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Optimal Condition for Simultaneous Saccharification and
Fermentation Using Pretreated Corncob by Oxalic Acid™!

Young-Jun Seo*? - Woo-Seok Lim*? - Jae-Won Lee*?"

2 ATE SR AATE FA T AR SFEgE ol gate] SAIGSIEEE A% HAxUS ©
AT}, Pichia stipitis CBS 60545 ©]8-3t SA G s gl S, w825 (25.8~34.2°C) &F wyts:
5£(80~220 rpm)ol] thgh ol ghe AAbaF Z42F 99% A F|FHE JHAT SR ek AkES 48319
< w 30°C, 170 rpmoll A 9] olghe IS 5T = AATH22.5 ¢/L ). HAe] = g wikE oA
A Ards A3 A} yeast extract (1.25 g/L) ¢ urea (1.25 g/L) S E83to] A18319S 45 deke
ArteEe Z7vsl 21 trace metal A2 HIEF-S H7EeHA] @4SkE wl ol &b ko] HXIH AT FAID S
Uag s 93k KHyPOs, MgS0s - TH09 HA s+ Z+2F 1 g/L, 0.25 g/L=E et}

ABSTRACT

In this study, we determined optimal conditions for simultaneous saccharification and
fermentation (SSF) using corncob biomass pretreated with oxalic acid. The effect of SSF
temperature (258~34.2°C) and agitation speed (80~220 rpm) were significant at a 99% confidence
level in its effect on ethanol production. The highest ethanol production was expected when SSF
was performed at 30°C, 170 rpm (225 g/L). The ethanol production was improved by mixture of
yeast extract (125 g/L) and urea (125 g/L) as nitrogen source. However, addition of trace metal
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T A A &} (corresponding author) : ] A (e-mail: 1jw43376@chonnam.ac.kr)

— 490 —



& FAFILE H 24 T

components and vitamin for SSF was not affected in the ethanol production. Optimal
concentration of KH,PO4 MgSOs - 7H,O for SSF was 1 g/L, 025 g/L respectively.

Keywords : optimal condition, oxalic acid pretreatment, simultaneous saccharification and fermen-

tation, ethanol

(RS =

H AFFUre s d s el wE o uUX] &
R7F S7HE A B AR 20501744 2509
HjHof| A 509 vlE = A7F oA AAkeFe] 7had A
olg}x st wakA v v %S o Yt
M= thAlNUA el FAS RO o w
o olgfgk EAIH S EV]9E B < = 3
AAQ vto] @25 o] &3 ARG o e At
Z27HS 2o 1 9t} (Cheung and Anderson, 1997).

A b5 AUAAOE FES

< lignocellulosic HFo]Quj == A 7F5sl F4-
o BrstES 2§l glo] AR oR o
72131 T (Sun and Cheng, 2002: Soderstrom et
al., 2003). o181t F HAzE TN SFEdle &
T A AA 7 Be RS AA s FAER
T2 7SR R AR HAY H e A2 frk(Inglett,
1970). SF5= oF 70%9] 3%, 10%9] &1
W 283 10%9] S-S ek glol diAleY
A ks 918 A g e R FE3 s s 7HA
3 Jh(Barl et al., 1991).

Sk BE At Hlsl vl EAd o, A 2 2
ANA Falgt 7t wlEEAE Yo v FHES
WA 2L 9 ek (Mosier et al., 2001). whebA 7]&2] 3
s diAskE = R ST 2 giA ke
gt A7 EdstA 8= Qoh(Kootstra et
al., 2009; Lu and Mosier, 2007; Lee et al., 2009).
Bk ofy et SALES HA] RFgro] HHlstE Ao
2 EA9 uAEE 5 Yo Fa|AZth
3 &# A 9JrH(Shimada and Takahashi, 1994).
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(Bafrncova et al., 1999; Pereira et al., 2010). A2
9, trace elements, HEFRIT} -2 J S A A
¢ SHAA L BAE 7 o] HAe =

Aol Ao slrt T Ao v -5 A7
Fol 2t corn steep liquort 72 A A4
doll 3t A= WE T UTH(Pereira et al.,

w2 Pestell pet products co. 25-E #3¥ S
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Table 1. The 2° full factorial design with four axial points and three replicates in the central point
matrix employed for two independent variables

Agitation speed

Coded level Coded level

Run (tpm) (X1) Temperature (°C) (X2) (X1) (X2)
1 150 30 0 0
2 150 30 0 0
3 150 30 0 0
4 200 33 1 1
5 100 33 -1 1
6 200 27 1 1
7 100 27 -1 1
8 150 342 0 14
9 220 30 14 0
10 150 258 0 14
1 80 30 14 0

* Yeast extract 25 g/ ¢, KHPOs 1 g/ ¢, MgSO;-7HO 05 g/ ¢, trace metal and vitamin were added for simultaneous
saccharification and fermentation.

o A7 22
BE A 204 £93%9
S

B4 55U W F 2

108 Fok ABYHE F
S5zt 1.5kgell 0.036 kge

CHESIEEE RPIEES

0% S AAelE Sl

& AYAT Atz 2ol AT

(Lee et al., 2009).

