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Table 1 Sampling information of straw from cotton,
corn and wheat

KREH R

RREELES AT SRR (A

Sample FRAng o Samplin fn i Growth Samplin
P Sample ID plng Variety . npiing
type place period time
o Gk & 4 A FH- 0.
S1 H, KT B2l 10 B4 2012-09-28
FRFF I 4 A FH-
Cotton straw S2 ¥, kW KA 10 A R 2012-09-28
4 e 4 A FH)-
S3 B, Mk 6886 10 A F 2012-09-28
e N [P 6 A -
S4 T, WRERTT R 18 o ey 2012:0925
B S U 6 -
Corn straw S5 F, WM HFER 958 o B R4 2012-09-21
% —y 5 Ahf)-
S6 H, fkh =Jk21 o B Fg 2012-09-28
PR 3 Aifet-
) S7 L, WM RA 6 F 2012-06-10
AT S8, Wam  RE 9 KA 2012-06-13
Wheat straw
W erpae 10 A _EAJ-
S9 B, B R 21 6 iy 2012-06-14

FEFFRE SR 40 HIF (RT-34, hEBEZE), HL
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PERERE R AL (P E %R 52 5 T KRR GOK ] A PR A
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Gi, AR RRRLE 30 ‘CULR o M RENLAE T SR AR
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4) N4 B H IR VR e 2 RAXAE 40 C B A5 %A
ARG JEE AT 110 4.
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=) WUTEM SR T, UM OB R Z %I
JURE 3 W

6) WGUUEIIA VR TIE, B3 BIMER S IR R
W Eraty =1i0):: 5 7 N ik 8
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B151, BA SRR AMT R AT CAGT LA IR K . ¥
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Fig.1 FT-IR spectra of MWL from straw samples of cotton, corn and wheat
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Table 2 Characteristic bands in FT-IR spectra of MWL
from straw samples of cotton, corn and wheat
IS U B K
Absorption peak wavenumber/cm ' I ) )
s FokRs INEAT Absorption peak interpretation
Cotton straw Corn straw Wheat straw
3300~3 500 3 300~3 500 3 300~3 500

FadE Pt O-H MM4idika)

2937 2937 2937 IR A C-H RSFRIRS)
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Table 3 Relative G/S ratio of straw samples of cotton,
corn and wheat

[ERELIES FE il G/S AHXFEUAE
Sample type Sample ID Relative G/S ratio
far S1 1.52
Cotton straw 52 1.48
S3 1.63
vt S4 1.55
KRS S5 1.58
Corn straw
S6 1.31
NS S7 1.41
JIN
Wheat straw S8 1.47
S9 1.53

R4 BF EBKE PNEF G/S HEMELESZESR
Table 4 Variance analysis of relative G/S ratio of straw
samples of cotton, corn and wheat

kS T H HifE Wiz  FgitE P

Source SS Degree of freedom MS F-statistics P-value
Il 0.009 49 2 0.004 74 0.45 0.656 7
Factor

V2 0.063 07 6 0.010 51

Error

ISEil

Total 0.072 56 8
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Fig.2 Flowchart of identification of lignin type by
FT-IR spectra based on plant taxonomy
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Table 5

Identification result of MWL type from straw samples of
cotton, corn and wheat by FT-IR spectra, based on plant taxonomy

JG (G): > FKFE~/INEFT; BT HFHELEMIEIT (S):
A </NEfF~ KA.

AR FE T TR EE A AHE (AL 166, Al329, Al 265)
AR, [FIEET Faix TR G w4, Hit—
AN T RS FN T BE AR i R (1) L 45

F 6 WBFF. EAKFE, NEFFIEEEHEME
Table 6 Relative intensity of characteristics band of
straw samples of cotton, corn and wheat

FE A2 Sample type Al 166 Al1329 Al 265
HAFF Cotton straw 0.57 0.62 1.00
FKFE Corn straw 1.19 0.77 1.12

/NEFF Wheat straw 0.90 0.72 1.07

x®7 ETFROIRESTNELBRREFE
BHEERENESE (BIESIE[22D

Table 7 Basic units of lignin in mole percent,
based on FT-IR spectra (quote from Ref.22)

1175~1065 1157~1167 cm™'
b em™ W BURKIE B TE I R S ] 5
) =) AN . “H
K w5 AL Maximum & ? Ts there a Al Identifica-
Sample ID absorption peak distinct absorption VSA1226
type in1175~1065 peak in 1 157- tion result
cm!/em™! 1167 cm™?
KT S1 1126 5 Al 268>A1226 GS1
Cotton  S2 1126 & Al 268>A1226 GSI1
straw g3 1126 = Al1268>A1226 GSlI
ks S4 1126 P - HGS
Comn S5 1126 P - HGS
straw g 1126 R - HGS
NERF ST 1126 & - HGS
Wheat S8 1126 5 - HGS
straw g9 1126 i _ HGS
(=1 ANOO O
= A0 D
< AN O
l INEFF l i
AN
[
5|/ Y smw UmﬁAwN
8 N 14
2N B
g |/ A [
tr 1
% ‘/ i \ straw i:!i :‘\/\M
8 g
rE\/ Cotton /\/\ LA I,’\
/: A straw /" \ :ll' N —~
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W E Wavenumber/cm™

B3 . 2R, NEABARRE RSO
Fig.3 Average FT-IR spectra of MWL from straw samples of
cotton, corn and wheat
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TR G B Z A RN BV, LT HELAER . X 1
TE RS BE AR AR & P BRI 5 e B 2 TN FT B
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B ER L EE M BATT (HD: B KRR N EFT>>HE T .

