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NR2I-1P 0.87 0.49 1.78
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«—— Colony size
«—> (lear zone

Clear zone

Halo ratio = — -
Colony size

| | Rut C30 (control) NRS5-IP | NR25-1P | NR25-2P | NR25-3P | NR21-1P | NRIS-1P

Colony size (cm) 0.40 025 0.25 0.22 0.23 0.25
Clear zone (cm) 1.48 1.20 1.20 1.10 1.20 1.10
ITalo ration 3.71 1.80 4,80 5.00 5.21 1.40
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Accellerase 1500) > # /rtAEF & 3 12 -] pep 327 2 1 1 300~400 cP
PATE S Bl B g BAAN R R R s PR S R R TERE S R Pt A
PERF 2 RV RR 0 % BlR R M T 15% 0 TR SR TR R G AR 4
yndfte S ERFT R R BT R BRIV EEE KRR I 27
BH B RIE T B2 E > 3 100 LR R B TR R KRR B A
Higrt 5 10% i T peu AR s BH iR iE 2500 0 KRR E A
50°C » pH5 > p2% & & 30 FPU/g cellulose » -k fzperfy 5 72 /] FF > 7
S E%4rB 33 FEHEERTE 104 g/lL s kfEreF T 75% =
Lo Ao O~ E s RIREER L 1159/l 0 Kk fErF 5 839 o
Frs gy 5EERB P ¢ HR RS 282 % (B-glucosidase)
A2 e FE MR EATE o 3 VF R AR %o TR e RS R
Fe% kR &3 B bbb 2 FEAR A (SSF)fR 740 B AR -

33 FEEA

ATE L iE3 97 ER B 4eie 7 100 L 3 i 20 A s d skoipl
> fmplEdqL £ £ (0.005 ~ 0.5 vwm) ~ #4 3# (50 rpm ~ 150 rpm) 2
fakk E(PH=4~7)% £ B3 T 8l AR P nF v 2 1
85% o
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fEEHI00L AEEPEF B T 2 BHREFF ] AR
fEA~ 42 S FDR Y AR A A 1g/L-29/L T R R FE
100 L AR#pr B2 BF ARSFFRARREZ 55
86%(% 3.1) - AT AMEF AT L B H W R AP FTR A E AR

Py a% gRAEY E%f%?i%ﬁﬁiiﬁ%?a F R4 (9 14

g/L) > £2 ARy 100 L AEFFALA Y LG £V MR ER YR
R AP REF g AL L PR AR GBRY T
100% > P et FiE 2T AER T LG ok U LRk iR
TE R OEDEERE e gttt PR AR 4 5 Y fofe B (4o
overliming):B 2 ¥ sh A B2+ B %k 3 9mH* » A R4 H L f—i
ALY rAR AR AR F LR Mt AR AR L ] RO AR
CPPEARR AF R o P W S A 2L AEE AP M AT L AR AT 0 A
PEE PERR (T2 100 L A s Bth AP & s AL pE g % o 7
|20 F B By ok 1T LB T R R PR BOPE R A B B K SLE R
RN S

