Jour. Korean For. Soc. Vol. 98, No. 3, pp. 305~310 (2009) o
LEDLE R

JOURNAL OF KOREAN FOREST SOCIETY

otzta| Mx{2| SHEHAS (Liriodendron tulipifera 1.)2| S4%s}
X S0 25 HlO|2 O[ERS Lt

A - Ze? - A - QG - A
Fude %4 - Folwal), edata see),
AR ARG AR

Bio-ethanol Production from Alkali Prehydrolyzed Yellow Poplar
(Liriodendron tulipifera L.) Using Enzymatic
Saccharification and Fermentation

Soo-Jeong Shin'*, Dae Haeng Cho’, Sim-Hee Han®,
Young Hwan Kim’ and Nam-Seok Cho'*

'Wood and Paper Science, College of Agricultural, Life & Environment Sciences,
Chungbuk National University, Cheongju 361-763, South Korea
’Department of Chemical Engineering, Kwangwoon University, Seoul 139-701, South Korea
’Department of Forest Genetic Resources, Korea Forest Research Institute, Suwon 441-350, South Korea

2 o WFE A5 vlo|L ofehe-g Ael] flste] A ksl A & eSS FYEE £ AE
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Abstract: Yellow poplar was selected a promising biomass resources for bio-ethanol production through alkali
prehydrolysis, enzymatic saccharification and fermentation using commercial cellulase mixtures (Celluclast 1.5L
and Novozym 342 mixtures) and fermenting yeast. In alkali prehydrolysis, 51.1% of Yellow poplar biomass
remained as residues, which chemical compositions were 82.2% of cellulose, 17.6% of xylan and 2.0% of
lignin. In alkali prehydrolysis process, 96.9% of cellulose, 38.0% of xylan and 5.7% of lignin were remained.
Enzymatic saccharification by commercial cellulases led to 87.0% of cellulose to glucose and 87.2% of xylan
to xylose conversion. Produced glucose and xylose were fermented with fermenting yeast (Saccharomycess cerevisiae),
which resulted in selective fermentation of glucose only to bio-ethanol. Residual monosaccharides after
fermentation were consisted to 0.4-1.4% of glucose and 92.1-99.5% of xylose. Ethanol concentration was highest
for 24 h fermentation as 57.2 g/L, but gradually decreased to 56.2 g/L for 48 h fermentation and 54.3 g/L for
72 h fermentation, due to the ethanol consumption by fermenting yeast.
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Cheng, 2002; Hamelinck ef al., 2005; Hemdriks and
Zeeman, 2008). A F7HA] F3 o] & WA V&2 E
Z 3| (steam explosion)(Clark and Mackie, 1987; Saddler
et al., 1993), 2F4t 7F4=E-3l(dilute acid hydrolysis)(Lee
et al, 1999; Lee et al, 2000), ¥= Yo} Z3f(ammonia
fiber explosion, AFEX) (Dale et al, 1996; Dale et al.,
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Saccharomyces cerevisiaes A8 01, FFul| x| o A
18717 vl Feh 5, & i Ful Al ol 5% HEskdet. Tl
A o] 242 glucose 10 g/L, yeast extract 3 g/L, malt
extract 3 g/L, peptone 5 g/L ©|H, &S A4H317] 9
Sk H ulj R 2] FALS glucose 95 g/L, xylose 21 g/L, yeast
extract 5 g/L, peptone 5 g/L, K,HPO, 1g/L, MgSO, 1 g/L
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v]=+ NREL<®| laboratory analysis procedure(http:/www.
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e ThEEl] A & Wb Al g oMl EFE
&, 2552 E, gade] giite] AlA ATk Table 1).
WS AR gade 47 R A 17.5%
7F 24 AR, o]F 16.5% & AAL L YA
1.0%2 R ZhR-ol] Exste] AAA Q1 2]2dAI A&l
94.3% ol TSI 25FEYRES I 9 £
A W Fo| 25 AALGAT. FAE S5 AR ol
e AEZQ2T7Y 3.1% Ax Ea¥d vl3ted xylan>
62.0% =7t A A=A S 7S] AglolA 2
23 xylan®] AA Ed= oA 493 888

Folod FHHOE 48T 0% /N 4 vk

N
1]