A2 S el 21 ¢ digesteroll A 1.5 kgd

sol Q.o sk o] 7}

=3
mesh, Chung Gye Sang Gong S
st om A vho] Quf A=

S F5E 57 919

oAt g Aol

S 2bak (purity 98%) <

H(
b WA F $- 180°Cell A
o

ioh AAe F A
AEE 239 (100
SEREEERS

AH F A

Foll AHgEt7] 18l 4°Coll A Baekid

2.2. HIO|2MfA HEE4N

A Ago] vlo] 9w~ LR #49-2> NREL
" (Laboratory Analytical Procedure-Determination

of structural carbohydrates and lignin in biomass)

of efsf =2,

2740 AU, ofeuld, e

steFS =4k th(Sluiter et al., 2008).

oetE WwasE ¢& sebd WE 7153 Pichia
stipitis CBS 60545 FA|TFZ A3ttt P
stipitis CBS 6054+ 20 g/ # glucose, 10 g/ # yeast
extract, 10 g/ # peptone B A S AF&3}e] 30°Col| A
247 7r ik 5,000 rpmoll A 10% F<F YA EE
sto] AR E TRt &F x| IF3hE wiAA
TS AA I BurE AFHE $ sA s
o AR&-3tsiTt.
SAF g HA2AE FAsY] flete] HER
|40l wE olehs ArkeEs v
2 Tables 1, 2, 33} ). Table 1
’\]%i}‘%‘i% Fefate] Ao g
T bles 2, 39 2J3 &
= AAsdt. sAF
93 125 mb Erlenmeyer flaskol] S-4kako
H o]~ 5 g3} 50 mM sodium cit-
rate buffer (pH 6.0) 50 m, A¥& e &
120°Coll A 154 &<t Hskairt. KHaPOs 1 g/ 2
MgSOy + TH:0 0.5 g/ ¢, trace metal (nitriloacetic
acid 1.5 ¢/ #, MnSO4 - H:0 0.5 ¢/#, NaCl 1 g/ ¢,

]:01'
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Table 2. Nitrogen sources for simultaneous saccharification and fermentation performed at 170

rom and 30C

Run Nitrogen source Trace metal Vitamin
1 Yeast extract 125 g/ ¢ + Urea 125 g/ ¢ Added Added
2 Yeast extract 125 g/ ¢ + Urea 125 g/ ¢
3 Urea 25 g/ ¢ Added Added
4 Urea 25 g/ ¢
5 (NH)S04 25 g/ ¢ Added Added
6 (NH S04 25 g/ ¢

Table 3. The others supplements for simultaneous saccharification and fermentation performed at

170 rpm and 30C

Run KH.PO; (g/¢) MgSO; - THO (g/ ¢)

1 05 025

2 05 05

3 05 075

4 1 025

5 1 05

6 1 0.75
FeSOy- TH0 18/ 2. CoCl, 0.1 g/#, CaCl, 0.1 g/ 2.4, HEAZ SA
¢, 7ZnS0, - TH20 0.1 g/ ¢, CuSOy - TH0 0.05 g/
2, AIK(SOy); + 12H20 0.01 g/ ¢, HsBO3 0.01 g/ 2, SAGsIEE AN FAFeE dEdR(FFE
NaMoOy + 4H,0 0.01 g/#¢), W7l (thiamine-HCl oA AUz~ AFEQ A olgH]| oA Wk
0.1 g/0)& Ztzt Alzste] Hd® 0.45 um filter S 9. 2)9} o ¥k 1= HPLC (Gilson 307, Middleton,

o]-g-3to] o gt 3 Wity nlo] Qwj2of H71Ek
) @47kEalE 98l Genencor (Danisco, Rochester,
NY) 255 AFe¢2 Acellerase 1,000 (cellulase
500 CMC U/g¥} B-glucosidase 80 pNPG/g)S 7}
stgow g s 93] wid® P stipitis 2 g (dry
cell weight)/LE #7lsto] SAGaEaE S35}
Aot FAGSh v My = Hk 24X (FA L
=2 96’\] A NEE FSA 0.45 L filter2 o3

% HPLColl 93 &7 937 2 e s
v‘f—ﬁ% FeetATt, wHkES Lo} Hhg-R o st o
BHe AAEES Design Expert 8.0.1 (Statease,
USA)& ARgste] A48kt