BA4FmTHH S ARR

FEEAFRAERFZ AR S5 AT SR AR
PN LHARRARGOTEREE LR EF 0 NIFLER
—pra e R 2 A T e R R E O A

Tire B o AR Y A 10 o 7 B Bk SLaipl R IR iE T
FEAT L RpHEPERAKTAEFFHAEATEZ B
A2 0 M3 T AR TEE P PP 2 A kAl o RIpFRBT #z? |
B2 HIBAFARERE 7 R X2 FETHREAN > £
EREHEZ L AfERE AR T L R ORE B F
A iv 2 ok E L AR EITZ AR i’ba] %%JLI/"*’L P AR5 o T
F #* 4= HaE 2 2 E'_zf]ﬁ““}'F'&/? pi‘figﬂb"ﬁr et B AR o R
AT fe AR g P AR R~ B R KR B A 7:13%7*’ [
KEHE AREETHEIRLHET RE A BT EEET D
W2 BfEF BRBZEDRARN B F  AnadE 2 BRI G
15% ik (778 i P > £ JEJ 1 o AeR R4l g & 4 ~ 4 923 Mcal 9
BT B ER A& 1 754 Meal #hEE - 4 %% SHF -
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SSF ~ SHCF ~ SSCF 2 A2 %P £ SSF £ 7 F WE A2 H » A %5
FAT R 2T A A AS > SR AT AR g it ok giE 2
T »SHCF 2 SSCF 425 ch& F #§ » @ SSCF 425 A& 112 3 p¥ i i/
HRR 5 BB o ¥ b Ryp R R R R R R T AR B
ERE R RN AR AR B ELE S C T ST G A S EdE Y
BAFTAR CEFR L2 808 L AREPH2D i;,;.%
RO FAHREHEEPRBRRP T LA FEREFTZT2Z RSP -

B Pp PR T PR R AR 2 APRE R A R = A L H A
BRAIAFTHR2ZEL B HASENGEREFRT £ 21%
P d L G AEAR M 3K %6 1k 26% 0 JFPE oK S T i R 12% 0 AR
/@@%5%’ﬂﬁ?%%é2%f K2 FM o P AR ST
NREL 3+ & iFp & 1 & % (minimal selling price) 2 #-3] » 17 5 16 5§
RPN R AN A A# S A Eg S A s BE
A BE A AR PN FEAT T L AL -

23 — 90
) 2 g T 80
= A [a) @) Rep 1
= 20T T
o O ° - 70
Z _ [
2 . o - 60 o
S 15+ <
= i3
§= _ E P
g 1.0+ £
E Fi30 “
é 05 + _::_ 20
S I at
U 1 H + 10
0.0 t,
16010 16015 18010 18015 20001 20003

EE acetic acid Parameter

I HMF

=3 furfural

@ SE xylose yield%
O  enzymatic glucose yield%
/A total sugar yield%

Bl 3.1 % T (FF R 2 PFRE KRR BRI ER T ID

SN B LS RS U R ) ]
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100
1 B <ylose
T B glucose
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20 4
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160,10,1.5 160,10,2.0 180,5,1.5 180,10,1.5 200,1,1.5
Temperature (°C), Residence time (min), Acid%
B 3.2 % ALk (TR ~ PER R pi 4 R SRR ¢ B pEA Ik
B AEE A BRI A

140
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A |
100 .. "
-
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— 80+ 2
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<
< 60
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c
o
O
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I
L J
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B 3.3100L 5 F s Bie (78 Flig v i d kR B %
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% 3.1.100L #FpsHf A F LS 2 BRED TH 2V

substrate pretreatment Beactor type and detoxification pH  Sugar yvield reference
size ulilizedi %)
Sunflower Dilute 1,50, 250 ml flask overliming [ T8 0,38 Telli-Okur and
seed hull Eken-Saracogin
(2008)
Corn stover Dilute 1,50, 125 ml flask NH,OI G a1 0,42 Agbogboe et
neutralized al.(2007)
Corn stover Dilute H,50, 125 ml Mask NH,OH i 97 037 Agbogho and
neutralized wenger( 207
Faja Brava presSteam and 4ihml tlask no a5 100 0.2 Sanchez et al.
0.5-2% H, 50, (200h)
Red oak Pulp and paper 300 ml stivred tank  overliming [ 041 Nigam(2001h)
wod ¢hip il ligquor bioreactor
Red nak Dilute H,50, 250 ml flask overliming Gl 935 04 Migam{ 201 )
word chip (0.5 v/v)
Wheat straw  Dilute H,50 51 microferm overliming 55 BB 043  Nigam(2001c)
(1L.85%nwiv) fermentor
Rice straw Dilute H,50, HHIL fermentor overliming i 10k .44 This study
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100 -
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Wi % (%)

