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Effect of byproducts in lignocellulose hydrolysates on ethanol
fermentation by Issatchenkia orientalis

Fenggin Wang, Yagiong Liu, Rui Zhang, Yuanyuan Wang, Hui Xie, and Andong Song

Key Laboratory of Enzyme Engineering of Agricultural Microbiology, Ministry of Agriculture, College of Life Science, Henan
Agricultural University, Zhengzhou 450002, Henan, China

Abstract: Byproducts in lignocellulose hydrolysates, namely sodium formate (1 to 5 g/L), sodium acetic (2.5 to 8.0 g/L),
furfural (0.2-2 g/L), 5-hydroxymethylfurfural (5-HMF, 1 to 1.0 g/L ) or vanillin (0.5 to 2 g/L) were used to evaluate their
effects on ethanol fermentation by Issatchenkia orientalis HN-1 using single factor test and the response surface central
composite experiment. Results showed that most of the byproducts had no obvious inhibition on the production of ethanol,
except for the addition of 2 g/L vanillin or 1 g/L of 5-HMF, which reduced the ethanol production by 20.38% and 11.2%,
respectively. However, high concentration of some byproducts in lignocellulose hydrolysates, such as sodium formate (1 to
5 g/L), sodium acetic (2.5 to 8.0 g/L), furfural (0.2 to 2 g/L) and vanillin (0.5 to 2 g/L) inhibited the growth of I. orientalis
HN-1 significantly. Compared with the control, the dry cell weight of I. orientalis HN-1 decreased by 25.04% to 37.02%,
28.83% to 43.82%, 20.06% to 37.60% and 26.39% to 52.64%, respectively, when the above components were added into
the fermentation broth and the fermentation lasted for 36 h. No significant interaction effect of the various inhibitors
(sodium formate, sodium acetic, furfural and vanillin) except for vanillin single factor on the ethanol production was
observed based on the central composite experiments. The concentrations of byproducts in most lignocellulose hydrolysates
were below the initial inhibition concentration on ethanol production by Issatchenkia orientalis HN-1, which indicated that
Issatchenkia orientalis HN-1 can be used for ethanol production from lignocellulose hydrolysates.

Keywords: lignocelluloses, hydrolysate, inhibitory byproducts, Issatchenkia orientalis, ethanol fermentation
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Issatchenkia orientalis HN-1

(38-45 C)
(150 g/L ) 43.08 g/L
20.74 g/L 91.6%""!
5-HMF
1 MRE57 %
1.1 E
Issatchenkia orientalis HN-1
12 tEFE
1.2.1
20g 10g 20g
20g 1L
115 C 15 min
1.2.2
50g 3g S5¢g
02¢g 0.1g 1L

pH 55 115 °C 15 min
1.3 WGt
1.31
5-
(5-hydroxymethylfurfural, 5S-HMF)

0
1 2 3 5¢g/L 0 25 4 6 8g/L
0 02 04 1 2g/L 5-HMF 0 0.1

0.3 1g/L 0 05 075 1 2¢g/L
1.3.2
5-HMF 4
36 h
(The

Central Composite experimental Design, CCD)

Fz1 FLEASRBIRITEZRKER
Table 1 Factors and levels of CCD test
Levels (g/L)

Factors

-2 -1 0 1 2
A Sodium 1 ) 3 4
formate
B Furfural 0 0.2 0.4 0.6 0.8
C 5-HMF 0 0.3 0.6 0.9 1.2
D Vanillin 0.25 0.50 0.75 1.00 1.25

