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Abstract — In order to remove acetyl group from yellow poplar, deacetylation was performed using sodium hydroxide
(NaOH) prior to oxalic acid pretreatment. During the deacetylation (60 °C for 80 min, 0.8% NaOH), most of the acetyl
group were removed from hemicellulose. Simultaneous saccharification and fermentation (SSF) and semi-SSF were car-
ried out based on solid loading (10, 12.5, 15%) of deacetylated biomass and pre-hydrolysis with enzymes (0, 6, 12, 24 h).
The highest ethanol was obtained as 26.73 g/L after 120 h when 10% of biomass was used for SSF. It is corresponding
to 88.41% of theoretical ethanol yield. At the 12.5% and 15% of biomass loading, the highest ethanol was obtained from
6 h pre-hydrolysis. It was 32.34 g/L. and 27.15 g/L, respectively, and corresponding to ethanol yield of 85.58 and 59.87%.
In order to remove fermentation inhibitors from hydrolysates, overliming was performed using calcium hydroxide (Ca(OH),).
The highest ethanol was 5.28 g/L after 72 h of fermentation.
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OFA| EA(acetic acid)e] RaA B ERZ ke &4 sn|AE
220 FE-2 FFF 2 1= A10 | fhglucuronoxylan) 0. 2. ©] 5014
o 107 5 7712) Aol 224 C,9) C; ARl oF IR 7] (acetyl
group)E FHTEITE Weka AA T E 8] Mol AU ES
(NaOH)S o]-&3to] o7& A A S B a7} rke). vt ofugt
A+ Zl] =] 2]e] 23] alphatic acids (acetic acid, formic acid, levulinic
acid), furan aldehydes (furfural, 5-hydroxymethylfurfural), aromatic
compounds (phenolics) 5-2] FAHE0] ArkEw A} 7-Eall ka8
ol g3te] Wa s Tt A4 o]} Z2-HEa A EL S A Aok 5
o} g AEER AR 0.2 E2]4 W (evaporation, extraction,
adsorption), 3}8}+2] ¥ (neutralization, overliming, alkaline detoxification,
ion exchange), 28312 ¥ (enzymatic, microbial), %17]3}8+2] v}
H (electrodialysis) 501 €14 STH7]. & ATl = /\)‘]’5}71’)\
(Ca(OH) )M e = La A= DS AASL olehe WAEE AFIAl7
1A} gt A A daA s Al e 3 Eae] A
61—'5]— pHi ZZ %l— z[: o] o g% 7}%/\4 <5} /\E}\]_O ]2:5_}_—8}-0:1 ‘j'—l_}j@‘_ﬁ] _}?L
el ok FX| OJ—l—_E]_ [8].
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Fo
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YYo= A0 g3l as welste] AKH 0w TPt W
(Separate Hydrolysis and Fermentation, SHF)¥} SSF2] &7tk
|2, A aariaial AlRte] 43} Fvpi SSFOF SHF Huh a8
21 ¥Ro] = Zlo|th13].

upeba] B ol ol A= Sk oxalic acid) 3] 2] 25-E Hojzl
W 7hEaiakE el daAsi=dS AlAste] UE a8 &
A1 3L, A el o] A S a9 semi-sA P A
24 011%% A AR 205 gt gt £ Ae] A
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AA S Fsh] A W] 27] 82 6.11% ©130th

2-2. HIO| 2O A9| EOMIES}
nlo] Qi A8} 0.8% TABRER-S
80 &<t HESAIZATH6). HolAle s &

S 1.8 H] &= E35}0] 60 °CollA
NN AR T} A Hlo] 2
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Fig. 1. Schematic diagram for ethanol production from yellow poplar by oxalic acid pretreatment (red column: liquid phase, blue column: solid

phase).
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| A5 F keI Th A4 AHE-S HPLC (High Performance Liquid
Chromatography)E ©]8-5F0] #-413151 0.1, 3147 nfo] @mlj 2=
A A E Fosh] $18l pH 6.00] £ wWi7hA] SRR
AFEEF 4 °CollA] W Basigitt.

