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A Facile Pretreatment Method for Rice Straw using Electron Beam Irradiation and 4-methylmorpholine-N-oxide

Solution
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In this study, a facile two-step pretreatment method was investigated for producing fermentable sugars. Rice straw was pre-
treated using electron beam irradiation (EBI) and 4-methylmorpholine-N-oxide (NMMO) prior to enzymatic hydrolysis. In the
first stage, the EBI on the rice straw was carried out at various doses (100, 300, 500 kGy) and then, irradiated rice straw was
stirred with NMMO solution at 120°C for 1 h for the second stage. The pretreated rice straw was hydrolyzed by cellulase 1.5 L
(70 FPU/ml) and Novozyme-188 (40 CbU/ml) at 50°C for 24, 48, and 72 h. A sugar yield of 83.8% was obtained from the pre-
treated rice straw after 72 h of enzymatic hydrolysis. Also, FTIR and XRD results indicate that the pretreatment of the rice straw
was effective due to the synergic effects of the two-step pretreatment. In conclusion, rice straw might be a potential substrate

for bioethanol production by yeast fermentation.

Keywords: Biomass, pretreatment, lignocellulose, electron beam, rice straw

N 2

AAARCZ AR AL A T2 £4] 59 &
BEAE 2T A AR AR Ast A
20053 5E AAH o Z AR tiA o 7] Ffdke]
5] o]Fo|A gkomn o] F Hio]edFHlo] 2T A} Hio] L
AetE)9 Lz BHgo] &ds] ZgPFolvH17). 1A
£ 29 X (lignocellulose)= Ho] 2 A& o] AAHS Aot T8
O 2 A o] WjL FEI HYAYoth FAEMERL
29 FAHELS NEZ Q2 A(cellulose), FUAEZ A
(hemicellulose), 2]71d (lignin)o|™ o] A 7}2] 47 5 7}
W FE AR st AEE LA FFIAY AA(B-1,4-
glucosidic bond)2. 2 AAEH ZFF A (glucose)7} HHE ] o

o] F o] A HtAAA 1 E R} (semi-crystalline polymer)©] Tk

*Corresponding author

Tel: +82-62-570-3063, Fax: +82-62-570-3098

E-mail: jpjeun@kaeri.re kr

© 2015, The Korean Society for Microbiology and Biotechnology

http://dx.doi.org/10.4014/mbl.1407.07007

[18]. Bt o], Fu| A EE 2 A= HE O A(pentose), T AL
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sl 0.2 pm A7) WER o3kt ¥ ALESHA 28 high
performance liquid chromatography (HPLC, Shimazu
Co., Japan)°| A 4335} th. HPLC 42 Aminex HPX-
87P column(Bio-Rad, USA)2 2 X5} RI detector
(410 refractive index detector, Waters, USA)Z HE&3s}+=
AzL2 AYstE . HPLC 242 columndt detector 25
65°CY] 2% oA column®| ©]5A (mobile phase)S. &2 %
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Table 1. The compositional changes of the rice straw using
different pretreatment methods.

Samples Holocellulose %  Lignin % Ash %
Untreated 66.4 + 0.2 19.8+ 0.3 13.8+ 0.5
E500 66.4 + 0.3 19.8+0.3 13.8+ 0.6
NMMO 74.0+0.3 18.1+£0.3 79104
E100N 79.8£0.7 151+ 04 51+06
E300N 81.9+0.6 132+ 05 49105
E500N 842+08 11.3£0.7 45+0.3

66.4%2] A8 24 (holocellulose), 2] 1d 19.8%, 7] E} o] &
2 13.8%F o|FolA SIch. AA T 24 wE FEE4
A3 AR 500 kGy 2AHE HA 9 A EY A
FFHsIE oot oy NMMO Bd A 2d Hdo H¢
66.4% A 74% =2 °F 7.6% =7}t ARA 500 kGy &
A& NMMO A2 B4 Foto] AAZE HH o A4+
29 A A g AA T HY 66.4%00 A 84.2%= oF
17.8% 57Vttt ol & B9 AA =& Tt HE Y
2adn o]gdo] AARLE Qsto] FHQl o] F
7kt Aoltt. 53], A& o] B9 go| thE 21k
ERAHET iy dEA lon o|EH L S| &4
A aRtH O 7 AAEE AR HuEYH2, 3]. o]& ol
sto] A 2AME RS S71EH T fASHA B4 o
g slof] 124 NMMO A 2|st= ¢ o] EZ S AT+
AAsATE E3H, NMMO ©dA et vuste] & o A&
oAl AFE Hiel Zo] MR AIATE HA Y wA7|F
3717k F7H S 2 NMMO9| &7} &olste] AAA =