14 BEMELST KT

38 C 48 h 3
50 mL 250 mL
38 C 180 r/min 10 h

1.5 %REEAE
300 mL
115 C 15 min
10%
240mL 38 C
1.6 MEFHZE
2mL 9 000 r/min 10 min

0.85% NaCl 2
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660 nm 1-5 g/L
(y=1.493 8x+0.009 8 2.5-8.0 g/L 36 h
R2=0.999 3) 25.04%—37.02%
(Agilent 28.83%—-43.82% ( 1) 1 g/L
technologies 7890A GC System)
DB-FFAP (30 mx0.32 mmx1 pm) 24 h )
FID (250 C) 200 C 60 C 1-5 g/L (
25 mL/min 40 mL/min 1A) 8 g/L
45 mL/min 4 ¢/L
P680
(Diodex) RI 101 (Shodex) 8 g/L 10.23% (  1B)
Xbridge Amide 3.5 (4.6 mmx
250 mm  Waters) v V. =8 2
Vv Vv 0.8 mL/min 35 C 2.1.2 5-HMF
5-HMF
(HPLC, Shimadzu, Kyoto, Japan) 2
Rezex ROA-Organic Acid H+ 0.4-2 g/L
(SPD-15C UV-210 nm) 45 C 36 h
0.005 mol/L H,SOy4 (pH 2) 0.6 mL/min 20.06%—37.60% 0.2-2 g/L
20 pL (
5- 2A) 0.1-1 g/L 5-HMF
Waters 2695 Waters Sunfire 5-HMF <1g/L
Cl18 (250 mmx4.6 mm) Waters 2996 1 g/L 5S-HMF
A 1% B 11.2% ( 2B)
0—-15min 72% A 15-35 min 12h 24h 2g/L 1 g/L 5-HMF
53% A 0.6 mL/min 30 C HN-1
280 nm 10 pL 213
2 %%Ejﬁ*ﬁ 0.5-2 g/L 36 h
21 ARIEAHEARRE NN 2 BB 26.39%-52.64%
e Ay 2 g/L
2.11 36 h

HN-1
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Fig. 1 The influence of sodium formate (A) and sodium acetic (B) on ethanol fermentation of Issatchenkia
orientalis HN-1.
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Fig. 2 The influence of furfural (A) and 5-HMF (B) on ethanol fermentation of Issatchenkia orientalis HN-1.
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Fig. 3 The influence of Vanillin on ethanol fermentation of Issatchenkia orientalis HN-1.
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ATP
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F2 POEGRRBEITAEMAEhFZCEFEREER
Table 2 Design of CCD test and results of ethanol production fermented at 36 h

Factors and levels (g/L)

Ethanol production

No.
SodiumAformate Fur]?ural 5 -HCMF Varll)illin (&)
1 2.0 0.4 0.6 0.75 14.61
2 1.0 0.2 0.9 0.50 13.55
3 3.0 0.6 0.9 0.50 15.29
4 2.0 0.4 0.0 0.75 13.63
5 2.0 0.8 0.6 0.75 13.81
6 1.0 0.2 0.9 1.00 15.58
7 3.0 0.2 0.9 0.50 14.65
8 1.0 0.6 0.9 0.50 14.67
9 2.0 0.4 0.6 0.75 14.61
10 3.0 0.2 0.3 1.00 14.45
11 2.0 0.4 0.6 0.75 15.43
12 2.0 0.0 0.6 0.75 14.91
13 2.0 0.4 0.6 1.25 13.69
14 2.0 0.4 0.6 0.75 11.62
15 2.0 0.4 0.6 0.75 15.23
16 3.0 0.2 0.9 1.00 13.62
17 2.0 0.4 0.6 0.25 17.37
18 3.0 0.6 0.9 1.00 15.94
19 0.0 0.4 0.6 0.75 17.45
20 1.0 0.6 0.3 0.50 15.26
21 2.0 0.4 0.6 0.75 15.23
22 4.0 0.4 0.6 0.75 13.75
23 1.0 0.6 0.3 1.00 14.24
24 1.0 0.2 0.3 1.00 14.09
25 1.0 0.6 0.9 1.00 13.65
26 3.0 0.6 0.3 0.50 16.10
27 3.0 0.2 0.3 0.50 16.57
28 2.0 0.4 1.2 0.75 12.70
29 3.0 0.6 0.3 1.00 15.53
30 1.0 0.2 0.3 0.50 18.11

http://journals.im.ac.cn/cjben
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%3 CCDHEERAENHE
Table 3 Uviariate analysis of variance of CCD test

