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ABSTRACT This study examined the optimal conditions for the oxalic acid pretreatment of yellow poplar for ethanol production
depending on the combined severity factor (CSF). The factors affecting the ethanol fermentation of the hydrolysate were also
analyzed. Xylose was the most abundant compound (2.80-16.44 g/L) in the hydrolysate, whereas the concentration of glucose was
relatively low at 1.65-3.69 g/L. Ethanol production was highest at CSF 1.22 (10 min, 41 mM) after fermentation for 96 h, which
resulted in a theoretical yield of 74.51% and an ethanol productivity of 0.027 g/L-h. The concentration of fermentation inhibitors
(acetic acid, furfural, and total phenolic compounds) increased with increasing CSF. Ethanol production decreased significantly with
increasing concentration of fermentation inhibitors at CSF higher than 1.59. The xylo-oligomer concentration was highest (18.77 g/L)
at CSF 0.72, and the concentration decreased at CSF 1.52. The average molecular weights of the hydrolysate decreased slightly with
increasing CSF. The degradation products contained in the hydrolysate were detected by gas chromatography-mass spectrometry.
Among these products, the concentration of vanillin and syringaldehyde increased rapidly at high CSF.
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o] Hl&= F{J5to] 160 C o] 1Y H WEE-2=014] 150 rpm
O] Wk E i), W2 Y Hio] QU A/AL &
o] ol vl AHAT A Agaldef P dxe]
e UG A7HL WS- pH(SAME 55) 9] JgS
3ok R YERE 4 Q)= combined severity
factor(CSH)E A 83O B Qo4 MeLEs
RGO WA B ABSES sl OSFR 1}
EbdtH(Table 1), AA2] 3 ¥hg715 108 <t W7
Sk e wgEe mEuloleriash bR

=2 olaete] Fefei.

2.3 WHIeEolliE

WF7FrEalibe o] ofehe Wi = sehdat 68 &
Alof| W8 7153t Pichia stipitis CBS 60545 FA|lHF2
ARgSlo] =BTt P stipitiss= YPD(yeast extract
10 g/L, peptone 20 g/L, Dextrose Agar 20 g/L) HjX]|
of ufjot3l & HAEhA](yeast extract 10 g/L, peptone 20
g/L, glucose 20 g/L)o] &ZE35}o 307C, 150 rpm ZA0]

ol



BHSH F2(Liriodendron tuljpifera) SAMA MX2|0| Sfal A

r
2
>

N
5
I

gllzl

=

i

10

2
m

o
4

I

2

082
olt
o
[

>

rr
fo
o

AT

x

Table 1. Two independent variables and their levels for the central composite design with three central points used in the

present study

Sample VRIS Coded levels
No, Time (min) Acid concentration (mM) Time Acid concentration CSF°
X X2 Ya Yo
1 30 89 0 o 189
2 30 89 0 o L 89
3 30 89 0 o L 89
4 50 122 1 1 9 99
5 10 122 -1 1 1.59
6 50 41 1 ) 1 02
7 10 41 -1 1 1 22
8 30 139 0 1.4 2.08
9 58 82 1.4 0 218
10 30 24 0 T4 52
1 2 82 -14 0 0.72

“Combined severity factor (CSF) = logf{t*exp[(Ty—Tr)/14.75]}—pH (t: the reaction time for the pretreatment in minutes, Ty the
reaction temperature in C, and Tg: the reference temperature, most often 100C)

A 24A17F F<F 41 RoRL 5 ko] ARBSIILE, S

woikE2] pH= NaOHE ©o|835to] pH 552 24T %,

KHyPO,1 g/L, MgSO4-7H20 0.5 g/L, yeast extract 5

g/L, urea 5 g/LE Z1Z} H7sto], 121Co|A] 16871

otct vljokE P ostipitis 2 g(dry cell weight)/LE

Wt E AR EAREo] A7)ste] 30°C, 150 rpm R4
oA 96417t EF RS 3SR,

N

A AT IeEsliiE
wofakEel Z3kE Warkstt HEFA,
AU ZA) I} furfural, acetic acid, HMF, formic acid2}
28 BraAFEA ] FEE Aminex 87H column(300%
7.8 mm, BIO—RAD)¥} refractive index detector(Waters
2414, USA) 2 FA4= HPLC(Waters e2695, USA)E 9]
&3to] EASITE o5/ 5 mM HySOs2 ©]-8-5he]
25 0.6 mL/min 2 & 555 ZoF BAI5IQIT HA=E3
AFEo]| 3Z38HE total phenolic compounds(TPC) 2] sk