A Est
W o] dZe] 7HERS| oA Table 1914 B v}
oF 7o) 51.1%%] EA /gl 3 =AU o, o] 71|
AEZ Q 27} 82.2%, xylan®] 17.6%<} 2]1d °F 2.0%2]
ZAE Bt 2AARERE AEZ Q27 96.9%, xylan
38.0%, 211 5.7%7} FHRdhe 2 o® YET e
TrrRE ol ot WEZQANFE Y& e 7
IR AAE AFE] e AEToAE AR
3t EAEsHE S =Y A= d/dHn

Table 2= ¥Z2] 7113 RES AHE E AE

Table 1. Chemical composition of yellow poplar wood and
alkali hydrolyzed residue.

Table 2. Chemical composition of enzymatic saccharified
solution.

Yellow poplar samples (%)

Components Wood Alkali hydrolyzed
residue
Overall 100.0 51.1
Acetone solubles 2.5 0.1
Hot-water solubles 14.0 0.0
Lignin 17.5 1.0
Carbohydrates 66.0 50.0
Cellulose 423 41.0
Xylan 23.7 9.0

Concentration (g/L)
Glucose 95.1 (87.0%%*)
Xylose 21.4 (87.2%%)
Acetic acid 0.5
Furfural 0.0
5-Hydroxymethyl furfural 0.0
Total phenolics 0.48

*Conversion rates of monosaccharides based on alkali hydrolyzed
substrate.

glofAlol &g &4 FIPAAE UERd Ao EA, e
7R ZhREo] tHE9] glucose E xyloseZ A EHE]
Atk AEZ Q29| glucose A& 87.0%, xylan]
xyloseZ2] 882 87.2%31 T}

el Ak 8- timfe] g4 B3} 54 H| 1 (Shin er
al., 2008)°1 4] W] Egttzo] ofH X% 314
o vEwsl & g4 I3l Aol AERZ Q29 xylan
o] F3lg2 o|EF R A 5 U= wel 10% He A
o £ £7] xyland} 224 A|A A7t AEZ X
o] 34 Fslo wA= P g AF(Yang and
Wayman, 2004)°4] AEZ Q290 §493}7} xylan A7
AEol DA e AAAA 7 UAAA T, flowthrough BHE-7]
M= Blad AA AeE AER 2] g4 Fald 4
S v A S0 2 AEE S5 7€ xylan &

MEAE AT £, AEZ 010 T4 Filgo] Zrlsh=
AL 25 xylano] AER Q20 G4 B3lE walla}7] uf
70l Ao 2 HUETHhgen ef al., 2007). 3HA a4
< Adlste 222 A7tE = Z4h S-hydroxymethyl-

furfural(5-HMF), furfural, total phenolicsZ| $}9t=o] 35}
oA ZAF 2 total phenolicsS ¢ W& FEZ 7
5001}, 5-HMFS} furfurale A8 AEEA] gtow
2 S Haa &S 5 AR FH3UTH

3. &S0 2lgt Hlo[2 OEtES Mot
Wl o] el o 2 9510 g/Le] glucose9} 21.40 g/
L xylang $Hrote 84 93-S Al e, Q1914

Table 3. Glucose and xylose consumption, cell growth and ethanol production from the controls and Yellow poplar saccharified

solutions.
Cell growth

Glucose (g/L Xylose (g/L. Ethanol (g/L

Substrate ! L) ylose (g/L) (0.D. at 660 nm) L)
24h 48h 72h 24h 48h 72h 24h 48h 72h 24h 48h 72h
Control*1 0 0 0 18.7 17.9 18.3 0.79 0.74 0.76 50 50 48.7
Control*2 0 0 0 18.9 18.4 18.0 0.78 0.75 0.76 513 494 49.7
Sacc.**1 1.3 0.6 0.7 21.3 20.2 19.7 0.63 0.65 0.67 56.9 559 53.9
Sacc.**2 1.3 0.6 1.0 212 20.6 20.0 0.62 0.66 0.66 57.5 56.4 54.7

*Control refers to (glucose 95 g/L. + xylose 21 g/L); Numbers are replication.

**Sacc. refers to Yellow poplar saccharified solutions (glucose 95.1 g/L. + xylose 21.4 g/L); Numbers are replication.
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