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Effect of LiCI/DMSO solvent system on isolation of
lignin from ball milled rice straw

WU Wenjuan™ , WANG Bowei, HE Xian, YAN Xueqing, ZOU Chunyang

(Jiangsu Co-Innovation Center of Efficient Processing and Utilization of Forest Resources,

Nanjing Forestry University, Nanjing 210037, China)

Abstracts In order to investigate the dissolution behavior of chemical component of rice straw and the feasibility of
lignin isolation based on LiClI/DMSO solvent system, ball milled rice straw, was taken as study object. The internode
and leaf of ball milled rice straw were treated with LiCI/DMSO solvent system, and general chemical composition
analysis was conducted. The contents of structural unit of lignin were investigated by alkaline nitrobenzene oxidation.
The results showed that. The longer the milling time. the lower the regeneration rate of lignin and polysaccharide; The
regeneration of ash in the milling material was not affected by the operating conditions of ball milling; The regeneration
ability of the internode sample was higher than that of the leaf, and the regeneration rates of lignin and polysaccharide
were higher than that of the leaf, but the ash retention was lower; The ball milled rice straw samples treated by
LiCl/DMSO solvent system could promote the dissolution of lignin, and the internode sample treated by LiCl/DMSO
solvent system was easier to be hydrolyzed by enzyme. The results from nitrobenzene oxidation showed that the
condensation degree of lignin increased after milling, and the condensation degree of lignin in leaf sample was higher
than that in internode. After regeneration and enzymatic hydrolysis. the condensation degree of both ball mill samples
increased. The lignin of leaf and internode, which was isolated from rice straw with ball milling for 1.0—2.0 h, could
represent the original lignin in different parts of the raw material.

Keywords lignin; LiClI/DMSO; dissolution and regeneration; rice straw; enzymatic hydrolysis
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Table 1 Chemical compositions of extractive free rice straw

ARBTE &/ (mg/g) RS R/ (mg/ )
Content of lignin Content of polysaccharide W5y
"y — — S
i TR AN TR ¥ AR (mg/g)
Sample i % BAEOMEE O OREE M B copent
Klason Acid soluble Total Glucan Xylan Others Total of ash
lignin lignin
IH 12.6 3.6 16. 2 34.4 14.9 4.4 53.9 14.2
Leaf
FF 11.3 3.1 14. 4 36.6 14.8 4.1 55.4 15.8
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Fig. 1 Technological procedure of the treatment of extractive free rice straw raw material
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Table 2 Yield of regenerated straw samples with different

milling time from LiCl/DMSO %

BER, EREEAS [A] /h Milling time
Sample 0.5 1.0 .0 4.0 6.0 8.0
M Leaf 85.8 80. 2 77.4 75.7 79.7 72.0
FF Internode 90.5 89.1 87.0 85.0 82.7 75.9

2.2 FKEEMHLERS
22,1 HAELR

3 AT i 25 B S I () 38 I AR s rp g R
JiE 23 LiCl/DMSO K & Ab#1, 7K i A= 5 AN [
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Table 3 Content of lignin and ash of regenerated straw samples (based on raw material)
A& H/(mg/g) Content of lignin K% K5
- ﬂ?%'ﬁﬂﬁl‘ﬂ/h . - BeA/ (me/©) GEY GEY
Milling it % %
Sample . Acid soluble  Klason Ash .
time Total Lignin Ash
lignin lignin yield yield
0.5 25.1 112.0 136.9 97.2 84.8 69.0
1.0 23.2 108.0 131.4 100. 0 81.1 71.1
- 2.0 23.0 109. 3 131.6 93.4 82.2 65.5
Leaf 4.0 21.8 104. 3 126.0 98.8 78.1 69. 8
6.0 25.3 96. 2 122.0 93.4 75.5 66. 2
8.0 16. 6 88.4 104.7 88.3 65. 2 62.4
0.5 18.8 115.8 134.7 58.0 93.9 36.7
1.0 17.1 116.0 132.8 55.2 92.8 34.9
FF 2.0 16.0 110.6 128.4 54.4 89.1 34.4
Internode 4.0 16.0 108.0 122.8 56. 2 86.0 35.6
6.0 18.9 106.9 121.0 54.8 84.7 35.2
8.0 17.4 88.5 105.6 44.9 74.0 28.9

TEARBTRAR 00— fE AR JFURE v SR B3 3%t U A= 49 38 /140 A 1 R J0RE o 1 A B 3R A X100 %4
14, 06 = TR G JEURE th OB 43 5 4k XA A28/ A TSRS JRORE eh (9 R 438 <1004

