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F 2018 4E 7 AR E A E AL K2 BRI AR
BEEREFF LT DA B 6 Al B IE SR AN
0.5cm [ 2 ANZEBL, JLEL 4 DZEBCE AR /R K- 2 %R-
Z.F% (formalin-aceto-alcohol, FAA) [EEFIF[EE 24 h
PAb. o 1 ANZEBCE SR A A e P S e A i
IR RRELRE s 9ok 3 MEH 5B FKIEBEE T 100 C
T SRIG I 3 5 FE SRR DT 2% NaOH 15,
7E 100 ‘C/RM 5+ 30 60 min N HCH GESRE S, HEE
TG, BEHHT A, G S RRE S R ) HL
(ESM-150S, ERMA, HZA) YIHUEEZR 18 um 1)
Fro BT ZoS 3 A b, AT FTIR BHRUSAE 54T, BUERE
B FORAEFFHTH DA 2 RELL 3%, VI 1~2 mm
o IREHSIFFREREREE 24 h Db, ERTIRE SR 4
s B R EREVE NS IR, B 3 kAT H2EBL R
FIBRALEE . AR e 12 IR A S L o B A B I FE X 4
i o0 AT i K 37 B AT KB B, T T TS M R
0.069 mm %, #%I8 NREL/TP-510-426182 5l 5 A5
FYERLY -
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Bt TR AR T S A i 0.069 mm 6, BRI T
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FIAR T EIZ R 1: 100 73515 KBr 84, BUKZ) 1 mg
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750 cm's JEREAFER 4om L HFEKEL 32,
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Note: m and n are spatial positions, p is wavelength.
B 1 FTIR 4452547 ZE P
Fig.1 Data structure of FTIR microspectroscopic image
76 NNLS 5566 ., Bro 25207 1997 44 1 7
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AR FE R JE A b AT W% EEOR FTIR ~F 35 W0% B A 5
URIEEB Wk 1 fin. AP IR B 2wt it g5
R, BEFERTERA EATI R, FREY) A FEBUHID
AL B M FE WA (R 1 325 umx525 um. 456K
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Table 1 Visible images and FTIR average absorbance microspectroscopic images

i X Feah ] LG ER FTIR LR B E &
Sample Scanning area Visible image of sample FTIR average absorbance microspectroscopic images
Abs. Abs.
= 0.544 0.893
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TE: RES T OGN BRI E R B X A BRI SN W B A X Ak, PR BE R AEMR S m O EUR RS sy b 38 RO FORAEFT IR . 18

AbEE S min, BHALEE 30 min FERALEE 60 min. Abs NI RE

Note: The visible images of the samples contain the epidermis area, vascular bundle and parenchyma cell from left to right. The average absorbance microscopic images
correspond to the visible image. From top to bottom, they are raw samples of corn stover, alkali pretreated by 5 min, alkali pretreated by 30 min and alkali pretreated by 60 min.

Abs. is absorbance.
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B 2 BEHINNAgER . ARBRERNLF4ERFIAR
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B2 k. FHAEFRARFEL T RHaILER
Fig.2 Fourier transform infrared absorbance
spectra for cellulose, heimicellulose and lignin

2 1800~800 cm ' {EHBMTHRLT SN IEHHTIEYIE
Table 2 Characteristics bands of Fourier transform infrared

absorbance spectra in range of 1 800-800 cm !

DSOS TAL
Absorption peak FE{EUE Y JE Band interpretation
band/cm !
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FH K S5E SR R B ) S B i Ah B i (1 2R 1
HeE R AR P S 3 fios. [P 4EE AR
TEEEANM 3 PRSI RIBEE 1 H 3 FIRES T WO EE K
FLXF N7 () FTIR P340 ' i S A P M 28 A R Tk g 4
A3 LRI 565 v] W% BSR4 il . RGB/HSV/
Lab £ 7504y &, LSBT, TG B DR &
a7 W B AL AL B S 1 FTIR 6l E 47 ke
& WK BAFHRRISERRAE, HmFH K HEE
RELFAEI ER PR R . 4R ARG 3 Fha 2
ME 3 FRTLLE H, BTSRRI, AR ERS
F) 56 B B I8N, BRAREE 60 min FIRE SR AN 2%, H
T BCE 24 i 7 R PR /)N B B X
2.4 FTIR BHAIE K fast NNLS IS IHELER

