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AZ 570] AA2]E ste] AR 2ALel B-o) AgkE H5k dAelagel disl A8t ZF Alsa 50004
1,000 kGy7HA 8] Aoz AR &, @ EZd|o|BE o]8alo] 120 °CollA] 5AIZE 5t BRI E sIGitt. A9 &
3719 XA 38 B2 ARgete] Ay 9x) ok Agel AxglE Algo] BAb 2ot A% Wile BAE
ol A =R o2 AR AASHE A 50.6%014 500 kGy AR AlEE 55.0%% 571 & 5 SISt
1 TR, AAElE A8l HEAE 70 FPU/ML, 40 CBU/MLE] E4% F¢l5to] Aakd dabif Eeto gelas

TEIAT) o] w) FA RS 7R 24, 48, 72417E0 R FISITE 500 kGy® ZARE ARQ 72 Al RS § o
52 83.9%% 7FF A vk, AAEE AR Pl ZARF Sl w100 kGyollAl 50.8%, 200 kGy©llx]

58.6%, 300 kGy°lX 67.9%% 27+ 718159t

Abstract — We have investigated the combined pretreatment of electron beam irradiation (EBI) and water steam as a
kenaf core pretreatment process. After each sample was exposed to electron beam dose ranging from 50 to 1,000 kGy,
the irradiated sample was treated by water steam using an autoclave for 5-h at 120 °C. The pretreated samples were char-
acterized using FTIR-ATR and XRD. FTIR spectra and XRD analysis of nonpretreated and pretreated samples confirm
that crystallinity changes were observed before and after the pretreatment. The crystallinity index (Crl) was increased
from 50.6% for nonpretreated sample 55.0% for 500 kGy exposed sample. And then, we analyzed sugar yield that is the
amount of produced mono-saccharides in pretreated sample by enzymatic hydrolysis; an enzyme activity rate was 70
FPU/mL and 40 CBU/mL, and the loading time was 24, 48 and 72-h. The highest sugar yield was 83.9% at 500 kGy
after 72-h for enzymatic hydrolysis. The sugar yield of enzymatic hydrolysis for pretreatment samples was increased as
doses are subsequently changed to 100, 200 and 300 kGy, allowing to give 50.8%, 58.6% and 67.9%, respectively.
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A Y EAQ DA 2] 37522 Akacid, dilute acid), B71%12]
(alkali)®} 571354) (steam explosion)H©] SIt}. At = A7]E o]
3 3letA AA2] THE oF 70~80%0] s TS & FES
A 5 Qe Aol Qe uk, HkSEoll thidk x| Ha 1) Hke-E
TYuIEo = Qs 3 FAE] vE A Tl SAEL AR
07 Qlato] e e A& o188, T7 155l &J3t A el= &
) AEE A AA 9 Ed AAC 88k FAolv A4 ow
2 1} geslE 7ke) AeS gabE o RalekA] Ealal 3
3ol Dot olux] 287} A7 Ho, AxpA oz %A oy
A Arlolehs Swel F3telA] Zetths whido] gloH9).

ueba] 7]Ee] AAE] 38E AT 5 e 23 ouA A
2ks S8l she] AAE 34E F 7 o AESE H3 A
370l tigh A7} EikabA o] FolA 1 ATH10-12]. FARA ZAF
| o5t AAE] $9S vt AeehASed 1)l Al 9]
ksl A Q EE ARt Aof B3t el Ago] 491, =
AP W ulo] eujAe) AER 0 A~ AIHE Ul A} T
T 7o) e G392 ®QItH12-14]. 281 B4 AAEE oju
St Fullu} s}ehE ALS- §lo] B2 25(120~180 °C)FEe. = =3
| vl QuAE Ak 37dHolth15]. sln| A= e e} E) 1
Ug Ao ® vhtxlsl A7) aopt glom, gz ey 2
& et WhgEAAE Tl e v HolErhie).
o] Qo= MER A &AL SHH NkSY) KA, YA A, =
AER A T3 A 88 SHellA 71E A7l FAel vl
& 958 FHS 7BAAL QITH17]. 22Iu Table 1914 Ko 2|5