Note: lignin yield, % = total lignin content in regenerated raw material X regenerated yield/total lignin content in
original raw material X 100% ; ash yield.% = ash content in regenerated raw material X regenerated

yield/ash content in original raw material X 100%.



hoE kR R R R

2020 4F 55 25 %

SR S o ) 1 K e R R VR R A R B L X A
b FRES A HOR OR B A — S s i
R 53 B A5 3 A 38 A BR B B i) 9 )L (R 45 7E 65 %0 /42
A s TR A3 1 AR B8 it kS i) < A AR R OR K
LiCl/DMSO ¥ 44 7 119 &b B4 F 0 bk 43 1) B8
JUT AR, 50O 43 A H RS REAT Y
IRy A Gy v AR ERBS B[R] 0. 5~8.0 h, AT
30% JK ¥ 76 LiCl/DMSO ¥ #) 1k £ F 2k of #& h

.

FH 2% 4 R AT B A BRI 1] f4 1 v SROME 1) P
A B AL BT T B BRI VR 5 77 A2 /N o 1 R L 7E
LiCl/DMSO & FIR R W A th S if— L (45
ERBER AR T M, HAEEREE 4.0 h B, & B0
T HRANTE 440.0 mg/g VL B 45 A% 3. B8R 4.0 h
FOM 21 0 R S A ) = A5 W R TR A
E W .

RETS

R4 REBEBLEREHMUSERSE(ETER)

Table 4 Polysccharide content of regenerated straw samples (based on raw material)

=B &/ (mg/g) Content of polysaccharide

B i BRI HF ] /h ;[%g%:g
Sample  Milling time ~ WRBE ACREE I Bt /7
Glucan Xylan Other Total Sugar yield
0.5 311.1 133.3 28.3 472.7 87.9
1.0 313.1 127.3 17.2 456. 5 84.9
- 2.0 312.1 129.3 18.2 460. 6 85.6
Leaf 4.0 309. 1 118.2 15.2 442. 4 82.3
6.0 300. 0 112.1 15.2 427. 2 79.4
8.0 270.7 71.7 9.1 351.5 65. 3
0.5 354.5 142. 4 16. 2 512.1 92.1
1.0 325.2 138. 4 23.2 486. 8 87.5
T 2.0 305. 0 124.2 14.1 443, 4 79.7
Internode 4.0 309.1 129.3 8.1 447. 4 80. 3
6.0 304.0 123.2 4.0 430. 3 77.4
8.0 298.0 101.0 8.1 407.0 73.1

TE < 0 O 00 — P AR T JRURE o RO RN A kO A A5 R/ A i R JSURL e (0 v OB B i

X100%
Note: polysaccharide yield. % = total polysaccharide content in regenerated raw material X regenerated

yield/total polysaccharide content in original raw material X 100%.
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Table 5 Yield of enzymatic hydrolysis residual of

regenerated straw samples %

B Bk EE It A] /h Milling time
Sample 0.5 1.0 2.0 4.0 6.0 8.0
FF Internode 47.1 31.8 29.8 29.4 27.2 25.7
M Leaf 31.0 28.2 26.1 23.3 22.3 21.7

x6 BEBEESHMUBKBEHNARENRSSE(ETER)

Table 6 Lignin and ash content of enzymatic hydrolysis residual of
regenerated straw samples (based on raw material)
ﬁ?%ﬁ%/(mg/g) K - K
g REME Content of lignin e VAR = VRN Ty
Sample Ml.llmg v - - (mg/g) % %
time Acid T o Content Lignin Ash
wluble | lason o Total - op 0k yield yield
0.5 13.1 108.1 121.2 84.8 74.8 59.7
1.0 11.1 107.1 121.2 89.9 74.6 62.9
- 2.0 8.1 81.8 88.9 87.9 54.9 61.3
Leaf 4.0 7.1 81.8 88.9 88.9 54.7 62.1
6.0 7.1 78.8 84.8 82.8 52.4 58.4
8.0 7.1 72.7 78.8 78.8 48.7 55.0
0.5 7.1 115.1 122.2 52.5 84.6 33.0
1.0 6.1 112.1 118.2 48.5 81.7 30.5
FF 2.0 5.1 105.0 110. 1 49.5 76. 2 31.1
Internode 4.0 4.0 100. 0 104.0 45.5 71.8 28.4
6.0 4.0 98.0 102.0 45.5 70.6 29.0
8.0 4.0 86.9 90.9 38.4 63.1 24.0
TR 5, 00 = B K A S5 v P RO 3R A i T AR A9 36 <K i A 3R /T A R BRES JEURL v Y BRI R

l/_;l'\

X100 %0 . JRAFAF36, Vo = Bif /K 7R I SR T rh O 43 i <P AR A5 30 X R AR AT 38 /7 2 T 3R B JEORE o 1

SR X100%,

Note: lignin yield,% = total lignin content in enzymatic hydrolysized residue X regenerated yield X
hydrolysized yield/total lignin content in original raw material X 100%; ash yield, % = ash content in

enzymatic hydrolysized residue X regenerated yield X hydrolysized yield/ash content in original raw

material X 100%.