Ethanol production

Term DF
SS MS F P

Model 14 31.74 2.27 1.32 0.300 3
A 1 0.80 0.80 0.47 0.504 5
B 1 0.19 0.19 0.11 0.744 8
C 1 3.60 3.60 2.10 0.168 3
D 1 8.71 8.71 5.07 0.039 8*
AB 1 3.14 3.14 1.83 0.196 6
AC 1 0.08 0.08 0.04 0.835 8
AD 1 0.06 0.06 0.03 0.855 4
BC 1 1.11 1.11 0.65 0.433 6
BD 1 0.63 0.63 0.37 0.553 6
CD 1 4.36 4.36 2.53 0.1323
A2 1 3.47 3.47 2.02 0.176 0
B2 1 0.06 0.06 0.03 0.858 8
C2 1 1.76 1.76 1.02 0.328 1
D2 1 3.13 3.13 1.82 0.197 1
Residuals 15 25.79 1.72

Lack of fit 10 15.56 1.56 0.76 0.667 6
Errors 5 10.23 2.05

*: significant level at P<0.05.
S-7 26.39%—52.64%
5-HMF
2 g/l 1 g/L 5-HMF

20.38% 112%( 2 3)
[13]

HN-1 4
5- HN-1
4
HN-1 5-HMF
1-5 g/L 2.5-8.0g/L 5-HMF
0.2-2 g/L 0.5-2 g/L I. orientalis IPE 100
36 h 5

25.04%—-37.02% 28.83%—43.82% 20.06%—37.60%
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5-HMF

x4 KRAEZKBREEET
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SN0 B3 A B RS AR N ) RS

Table 4 The initial inhibiting concentration of inhibitory compounds in lignocellulosic hydrolysate on ethanol

production
S Inhibition concentration (g/L)
Formic acid Acetic acid Furfural 5-HMF Vanillin
S. cerevisiae 6508-127!"4 2 6 >1.5 0.2 2
S. cerevisiae!'”! 1.0 6.0 7.0
Baker’s yeast!'® 4.0 6.0 >4.0 >4.0 4.0
S. cerevisiae!'”! 2.7 7.5
S. cerevisiae!'®! 5.0 1.0 1.0
S. cerevisiae!'”! >10.0 >0.8 >3.0
I. orientalis IPE 100" 0.5 1.0 0.25
I. orientalis HN-1 >3.38" >5.85" >2.0 >1.0 2.0

#: the inhibition of formic acid and acetic acid was calculated according to that of sodium formic and sodium acetic tested in

this paper.

®5 ARAUZBABETZESNFHME

Table 5 The content of inhibitory compounds in lignocellulosic enzyme hydrlysates

Sugars (g/L)

Inhibitory compounds (mg/L)

Biomass Pretreatment
Glucose  Xylose Formic acid Acetic acid Furfural 5-HMF Vanillin

Sugarcane Bagasse!'® Diluted acid 15 5.7 1300 270 60

Wheat straw!'®! Acid steam explosion 15 5.7 2 300 510 100

Corn stover!'® Acid steam explosion 15 5.4 2 200 500 140
Willow wood!'®! Acid steam explosion 15 8.3 2 100 0 0
Sugarcane Bagasse!'® Acid steam explosion 15 6.6 900 0 0

Corn straw!*"! Steam explosion 18.7-23.2 1050 95 68

Corn straw!*"! Liquid hot water 28.6-35.6 376 94 63
Sugarcane bassage”? Alkali 57.9 33.6 74 1 140 <10 <8 <34
Sugarcane bassage”” Diluted acid 66.5 29.7 164 1 656 <10 <10 8
Sugarcane bassage”” Alkali 47.4 24.6 149 1459 <10 <8 4
Oak saw dust!??! Diluted acid 42.1 25.0 302 3238 33 11 6
Oak saw dust!? Acid tempreture 86.3 14.1 600 3200 1000 3 000
Sugarcane bagassel”?! Acid tempreture 82.9 9.1 600 4700 1200 3 200
Sprucel®1* Steam explosion 147.45 13.42 6 800 7 810 710 560

Corn straw* Diluted acid 43.08 27.13 550 1940  72.89 18.00 1.78

*: fed-batch enzyme hydrolysis.

http://journals.im.ac.cn/cjben
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43.08 27.13 g/L HN-1
20.74 g/L
0.468 g/g 91.6%""!
5-HMF
550 1940 72.89 18 1.78 mg/L
) 3
1650 5820 219 54 534 g/L
HN-1
4 %%
HN-1
5-HMF
2 g/L
1 g/L 5-HMF
20.38% 11.2%
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