= T 7 9 A T vlo| A U AEE e T
oiv] & A/g-go] dAsHA vtk who] Qlo] de] o] 85| X
s 3 71solth. 7122 ATollA] o] FAX|A] k2 WAk =
Aol ER-S HAle] BHS AV oo 2] & S-S T
717] A%t 5 AAe] FHoE e Hgelri18-21].

b, Aol 7]EL] Aol o] o) A] ek xAbal
Ak ERS AR 385 AR FojollM o] & AES
AI7171 Sk J53 AxE] 3Po A Hgsie] By &
& A8, AARE AlEe] 47 AIRE Bt 54 Vel
At F749) a8 Felsolrt

2
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2-1. X2
B o] AREE AVEE 70 500 um ©)8ke] V|2 B &
40 °C9] 2ellN 79 Ft 2xsto] ARGSISITE. 2 AlR9 S84

FAE 45.1%° AEZ A 23.4%2] SR AEZ ) 18.8%2] T
od a2 e SAER AE0] JloH, =t 3
AMAAT A STAE O EHE Ttol ARESIGITE G4
3= $I5He] HIE S 700 Filter Paper Unit(FPUYmL2] Celluclast
1.5L(Cellulase, Novo Co. Denmark)¥} H] &4 %= 400 Cellobiose
Unit(CBU)/mL Novozyme-188(B-glucosidase, Novo Co. Denmark)E
AFEEF T ©o] EASLS Al vbY =2 X|(Sigma-Aldrich Co.,
USA)EHFE 79] I 4 °C o|alel|] YR AsI] ARSI

2-2. M|

2-2-1. ZAAA FAl(electron beam irradiation)

500 um o8k A 4 © AL F70)= dFulE Well 2.5 Mev
AxpAo] TdstA AR = e Hd 77190 0.5 em® T U3HA
doj 24 9] T dgsto] RAsISIch Tl AR A8k
7}571(ELV-8 type, EBtech Co., Koreays AM-5191 2.5 MeV, 25 mA
2] 2794 10 m/ming] AHo]o] o] F5E =R 25 kGy/scan® & Al
ZFS AAsE & AAE TS SISt o] W FAE 50

1Tl o
kGy°llAl 1,000 kGy7}4 ZAFsISATE.

2-2-2. &% (water steam)

A 2218 A BE 42 5 wi%(W/VYE H5s S5l ¥
31 @ EZ#|0] B (AC-12, Jeio-Tech Co. Korea)s ARE-alo] B4 A
= sIGITE. o] wl 120 °CollA 180 °C7HA1 9] Zal] &3t ]
Hlgk 2107 Baxo] glo] X7 % 120 °CE 3k A& Al
R 52 AR 2EsE sAREe 7 St 22]. B A7)
¥, Whatman No.1 o174 o] &-8F 71etof o 9 AjHS A8
i, EEo] s] Al E RES 40 °Ce] 2ol 79 <
Axste] s 8] AlASIIT

2-3. B4 1550l

A | AE] il 3 7lrial] 37> wl= Al geld
A AT (NREL)S] 5= FARE v o R gl AAeigivh23].
wpi7E Q= Al el AAEE AE 0.15 g A UER W
49 5 mL(0.1 M sodium citrate buffer solution, pH 4.8)& &7
Tkt a4 7IEEE $% &4 Cellulase 70 FPU/mLS}:
B-glucosidase 40 CBU/mLE U2 78t AA3H7} 10
ml7} HEF SHRTE AN AR eplE dEsislth a4 7}
el Ae] AR 24, 48, 72AREC R 81 50 °Coll A R
=% (shaking water bath, Jeio-Tech Co. Korea)°ll ¥ 150 rpm
o2 wHksISITH24].

2-4, SAHIH
Axe A AR Y AER A duAER oA T8 1 2l dy
2o 384 FA QA5 TS NRELS B EAH 3} Folg

Table 1. The cellulose content and glucose yield in common lignocellulose by various pretreatment

Feed stock Pretreatment Cellulose (%) Glucose yield (%) Reference
Industrial hemp EBI-450 kGy 35 35 [18]
Peanut husk EBI-500 kGy 48 20 [19]
Kenaf stem 200 °C water with CO, 53 51 [20]
Corn stover 120 °C water 37 16 [21]
Corn stover 180 °C water 37 20 [21]
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SIS PESTE S

& 7] Qg
3zof] 3t TAPPI A% (TAPPI standards and suggested methods)
of] eJAso] aBIATH25].

