation. It was
observed that the glucose consumptions for 0 g/L furfural and 0 g/L HMF, 0.1 g/L furfural and
0.3 g/L HMF, and 0.3 g/L furfural and 0.3 g/L HMF were 73, 81, and 85%, respectively. The
existence of furfural and HMF in lignocellulosic biomass hydrolysate exhibited a synergistic

effect on ABE fermentation.

Keywords: Butanol, Furfural, Hydroxymethyl furfural (HMF), Lignocellulosic biomass,

Fermentation
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ERAR 7 F BT MHC —{eCOhfE 2 ~ " M4 4~ jd hdk [ 1+ % (Manuela et al,
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Barbel, 2000 ; Zhang et al., 2012)
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# 2. PYG3: % % =< (Chen etal., 2006)

= i J R (g/L) = i & & (g/L)
Peptone 5 NaHCO3 0.4
Trytone 5 NaCl 0.08
Yeast Extract 10 Glucose 10
CaCl, 0.008 Cysteine-HCI 0.5
MgSQ, « 7H,0 0.0192 L-Glutathione 0.25
KoHPO, 2.04 FeSO,4 « 7TH,0 0.0011
KH,PO, 0.04

# 3. =g ppide Furfural 2 HMF 2 0k &

F % Furfural(g/L) HMF(g/L)

A 0.3 0.3

B 0.1 0.3

C(zv) 0 0
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BRI & s 47 4> (Chen et al., 2006) = 3 > ¢ * anthronez® ;2 Bl £ -

2-3-4. Gompertz Model# + & 45

k2 #0% 2 Gompertz Model» 5 B S e 3t it A Y 2 A AL BT R EE (M
et 2 2011) > AR Sl 4] T AT ARR 2R OR 4 DABES AR o
P(t) = P.exp{ exp|: (/1 t)+1}} (1)

A P(t): HEPFR N Sr e BE A MABES AER A BFH P 7 A ABES

A4 SR T EABABES 2 & 5 exp(l) : 2.71828 -
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Furfuralet EAp 4 eni 8k R B o Sk AZ F %BAp T A MIER Z Fen® it Rl R P B
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PRt BERT » ${3 A 54 B Wik o ¥ ARFEF S G 0 F KA
Csa % 5153+028-039% o adx® k& «nFurfural ® (F 5% A) > BAF P F P & 3 4 -

AR B e g RS o B o enFurfuralik B > $FE 3 Br 2 A PpE AR SR o
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# 4. Gompertz Model #cdy 512

7 & A B C

7 g2 A B4 (mg/L) 3271 3185 2565
< A4 A B4 (mg/L) 4676 4880 4205
BABEZ 2 &+ (mg/L) 7951 8829 7445
7 fk 2 & P (day) 1.53 0.28 0.39
7 fg 2 YR F pF R (day) 1.82 0.47 0.93
B ABEz ¥ 7F pF /F (day) 1.71 0.33 0.65
7 Ak A A& & & (mg/-day) 2630 1548 948
T OB A4 A i 5 (mg/L-day) 5090 2253 1686
#ABE2 A i# % (mg/L-day) 7691 3772 2686
FArd 2EA 220 2] 4 (%) 128 124 -
SR A B 6 2 A (%) 111 116 -
BABEZ 2B+ 219 2 A (%) 107 119 -
Pkt A SFET 20 A (%) 270 159 -
TR AR FETY 2 F (%) 301 133 -
BABEZ A F& 28 2| & v (%) 286 140 -

3-3 AFy4# 2 Furfural &2 HMF %1

AR LR F RS R EETR LR R B RO L I
GF 8 Y HAIFHAFFHERLT BRI BT %Y T F
W AR s AR %RACBCP B ) 42 8 4 %) 5 21493 ~ 19661 ~ 17767

Mg & §FHETIT 3 A0 585%81%73% - o B 11 &7 AHES - % > FHBT R
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ABEA £ 3 #rflinfliio s s mf % ? (FHA B~ C) - tnsH2 S Bl & 4 o $1k A A

3 A%AF ek RO (T pR/ABE)RBE T > H #iciE 4 %] 5 0.588 ~ 0.553 ~ 0.535 -

%05 FEME-C BEs ABE 2 kA i

T = A B C

T E VA5 (%) 85% 81% 73%
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TEAL (9 T FHY § 5 ) 0.218 0.248 0.236
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T B @

AT RRIEE L H 4 AP~ Furfural 2 HMFehge 34k & 5 0.19/L ~ 0.3 g/L12 2 0.3
g/lL~03g/lLe 3 %5 3m 012 03g/LfpERRT s 27 f54 & B4 %2 116% -
¥ob>03203g/Lfeiik R R T e 27 fEA A A R4 111% FpF o T iR Ak T
£01£03¢g/Lr2 203203 g/LpskREZ 9 4t > A W32 133%£2301% - 5 % AT
B R A RR > ANF BT fRand A oi‘&ﬁﬁ#%ﬁﬂﬂ’* ms o A A ~ 012203
g/Li 2 03203 g/Lfe¥iE AR T hf § 4 455 4~ B 5 73% ~ 81%4 2 85% o AT fAX
R BIASF @ B LR T AT o B A 2 0 i ¥ ok B Furfural st HMF

iv MOEABES fif o @ e dl g iR G o

119




4 <

Pule 02010 "I R EBRRASFAERLATBAFTLRZIALY AimY 0 2l
< FRE AR

B3 8201074 fro it 2 4 A ATER ST BREA YT BEEOEY M
LY o Bl E BRI AR

Chen, W.H,, Chen, S.Y., Khanal, S.K., Sung, S., 2006, “Kinetic study of biological hydrogen
production by anaerobic fermentation,” International Journal of hydrogen Energy, Vol.
31, pp. 2170-2178.

Eva P., Barbel Hahn-H., 2000, “ Fermentation of lignocellulosic hydrolysates. Il: inhibitors
and mechanisms of inhibition,” Bioresource Technology, Vol. 25, pp. 25-33.

Gholizadeh L., 2009, “Enhanced Butanol Production by Free and Immobilized Clostridium sp.
Cells Using Butyric Acid as Co-Substrate. Biotechnology (Bioprocess Engineering —
Biofuels),” University College of BorasSchool of Engineering.

Gottschalk, J.C., Morris, J.G,, 1981, “The Induction of Acetone and Butanol Production in
Cultures of Clostridium acetobutylicum by Elevated Concentrations of Acetate and
Butyrate,” FEMS Microbiol Letters, Vol. 12, pp. 385-389

Gottwald, M., Gottschalk, G., 1985, “The Internal pH of Clostridium acetobutylicum and its
Effect on the Shift from Acid to Solvent Formation,” Arch Microbiol, Vol. 143, pp. 42-46.

Manuela, S., Ralf, W., Martin, F., Winfried, R., 2011, “Biobutanol from food wastes —
fermentative production, use as biofuel an the influence on the emissions,” Procedia
Food Science 1, pp. 1867-1874.

Zhang, Y., Han, B., Ezeji, T.C., 2012, “Biotransformation of furfural and 5-hydroxymethyl
furfural (HMF) by Clostridium acetobutylicum ATCC 824 during butanol fermentation,”
New Biotechnology,Vol. 29, pp. 345-351.

120