2-3. HIO| 2O A0 SAM Mi{Z|

AT Anls npgro 7 b o AARS 9% HA o] A
A 215 AEskgli14]. 600 mL ¥HE-71(EMV-HT/HP600,
E.M.S. Korea)ell 71 A& 35 g2} S2H4F 0.1 M (pH 1.3)2] 4l %
o] gl 280 mLE T3t 163 °CollA 3057+ x2S =38k
ol Ak dAe] 3 1 ulo] Qujae) A} R aiabES B
skl om 313 nlo] Q= ME & FAIGshEg o AHgEh] 9
3l 4 °Collx] Baict.

2-4. WA JleRolitE dE A

W 7R U] 8 Harbs st FEFE 22 (glucose),
A 2 2 (xylose)) B G 3 (F 2 F L (furfural), OFAIEAL, 5-
hydroxymethylfurfural (HMF))> HPLC (Waters €2695, USA)E- ©|
50 2415139tk 2 © 2= Aminex 87H column (300x7.8 mm,
BIO-RAD)S AH8-31310.H, o] 57+ 22 5 mM H,S0,, flow rate
0.6 mL/min® % w413}30et. A 7ha2ellaba ol £awe] 3=
total phenolic compounds (TPC)2] &% Folin-Ciocalteu's phenol
reagents ©]-8-31] S438IATH15].

2-5. AL J|ROIAMERRE] WEKEE MAHSE {18 4
sz A

Wg 7Esll ik 300 mLell AkERA S pH 100 =2

S} o

RS Yol AAE-S AAR] 18 4000 pmellA] 15
<k ga¥E] so] AEAE 045 um filters 0]4-510] ol 7}t
ettt S8 Aeiet o ik W] o] 45
9151 pH 6.0% A3 &, 4 °CoA] W Bakslct.

2-6. WA Jl=FoliLbEe OEE UE

o2 1 EE 9lal) 583 U\ 7153 Pichia stipitis CBS 60545
JAIETFE ARSI vlo] @ A 9) ErobAEl 3] nlo] @ mj Ao 4=
Abslz A A3 & W TrRaiE S 27 25 mLA 125 mL
AAEE T FYitt. A 7R S pHE 6.002 X
43 ¥ KH,PO, 1 g/L, MgSO,-7H,0 0.5 g/L, Yeast Extract 5 g/L,
Urea 5 g/LE 212} Z7F6I3it). o] E3HE-5 121 °CollA 158 52t
Witd 3 g = Qe P stipitis 2 g (dry cell weight)/LS 455}
30°C, 150 rppm Z2710A g Z13EIQIT). 244 HH 0 2 A8 5
F3to] HPLCE T8 @& T, AU 2N, BaAFEd

N

Table 1. Chemical compositions of biomass and treated biomass (Unit: %)

2-7. 0¥ HIO|2OjAS| ME 2M

WL A 159 Hlo] il T 24 NRELSH
(Laboratory Analytical Procedure Determination of structural carbohydrates
and lignin in biomass)ell &J3l $=3YsFATH17].