3t f A Tl @3k AAlA A Al o 93t
N AFHE 0.2 um AR BHE AF o] I THA T =2}
B 7219 (HPLC, Shimazu Co. Japan)Z 43}ic}. - 40 A}
25 AH-L Aminex HPX-87P column(Bio-Rad, Richmond, CA, USA)

0]3l L5 65°CE A3 om, AE7]= 410 refractive index
detector(RI detector, USAYS ARE3ISATE, o] 54> HPLC 2418

5% E(B&J HPLC grade, SK chemical, Koreays AH25131.0
42 0.6 mL/min©] AT},

ﬁﬂﬁl H A5e Eu4 54 WEleE A9 23719 ANk
=7J% (FTIR-ATR, Brucker Vertex 70 spectrometer, Germany)- ©]-8-5}
©1 4,000~400 cm™" Afo] spel]l Tt FFEE TAESICE AlE W
AR/ XA 31E7-297](X'pert Powder, PANalytical, Netherlands)S
0]-831] 5~50° HE oA FAKGE 1%min, 0.03° 7FH 02 Z7d3)
Stk ZF A 59] AR dolEl= SegalH (Eq. (1))ell 2-8-= o 274
3} A5 (crystallinity index, Crl)2 FAE = At A7IA 1, i
20=22-22.5°2] A7 B, Luorphowsi= 26=18°2] B 412

7 (intensityyS LFEFATH26)].

L 11 -1 h
Crystallinityindex (Crl, %) = ——2e@MOPIM 100
crystalline
3. 4} 2 Ef

3-1. MA2[of oI5t M2 S}

AR ZALS vER AV 570] B2 5 wid(wiv)S Srrol] Yol
120 °CollA] SAIRE Bt B4 A& aF3leh wkgo] Bk AlsE 7
&1 Zt)7](Buchner funnel)E ©]-§-35to] 7Hto -5 AAlsislom
22 7|3l AHsto] 40 °C 2B B3 71zslo] ARSI
Table 201 A APl b Al52] /3% Wsks et
ZAPATO] ST S HMAERE @ e 23.4%C114 20.1%E, T
8- 18.8%0114 16.0%% A% 7HAsiich. 1Ev AEE 9 0
SR AR FARBHA] 2 739 45.1%e114 500 kGy= =AF
A= S 53.8%E S8k o, ol mE FEEE 36.9%

ol 83.9%% S7IBISICE 2 Aol Al AAdk dAe FgL Al
71} 22 glekA] Aol vl snAEE e, Bad AA &
7t @A3) "olx|= Ao R YERE O 500, 1,000 kGy ZAHA
oA Falg- 247} 83.9, 84.0%0] LEsle] 2 AUEZE o]&
gk 7)) AAE] 39 EAE 77.4%, SZEH ] 44.1% “18]aL
AR 41.7% Bk 9573 FekE-S ®lvh27,28]. ol A=
AT el <8l Als W] 7 AEES v el 9Es T
A= ZoF Helt),

A 220l B B AR

o183 AL F10] WAz 115

1230 | 900
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Fig. 1. FTIR spectra of control and pretreated kenaf core.
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Fig. 2. Structure of polysaccharides-lignin complex linkage.

3-2. MA2lof oI5t 22| 54 S|
AR ZAEE Z71o) 93k A5e] E8)F EA W= A
F347)9] AWAL =4 (FTIR-ATR)F XA 3884175 o]-g5}o
A 29 F7NE o835 AAE A 9+ ARe) ojg
32 Fig. 10 BAIBI T, B8]4] 7% Wsle)] tigt olall& w7
%‘sﬂ Fig. 20| AER2 o~ Fu|AgR o~ 123 2l1d 3H A%
= UERISITH2,29,30]. =2 3132 7} sl ot 3hakst
E—“ Table 3l A 2|3FSITE. Fig. 1614 Ry 2| 5o] Axje] &7
9% sz AAAH O 7 3330, 2,916, 2,000~700 cm~ oA Ut
EPE-S o &= itk o] 3 3,330, 2,916 183 1,200~900 cm™ &
B AZE 9 xd o) YR s WO E 3330 cmE O-H ¢
A%, 2,916 cm™'S WE@l(methylene) Y C-H A3 Leh)H
[31], 22 o0 A4 WalE o 5 gl 7 Z93 vpgo

il
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Table 2. Composition of the pretreated kenaf core after the combined pretreatment process