Téc%’?ﬁg\q W% 7 SN A

Bl 2~ pH=6.0 > 130°C Kk f2i% A ‘T iBidk 2 4 & 15 B2
AARERE ) R R A TRER L F T %

BB ERVEE O AETFELBER | AFTHES AR
KR 2z ﬁ;%% KfRF B s PRE | K fEARA 2 TF 0 AR

a2 F BTG | kfEFER /AT 30%
Foigz A4 FHp | HEBEERSVE 13%
5-25%z2_ #& it »x % % B é~

A 595z p o B 4p
BEFT 3 %l e o F R
%4#1%&“% 25%
o BpE it o %
= AL IESRLN b

B TOrE R 2 B en
5% %+ » Bt A E
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(S/L=15-30%)

ETERGRR R PE-002
fotd] L B U =2z
fis BT & A B2 l’/%@“—'ﬁﬂ la\'%bk’]?«']“’si’fkbbﬁa
Feedstock : Time Process
ISize Scale Acid Temp/ Pressure (min) Result Reference
Pretreatment: 5C: 14-22 g/L; 6C: 1-10 g/L Nunes A. P., INA-G,
H SO K
Wood 24 13-28 bar 3.6 SHF Enzymatic hydrolysis: Overall: 23-56 g/L France (1996)
Ag(reist‘}l(;lutgre 40 tida 05-1% H.SO 200-250 C <1 SSCE Enzymatic hydrolysis: Tolan J. S., logen,
Chopfmil Vo IR (1540 kglom?) Yield: 80-95 % Canada (2002)
190-210 °C . Rg Varga E., Budapest
e 180ghach O0S2HSO,  (30kgem) 25 SHE Ermymatic nyrolysis 6C: 8.15% unversity
(S/L=20%) ymatic ydrofysis 6% 2. Hungary(2004)
9 ) Sendelius, Lund
180-205 C RS Yield: 76-96 % S
SO, ~ H.SO .
Bagasse 300 g/Batch , ~ H,50, (10-17 kgfem) 5,10 SSF Ethanol Yield: 80 % gag/g)rsny, Sweden
Wheat straw 0.9% H.SO 61 61%?(0(/) OCZ 520 SHF Pretreatment: Hemicellulose: 85% (BZ?IIEI:/SIfAeEI?-SRIéhewabIe
' 2 ( -S/L—go(;n ) Enzymatic hydrolysis: Yield: 69% Energies Devision,
(S/L=20%) Spain(2006)
Corn stover, 180-200 C Enzymatic hydrolysis: Yield: 65-93 % (24h) Zimbardi F., ENEA,
1.5-3% H_SO
2-3cm 500 g/batch e (10-17 kg/em?) 5 SHF Total recovery: Glucose: 65-84% ; xylose:40-66% Italy (2007)
Enzymatic hydrolysis: Glucose: 69, 75, 72 % (72h) .
Pine wood,  300ghatch  445%SO,  195200,215C 575 SoF Ethanol Yield: 72,72, 73% (30n)(SHF) g?dée;;];!g"(ezrgg%"f
Ethanol Yield: 62, 80, 75 % (30h)(SSF) '
. o Pretreatment: Hemicellulose: 45-74% -
Olive tree 190-240 C <1 ; o Castros, University of
' 200g/Batch 1-2%H,SO, 5 SSF Enzymatic hydrolysis: Yield: 24-70 % (72h) s
<10 mm (13-33  kglem?) (40-50 5) Ethanol Yield: 27-68 % (72h) Jaén, Spain (2008)
190-210 C . 0 Linde M., Lund
M fomm.  0gbach  026HSO,  (30kgem) 210 SHE Goytic oy 6C: 56% Unversity, Sweden
(SIL=30%) ymatic nyarolysts ot (2008)
A 180-210 C Sassner P., Lund
Salix chip 0.25-0.5% Pretreatment 5C: 60% Y
y 750 g/batch H.SO (10-20 kgfcm?) 4-12 SHF : PP Unversity,
2-10 mm ,90, (S/L=38-41%) Enzymatic hydrolysis 6C: 80% Sweden(2008)
Rice straw 180 C Pretreatment: 5C: 10-22 g/L; Yield:40-75%
20 mm ' 100 g/Batch ~ 1-4% H,SO, (10 kg/cm?) 2-20 SHF Enzymatic hydrolysis: 73-93 % (72h) INER, Taiwan (2008)
(S/L=10-15%) Total sugar yield: 58-75%
160-200 C Pretreatment: 5C: 11-24 g/L; Yield:27-83%
Rice straw, Enzymatic hydrolysis: 73-99 % (72h; 20FPU/g )
0.5-2% H,SO . 2 R
<10 mm 1 kg/Batch 0H,50,  (6-15kg/cm”) 1-20 SHF cellulose) INER , Taiwan (2009)

