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Abstract: Pretreatment of lignocellulosic biomass is‘a key step inthe production of biofuels by biorefinement. Recently, ionic liquid (IL)
pretreatment of lignocellulosic biomass has attracted increasing interest. In this study, seven cholinium alkanoae ([Ch]J[AIK]) ILs were
synthesized via aneutralization reaction, and were used for the pretreatment of rice straw. At 25 °C, the viscosities of these ILs ranged from 74 to
488 cP. After the pretreatment of rice straw by these ILs, the efficiency of the enzymatic hydrolysis of polysaccharides in rice straw was
improved significantly. In addition; the pretreatment performance of ILs depended on the chain length of the anion. Among the tested ILs,
cholinium butyrate ([Ch][But]) proved to be the optimal solvent for the pretreatment of rice straw. Following the enzy matic hydrolysis of rice
straw pretreated by [Ch][But] a 90 C for 6 h, theyields of glucose and xy lose reached 70.62% and 41.47%, respectively. This type of IL could
selectively remove lignin and xylan from rice straw, while retaining the cellulose crystalline structure, which significantly improved the
efficiency of the subsequent enzymatic hy drolysis.
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Table 1 Viscosity of [Ch][Alk] ILsat 25 C

BF itk ) *s B fcP
e Ak P R 4 [Ch][For] 74.25
Re #% T B 3 [Ch][Ace] 91.07
e sk T B 3 [Ch][But] 124.03
Jle A4 7S BR 2 [Ch][Piv] 488.36
fle % €L % 2 [Ch][Hex] 288.00
e a3 BR 3 [Ch][Oct] -2
Re o St BR 3k [Ch][iOct] 427.51
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Table 2 Pretreatment of rice straw by various [Ch][AIK] ILs
KA WS AEIY% Kb b &85 BLCE %

AR SkE O REE BRAERARE. BEARE HhE  ARE BRIERRZ
AZMAE  37.82° 19.60 16.41 2.02 100.00  100.00 100.00
[Chl[For]  46.64  18.71 10.22 1.63 8546  66.15 43.16
[ChI[Ace]  48.23 . 120.63 9.82 1.54 87.74 7242 41.17
[Ch][But]  51.58  20.58 8.71 2.01 88.79  68.36 34.55
[Chl[Piv] ~ 54.04  17.60 8.13 1.28 91.16  57.29 31.61
[Chl[Hex]  48.42 2181 13.44 1.56 8591 7467 54.96
[ChJ[Oct] © 51.12  18.23 8.79 2.10 9056  62.32 35.89
[ChI[iOct] . 5047  21.08 13.36 1.27 87.82  71.20 53.90
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Table 3 Enzymatic hydrolysis of the untreated and IL-pretreated rice straw

% 7 i HeFsE  HAnig & Img(mL h)] % 45K MR E 1% AB A E 1%
ah 5% # A HE KAE HEAE KA # A bE KAE
AL 59.60 0.15 0.05 20.93 8.74 20.93 8.74
[Ch][For] 66.42 0.68 0.14 64.82 33.60 57.52 25.57
[Ch][Ace] 72.33 0.91 0.27 70.51 42.29 63.53 34.76
[Ch][But] 76.61 1.07 0.38 77.40 56.71 70.58 42.86
[Ch][Piv] 80.04 0.98 0.33 75.71 55.95 70.75 35.09
[Ch][Hex] 72.59 0.84 0.27 70.43 47.99 62.04 39.04
[Ch][Oct] 79.53 0.76 0.26 74.06 61.80 68.71 41.84
[Ch][iOct] 69.32 0.92 0.30 68.74 56.16 62.02 4351

E: AM: 10 mg KAGFEAT SKiE, 3.5 mL ATARER 2k 4 o i%(50 mM, pH 4.8), 14.3 U/mL & 7& T Trichodermareesei 4 4% B4, 50 °C,

200 r/min. B 24 h,
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BEARRE (20.93%); ZfBlth, Z8i%ES PR T2 5
(1) SR AR SRBE IR VAR 20 R0 R SR} A SR A f
K] 6.5 1% (56.71% vs 8.74%) . T B A Tk 38
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P2 H 2 TAL R I FE T BT 4 21 45 R 1 PR AT AR
JiR R I BRAT SN,y T WD B SRS AR TAL
PRAE R /K AEFEFT 22 BER AR i R R, FRAT T 1 T
AbBEHT ) AKFEFEFT R 4R i e e L (B 1.
SRR, AgER AR RER ETN. HR 3
AL, TRACERSS, FKAEASAT (LT 4z Ghdn BE W, 0 K
(66.42~80.04% Vs 59.60% ), IX 5f% 45 & T AATIAL
TR 5 A4 248 PR 1) 45 R Te il M. IX TR 2
EH T IR a7 PR R B WA 5% oS T iAot 414
VAR TERE AN RSB o H T REBR NIRRT B R 25 -4 0t
YR TUTASREVB R, MO T4 205 ARG M i /N,
B2 AE T AL TR SR FRRE I M 2K BT e 2 (4 4y
WARTFRERAEALER, i FEOKTERH P 4i R 45
i B2 1 N 1X SRR IR BR] BT A Tkt 3K
FEAT FP 2T 4 R4 i AR AL A SR AU [RIth,  RE
JiE U R AR B TR AE TAFE S 2 R o RR 22 K A i
R A YR SBUKREREF Z4E550078 10,
BE PR SRR . HER 3 WA, £[Ch][But] &
[ChI[Piv] T Ak BRI KFEFE FTREEAR F, 760 2T A ACHRE
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Fig.1 X-ray diffraction spectra of the untreated and