EBI dose (kGy) Cellulose (%) Hemicellulose (%) Lignin (%) Sugar yield (%)
0 45.1 23.4 18.8 36.9
50 46.9 23.0 18.1 46.1
100 48.2 22.2 17.8 50.8
200 50.1 21.7 17.1 58.6
300 51.6 20.8 16.7 67.9
500 53.8 20.1 16.0 83.9
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Table 3. Characteristics of absorption band in FTIR spectra of pretreated kenaf core

Absorbance band (cm™) Assignment Functional group

3,330 Cellulose O-H stretching (hydrogen bond)

2,916 Cellulose C-H stretching (methylene group)
1,718 Hemicellulose C=0 ester linkage (acetyl group)
1,631 Lignin C=0 ester linkage (alkyl group)
1,516 Lignin C=C carbonyl linkage (aromatic ring)
1,425 Lignin C-H deformation (methoxyl group)
1,367 Lignin Guaiacyl ring

1,315 Lignin Guaiacyl ring

1,230 Hemicellulose C=0 ester linkage (acetyl group)
1,155 Cellulose C-O-C stretching (glycosidic bond)
1,030 Cellulose C-O-H (primary, secondary alcohol)
900 Cellulose C-O-C (B-(1,4)-glycosidic bond)

2A C-0-C FFFAY AFHC-0-C glycosidic bond)Z} p-1,4 2
FI3AY AEH(P-1,4-glycosidic bond)y> 22t 1,1553F 900 cm™'o]l
A FEHZITH32]. 919 4] 3Pge] S e A Sl B ofs
Fo], E3F Axg] 3Ao] AZE A0 AYAS Balsh=dl w$-
BIASS & UAl slF= Aatel k. AR 300 kGyellAd 500
kGy & S7Fsh= g el viER-R= 1,030 em™ 9]71.8] 7= Al
Ul AEZ oA ARl Frte) 7]Q1st Ao R oast 4= itk
[33]. 1,718%} 1,230 cm™'of] 3= v duAE 2 @ Ao &
AEH= oMAIE 7] (acetyl group) W -CO-O- olI2~E| 2. A g (ester bond)?ll
sk sbgo 2 AR 34 A St uhet woll HAl A
Sh= AES Hth 53] 1,718 em e AA|]E AlHol AEsh=
FuAER @A e 2O, FvAEZ A 1] A3 sAl
vehlE Bl R e rh34]. Blade R aEAtEA
Al 74 #le=3khE WA p-coumaryl alcohol(4-hydroxylphenyl),
coniferyl alcohol(guaiacyl), sinapyl alcohol(syryngyl)e] A%o =2
o]0l Qlom A vpo] euj el AEH-E S35
1,500~1,400 cm™= syryngyl, 1,400~1,300 cm™'i= Hjo] e~ 1)
el EvRe] Al Tofsl= guaiacylell st wgolth[36]. 18]t
1,631 em™'+= 2]1d BARSl EA18R= 247 (alkyl group)2] C=0
Agte] gk spgow deA ATH37]. 2ldel gk 3 oAl
rashs BEE B

AlE o] A3we] Eafell whE AR Wk EA4sk] Slsl XAl
3| HEA 7S o] &ato] A Y (20=22~22.5% 7 FAH P L
(20=18°)= A3IGIch. UHEA O & =5egt AE= @ ~of tist X
2P A Eihs AER A0 Al A AR
ojojxitkar <A UUH14]. Z12]H, Table 404 B0 5% 2kl
AP Sl W) A7 8144 (cerystallinity index)= 2] EA]
%2 AlRONA] 50.6%, 500 kGy= ZAME AR 55.0%% A
A% S7tel et 4.45%7F SEERIHE o] MER QA 9] ofY
71 Aoz A e AlmellA UER s 58l Az
A, Axelel] oJsf Az e o] ARG oo] BallH} TAle A
A 999wl aEa FEE EAR! v AAER 8 g