Total sugar yield: 80%
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(- ). [ Characterization of enzymatic saccharification for acid-pretreated
lignocellulosic materials with different lignin composition, Enzyme and
Microbial Technology, 45, 80-87, 2009] : The enzymatic saccharification
of three different feedstocks, rice straw, bagasse and silvergrass, which had
been pretreated with different dilute acid concentrations, was studied to
verify how enzymatic saccharification was affected by the lignin
composition of the raw materials. There was a quantitatively inverse
correlation between lignin content and enzymatic digestibility after
pretreatment with 1%, 2% and 4% sulfuric acid. The lignin accounted for
about 18.8-21.8% of pretreated rice straw, which was less than the
23.1-26.5% of pretreated bagasse and the 21.5-24.1% of pretreated
silvergrass. The maximum glucose yield achieved, under an enzyme
loading 6.5 FPUg™ DM for 72h, was close to 0.8g-glucose/g glucan from
the enzymatic hydrolysis of the pretreated rice straw; this was twice that
from bagasse and silvergrass. A decrease in initial rate of glucose
production was observed in all cases when the raw materials underwent
enzymatic saccharification with 4% sulfuric acid pretreatment. It is
suggested that the higher acid concentration led to an inhibition of
B-glucosidase activity. Fourier transform infrared (FTIR) spectroscopy
further indicated the chemical properties of the rice straw and silvergrass
become more hydrophilic after pretreatment using 2% of sulfuric acid, but
the pretreated bagasse tended to become more hydrophobic. The
hydrophilic nature of the pretreated solid residues may increase the
inhibitive effects of lignin on the cellulase and this could become very
important for raw materials such as silvergrass that contain more lignin.

(= ). [ Dynamic modeling and analyses of simultaneous saccharification and
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fermentation process to produce bio-ethanol from rice straw,
Bioprocess Biosyst Eng (online publication: DOI 10.1007/s00449-009-
0313-1, 2009] : The rice straw, an agricultural waste from Asians’ main
provision, was collected as feedstock to convert cellulose into ethanol
through the enzymatic hydrolysis and followed by the fermentation process.
When the two process steps are performed sequentially, it is referred to as
separate hydrolysis and fermentation (SHF). The steps can also be
performed simultaneously, i.e.,, simultaneous saccharification and
fermentation (SSF). In this research, the kinetic model parameters of the
cellulose saccharification process step using the rice straw as feedstock is
obtained from real experimental data of cellulose hydrolysis. Furthermore,
this model can be combined with a fermentation model at high glucose and
ethanol concentrations to form a SSF model. The fermentation model is
based on cybernetic approach from a paper in the literature with an
extension of including both the glucose and ethanol inhibition terms to
approach more to the actual plants. Dynamic effects of the operating
variables in the enzymatic hydrolysis and the fermentation models will be
analyzed. The operation of the SSF process will be compared to the SHF
process. It is shown that the SSF process is better in reducing the
processing time when the product (ethanol) concentration is high. The
means to improve the productivity of the overall SSF process, by properly
using aeration during the batch operation will also be discussed.