A TR S RS e 1 RS 0 R A Tl A A o A
AN T BB L IR T R R AT 4 ORI
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B L ARG AR L e R 47 4 3R 4% 0 AL 3) $

JEE W LB AR L i AR TR B SR 2 H 1Y
BRI T LT AR A AT S fd £ Yl R AT LABEA
A JET AE OB} PN A e SROME S o Ak, T LAY 4 E
T8 HH AR BT 2R B A7 TR 22 0 27 4k 3R Wi i ™ 2R R . R
Jot R R TR B A ) T A 5 B P 5 B 5 L X 2T
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Table 7 polysaccharide content of enzymatic hydrolysis residual of regenerated straw samples
R A R/ (mg/g)
- e— Content of polysaccharide /,?g'é*j?
Sample  Milling time  gwer  gwem i - hﬁ%
7 7 #= o Sugar yield
Glucan Xylan Other Total
0.5 59.6 48.5 22.2 130. 3 24.2
1.0 26.3 30.3 15.2 71.7 13.4
H 2.0 21.2 25.3 13.1 59.6 11.2
Leaf 4.0 12.1 13.1 11.1 36.4 6.7
6.0 14.1 12.1 12.1 38.4 7.1
8.0 8.1 4.0 13.1 25.3 4.7
0.5 40. 4 35.4 8.1 84.8 15.3
1.0 18.2 23.2 9.1 49.5 9.0
FF 2.0 14.1 15.2 8.1 37.4 6.7
Internode 4.0 6.1 10.1 8.1 24.2 4.9
6.0 9.1 11. 1 8.1 28.3 5.1
8.0 7.1 7.1 7.1 21.2 3.7
TR« e MR S, D0 = WK e S AR 7 v i OB AL B ek D A A5 3R O K AR A SR /T A T BRE JEURL Y

o R R B X 100%

Note: polysaccharide yield, % = total polysaccharide content in enzymatic hydrolysized residue X

regenerated yield X hydrolysized yield / total polysaccharide content in original raw material X

100%.
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Fig. 2 Extractable lignin content of ball milled straw samples
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Fig. 3 Extractable lignin content of regenerated straw samples
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Fig. 4 Extractable lignin of enzymatic hydrolysis residual of regenerated straw samples
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Table 8 Nitrobenzene oxidation products yields and S/(H-+ V) molar ratio of internode sample

3% /(mg/g) Yield S/(H+V)
TR B[] /h

a1 ) ) L3 i ) ) L3 i

Milling 5kt ik , 5k ik ,
. Enzymatic Enzymatic
time Original Regenerated ) Original Regenerated )

residue residue

0.5 255.3 255.3 225.2 0.6 0.6 0.6
1.0 255.3 255.3 225.2 0.6 0.6 0.6
2.0 255.3 255.3 210. 2 0.6 0.6 0.6
4.0 255.3 225.2 195.2 0.6 0.6 0.6
6.0 255.3 210. 2 210.2 0.6 0.6 0.6
8.0 240. 2 240. 2 195.2 0.6 0.6 0.6

TS, KT RR; H, MBERPEE V. FRHEE, TH.
Note: S, syringaldehyde; H, p-hydroxybenzaldehyde; V., vanillin. The same below.
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Table 9 Nitrobenzene oxidation products yields and S/(V-+H) molar ratio of leaf samples
3/ (mg/g) Yield S/(V+H)
FRIES 1] /h 5k itk B it
Milling € JEURE A . Jget A4 .
uling time ) Enzymatic ) Enzymatic
Original Regenerated ) Original Regenerated )
residue residue
0.5 225.2 195.2 210. 2 0.6 0.6 0.6
1.0 225.2 195.2 180. 2 0.6 0.6 0.6
2.0 225.2 195.2 180. 2 0.6 0.6 0.6
4.0 225.2 210.2 180. 2 0.6 0.6 0.6
6.0 225.2 210. 2 165. 2 0.6 0.6 0.6
8.0 210.2 180. 2 165.2 0.6 0.6 0.6
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