3-3. ™x2lof 2fgt =4 Tl

vlo] el Ul EAlsk: thdRrF Aol a8l dFE w3
i ol G35t dAAZE AH o7 AL o) T2 U
2] 2Pgella] whAE= Flo] dibdoln, tjEd o R FEFY
(furfural)?} 3tO] EFAIHEFZFZHMF)O] Ut 7]E A7ellA
200 °C9] 571545 o]&gt T oAM= FEFFE ©F 20%, 3t°]
ESAHEF2FLLE oF 397} HAYSIA Y, FH2Ak(dilute acid)]
2] FANE ol ST ZH) oF 40%, 15%°] HAYSISITH
[40,41]. 72 WP, AP Aol A= 712 dAlehA] o= 210 = B
TEATH13]. AR AF o7 A& 22| E o] 83 H i)
=3t A7) M E DXy 2 BAgle) B3 A= A
Z5A] AV A BAEHA i FoE BAE

Fig. 39l dxg] 3782 dxA zAbdEol whe Jaley) o
Fo] AR W3S CAEIGItE G4 TR 12417 &, ARy
A ok Alg9] Fag-2 ok 36.9% 18I 100, 200, 300, 500,
1,000 kGyollx] @382 212+ 50.8, 58.6, 67.0, 83.9, 84.5%% -
ATt ZAPAZ Sl Wt Fekae AP0 R SUksIglovt

100

[ Others

[ Mannose
[ Xylose
I Glucose

80

60

40

Sugar yield (%)

20

0 50 100 200 300 500 1,000
Dose of irradiation (kGy)

Fig. 3. Sugar yield in control and pretreated kenaf core samples exposed
to 0, 50, 100, 200, 300, 500, 1,000 kGy of EBI after 72 h of

1de] AAel 7115 Aot} 38,39]. hydrolysis.

Table 4. Crystallinity index of pretreated kenaf core
Crystallinity parameter Control EBI-100 EBI-200 EBI-300 EBI-500
Crystallinity index(%o) 50.6 53.8 54.2 54.7 55.0
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Fig. 4. Sugar yield of the kenaf core samples exposed to 0, 50, 100, 200,
300, 500, 1,000 kGy of EBI as a function of elapsed hydrol-
ysis time.

500 kGy oldellxl= Fek&e] S7h= A Yeh ] obas & &
QItk. B3 1,000 kGyollH 257~ (glucose)2] F3}&-2> A& 571
St b, Su]AER @ el s AU ZE  (xylose)2] FolE-2
11.5%°14 9.9%%F, WF-"~(mannose)= 14.9%°14 13.6%% 7143}t
= 202 YeRth ol 2 Agke] dabid Al g8l ¥598 1
EARL S AlE R @ 0] YhEAlslr) 7RG Z1o R Hojint,

Fig. 40lli= ZAPA=ol wet a4 71238l A& 3, 24, 48, 724
Folth A|l25 AFsk] kg wsks JeRloh oA st
Aol AT HA| B2 A7 Ah TR Al ulE JE)
H& oF 32.8%C1A 36.9%%E A T7FeHA X Rivel, 500 kGy=
AT G N5 oS 24, 2R ol 42t 64.7, 83.9%= 1KO)
™ 19% o1 S71sItE. 124, 1,000 kGyol M= thA] &4 7145
3l Algbel] W B3ks S7hs oF 10%E 2HAasielet), ol A
A2 HA] 2 AlFehs g dxge] &l Als o) xF 2ot
wallElo] & ThERae] anpt Sdiske AR Rojxitt, 7|&E
ArellA Tl MAE TR ALsIS vl FekgS A
Aol oF 50%, B AT 3782 oF 45%310H42,43]. 9 A
2 afo] e vl Ay 33S Ao En 5% Jdelkss
B 7 A MEL F3F AAE T4 e 7FedS RolFint

r\l

o

4.4 E

B AelMs H2A vlo] oA F AV Fodl st a4
7HEalEe] s S8l e AAe 2 AR 2A B
A XY 3HE 2HUE gtk 378 2ol nE Ee-5)
2 BEAS B4 e 22 e 85 AUt