IL-pretreated rice straw
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H ) I 22 179% 0 44%. 46 E RS 110 CH,
T A BT ) MBS T PR BRI IE R, R
T JE BB A

polysaccharides

L
AL KEPEEyEEI% ———— -

4L A0 3% & [[mg/(mL )] FAL £ (%

BE AREX Aiae . WRE BEA 4 ; ; ;
- Sk ARAE 3 B KA WEE A

/IC BE % I E (% AR % R#

90 66.23 63.71 5291 20.61 8.74 1.71 1.07 0.40 70.61 42.03
100 67.14 62.72 53.63 22.93 8.62 1.72 1.12 0.45 70.72 44.31
110 71.69 58.78 56.94 17.14 7.92 1.44 1.44 0.54 74.18 38.22
120 73.54 57.93 55.65 19.68 7.53 1.19 1.43 0.50 70.34 39.04
130 74.12 57.37 54.28 18.87 7.42 1.23 1.47 0.57 71.24 41.91

Er KM A NP IUT, 300mg KASREATIE 69 & T itk b T4 B4 FHAEGh: P41 10mg K 4&H 4 558, 3.5mL
A AL BR 2k 4% o % (50 mM, pH 4.8), 14.3U/mL & /& T Trichoderma reesei 44 % 8,50 ‘C, 200 r/min. K & 24h,
2.4 4L 32 B jE) xf [Ch][But] T 4L 22 3 A2 K Ja 42 24 B Al RS0 Wy 3 v
5 FRALIERTE)%F [Ch] [But] FAL IR K FEFETT M IG5 %5 HEEE AR I N AV 220

Table 5 Effect of pretreatment time on [Ch][But] pretreatment of rice straw and subsequent enzymatic hydrolysis of polysaccharides
2 Rica Y A

AL FRIEP BN A EI% —— -
HEAL A% /[mg/(mL h)] HEME %
AREE &KW SOBTE BREK s i s ‘
wim ik ARME ) CET CET Y
mELM K EY% ARE RE

1 40.38 68.9 4872 2143 14.23 1.41 0.53 0.11 4113 19.23
3 48.74 67.3 50.43 2172 1254 1.53 0.75 0.20 4993 31.34
6 66.23 63.7 52.94 2057  8.68 1.67 1.07 0.40 70.62  41.47
9 74.29 58.6 56.42 2072 7.2 1.42 1.16 0.47 70.61  41.92
12 75.51 56.6 5824 2054  7.14 1.33 1.28 0.51 69.94  40.13
24 76.71 55.4 58.72 2032 691 1.24 1.43 0.59 68.63  40.62
34 78.04 54.6 59.03 19.93 661 1.12 1.33 0.56 67.82 39.44

B A H e Np BRaP HOUTE, 300 mg ARAGREFT A 6 g & Fi Ak F 90 CTFHEAE— R A ; © &4 10 mg K AGAEFFAKIE, 3.5mL
A7 AR ER 3 5500 i G0 mM, pH 4.8), 14.3 U/mL & & T Trichoderma reesei 4 4% #, 50 °C, 200 r/min. & & 24 h.

% 5 JEIR 1 AL ERIN (AT [Ch][ But] Tk Bt F K
J5 B BRSO (IR G5SR4 FlAh R ]
KT 9 hiF, RS AR BE T ACHE I ] AL K 5 3
Whns FERIHE, S5 SRR I BHAR CE AR B B
B, TALEE 1 h FKRERSFEEATREMRRT, 25 A
R BEREAE E 2 514 0.53 A1 0.11 mg/(mL 4); W
24 h J5, LFHERMARHEMR 258 43.00% Fl
22.96% (& S2), TMTHALEE 6 h HI7K SRS F TG MR,
] 2 BB AR BRI S 2 4 0] B TR R 116 A1 0.47
mg/(mL h); S2JSi 24 h, ZF4E ARSI iR 73515k

