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Accumulation regularity of polysaccharides and lignin and
identification of lignin monomer types in stems of
Dendrobium officinale Kimura et Migo

Wang Jian, Zhen Cai-Yun, Wei Lian-Ping, Chang Yan, Cai Yong-Ping, Jin Qing”

( College of Life Science, Anhui Agricultural University, Hefei 230036, China)

Abstract. The stems of Dendrobium officinale Kimura et Migo in different years were used as
study materials. The contents of polysaccharides, monosaccharides, and lignin were
determined, and the relationships among them were analyzed by multiple linear regression
analysis. The D. officinale stems were stained using saffron, fast green, and Maule staining,
and the lignin monomer types were determined by Fourier transform infrared ( FTIR) and
proton nuclear magnetic resonance ('H-NMR) spectroscopy. As a result, lignin accumulation
was significantly positively correlated with glucose content, and significantly negatively
correlated with polysaccharide and mannose content and the mannose to glucose ratio. These
results suggested that the accumulation of polysaccharides was influenced by the deposition of
lignin. The xylem and sheath of the vascular bundles in the D. officinale stems contained lignin.
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With the increase in years, the thickness of the vascular thick-walled cells in the D. officinale
stems increased, and the degree of development of the vascular bundle sheaths increased.
Maule staining and FTIR and 'H-NMR spectrometry showed that the stems of D. officinale
mainly contained guaiacyl! lignins (G lignins) and syringyl lignins (S lignins) , as well as trace
hydroxyl-phenyl lignins (H lignins). G lignins were mainly distributed in the xylem, while S
lignins were mainly distributed in the thick-walled cells. The S/G ratio in the D. officinale stems

showed an upward trend with increasing years.
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Fig. 1 Changes in polysaccharide, mannose, glucose, and lignin content in Dendrobium officinale stems in different years
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Table 1 Multiple linear regression analysis of polysaccharide, mannose, glucose, and lignin content in
Dendrobium officinale stems in different years
Z e MR H 53 Hr [VE Py R N
Multiple linear regression analysis Regression equation t-test P

Z ¥ Polysaccharides( Yy ) Y| = 4.994 +0.772X | + 1.270X) t, =5.936 Py = 0.001
HE&HE Mannose (X ) ty = 2.723 Py = 0.035
Wi Glucose (X))

APz Lignin( Yy ) Yy = 21.533 - 0.122X;; - 0.638Xy ty = —2.466 Py = 0.049
Z W% Polysaccharides ( Xy ) ty = —4.875 Py = 0.003
H &4/ # % B Mannose to glucose ratio( Xy, )

ABE Lignin( Yy ) | Yy =17.088 - 0.27Xy + 0.756 Xy, ty = -5.682 Py = 0.001
H#EH Mannose(Xy ) | ty = 4.443 Py = 0.004
Hi%HE Glucose( Xy )
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A, - C,: one, two, and three years of stems (100 x) ; A,-C,: one, two, and three years of stems (400 x). Same

below.
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Fig. 2 Saffron and fast green staining of Dendrobium officinale stems in different years
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Fig. 3 Thickness of vascular bundle sheath thick-walled
cells in Dendrobium officinale stems in different years
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Fig. 4 Maule staining of Dendrobium officinale stems in different years
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Infrared spectra of Dendrobium officinale stems in different years
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Table 2 Infrared spectroscopic analysis of lignin in Dendrobium officinale stems in different years
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Table 3 Content variation of different types of
lignin in Dendrobium officinale stems

GO

0,
Year G%

S% S/G

14E4  63.29 + 0.391a  36.71 + 0.391¢c
24E4 61.26 +0.927b  38.74 + 0.927b
34EA4 59.53 +0.432c  40.47 + 0.432a

H: G%, MRIARE: L MEIAREME T HEENE &, S%,
BTHESMOATEME T HRN A&, /G, BTH
B RIARTER L,

Note: G%, percentage of guaiacyl groups in guaiacyl and sy-
ringyl groups; S%, percentage of syringyl groups in guaia-
cyl and syringyl groups; S/G, ratio of syringyl to guaiacyl
groups.

0.580 + 0.010c
0.633 + 0.025b
0.680 + 0.012a
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Table 4 Analysis of lignin "H-NRM spectra in Dendrobium officinale stems in different years
Lt v AN =R

Chemical shift

Chemical shift region( x 107°)

| s

region range 1 4EH 2 AR 34E4 Type of protons
(x107®) One year Two years Three years
7.42~7.52 7.43 7.43 7.43 POFE 5k s MW ma
7.26 7.26 7.26 7.26 #71] CDCly
71~6.8 6.86 6.85 6.86 RIARET &I LT
6.8~6.3 6.47 6.47 6.45 ETHREGTER LT
5.75~5.24 5.35 5.35 5.34 B-5 L5 Hax
5.2~4.9 4.97 5.00 5.04 v tatt/Laibl s
49~44 4.43 4.41 4.47 B-O-4 &y E1y Hy il Hy
4.4~41 4.09 4.10 413 B-p 454 1 Ha
4.1-~238 3.64 3.64 3.64 A BT
27~22 2.20 2.22 2.22 JF B RERRER LT
22~17 2.01 1.99 2.01 R 15 T T R g b 14 JoT ¥
1.7~1.2 1.26 1.26 1.26 weKALA P b T
BIARKIFHFEIR LT, 6.8 x 10°~ 6.3 x 10°4  HAEUKRE,
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107°Kb X 2 3 55 F 30 LR T2, WLk A it
"H-NMRi 3% B & B, AALFEAL 2% B 6.87 x
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I EEEMFEIEVE, [ LA RS 7,43 x 107°4b
ST S PR RS ORI A R, PR A
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TH-NMR % 3546 0 H 42k Kz A fiph =5 K T 28 45 44
Honrh 3 Mk AL, 3500k B-O-4 4544 (4.9 x
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