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Abstract : One of the physiologically important ginseng diseases is red-colored phenomena (RCP) that is caused by accu-
mulation of red-colored substances on the epidermis of ginseng roots. Although RCP severely deteriorates the quality of
ginseng products, there has been little information on what red-colored substance is and how RCP occurs. Therefore, the
heavy losses of cultivators and ginseng industry are suffering by RCP. For this reason, we have investigated with the mor-
phochemical characteristics of RCP to find out main cause of it. The red-colored substances (RS) on the epidermis of
red-colored ginseng (RCG) were examined using inverted light microscope, confocal laser scanning microscope (CLSM)
and furier transform infrared (FT/IR) spectrometer. Red brown substances were accumulated in the cell wall of the epi-
dermis from early stage to late stage of RCG. Especially, cell wall of the late stage of RCG was covered with the sub-
stances with 80~130 pm thick. Therefore, the cell wall of RCG cannot protect the ginseng root cells from the mechanical
damages, bacteria and fungi. To analyse red substances of roots, RS were isolated from epidermis of RCG and extracted
using various solvents. RS is strongly insoluble but it was bleached by oxidizing agents including 12% (v/v) NaOCI.
Therefore, RS was presumed to make up of high chelation power. The profiles of FT/IR spectra of both healthy ginseng
(HEG) and RCG showed a significant difference at two wavelength, 2857 cm™ (C-H) and 1032 em™ (S=0), respectively.
Furthermore, absorption peak of 2857cm™ appears on the only epidermis of RCG. The other peak is shown lower absorp-
tion rate on the epidermis of RCG than that of healthy ginseng. Also, FI/IR spectra of the mixture of carboxym-
ethylcellulose (CMC) and iron (Fe**) were very similar to RCG spectrum profiles. One of a interesting fact is that the
contents of phenolic compounds at the epidermis of healthy ginseng were highest. The results of these experiments sup-
port the RCP was closely related with the chemical interaction between inorganic elements (Fe) of rhizosphere and
organic matters (cellulose, cellobiose, cell sap, etc.) of ginseng roots.
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Fig. 1. Red-colored phenomena (RCP) of ginseng roots (Panax
ginseng C.A. Meyer). Red-brown substances weré accu-
mulated on the epidermis of ginseng roots. @, ® : 3-year-

old, ©, ®, ® : 4-year-old.
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Fig. 2. Cross-section light microscopy of healthy (®) and red-
colored ginseng (®). Arrows indicates accumulated red
substances. EP :epidermis, RS :red-colored substances.
Bar indicates 71 pm.
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Fig. 3. Confocal light scanning microscopy (CLSM) of healthy
ginseng (®) and red-colored ginseng (B). EP : epidermis,
RS : red-colored substances. Bar indicates 120 yum.
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Fig. 4. Accumulation of red-colored substances in epidermis of
RCG. Thickness measured fluorescence intensity. EPI :
epidermis, RS : red-colored substances. HEG : healthy ginseng,
RCG : red-colored ginseng.
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Table 1. The FI/IR spectra and functional groups of ginseng tissues and CMC with Fe?*
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Table 2. The compounds in RCP complex
Common Name Chemical Formula
Azodicarbonamide (ADCA) C,HN,O,, Mol. Wt. 116.08
Fatty alcohol CsH;,0, Mol. Wt. 228.4
C,H,,0, Mol. Wt. 172.3
Hydrocarbon C¢Hsy Mol. Wt. 2264
1aHags Mol. Wt. 198.4
Oleic alcohol 17Ha4 Mol. Wt. 238.5
Tridecyl bromide C,,H,,Br, Mol. Wt. 263.3
Myristyl bromide C,H,,Br, Mol. Wt. 277.3
Lauyl mercaptan C,H,S, Mol. Wt. 202.4

trums} T o] JERdT 2 2857 cm {C-H, azodi-
carbonam1de)°ﬂ7~1 N2 ErUrt FAEYLe 1700 cm™
(C=0) FEAFFEE thh 7181 1000 cm™ F-2ollA]
9 _g_z,:%% A 3] ZHAasksdet.

oldd A= A7Fte] Eu2Z| I AwAite 3——}_-4_%1‘./]
T2 8o functional group®] ZolE ASle AoZ 3
Halke) Aol FAAEZ ] stretching 2 bending vibration
o] Yolkg-S & 4= Ut} olfdt UNE THITH AW
A3 AEE fr1EAY] Fol 7FeE AoE wddnh
3 A FH2AE 500°C A712A 3] ststed %ﬂc’ =
A3 MBI A|8¢] FT/R spectrumellXE <= peak
2 UTH(Table 1). whol| 2] #9|24E
ﬂﬁ}fﬁ fﬂv‘f’t oMo H g vl Ttk o]z Ax=

Ede f71E3 EdAE olF U F Xﬂ’\]

°]~‘ Zoln, A3 Ao UAEHLE AMe]e] M=
34982 cellulose7t FE-AH oz e M=t 4-4*1]47}
rﬂpﬂﬂﬂ £25E N EWEE(cell sape] Zol3} B3|

E ¥4g 43Fig 59 A8 Ak
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Wavenumber (cm™!)

Whole* 3379.00 2928.57 - 1642.86 1428.57 1017.86 571.43
HEG 3383.93 2910.57 - 1651.79 1410.71 1142.86 589.29
RCG 3401.79 2928.57 2857.14 1642.86 1232.14 1142.86 53572
Ash - - - - - 1089.29 607.14
CMC 3428.57 2829.86 - 1625.00 - 1053.57 660.71
CMC+Fe? 344643 2829.86 - 1660.71 - 1053.57 660.11
CMC+Fe™ 3437.50 2928.57 2857.14 1642.86 1428.86 - 464.29
Funcii OH C-H -C-H c=C CH C-O C-Br
unctional Group N-H C=H cC c-Cl

*Whole : Whole roots of ginseng, HEG : epidermis of healthy ginseng roots, RCG : epidermis of red-colored ginseng roots, Ash : ash of RCG,

CMC : carboxylmethylcellulose.
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Fig. 5. Cellulose structure and presumed model of chelation with
iron. Irons are formation of 5-membered ring with aldehyde
residue of glucose and/or chelation on the loosely hydrogen
bond between cellulose fibers. HEG : healthy ginseng, RCP
: red-colored phenomena.

Table 3. Organic elements in epidermis of healthy and red-colored

ginseng
Elements (%) C H N
Samples
Whole* 40.51 6.48 2.10
HEG 41.68 6.31 1.40
RCG 51.57 6.80 2.49
CMC 40.08 6.25 0.03
CMC+Fe* 38.02 6.17 0.28
CMC+Fe** 1441 226 0.14

*Whole : Whole roots of ginseng, HEG : epidermis of healthy gin-
seng roots, RCG : epidermis of redcolored ginseng roots, CMC :
carboxylmethylcellulose.
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Fig. 6. The contents of phenolic compounds in the parts of ginseng
roots. HEG and RCG : epidermis of healthy and red-
colored ginseng, respectively, MNR : main roots, LTR :
lateral roots, FNR : fine roots.
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