Separation of acetic acid from xylose by nanofiltration, Separation
Purification Technology, 67, 95-102, 2009 (INER-6074) ) : Lignocellulose
has drawn great attention in the bioethanol industry as an alternative
feedstock for ethanolproduction due to its renewability, abundance and
non-food crop characteristics. Acid hydrolyzation of lignocellulose releases
sugars (mainly d-xylose) and several derivatives. The sugars in the
hydrolyzate are then converted into ethanol by fermentation. Since acetic
acid is believed to be one of the inhibitors which limit the yield of ethanol,

it is beneficial to remove acetic acid from the hydrolyzates before
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fermentation. In this study, a Desal-5 DK nanofiltration (NF) membrane
was used to separate acetic acid from xylose, using a synthetic acetic
acid—xylose solution as the model. The Desal-5 DK membrane had an
isoelectric point of 3.7 and a pore size of 0.83nm based on streaming
potential measurement and model calculation. It was found that both the
solution pH and the applied pressure affected the separation performance.
The observed retention of xylose and acetic acid varied from 28% to 81%
and —6.8% to 90%, respectively, depending on the solution pH and the
applied pressure. The maximum separation factor was 5.4 when the system
was operated at pH 2.9 and 24.5 bar. In addition, negative retention of
acetic acidwas observed only in the presence of xylose. The results
suggested that intermolecular interactions play an important role in the
separation of xylose and acetic acid.

(= ). [ Microscopic structure features changes of rice straw treated by boiled
acid solution, Industrial Crops and Products, 29, 308~315, 2009
(INER-5970] : This study focuses on the determination of structure change
of surface area, morphology, crystallinity and pyrolysis characteristics of
cellulosic feedstock treated by hot acid solution. The microscopic
structure change of acid-treated samples was examined by using BET,
SEM/EDX, XRD and pyrolysis-GC-MS under reasonable condition.
Results showed that both surface area and pore volume of treated sample
were conspicuous increased partial due to dissolution of silica and organic
polar-components. Morphological change of plant cell wall surface was
viewed as damage such as exfoliation, cave and fracture appeared on
epidermis, vascular bundles. The crystallinity index of residual cellulose
microcrystalline was widely enhanced because amorphous hemicellulose
was removed off while crystalline was changeless. Under hot acid solution
reaction, amorphous hemicellulosewas hydrolyzed and leaving larger
perfect cellulose thus increasing of crystalline size. Those available
cellulose was obvious exposed after acid treatment and gave intensive

characteristic peak on pyrogram analyzed by pyrolysis—GC-MS.
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(2 ). [ Comprehensive study of the scale-up of pentose fermentation using rice
straw hydrolysate, Bioresource Technology , % & ¥ ] : This study is a
comprehensive study of the scale-up of xylose fermentation by Pichia
stipitis using rice straw hydrolysate since using xylose-rich hydrolysate for
ethanol production has often been neglected during the development of
lignocellulosic ethanol processes. The results indicate that the sterilization
of the hydrolysate before fermentation does not help ethanol production.
The ethanol yield from xylose fermentation is obviously enhanced by
detoxification and by adjusting the pH of the rice straw hydrolysate to 6.0.
There is a nearly 10% enhancement in ethanol yield when the fermentation
was preformed from detoxified hydrolysate that had been pretreated at a
reaction temperature of 160°C and 200°C, respectively. Moreover, the
highest ethanol yield (0.449,/gs in a pilot-scale fermentor) was achieved
using hydrolysate pretreated with dilute acid at 160°C. This shows that
hemicellulosic hydrolysate has potential for the industrial production of
ethanol.
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