USA)E ol&ste] Z4stirt. Aminex HPX-87H
column (300 x 7.8 mm, Bio-rad, Hercules, USA)&
bRt o 2l L= b5°CR fFAIAI AT o) F
o2 b mM 34hE ARSI flow rate 0.3
ml/mine 2 55% 2t A EATE Refractive index
detector (Hitachi High-Technologies Corporation mod-
el L2490, Japan)& AR&ste] 9df 2 olgh&S
stk
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Table 4. Chemical composition of untreated biomass and pretreated corncob by oxalic acid (based

on dried biomass)

Lignin (%) Glucan (%) Xylan (%) Arabinan (%) Galactan (%)
Untreated biomass 139 37 278 22 06
Pretreated biomass 224 594 75 058 003

Table 5. Analysis of variance (ANOVA) for ethanol production by P. stipitis CBS 6054 during simul-
taneous saccharification and fermentation as a function of temperature (X1) and agitation

speed (X2)
Source Sum of squares df Mean square F value p-value
Model 32201 5 64.40 8046 0.0001
X1 11952 1 11952 14932 0.0001
X2 2589 1 2589 3235 00023
X1X2 1225 1 1225 1530 00113
X12 16050 1 16050 20052 0.0001
X22 3135 1 3135 3917 00015
Residual 400 5 080
Lack of fit 392 3 131 3268 00289
Pure error 0.080 2 0.040
Corrected total 32601 10
* Rsquared = 9139% R-squared (adjusted for df.) = 9754%.
Table 49} e}, el A vhol vl 2 13.9%¢] el1 3.0, EAYEILE HEIA
U3t 67.6%9) B4aEe T om oe
Barl (191) 5] AAnst Atk oA 94k AA F vloloat F8s AHad
2o o] MU el ah7Hrad st AER SAGEL g AMEsHAT -1 REg Rk, aRks
Q2o gk &40 HEAHE FIAA BATMEE To] HAZAE 2A1817] 180 Table 10 95 &4
e FA717] wel A dANAM ZEH o Feas 533 A3 Fig. 1, Table 59F 2t} &
2 A A% o]oF st} (Meyer-Pinson et al., 2004: =3 30°C (level 0), 170 rpm (level 0.4)o A A2
Berlin et al.,2006). & AtolA 44 A & shrE T2A17F 5 A ol ehE kS vElloH
ol e AE Bestas 5 53] Ade Aol ST = 125~175 rpm, W25 28~31°CA}
21.8%°0 T.5%% Aexom FafEon o3 ol Al Bl A =& of ek RS e vHE
= 7189 St 25 o2 wEdl A4 et 2 Wk olye} Wk T Hgtk o ghE ALkl A7)
AA A (Lee et al., 2010; Kim et al., 2011). =} 9GS n A= Ao Z YElYT Fig. 125%H =
A 8k of FuAER Q- "ov‘i—oﬂ Holahe= A1) 99%°] AT 7HAW Ztzte] HHW
kel opghuld, At Zbzb 2.2, 0.6%°14 T (NS E X1, 2% X2)& 99%9] Fo4S 7HA
0.58, 0.03%% @asheleh, Wl @103 2704 3 glo] BARELe] o8] AaH s oue A
TS S Sl ol 7] Haf e A gekor &) Foll o2l S st 0.005H T Bt
vAEE Qs AR MeA Fafjol ma} Ao < p #S 7FAE X1, X2, XIX2, X7, X2° 7}z}e] 7
= 7kt ¢ T oS AL QLo ollehE: Bt GRS
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Table 6. Ethanol production after 72 h of simultaneous saccharification and fermentation according

to nitrogen sources

Run Nitrogen source Trace metal Vitamin Ethanol production (g/L)
1 Yeast extract + Urea Added Added 230
2 Yeast extract + Urea 241
3 Urea Added Added 212
4 Urea 213
5 (NH2504 Added Added 215
6 (NH):S04 220

Ethanol production (g/L)

Temperature (code level)

000

RPM (code level)

Fig. 1. Response surface and contour plot of
agitation speed vs. reaction temper-
ature on ethanol production by P. stip-
itis CBS 6054 during 72 h of simulta-
neous saccharification and fermentation.