ETHRE TR R SE (WERIEE) MET
fast NNLS #0510 3 NZ (BB, 4855 HOR T BELN i)
HOR I R B BB A H A () )84k, il 4 FoR. 4
182 TE AR A e 0 o ) AR S5t 2R B - 6 N i Ak 8 3] 47 ] i
AR o AR T8 E A BT 2R B A AR o 3R A0
B, AERRIR I BB AL AN [R] B TR] IR SRR R S &
BRI . A2 1A B Bk A B BT (1) 386 AN W T %
HIRBAIGEI B, AR R K, BEfE AR R %
FR R Z BB RN o X TT BEAE FHAE L R OR R R SR,
S PR HE R PR 388 KT 5 1R )

& 4 F1 BT fast NNLS &5 3 NMHLIGR K
YRR PR R G EAA, FOKRFR L
HHRIRR RS Em TS RTINS E, e A
RERGERD. XML RSEY T R
B AL R A R ot 2R = TR R T DL R SRR )
L AR KRS . A AT, JRRE SR
M AR R BN 7.7%, BHALEE 5. 30, 60 min J5 T %
& 6.0% 4.8%. 3.5%, EIRgERER, BRIEFE (EIHE 1
A AN, BRACFERERI R . 4R AROREEEAIY 3 AN
AP OR T 21 2 B 350 52 IO 2 el A L ST ) 165 0 17 A e gk 2>
s HH 3 MHAR AR R B NEAY SR IE
R BN BT KPR R FE 2R T HA 3
MHL, XTREEEREPAFRSERESAK, Ao 2
MR S NG 15 S e 7SS PR At b NGl N i ST
RIZER/N,  H R B R AR — 3.

Bl 5 fEHE T fast NNLS G THR R B 4R RN
BEAM S 3 NIRRT FTIR 23 E1E . FTIR
SMEG T ENERE 5 PRiES R REPARR
RO R T4 ORI R M 1, o Ak 3L ) 3
, FEAHAF KRR R G EEER D . FR, SHHAE
DI T AFIFEEE IR, 4R oA R 20 i (1) B 3R
FREE LU .

P 5 Hr EEELH A A FTIR 5454 15 55 7= 20 P FELIR BE it
Ab B () PR B I A AN SE R, — T T A2 Bl T BT X 3k
THRE A i £ Rl Ak B G TS B AR S — 51, W
TR A 4 B R R R PN R, S ELLANR
WOERERE, T DA TR R 4T i 1) 20 o N AEL BG5Sl A
TEA ok



Fl TREZAR Chttp://www.tcsae.org)

2019 4F

284

a. JEFE b. BgAbFE 5 min
a. Raw sample b. Alkali pretreated by 5 min

c. BHALEE 30 min d. BAbFE 60 min
c. Alkali pretreated by 30 min d. Alkali pretreated by 60 min
e FANREXS R 3 ASNE G RN R L R R B I 2 2
Note: The figure shows corn stover tissues including epidermis, vascular bundle
and parenchyma cell, respectively, in every subtitle.

B3 K¥HAREEFFRRGHELLELE

Fig.3 Sample tissues extracted by K-means clustering algorithm

2.5 g

K 4 ERER) (55 1 A AD T fast NNLS L&t 5
H 5 BAAEAARF, MR EE H IR Z . NNLS

"1 Max
Min
i Max Iﬂ Max

Min Min

c. BALFE30 min
c. Alkali pretreated by 30 min

Max Max

Min Min

a. JERE

a. Raw sample

Max

Min

WETHE 2SR ATl 5T k. AR EC 3, R
ERMER SRR, FFgERMAREK 3 Fidly
HE, oy b R AR 1, &8 HER . (H3Br L,
mE 3 Fw, FKRBHEFERA4ER, PAGERAARR
R oHBAUN 83.36%, JRFEHISAAAETER . R K
SRSy, DR Oh AR A 22 o T Ak B AN [R] B
B FIRE S, AR AR FRTER =4 BT
90%LA I, BT LASULAE S HERf . A o R RSO, A 18 HE B
ZEI ) 8, AE S5 SRR 7R T OB R N2 5 fast NNLS i
HEHE, s SR ERET 1.

18r 1 —=— 7 Epidermis

16F |\ —e— 45 Vascular bundle

14l ' - MHEEAANI Parenchyma cell
V- RERIEE

127 Chemistry adjusted value

10f & *o

A& FE 4K Lignin content/%

N A N
T

0510 20 30 40 50 60
WikbFEA 8] Pretreated time/min
B4 KirFEESEHRLEE 6 E

Fig.4 Lignin content at various pretreated time

Max B Max Max

Min Min Min
b. BEALFES min

b. Alkali pretreated by 5 min

Max Max

Iq Max
Min Min

Min

d. BEALFH60 min
d. Alkali pretreated by 60 min

e AR R 3 ANES BN R K A R AR . AR 2L R R 2 S bk, MR W, R IR R S K.
Note: The figure shows corn stover tissues including epidermis, vascular bundle and parenchyma cell respectively in every subtitle. The color of tissue is closer to red,
indicating the higher the lignin content is; and the color of tissue is closer to blue, indicating the lower the lignin content is.