(1) AP 2APR0] S71stl e} SnAEE e, 2lind A
B2 AAHAL A U AR AEE e~ SRk AR S 2
AFEHA] 938 74 45.1%3 21} 500 kGy = ZAFEA AlZ o)A 53.8%
2 7k o, ke 9 270l 36.9%14 83.9%%F 47%
= et

(2) AR AP F7tel et AR 3 257 50.6%14
55.0%= F7I5ISITE. Gakg Avjox] Kol #Ro] AEZ QA0
A7ggo] AR HallF FAlof v AEZ e A9} Bl 1de]

3 Fo msgk wafio] veh s Aol

() AP BAIGle] Fl Al A2 TAEA] dekom,
AP 500 kGyoll X &4 7R3l 24A13F 5 Feka2 64.7%
o]a 72X7F F kS oF 83.9%c] EEaigict. Axjeel o5t
Alg W A4 el 2lad, v as 2 o A0 AAR Qe &
& 71E=Eslel ol st gekge] st | Ao F k)

@) 71E =9)-318H4 A div] o 55 Fekes gAdsto]
287 ouz] N 3oz HeAde SElEin)

#d A
B Qs AT 7 RATAIG] ] A9 Fajo]
SEIR7]o] ool A=,

References

1. Shrestha, R. K., Hur, O. S. and Kim, T. H., “Pretreatment of Corn
Stover for Improved Enzymatic Saccharification Using Ammo-
nia Circulation Reactor (ACR); Korean Chem. Eng. Res.(HWA-
HAK KONGHAK), 51, 335-341(2013).

2. Knauf, M. and Moniruzzaman, M., “Lignocellulosic Biomass
Processing’ Persp. Int. Sugar J., 106, 147-150(2004).

3. Ebringerova, A., Hromadkova, Z. and Heinze, T., “Hemicellu-
lose) Adv. Polym. Sci., 186, 1-67(2005).

4. Séanchez, O. J. and Cardona, C. A., “Trends in Biotechnological
Production of Fuel Ethanol from Different Feedstocks. Biore-
sour. Technol., 99, 5270-5295(2008).

5. Zhu, Y. J., Pan, X. J., Wang, G. S. and Gleisner, R., “Sulfite Pre-
treatment (SPORL) for Robust Enzymatic Saccharification of Spruce
and Red Pine} Bioresour. Technol., 100, 2411-2418(2009).

6. Zheng, Y., Pan, Z. and Zhang, R., “Overview of Biomass Pre-
treatment for Cellulosic Ethanol Production) Int. J. Agric. Biol.
Eng., 2, 51-68(2009).

7. Guo, B., Zhang, Y., Ha, S. J., Jin, Y. S. and Morgenroth, E., “Com-
bined Biomimetic and Inorganic Acids Hydrolysis of Hemicellulose
in Miscanthus for Bioethanol Production] Bioresour. Technol.,
110, 278-287(2012).

8. Carter, B., Squillace, P, Gilcrease, P. and Menkhaus, T. J., “Detoxifi-
cation of Lignocellulosic Biomass Slurry by Soluble Polyelectro-
lyte Adsorption for Improved Fermentation Efficiency, Biotechnol.
Bioeng., 108, 2053-2060(2011).

9. Limayem, A. and Ricke, S. C., “Lignocellulosic Biomass for
Bioethanol Production-Current Perspectives, Potential Issues and
Future Prospects; Prog. Energy Combust. Sci., 38, 449-467(2012).

10. Binod, P., Sindhu, R., Singhania, R. R., Vikram, S., Devi, L.,
Nagalakshmi, S., Kurien, N., Sukumaran, R. K. and Pandey, A.,
“Bioethanol Production from Rice Straw: An Overview, Biore-
sour. Technol., 101, 4767-4774(2010).

11. Menon, V. and Rao, M., “Trends in Bioconversion of Lignocel-
lulose: Biofuels, Platform Chemicals) Prog. Energy Combust.
Sci., 38, 522-550(2012).

12. Kim, T. H., “Sequential Hydrolysis of Hemicellulose and Lignin
in Lignocellulosic Biomass by Two-stage Percolation Process
Using Dilute Sulfuric and Ammonium Hydrolxide] Korean J.
Chem. Eng., 28, 2156-2162(2011).