WX QAR FRlet Tt wHtE EE oehg UE
ol doll Ero] Al IS F= AAE HAH O u
W T gR o] A s Fo] HFH R o
& AJAbol| o gkrh

EAGST R AMSEHE AAd 2SR
A7} Table 67 2t SAEShLE+ Fig. 19 A7
Z o2 30°C, 170 rpmoll A A AISH T SAID
P E T2 7 T ol ek AAFEES trace metald} H]
HYS 94 gu dAYoie uy Faduy

yeast extract®} ureas T3 A9 24.1g// 2 =
L o eg S BT Trace metal®t vl EbH 3}
=z

g2 A5 vFdas 37 sl wet vdEe] A
Aol @& 7] wwol g or AFE = vl

S e R v AES FR et HA 5
A7 sl olof gt} o]} & A= SR X*ﬂ
2 SFEYs FE3] trace metal¥ HEFIS A
T F e FdoE AGHT didow
(NH4)28049 22 A A& ALE3FS o Wt
yveast extract®t 22 HuiAE AHESIS A
o B AJato]l AT o] Z2 (NHy) 28047} 9
g At 44 anE Yehdve A7+ E
9} A5} tH Pereira et al., 2010).

_L4

Fig. 13} Table 69 A3}& ntgto = gA 33t a
£ 9% d udda HAHzde 3 2
Table. 73} 2t} 13} UPZLﬂ% Fap 22 4>
Vs A o9 A gFdaE 53] 2

TPP (thiamin pyrophospate) &4dell #ojste] TPP-
HFBto 2 HE] g E AZEHA st ¢ YA
2 T2 Qe PR A 53] viadlEe
ofeh-g ~Ed|~ ZZA] plasma membrane per-
meabilitys #AAIA HEaIAFANA AR HESE B
Sokes s &) wiel g o]t (Birch
and Walker 2000: Hu et al., 2003). we}x mf2]
2 Ho] Qv o] wat P Ao FFE 4 o]
_4}4-,] =T zx—lo] onO]_I;]_

2 Aol AR E] g o ghE A4l
Rol S AR ve] @zl H7HEE KH,PO,,
MgS0y - THoO s+ 242 1.0 g/ 4, 0.25 g/ ¢ = 1}
B on ofuf o g Makake 25.5 ¢/LE 7HE =
Al vrebAT. KHoPOs 1.0 g/ £ 914 0.25 g/ ¢ 0]/
vl RS oEE ks e 2nE
714 $kTh. o] ¢} L% A oA FABSLE
5 T3NS A5 olehe Ak 21.5 g/ 2ol A
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Table 7. Ethanol production after 72 h of simultaneous saccharification and fermentation according

to other supplements

Run KH,PO4 (g/L) MgSOy - 7HO (g/L) Ethanol production (g/L)
1 05 025 219
2 05 05 21
3 05 075 225
4 1 025 255
5 1 05 237
6 1 0.75 23
%}\]%ﬁ}.g—ioﬂ 74—151-6—]_ HHO]:Z}] wl HH}] /\é% =%
? AVEFATE. P, stipitis CBS 6054 A3 7ol d 8k v %]
5" C MMATE WSLEE 22 170 rpm, 30704
§Y = oehg AES YERlon vt E A
&z AFdR9s 2 A5 Rgse) 2HL
T solsksnt, ol @ Ao 2ol AAe © 34
5 Sl e Aol7 olehe AT 255 g/LE vl
, x84 %S o B} oF 15.6% <715t
0 24 ah 72h 9%h Aok, AT SAGSLEE QS dade] TF
Weteciontine (h Fho] e WeE u% SfE dariet Bk of
. . . . Yzl are] A% 9 g PoJshs AARE trace
Fig. 2. Ethanol produgt!on .proflle by simulta- metal A%o] ZaHE Cu’ M Fel S} 2 o]
neous saccharification and fermenta- P o121 2121
tion at optimal condition. =& Vb s s PTG A
T AE FHAAR 28517 wfio] HFA R o
2556/ 0% o 156% TGS Gasy, 3 o S wARH. mep) Hae Bengas
Az0q FAGELEI} QAR g ggn ) o0 o B Al W@ e o daEeler
A & Fig 204 ek EAFAUE AHT A & Aol
SHte AL dehE Ak ST RS BE
A WS Bl Bk A A8+ 8 Aol Ab AL
Ethanol production (g/ ¢)=22.5+3.87X1-1.80X2+ oﬂ} ;Er% 20;1}1:41??;?%? 1‘71?1‘:93 A
1.75X1X2-5.33X1%-2.36X2%. ... (1) A @sdTAds daRsddTa AAAdem 5
g AF4(2011-0018393).
74
= a1 .
rEE sAgsE A ARl WA e, o419, Thomas W. jeffiies. 31917 2011 v}
. mae] 23 R aRe] TS aefsh & o] Qe LS 98t WS Liriodendron tu-
4 T A E ARSI i Aol M= HiA lipiferd)?e] EAFsrE 9 Response Surface
HlE-& Atetal ol e AAES S/ F e MethodE o] 8 24k Axja] 27 Al %33
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