2-8. SAISILUS (SSF)2} semi-SA|ESidts

gotAd s} 2l 24 M e vlo] omlA TRl ' T
AIZEE ollghg Aitel]l sl QAR Bto] TAIFE R 2 semi-
FAGELEE FHSATE vho] e FYRE 10, 12.5, 15%)°
uje} AA 2] g vy vpo] uiAE 125 mL AFZZ kAT F191513
t}. 50 mM sodium citrate buffer (pH 6.0)5 713+ &, wra|oF7]
(30°C, 150 rpm)ellA] 1A17F F2 WIS WHE S 93] pHE 6.0°.%
ZA3 3 KH,PO, 1 g/L, MgSO,-7H,0 0.5 g/L, Yeast Extract 5 g/L,
Urea 5 g/LE 717} Z7FekGit). o] EFES 121 °CollA 1537
35, G478l E 13l vlo] ull2 05kl ule) G4 mixture
(Celluclast 1.5 L 17.5 FPU/biomass g, B-glucosidase NS 50010 12.5
CBU/biomass gy A 7Fstith. 22 13l vt P stipitis 2 g
(dry cell weightyLS 274319 30 °C, 150 rpm 7104 SA19-3}
U E S FEelth BAGEPaE T WaEE 5 2487 (HE o=
ANEE F3to] HPLCE W o olghe #48 35l th2].
Semi-zA| B3RS 98 FAE H7k8kar 50 °C, 150 rppm Z=710])
A AAAIZHE, 12, 244171 B9 W $ AT E 7)1 30 °C,
150 rpm Z710MA] semi-gAIS S EE FaITt

3-1. HO|20|A EOMMEZR} SAE MK

ulo] @ ulj A~ 2} ol E s} ulo] @ w2 (deacetylated biomass)el] T
Sk -SARE 2] A5 ujo] @u|o] TN B4 AT Table 17}
ek M E 2577 38.36%, A1RE 13.51%, 271 24.91%%
T3E| At gobAldsle] 23] vio] euf el $hiE|o] Al 2.59%2
MR | AAE S CH 2T, Aoldh, B d A2 A< 23l
A ekshet, dota e s}l M4k A (liquid phase after deacetylation
of biomass) UlellA] 8.03 g/Le] oMAIEAI] 11EE| 0] opAE 7] 7} A
A= e GRS wheba Sola|d sl nlo] Qmj 0] AT 2
] § W 7=l olA o EARS HEEA] $THTable 2).
SAE A g vto] e mi A ate] @ uf o) Broba e 8} vlo] @ ul A
pretreated biomass, pretreated biomass after deacetylation)<] =] 4!
SRR YA 0w FalH o] 247} 2.40%, 2.91% Hokl
Atk A ER e = HA T vlo] emie] FFIF Y 21
W go] Ao w2 A e oM, o] M A1 Sk A

Glucan Xylan Arabinan Acetyl group Lignin
Biomass 38.36 (0.55)" 13.51 (0.03) 1.99 (0.79) 2.59 (0.08) 24.91(0.13)
Deacetylated biomass 40.88 (0.73) 13.34(0.01) 2.77 (0.35) N.D 24.83 (0.04)
Pretreated biomass 54.99 (0.77) 2.40(0.14) N.D 0.04 (0.00) 37.39 (0.06)
Pretreated biomass after deacetylation 54.51 (0.45) 2.91(0.15) N.D N.D 31.87(0.02)

*The parentheses contain the standard deviation with the analysis repeated three times

*ND means not detectable
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Table 2. Sugar and inhibitors in original and overlime treated hydrolysate (Unit: g/L)
Fermentable sugar Inhibitor

Glucose Xylose Arabinose Acetic acid Furfural HMF TPC

Original hvdrolvsate 4.44 18.53 0.31 6.62 3.77 0.40 4.66

ginal ydroly (0.00) (0.30) 0.01) (0.05) 0.07) (0.01) (0.03)

. 2.60 17.43 0.91 2.33 0.15 2.87

Hydrolysate of deacetylated biomass (0.00) (0.03) 0.01) N.D (0.00) (0.00) (0.03)
Overlime-original hydrolysate 443 17.09 0.29 6.48 342 0.35 3.81

ginal iydroly (0.01) (0.04) (0.01) (0.01) (0.02) (0.00) (0.01)
Overlime-hydrolysate of deacetylated 2.56 17.19 0.91 ND 2.07 0.14 2.43

biomass (0.01) (0.04) (0.02) : (0.00) (0.01) (0.03)

2] el AAISFATH18].