2 Folin—Ciocalteu’s reagent@ Z4atact',

1z

HI

AP

2.5 S2|l1H 24
wofibEe] EAshs Warkse & ol9lef &

HA}T | L

IHE &RI517] Y3l National Renewable Energy
Laboratory(NREL) 9] ¥ o] u}2} post—hydrolysis&
Asu—}oaq” L HATESIANE 1 mLe} 4% HoSO, 9 mL
£ 50 mL AZrEeRso] £41sto] 121ColA 6027t A
25lch 71 3 0,22 ummicro centrifuge filterS o|-&
Sto] Belel AP IRRINIRS B T 250 4}
$5 2704 HPLOE RAJsHAch

e

2.6 B X A ChEME £3

Ol RaAIEe) HA BEE go
chromatography(GPC)E o|-8&3}o] =43}9c} Waters
Ultrahydrogel 120, 500, 1000 column 37}& 25}
ANEE19a1, refractive index detectorS EZ§F5H= Dionex
HPLC Ultimate 3000(USA, Thermo) & HX35}4c},
O] EAFO &2 sodium azide 0,1 M& ARSI o, SRS
1 mL/min® 2 BA3}3 ) Pullulan(Mw: 342~805000)
2 5FR B,

el permeation

2.7 Gas chromatography—mass spectrometry
(GC-MS) 2M

GC-MS AL 93] ethyl acetate?} BA7EIAE
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Fig. 1. Sugars concentration in the hydrolysate during oxalic acid pretreatment of yellow poplar at various CSF (combined
severity factors). Same letters on the column are not significantly different from each other at the p { 0.05,
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Table 2. Ethanol fermentation performance of the hydrolysate obtained from oxalic acid pretreatment

CSF Initial fermen?able sugar Ethanol production Ethanol productivity Ethanol yield Theoretical yield
concentration (g/L) (g/L) (g/L-h) (9/9) of ethanol (%)
0.72 15,40 (7.18)° 2.31° 0.024 0.28 54,90
1,22 14,85 (8.06) 2.56° 0.027 0.38 74,51
1.52 14,26 (5.09) 2.39° 0.025 0.26 50,98
1.59 18,46 (13,71) 0.28" 0.003 0.06 11,76
1,89 16,90 (12.58) 0.21° 0.003 0.05 9.61
1,92 16,33 (11,23) 0.20° 0.002 0.04 7.84
2.08 17.34 (10,74) 0.20° 0.002 0.03 5.88
2.18 15,37 (10,74) 0.13° 0.001 0.01 1,96
2.29 15,27 (11,40) 0.11° 0,001 0.03 5,88

"Remaining fermentable sugar after fermentation,

"The highest ethanol production was observed after 72 h of fermentation,
“The highest ethanol production was observed after 96 h of fermentation,
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Fig. 2. Fermentation inhibitors concentration in the hydrolysate during oxalic acid pretreatment of yellow poplar at various
CSF (combined severity factors). Same letters on the column are not significantly different from each other at the p

0.05. TPC is total phenolic compounds).
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Fig. 3. Xylose and xylo—oligomer in the hydrolysate depending
on the pretreatment conditions
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Table 3. Average molecular weights of the hydrolysate obtained from oxalic acid pretreatement

CSF (gmol) (gm’on DP, DP., PDI°
0.72 1280 1610 8,53 10.73 1.26
1.52 1100 1359 7.33 9.06 1.24
1.92 1032 1290 6.88 8.60 1.95

*Polydispersity index
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Fig. 4. GC—MS chromatograms of the ethyl acetate extracts of the hydrolysates obtained from oxalic acid pretreatment
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Table 4. Major compounds identified by GC—MS in the ethyl acetate

extract of the hydrolysate

Peak Retention time c AR )
No. (min) ompound name CSF CSF CSF
0.72 1.52 1.92
Sugar derived compounds
1 3.154 2 (5H)—Furanone - 1.62 0.79
2 3.966 2—Furancarboxaldehyde, 5—methyl— — 0.61 0.71
3 6.601 Propanoic acid 0.26 - 1.44
4 6.839 Hexanoic acid 0.25 - 0.66
5 7.065 Acetic acid 1.24 118 414
6 8.742 Pentanoic acid — - 3.39
7 8.768 2—Furancarboxylic acid — 2.24 -
8 11,483 2—Furancarboxaldehyde, 5—(hydroxymethyl)— - 2.09 —
9 14,259 Butanedioic acid 1,73 0.85 1.84
10 15,167 Fumaric acid, bis—TMS ester 0.46 . —
1 19,095 Malic acid 1,43 - 1,35
12 24.002 Rhamnose, tetrakis—TMS 0.27 - 1.65
13 24,134 Levoglucosan 0.36 - 1.09
14 25,783 Azelaic acid - 0.9 0.59
Lignin derived compounds
15 11,509 Silane, trimethyl (2—phenylethoxy)— - - 0.45
16 19.819 Vanillin, TMS 0.79 0.8 2,95
17 23,719 Syringaldehyde, TMS 3.14 3.70 10.3
18 25,617 1,4-Benzenedicarboxylic acid 0.25 - -
el 2 dilute sulfuric acid pretreatment of distillery stillage in

B = oAl 7| E oA Ak o] x]4(2016
R1D1A1B0393516)2 Hto} 43 %| 51T}, [4]
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