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Fig. 1 TEM images of fiber and parenchyma cells

(a): Transverse section through a corner region between adjoining fibers; (b): Transverse section of a parenchyma cell; (c¢): Transverse section

of parenchyma and fiber cell walls. This high magnification micrograph shows the thickness of the S; layer of parenchyma and fiber cell walls to

be distinctly different (PC is for parenchyma cells and FC is for fiber cells)
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Fig. 2 Raman spectrum of S; in cross section

of Daphne odora Thunb. fiber cells
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Table 1 Assignment of Raman bands in the average spectra of the fiber S,

Frequency/cm ! Component

Assignment

2 945 Lignin and Glucomannan

2 897 Cellulose

1 650 Lignin

1 605 Lignin

1464 Lignin and Cellulose

1423 Lignin

1378 Cellulose

1330 Lignin

1121 Cellulose, Xylan, and Glucomannan
1098 Cellulose, Xylan, and Glucomannan
902 Cellulose

378 Cellulose

C—H stretching in OCH3 asymmetric
C—H and CH; stretching

Ring conjungated C=C stretching of coniferyl/sinapyl alcohol;

C=0 stretching of coniferaldehyde/sinapaldehyde
Aryl ring stretching symmetric.
HCH and HOC bending
O—CHj deformation; CHy scissoring; guaiacyl ring vibration

HCC, HCO and HOC bending

Aryl-OH or aryl-O—CH3; vibration

Heavy atom (CC and CO) stretching

Heavy atom (CC and CO) stretching

Heavy atom (CC and CO) stretching

B-D-glucosides
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Fig. 3 Raman image showing the cellulose distribution in fibers
(scale bar: 0.5 pm). Cellulose distribution in morpho-

logically distinct regions of fibers, 3 045~2 773 cm™!
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Fig. 4 Raman image showing the lignin distribution in fibers
(scale bar: 0.5 pm). Lignin distribution in morpho-

1

logically distinct regions of fibers, 1 712~1 519 ¢cm™
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Fig. 5 Average Raman spectra of Daphne odora Thunb.
after baseline correction
(a); Average Raman spectra of the CC, CML and S; of fiber cells;
(b) and (¢): Comparison of the average Raman spectra of the CC,

CML and S; and zoom into the dominating bands

References

HA 0.5 pm, HE CML R ZE kB rTREALES T 2141
BEJZ: ML, P, S f1S,. S B K S ~S EARHE(550H
JEAXF T CML I, FRUFHARRIREI. REESTEEXH
P AR R, RZEWE 51 A BB A —H, CC i
REWEE Fem » HROR CML, 11 S, EARRWRE RAL.
2.2.4 FRRAMEEREZAESH

Kl 5() HEMARTEAK : CC, CML K S, 131615
B, L3RR 3 200~300 cm !, EIHT, 2 975~2 840 cm !
W )EF C—H 1 CH, Mi4idkah, 7 CC fil CML ., RifiE
2 945 em™' FEEARZF AN C—H 0 EIR3) .
TTE S, B, BEIK2 945 em ' B8 B4 C—H #fn
CH, Mfh&atiesh. B 5(a) L5k ot kb #4532 & 5(b) A& 5
(0), A 5(h)H 1 650 Fil 1 605 em™ &R, AT LL R I CC
IEARZE R (EEEIR, S, BAZEWR S ESRT,. £
TE CCREARRWE R, 1M S 2R AR A, 1 121
11098 em ™' A RRAE NG 230 th £F 4 E A A C-O—C 1Yy
X PR R S AAE X BRI 45 IR B4, 72 CML S, B X
PIANFREIE R I M+ CC AL 5(o) ], BBA7E CC Ab2F 4
I B FefIK

3 45 i

R P8 5t i S A AR A8 T 45 A A 2 200 L B 1) R s 2
1, G5 RFLF AR 7 JZ 0. B A 2 N 43 )
JZ2 (ML) | FJARE(P) IR ABE(S) =2, WA BE X A Rk
BEANZ (S L WAERERZ(S) RURAEREN 2 (S) . R B
HOCHL LSRRI RN, R e AR TE 2 X
YR RORR RGN P, hrg otk & W idh & K
BR, CCARRWE RS, CML ik EEAL, S Eriuk
FERAR. SRR HIERN G AREMZ . S BheqeRiks
e HOkJE CML, CC ik B Fe ik, AR5 26 R BOG B ok
SGIE RS SRR M AN M RE v = B Ay T R S AR R WA
SRR TR RIS R O AL SR G A &
B I AT

[1] WU Fen, ZOU Ye-mao, LONG Song-hua(% 2%, 48n%, JeAsfE). Hunan Agricultural Sciences GH RGO FF) . 2010, (5); 14.
[ 27 LOU Hong-ming, QIU Xue-qing, YANG Dong-jie, et al($8%4%, I2¢7 . MR, 2. Journal of South China University of Technolo-

gy (AR T RZ#244)) . 2002, 30(1); 48.

[ 37 Schmitt M, Popp J. Journal of Raman Spectroscopy, 2006, 37(1—3): 20.
[47] YAN Ji-zhong, TONG Sheng-qiang, CHU Jian-jun, et al (Gigk L., Bk, # 8%, 4. Zhejiang Chemical Industry (#FiTAL T, 2003,

34(8): 1.

[ 571 Agarwal UP. Advances in Lignocellulosics Characterization, Atlanta; TAPPI Press, 1999, 209.

[ 6] Agarwal UP, Ralph S A. Holzforschung, 2008, 62(6): 667.

[ 7] Agarwal UP, Ralph S A. Applied Spectroscopy, 1997, 51(11): 1648.
[ 8] Edwards H G, Farwell M D W, Webster D. Spectrochim. Acta Part A, 1997, 53(13): 2383.
[97] WileyJ H, Atalla R H. Carbohydrate Research, 1987, 160(15); 113.

[10] Agarwal U P. Planta, 2006, 224(5); 1141.



1006 i SR 532 %

[11] Agarwal U P. Planta, 1986, 169(3): 325.

Confocal Raman Microspectroscopy Study on the Distribution of Cellulose
and Lignin in Daphne odora Thunb.,

ZHANG Zhi-heng' , MA Jian-feng', XU Feng'" **
1. School of Materials Science and Technology, Beijing Forestry University, Beijing 100083, China
2. School of Light and Textile Industry, Qigihar University, Qigihar 161006, China

Abstract Confocal Raman microspectroscopy is well suited to investigating cellulose and lignin distribution i7-situ in the native
cell walls of woody tissue. In this study, transmission electron microscopy (TEM) was used to determine the ultrastructure of
Daphne odora Thunb, . In the TEM images, cell wall of Daphne odora Thunb. is typically divided into three layers: middle
lamellar (ML), primary wall (P) and secondary wall (S;, S, and S;). More detailed information about cellulose and lignin dis-
tribution in different cell wall layers was analyzed in situ by confocal Raman microspectroscopy. Raman spectra and images reveal
that the distribution of cellulose and lignin in the cell wall layers is not uniform. Lignin concentration in different morphological
areas follows the decreasing order: the cell corner (CC)>> the middle lamellar (CML)> the secondary wall (S;). In contrast,

cellulose distribution shows the opposite pattern-low concentration in CC and CML and high in S, regions.
Keywords Daphne odora Thunb. ; Ultrastructure; Raman microspectroscopy; Cellulose distribution; Lignin distribution
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