o] @ ui g} Boa|g sl nlo] @ mjAw e SAE A - o
o3 el 7Rk 3 A A3 Table 28} 72T vlo] @i
N 7FE- 3l Ak= (original hydrolysate) FoARS AR AR
18.53 glL= L3tk S FF o2 AATES: AL 2 2nef] Bis) wWeke
1 o]= S AT AYPAQ EH O FnAER e ATF A
g 0 2 FlE S 2u|gheH19]. S o)t Sn]AEE Q.
3= Gl Bt AEE el gk 49
Xxj{“é % Béb\o]”\]ﬁ HA7EFEE S ZoltH20]. vio] 2m)
2~ WA 7R EAE Ol 6.62 g/Le] oM EAT Bl ihg A3 &S]
SFESFY, HMF, TPC7L AE 5 T}, F2F2 ko] HMFel| Bl
A o & Ekom o] Widre] fallS atolol ok Zlow

SFFI ARG A7 Ba7F SR E S-S SW|FoH21]. TPC=
2 de] ks 5 vlad SReS el A 0E 466 gL
AZH AT o= AR Aol s ARl 21 a7} o]
FoIF S R QlT22]. ¥ Aol A ‘/]‘E]")r Hlo] @ ujj 2~ of
& 7EsihkEe] e AdE A e BE SE AT IAY
O] Al YIS Fo olleks kel Slo] 21 °H€7“i 285k
RO F oA JFItHT]

golAe s} H]‘O]E“Hi M 73l AkE (hydrolysate of deacety-
lated biomass)oll E3HE TAJAI R SHk o ujo] Qmj A AL FpRE
aaks Aakel Aol = L}E}‘ﬂifﬂ o|AL HobrE st §- F-8] ut
o] miAE AHEAF N B8kl Y FAERFERC] BolA)
g3} ulo] @uj e EAY 0]'04 A gae] 2folg vEhd Ao =
Atr gt GotA" sl 3ol ofs) obE 717} i Al A o
W 7hraiabE ellA] o EARS A& A otThe]. AFE =
27 FRARO R AEE o oM EARS A 9] WA ER

1 l

>

T
& olekE ol G MR FEoE AEESI

3-2. W TleEoit =2 RE YeXfoiEE HIA
N 7= o] aksbda Aol ofel e o waA
S|E2o] AASGI, P % Al AF P AR
o) v 25} ol 3} nfo] Q.u) 2 ol 7}t
hydrolysate, hydrolysate of deacetylated biomass)<]

| 2H&: original

93 B Ak

3
Table 28} 2t} A} 7=Ralikm Ul wharbssh g2 Ak
2e] Fof| & £AE ] kit v TPC, HMF, FEF 50 whg

=]

A B FArsF A7l E vto] eul A A TR AbE
(ovelime-original hydrolysate) =¥ Z+Z} 18.24%, 12.5%, 9.28%
2AEa, gotE gl vto] Qo2 MY 7HE Sl AHE (overlime-
hydrolysate of deacetylated biomass)ZEl Z+Z} 15.33%, 6.67%,
11.16% ik, daAsi=4 #AA avhs FAsds A &

-
@
-
@

[

@
e
a o

=
Sugar concentration (g/L

Ethanol concentration (g/L)

o N & o ®

Time (h)

Fig. 2. Ethanol fermentation of original, deacetylation and overlime
treated hydrolysate (solid line: ethanol, dotted line: fermentable
sugar, (@: original hydrolysate), (4 <: hydrolysate of
deacetylated biomass), ([ ]: overlime-original hydroly-
sate), (A A: overlime-hydrolysate of deacetylated biomass).