1265 em™ BT /& AU AR SRR UG, B ASE 254
FICRHIEE (G BURTIR R . FRFEFI/N TS
ARAR ZH)ET HGS BUAJFR & , i R # 77 (E 1265 em™
Wi, HET C=0 RN %R EsR TAriE GS 2
AR B 22, %G AT FORRE BE AR ol i R I
NERZL TRRATEEAA R KR T GS1 BUART &, 1265 cm™
b T BT AT R, AR 3 AT AR AT SR
RN G/S X LUE B T FORFERUNEFF AR R . N
ORI AT (G): HEFT>E K>/ NEFT,

1329 cm™ fHI NS T F ARG, BT HALEH
IR (S BURBTRAM FAE) . 7E 3 MFEH T
BAFEZIELT, WESREEMIXT LA : TR/ NEF>HFT,
B T HILLEEM T (S): EKFES/NEF>HFT.

G54y Faix MITRIRERYZ (% 7) tn] KEHES 3 Ff
FEFFEEAR R P S AR B R B 2 & |/, MRk
ST (HD: KRR ~/NEH>MAT: @aIRIEL

TR R 2

Lignin type based on FT-IR spectra H G S
G 0~15 85~100 0~5
GS1 0~10 70~95 5~20
GS2 0~10 55~75 25~35
GS3 0~5 50~65 35~45
GS4 0~5 20~50 45~70
HGS 20~40 35~55 5~45

T HORREE A TT, SR T EEEM BT, G ABBIARIEL M E T,
Note: H is hydroxy phenyl lignin; S is syringyl lignin; G is guaiacyl lignin.
2.3 1RFF. ERFE NEFEAKRRESEAREARKER
FHILLER

MK 3 FIEFT LA H 3 MOAEAT AR & A
Z [y e S A B R A B RE L], SRBULE 1265, 1030 cm™
BT A8 SR BN LA B 3 400 om™ BT 58 W& IO 4 4R 5 « 78
3400 cm™' ¥) O—H H1 3 600 cm™" MR R A 208, Al 4T
ARSRAL Y, UEWIEARFUR AR R 2 A, TE R
e fEM. XL 3 SRESAT AR R T 6, EIE]
AN RN AT B AR SR G IR LA B, TR AT A
FRERNAE, JIHEIAE 1265, 1226 cm™ Hy 2 MR
X fuefn. B 4 AMARBAART KL/, 1
1265, 1226 cm™ RNy 2 ANHIR XA AL . AT
W, FEWETE b REAT BE A 5T 28 0 [ S A BE AR 5 3 BE AR
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Fig4 FT-IR spectrum of MWL from eucalyptus
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Traits of milled wood lignin isolated from
different crop straw based on FT-IR

Yang Zengling, Mei Jiagi, Cao Cong, Ji Guanya, Han Lujia™
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: As vast agricultural byproduct and an important source of lignocellulosic biomass in China, straws of maize, cotton
and wheat are now being developed as renewable energy resources to address a serious energy shortage and environmental
issues related to other energy sources. It is necessary to improve the comprehensive utilization efficiency of the three types of
straw. Although maize (monocotyledon), cotton (dicotyledon) and wheat (monocotyledon) belong to therophyte herbage from
the perspective of phytology, but their straw forms are totally different. For the sake of the difference among them, the
utilization cannot be generalized without regard to the effect of chemical composition, in particular the characteristics of lignin.
It is composed of phenyl propane monomers connected by the ether and carbon-carbon bonds, containing a variety of active
groups. There are three types of phenylpropane, p-hydroxy phenyl, guaiacyl and syringyl, which correspond to hydroxy phenyl
lignin (H-lignin), syringyl lignin (S-lignin) and guaiacyl lignin (G-lignin), respectively. Lignin within plants has different
shares of the three constitutional units. The heterogeneity of linkage types among the phenyl propane monomers has different
effects on the pretreatment for the utilization and removal of lignin. Previous researches have shown that the relative ratio of
G-lignin/S-lignin (G/S value) is relevant to the ease or complexity of delignification. Therefore, the higher the ratio, the harder
the delignification is. In this paper, three samples of each kind of straw were collected, coarse grinded, degreased, dewaxed,
and fine grinded, in sequence. Then the milled wood lignin (MWL) was isolated from the straws of cotton, corn and wheat.
After the all procedures above, MWL was studied with FT-IR, by potassium bromide pellet technique. Normalization was
conducted with 9 spectra obtained, at the wavelength of 1 506 cm™ (to make Al 506=1) as spectral pretreatment. Then the
spectra were compared in 3 aspects: the relative G/S ratio represented by Al 265/A1 329, the identification of lignin types
based on plant taxonomy, and the differences and similarities comparing with the MWL from eucalyptus. The results indicate
that there is more guaiacyl and less syringyl in the MWL isolated from the samples, the relative ratio of G/S among the three
kinds of straws was not significant difference, and no evident regularity is found. Secondly, the identification results based on
plant taxonomy show that the MWL from cotton straw is the type of GS1, while that from corn and wheat straw belong to the
type of HGS; the content of basic units of lignin in mole percent in these straws have following laws: for H-lignin, corn straw
>wheat straw >>cotton straw; for G-lignin, cotton straw >>corn straw >wheat straw; for S-lignin, corn straw >wheat straw >
cotton straw. Thirdly, the MWL isolated from straw of corn and wheat share the generality of gramineous plants, while the
MWL from cotton straw is closer to ligneous plants, which have distinguish peak at 1 265 and 1 226 cm™.

Keywords: straw; crops; spectrum analysis; milled wood lignin; FT-IR