ALEE] F7Het ﬂ”ﬂ g 1d o] EHY AA &3t A
° 2 watdn31]. o] & B e AA g HEe gad
o] A 7 %k %—/-\—9]' B A9 A o
9 ’—7}3 13} 33-5\— §]’ A AaHTAZTL FAl Ges

22 2M

71E AFATNEL YALNEZ A H o|2H GF
EFT ALE 5) tul 2A BIE oz ALt Aol
olutAo|t}. Table 204 & 2= Ql50] AA TS 817 Lo
HEHL T2AEE B4T3E AA oF 44.39%9 FE&S
E“E OIEH Z23AL 9 3257%0]| 9o Bhd |, Az}
A v AAE A 500 kGy ZAHE R Fage oF
58.6%, NMMO SdA ] Al 72%2] FEES Y5 A

Al A RQS AARL 2EHA Gt AAH 24}
2} NMMO 9 A g A 22IZA2E 2+ 36.9%, 45.7% 1
21 Yz Al 247k 5.8%, 13.8% At 21U AAA =
A F NMMO H2l& Edto] Qo2 HRY 348 3%
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Table 2. Sugar yields (%) of untreated and pretreated rice straw after 72 h of enzymatic hydrolysis.

Samples Glucose Xylose Mannose Galactose Arabinose Total
Untreated 3257+ 06 - 10.64 £ 0.3 0.35+0.1 0.83+0.1 4439+ 0.5
E500 36.94 + 0.7 585+0.7 12.93+£0.2 0.98 £ 0.1 1.91+0.2 58.63+ 0.6
NMMO 4570 £ 0.5 13.89£0.8 10.45£0.3 0.25 £ 0.1 236 +0.2 7265+ 04
E100N 51.96 £ 0.6 11.89+ 0.7 12.38 £ 0.3 0.25+£0.1 272+0.2 79.20£ 0.6
E300N 56.69 + 0.8 11.10+ 0.6 11.02+ 0.2 0.28 £ 0.1 273+ 01 81.82+05
E500N 60.83 £ 0.7 9.74+0.9 10.85+ 0.4 0.28 £ 0.1 219+0.2 83.89+05

FAO] AL AR AN vt 2718t AL B 7 43%, 16% FAE 4RSI 4 99k Fig. 19 A
3 100, 300, 500 kGyoll A Z+ZF 51.9%, 56. 6%, 60.8%2] g o 240 WE Eﬁ\_ 33} A7 E g4egS e
FrES €5 5 UG Ao, AU 220 F NMMO ok AX 7t HA] @2 HF Y Bagste A4aT A7
GUAART AN A B NMMO A2 A M 24 1o pAgto] Ul Hag (41.3-44.3%)& BQOL} 2 ¢
ZF 7t weh 13.8%004 11.8%, 11.1%, 9.7%= M2} oA 33 F oA A HGHES +33 2 24, 48,

A3he AP Btk o] oA Table 194 AHEA 2
B4 AAA 24 BB A 2 aY AA Y 7H55ket o
g0l rlgR e s &40 Sk o2 BT 4 At

T gbe] mhe s, ZRtE A ofetH] o] 280 A 2
Aol ek o 28e) el 8 2ol gsih AzelA 2
FE gEA A2 Y AW oF 70-80% =
o ze ﬂ*-%% 9 > Qe o] 9ot AHee B
7 2el 2 g (fufural), Sto] =SAWEF2 ¥
(HMF) Fol Bachel A AR Aol nlol oA &
subole Aseitn G kgl 1Eu B a7 3
ol i ARH ZALSE AT G AGFO RN B}
A TSI o] HAelo) AH8E NMMOS) 314

2o of 98%2 dEA Qonz Aego] Fsdtel A
olef A4 2 S A eloh NMMO el e o] 2

100
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. 80 <
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K
S, 50-
g 40- .
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Fig. 1. Variations in the sugar yields based on the enzymatic
hydrolysis time (24, 48, and 72 h) in untreated and pretreated
samples.