o} A gbel whet thE U 23], ARky o7 W A& AlA e} gt
7 B a7Fs st go] AAEARE 2 Aol 8st 2=
&5 Hasleta HaAAEdS AT a9 Ak
3-3. MY JieRoliE wWE
ulo] 9 mjA g} EobARl 8] nlo] Q| e] 4 J:@PE% xaa A5 o
251— 7]3; OH)\]-U S o] ]-o% HLQ_E 51l
Hpo] @ A~ A} 7Rt Ak vl A %—8— ?;%U Hhﬂsﬂgﬂ
S xgsta o] 2a 96417F EF« 1 g/L "]k
o1 o] AL 6.43%2] olghS S50 g3t %517}—8* %%
] ]-Eo]. 7{/] }\Ug;q o]——7 EH H—o]. I:]— H
Ax Z-gah= opAE 77} A A ¥ BolME s} vio] 2 Hi —‘W 7}
FaatEel s W 48 T AU 345 g/l ollehe-S ARSI
o1 0= 44.45%2] 0| B of|gkE gl St Al
7VFs et F FAT A5H 0 olehg Aol AREH Tk A
2 Ag] - TPC, HMF, F2F% 5 daAs|edo] s ‘?j_
TES T  AsiTH24]. sk A $ ol el
A N RSAEERE] WhE 9647 5 52.72% oEHS S u}E}
Witk o] A& FAkst A AE] A vlaste] oghg F&o]
46.46% TJE Ajolct. DotAd sl A -GS BT z%r‘ﬂfﬂ
W 7S E R R E] Bhg 7oA F 5,28 g/LO] ollehE-S AT
31301 64.07%2] 0124 TES LT o3 A A
73} B wEle] oflekg 4=80] 22.07% I Axjolr},

4. SAISILE} semi-SAITEILE
F3hol kg o] A 1S THAT]E semi-s AP aE U5
10 A st E o)l vl wete] §&2] 0= ofehES AAtelS]
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Fig. 3. Ethanol and glucose concentration during SSF and semi-SSF of deacetylated-oxalic acid pretreated biomass at 10% of biomass loading.
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Fig. 4. Ethanol and glucose concentration during SSF and semi-SSF of deacetylated-oxalic acid pretreated biomass at 12.5% of biomass loading.

o}, vfo] Qull 2 FQJR, A Favlgritel] A7t Bo] ollgkg AYate]
dofohz st Ak A-8-3irh24].

vfo] @l Q1% Wl Al Favptal Algtel weh gakel o
£l 24 A3k Fig. 3, 4, 59 ek A SPLE AN Gl
ofaf AR Fe Aol HrkR ane] ofsf Ak ok A
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Fig. 5. Ethanol and glucose concentration during SSF and semi-SSF of deacetylated-oxalic acid pretreated biomass at 15% of biomass loading.

7L 5 2RE FYshe Alkte] AogE oflgkg Aakgo] A
Sh= AT FRIBISIL o) Al Gavisls Fall AAkE doll
wE AR WiskE o] Ae)A Wels festo] oflehE Aake]
JEe = 07 AR ETH25]. ¥t ot A a4y iEl ARt

o] Z qx]tﬂ §_/J\_oﬂ &) YA E IEIlssH %4 x% oz gi%
A5 A AIZI71 5= SHeH8]. whebA] vho] el A Tl 12.5%%h
15% Z710 M= semi-a A FEPEE F AR AV RS S dEE
TS W ZH2E 120713l H Tl 32.34 gL, 27.15 g/Le] oll&t
-5 AL, 0] 85.58%, 59.87%2] ollghe &2 Yehditt
ulo] QA FR18F 12.5%8} 15% oA wE A A g7k i
;H—‘: oﬂE]—Q R /\% z‘s]:)\loﬂ 1A 24?_] EJ,],__ q_ﬂ_wlq_ o]—Z]U]—
12713 o) 2] A gavisl & Ua s FAsS o olekE A
Akgo] ZHAE Gl o) R S4 % Foll gk AR Ws 2R
o £44Q JeS = Ao ARHT) 10% 217 vl wake] vl
ol Qulj 2~ F]]Fo] Tl wEt wrarlbs s - Ato] F7lste]
FHuj] gt s S FRISIIA, gk & SHA
Zra3lct. 53] vlo] emlA FRF 15%elX= HEr =
F¢ LE7VsE Fo] oee 7 A X Eala IR} EAshe A

< gersict,
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