Korean Chem. Eng. Res., Vol. 52, No. 1, February, 2014



118

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

o)zl
Khan, A. W., “Effect of Electron-beam Irradiation Pretreatment
on the Enzymatic Hydrolysis of Softwood;” Biotechnol. Bioeng.,
28, 1449-1453(1986).
Bak, J. S., Ko, J. K., Han, Y. H,, Lee, B. C., Choi, I. G. and Kim,
K. H., “Improved Enzymatic Hydrolysis Yield of Rice Straw
Using Electron Beam Irradiation Pretreatment, Bioresour. Tech-
nol., 100, 1285-1290(2009).
Driscoll, M., Stipanovic, A., Winter, W., Kun, C., Manning, M.
and Jesica, S., “Electron Beam Irradiation of Cellulose}] Radiat.
Phys. Chem., 78, 539-542(2009).
Alvira, P., Toms-Pej, E., Ballesteros, M. and Negro, M. J., “Pre-
treatment Technologies for An Efficient Bioethanol Production
Process Based on Enzymatic Hydrolysis: A Review, Bioresour:
Technol., 101, 4851-4861(2010).
Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzap-
ple, M. and Ladisch, M., “Features of Promising Technologies
for Pretreatment of Lignocellulosic Biomass, Bioresour: Technol.,
96, 673-686(2005).
Liu, S. J., “Woody Biomass: Niche Position as a Source of Sus-
tainable Renewable Chemicals and Energy and Kinetics of Hot-water
Extraction/hydrolysis, Biotechnol. Adv., 28, 563-582(2010).
Shin, S. J. and Sung, Y. J., “Improving Hydrolysis of Industrial Hemp
(Cannabis sativa L.) by Electron Beam Irradiation, Radiat. Phys.
Chem., 77, 1034-1038(2008).
Chosdu, R., Hilmy, N., Erizal, Erlinda, T. B. and Abbas, B., “Radi-
ation and Chemical Pretreatment of Cellulosic Waste! Radiat.
Phys. Chem., 42, 695-698(1993).
Ozturk, 1., Irmak, S., Hesenov, A. and Erbatur, O., Hydrolysis of
Kenaf (Hibiscus cannabinus L.) Stems by Catalytical Thermal
Treatment in Subcritical Water,” Biomass Bioenerg., 34, 1578-
1585(2010).
Badal, C. S., Tsuyoshi, Y., Michael, A. C. and Kenyji, S., “Hydrother-
mal Pretreatment and Enzymatic Saccharification of Corn Stover
for Efficient Ethanol Productiori) Ind. Crop. Prod.,, 44, 367-372(2013).
Lawther, J. M., Sun, R. and Banks, W. B., “Effect of Steam Treat-
ment on the Chemical Composition of Wheat Straw, Holzfors-
chung, 50, 365-371(1996).
Selig, M., Weiss, N. and Ji, Y., “Enzymatic Saccharification of
Lignocellulosic Biomass: Laboratory Analytical Procedure(LAP)?
National Renewable Energy Laboratory, Golden, CO, USA(2008).
Kim, J. S., “The Characteristics of Alkaline Pretreatment Meth-
ods of Cellulosic Biomass, Korean Chem. Eng. Res.(HWAHAK
KONGHAK), 51, 303-307(2013).
Sluiter, A., Hames, B., Ruiz, R., Scarlata, C., Sluiter, J., Temple-
ton, D. and Crocker, D., “Determination of Structural Carbohy-
drates and Lignin in Biomass: Laboratory Analytical Procedure
(LAP); National Renewable Energy Laboratory, Golden, CO,
USA(2008).
Thygesen, A., Oddershede, J., Lilholt, H., Thomsen, A. and Stahl,
K., “On the Determination of Crystallinity and Cellulose Con-
tent in Plant Fibres, Cellulose content in plant fiber. Cellulose,
12, 563-576(2005).
Hong, S., Tahir, P., Mohamad, R., Abdullah, L., Choo, A. and
Liong, Y. Y., “Effect of Pretreatment Process on Bioconversion
of Kenaf (Hibiscus cannabinus L.) Core to Glucose, Bioresources,
8, 2010-2017(2013).
Okuda, N., Hori, K., Sato, M., Chemical changes of kenaf core

Korean Chem. Eng. Res., Vol. 52, No. 1, February, 2014

o - ol -

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

binderless boards during hot pressing (II): effects on the binder-
less board properties. J. Wood Sci., 52, 249-254(2006).