75.55%F/1 57.09%. {H7E 9~34 h Fiikb i (Al H A,

KIRRFERCR AN s A O E RO T3 P52 B 7t
Ab R TA] A KM AT (H 2 B AR AR /N (B
S2, LTYERWME 75.97~77.03%, A TEHH I fif R
62.51~66.91%) , FFH Z PR RAH Y (A4 Rk
13~15%, AEHHGL 38~45%), MM HEE
FAH Y R % U R 67.82~70.61% , A BE I X
39.44~41.92%) . LEEE IR ENEICR KAERE, 6 hhy
B AL PRI 18] £E 90 'C R 4 [Ch][But]& Tl fA AL
B 6 h G KFEAREFT AT BT, RB24 h )5, FiA

149



M EmBHL

Modern Food Science and Technology

2014, Vol .30, No.11

BEMUABE R 73 509 70.62% 1 41.47%.
3 Zig

Se4E AR SCRINE B IRIT R #5814 2
—RNF IR LT 4R AL A, RERS R ik
FEIEHOKREREAT AR, B H=4Eait, $2
[HEZ  TNSQE X SINATS CIINIIR e LY S 2 L
AR, IFH, ZE AN A B RS A [
TGRS TR, ORI IR H A e & 232t 4
AR o TR B AOE AN DU MRS
JE, TS B AR AL BEASCR AT S 2 M
Forpr, [Ch[But] s FALEE AR . £ Bt 78 v
W, TIAE BRI RS Tk BRI S 4R b 2 BE AR
RSO AN 2, (ETRACER I R SR
FHo XIEO . AT B TR RO PR e AR 2T
YERTULBE R o . 187 5 220F. mRURTT AR R

B Sk

[1] Mora-Pale M, Meli L, Doherty TV, et al.

temperature ionic liquids as emerging solvents for the

Room

pretreatment of lignocellulosic biomass [J]. Biotechnol.
Bioeng., 2011, 108: 1229-1245

[2] Dommnguez de Mar & P. Recent trends in (ligno) cellulose
dissolution using neoteric solvents: switchable, distillable
and bio-based
Biotechnol., 2014, 89: 11-18

[3] Brandt A, Gréavik J, Hallett JP, et al. Deconstruction of

ionic liquids [J]. J. Chem. .Technol.

lignocellulosic biomass with ionic liquids [J]. Green
Chem., 2013, 15: 550-583

[4] Cvjetko Bubalo M, Radosevic K, Radojcic Redovnikovic
I, et al. A brief overview of the potential environmental
hazards of ionic liquids [J]. Ecotoxicol. Environ. Saf.,
2014,99: 1-12

[5] Liu QP, Hou XD, LiN, et al. lonic liquids from renewable
biomaterials: synthesis, characterization and application in
the pretreatment of biomass [J]. Green Chem., 2012, 14:

150

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

304-307

Hou XD, Smith TJ, Li N, et al. Novel renewable ionic
liquids as highly effective solvents for pretreatment of rice
straw biomass by selective removal of lignin [J].
Biotechnol. Bioeng., 2012, 109: 2484-2493

Hou XD, Li N, Zong M H. Facile and simple pretreatment
of sugar cane bagasse without size reduction using
renewable ionic  liquids-water ACS
Sustainable Chem. Eng., 2013, 1:519-526

Hou XD, Liu QP, Smith TJ, et al. Evaluation of toxicity
and biodegradability of<cholinium amino acids ionic
liquids [J]. PloS One, 2013, 8:€59145

Petkovic M, Ferguson JL, Gunaratne HQN, et al. Novel

mixtures [J].

biocompatible cholinium-based ‘ionic liquids-toxicity and
biodegradability [J]. Green Chem., 2010, 12: 643-649
Peppel T, Kockerling M, /Geppert-Rybczynska M, et al.
Low-viscosity paramagnetic ionic liquids with doubly
charged [Co(NCS)4] 2-ions [J]. Angew. Chem. Int. Ed.,
2010, 49: 7116-7119

Yu YH, Lu XM, Zhou Q, et al. Biodegradable naphthenic
acid ionic liquids: synthesis, characterization, and
quantitative structure-biodegradation

Chem-Eur. J., 2008, 14: 11174-11182

relationship  [J].

Fukaya Y, Sugimoto A, Ohno H. Superior solubility of
polysaccharides in low viscosity, polar, and halogen-free 1,
3-dialkylimidazolium formates [J]. Biomacromolecules,
2006, 7: 3295-3297

Ninomiya K, Soda H, Ogino C, et al. Effect of ionic liquid
weight ratio on pretreatment of bamboo powder prior to
enzymatic saccharification [J]. Bioresour. Technol., 2012,
128: 188-192

Lee SH, Doherty TV, Linhardt
liquid-mediated selective extraction of lignin from wood

RJ, et al. lonic

leading to enhanced enzymatic cellulose hydrolysis [J].
Biotechnol. Bioeng., 2009, 102: 1368-1376