727t AAF3s A F4eL 2k E100N (70.0%, 75.9%,
79.2%), E300N (72.1%, 77.9%, 81.8%), E500N (77.2%,
79.5%, 83.8%) 0.2 E3], &4 3} 244 7Hike]| ZHZF 70%,
72.1%, 77.2%9] F4+&2 FEsto] B A4 £38 A
Age ag&S YFstsd.

HelM 24 EAM
Aod £ #4243 8 9352 Fig. 29 UEHd B
9} Zro] 3,420 cm’, 2,919 cm 2o AEZ oA U 3
2E7 1,300-1,800 cm™ T $lo A 2] B2l FujdE
2o %Y gaEo|th 3420 cm! R gz HAER
oA YHO a3 95 -OH AEHH O 2 Qlste]
Bt o] m 37} = 9 57}L AAed sy ERZLA
Y5 o] ozl AL ofn|gitt20]. 2,919 em™ H

Untreated

- \n
S~ 1731
Q
Q
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©
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=
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[
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Fig. 2. FT-IR Spectra in the range of 4,000-500 cm™! indicating
changes in the chemical structures of untreated and E500N
sample.
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Table 3. Crystallinity index measured by XRD for the different
pretreatment conditions.

ook Crystall(lz}olt)y index Suga(;b 3;|elds
Untreated 435+0.2 4439+ 0.5
E500 441+0.2 58.63 £ 0.6
NMMO 436+0.2 7265+ 04
E100N 529 +0.2 79.20+ 0.6
E300N 547 +0.2 81.82+0.5
E500N 56.3 £ 0.2 83.89+0.5

o Pax Ageosd gl 12 F CH 2EH Yoz

Qlsto] ekt AR F 929 FErt o7 27k A
og 4#A Qlrh(16]. 1,731 em™ ¥ g 3E 2adt 3
nAEZ QA9 o AF Agl(ester linkage) ¥ HIAZE &
HA L o] WA= i HAYE Foto] fadn
FudER e 20 Ao FaEo] Hady FuAER
QA7 A AAEJSS ulgict. 183 1,596 cm T}
1,624 em™ 9| A7 E 0] 7HA FA] AA 7} gl 1d e -
g2 ds FAA Fade] AAES ugth4]

897 cm'e DAL B-1,4-FFAANY AFP-1,4- glucos1dlc
bond) & & Uet=t] AA 2 § B3} ert F7Hst o
ol AERQAY AA FFo| T7H AL Yulgith.

X—M 3|5 2

Table 394 & & glxo| BAA 7t F7HEEE AT
ol &8 T3t ’0‘7}61-1:]- AT Ao W AR 2L oF
43.5%° 4] E500N AE9] 79 oF 56.3%= <F 12.8% 57}
ste] AREA 2AbERol| whet AR A 427} v ste] Zrhghe
ZH Ao Qo] 9IS n| YL old 2 gl
AE2 o Ad o5 HR AL F2go] 2 GFEL 0|
AL golod WA ARAS 2710 Yol AAe =4
of wet Yo 2AF ¢l gadoe] A AAeR
o3t 22 o Ao Aty A ¢l FHeFo] 2718
et X 5HA M 4= it

2 o

24|} who] LA HigS o] gsto] A AR & NMMO
A7 34 FHSL olF LJB“WK}. HEL AAA
500 kGy A} & NMMO A& gt A9 72X 719 aat
3= A FEIA 60.8%2 AYE é 9.7% 33+ ok 83.8%
AL Frgs Bt o] AAD FAL ol dehEd
= AREEHA] FobA g A ojm AR AR NMMO A
g9 AR a7 ASE & S+ A 1Y AR =
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AFFo] YR =t thyo] 9o 3o e MR 2
A o 7hA) g3 S S5 A2e 2R W

¥ A9 Bayol girh thekAl o] B HadthA A
Ay ZAeks A8 B o Eol NMMO 9] 4
F§HL olf2 vrol 2olehe A4 o B A
§ 7hsHol Bt A & 4 gtk
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