Kumar, P., Diane M. B., Michael J. D. and Stroeve, P., “Meth-
ods for Pretreatment of Lignocellulosic Biomass for Efficient
Hydrolysis and Biofuel Production) Ind. Eng. Chem. Res., 48,
3713-3729(2009).

Hu, F. and Ragauskas, A., “Pretreatment and Lignocellulosic
Chemistry, Bioenerg. Res., 5, 1043-1066(2012).

Kumar, R., Mago, G,, Balan, V. and Wyman C. E., “Physical and
Chemical Characterization of Corn Stover and Polar Solids
Resulting From Leading Pretreatment Technologies Bioresour:
Technol., 100, 3948-3962(2009).

Xiao, B., Sun, X. F. and Sun, R. C., “Chemical, Structural, and
Thermal Characterizations of Alkali-soluble Lignins and Hemicellu-
loses, and Cellulose from Maize Stems, Rye Straw, and Rice
Straw,” Polym. Degrad. Stabil., 74, 307-319(2001).

Hsu, T. C., Guo, G. L., Chen, W. H. and Hwang, W. S., “Effect
of Dilute Acid Pretreatment of Rice Straw on Structural Proper-
ties and Enzymatic Hydrolysis,’ Bioresour. Technol., 101, 4907-
4913(2010).

Chundawat, P. S. S., Venkatesh, B. and Dale, B. E., “Effect of
Particle Size Based Separation of Milled Corn Stover on AFEX
Pretreatment and Enzymatic Digestibility, Appl. Biochem. Bio-
technol., 96, 219-231(2006).

Chabannes, M., “In situ Analysis of Lignins in Transgenic Tobacco
Reveals a Differential Impact of Individual Transformations on
the Spatial Patterns of Lignin Deposition at the Cellular and
Subcellular Levels, Plant J., 28, 271-282(2001).

Minu, K., Jiby, K. K. and Kishore, V. V. N., “Isolation and Puri-
fication of Lignin and Silica from the Black Liquor Generated
During the Production of Bioethanol from Rice Straw,” Biomass
Bioenerg., 39, 210-217(2012).

Zhao, X. B., Wang, L. and Liu, D. H., “Peracetic Acid Pretreat-
ment of Sugarcane Bagasse for Enzymatic Hydrolysis: A Con-
tinued Work?’ J. Chem. Technol. Biotechnol., 83, 950-956(2008).
Kumakura, M. and Kaetsu, 1., “Effect of Electron Beam Curren-
ton Radiation Pretreatment of Cellulosic Wastes with Electron
Beam Accelerator) Radiat. Phys. Chem., 23, 523-527(1984).
Gumuskaya, E., Usta, M. and Krici, H., “The Effects of Various
Pulping Conditions on Crystalline Structure of Cellulose in Cot-
ton Linters] Polym. Degrad. Stabil., 81, 559-564(2003).

Chen, W. H,, Ye, S. C. and Sheen, H. K., “Hydrolysis Charac-
teristics of Sugarcane Bagasse Pretreated by Dilute Acid Solu-
tion in a Microwave Irradiation Environment, Appl. Energ., 93,
237-244(2012).

Saha, B. C., Yoshidaa, T., Cotta, M. A. and Sonomoto, K., “Hydro-
thermal Pretreatment and Enzymatic Saccharification of Corn
Stover for Efficient Ethanol Production) Ind. Crop. Prod., 44,
367-372(2013).

Karthika, K., Arun, A. B. and Rekha, P. D., “Enzymatic Hydrol-
ysis and Characterization of Lignocellulosic Biomass Exposed
to Electron Beam Irradiation) Carbohydr. polym., 90, 1038-1045
(2012).

Wang, W., Yuan, T., Wang, K., Cui, B. and Dai, Y., “Combina-
tion of Biological Pretreatment with Liquid Hot Water Pretreat-
ment to Enhance Enzymatic Hydrolysis of Populus Tomentosa’’
Bioresour. Technol., 107, 282-286(2012).