B 'S Fast NNLS #t&it H &0+ AR & A6y FTIR LA E 1%
Fig.5 FTIR microspectroscopic images of lignin distribution in tissues based on fast non-negativity-constrained least squares fitting

®3 HRPARALNSHEE

Table 3  Structure carbohydrates composition of samples

gt Samples 442K Cellulose/% 44 2 Hemicellulose/% K% Lignin/% B Sum/%
J5BE Raw sample 42.00+0.29 23.69+0.17 17.68+0.27 83.36
FHALFE 5 min Pretreatment by 5 min 41.81+0.10 21.61+0.02 10.30+0.09 90.34
TikbHE 30 min Pretreatment by 30 min 41.85+0.20 17.90+0.01 5.79+£0.28 91.88
Tkt 60 min Pretreatment by 60 min 40.78+0.25 16.16+0.20 4.21+0.23 92.15
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Lignin content and distribution in alkali pretreated corn straw based on
Fourier transform infrared microspectroscopic imaging

Yang Zengling, Du Shurong, Mei Jiaqi, Li Junbao, Liu Erwei, Han Lujia™
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Lignin is one of the major components of plant cell wall, and it can provide sufficient strength and hardness to plant
cells while avoiding biological damage and water erosion. In recent years, studies on the lignification process and
delignification of plant tissues have received extensive attention from scholars. A large number of studies have been carried
out to determine the removal of lignin after pretreatment by conventional wet chemical analysis. The lignin content and
distribution of biomass resources such as crop straw directly affect its conversion and utilization efficiency. It’s meaningful to
develop multi-scale and in situ analysis to identify lignin distribution and quantification on delignified plant cell wall for
bio-resource commercial utilization. In this paper, we studied an in situ analysis method to visualize changing of lignin
distribution in the alkali pretreated corn straw internodal transverse section based on Fourier transform infrared (FTIR)
microspectroscopic imaging, with a fast non-negativity-constrained least squares (fast NNLS) fitting. We collected the middle
of the 6th node of fresh jointing stage corn straw. Corn straws were pretreated for series of times (0, 5, 30, 60 min) by 2%
NaOH solution at 100°C. A paraffin embedding method was used to produce 18 um-thick transverse sections for each sample.
Then, the sections were transferred onto ZnS windows for FTIR microspectroscopic imaging. We acquired FTIR spectra of
major components of corn straw for fast NNLS fitting. We also milled whole straws to 0.069 mm and pretreated in the same
condition as sections to determine structure carbohydrate. The data of FTIR microspectroscopic images and FTIR spectra were
processed by Savizky—Golay smoothing within 5 points, SNV, and automatic Whittaker filter baseline to correct baseline and
offset. K-means cluster algorithm was used to distinguish various tissues including epidermis, vascular bundles and
parenchyma cells. Fast NNLS fitting was carried out to calculate the lignin concentrations in pixels. For comparison between
different pretreated times, lignin concentration in pixels was calibrated according to the sum of content of all components
based on laboratory analysis. The lignin content by laboratory analysis decreased with the increasing of the pretreated time,
and the lignin degradation rate was larger at the initial stage of the reaction. The lignin content in the epidermis, vascular
bundle and parenchyma cells of the samples showed a decreasing trend with the increasing of pretreatment time, and the trends
of lignin changing in the three tissues were consistent with the trend of laboratory analysis. By comparing laboratory analysis
with fast NNLS fitting results, the results show that the FTIR microspectroscopic imaging combined with fast NNLS could
locate and quantify the distribution of lignin in various tissues, and the trend of lignin changing calculated by fast NNLS fitting
is the same as the laboratory chemical analysis results. The study demonstrated that FTIR microspectroscopic imaging
combined with fast NNLS fitting could be successfully applied to in situ visualize lignin distribution within corn straw
pretreatment. The characterization method provides reference for the lignin research of corn stover pretreatment and the study
of lignin degradation during straw pretreatment.

Keywords: straw; lignin; image processing; FTIR microspectroscopic imaging; alkali pretreatment



