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Abstract[ This study investigated ginsenosides and tissue characteristics of roots injured by physiolo-

gical disorder, rusty and rough skin. After separation to cortex and stele parts of healthy, rusty(red)

and rough sikn roots, respectively, the contents of saponin and ginsenosides were analyzed. And also,

the histological and cytological characteristics of cortex and stele parts were investigated. Crude saponin

contents were little different among healthy, rusty(red) and rough skin root, and ginsenosides as

~ R

—R. and —Ry; were largely detected both in stele and cortex part. The ratio of PT/PD showed about

1:1 in three kinds of root. In histological study, destoryed cells in epidermis of rusty(red) root, and

those in epidermis and exodermis of rough skin root were observed. The cells in cortex of rusty(red)

and rough skin root have generally nucleus with unfixed shape, unequal cell wall, large number of

vacuole and mitochondria, and unidentified dark substances compared to healthy root. But in cell of

stele tissue, most of organells seem to be normal except a small number of cell in rough skin root.
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Table 1. Comparison of crude saponin and ginsenosides contents in cortex and stele tissue of healthy and unheal-

thy roots
Content of Content of ginsenosides(ug/g.D.W.)
Roots Parts sgg(l)(rll?n
(%) —Rg, —Rg —Rf —Re —Rd —Rc  —Rb;, —Rb; Total

Healthy root Cortex 6.0+ (0.8 667 8,410 662 2,146 794 1,898 1,348 8,932 24,857
Stele 34+ 05 334 2,165 384 1,094 436 523 135 2,927 7,998

Rusty root Cortex 6.2+05 684 5,490 601 2,917 726 1,762 1,366 5680 19,226
Stele 24+ 06 245 1,812 142 1,297 1182 125 47 1,299 6,149

Rough skin Cortex 6.0+05 319 2,253 410 1,286 400 393 526 3,082 8,669
root Stele 34+04 301 2,183 174 1,620 1725 773 353 2,281 9410

Table 2. Ratio of protopanaxatriol and protopanaxadiol in cortex and stele tissue of healthy and unhealthy ginseng

roots (unit: pg/g.D.W.)
Roots Parts Protopanaxatriol Protopanaxadiol Ratio
(PT) (PD) (PT/PD)
Healthy root Total 15,862 16,994 0.93
Cortex 11,885 12,973 0.92
Stele 3,977 84,021 0.98
Rusty root Total 13,189 12,185 1.08
Cortex 9,692 9,533 1.01
Stele 3,497 2,652 131
Rough skin root Total 8,546 9,532 0.89
Cortex 4,268 4,401 0.97
Stele 4,278 5131 0.83
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Fig. 1. Ginseng roots of rusty root (left), diseased root with rough skin (Eun-pi, center) and healthy root.
Fig. 2. Cortex tissue of healthy root by light microscope. X40. Epidermis (EP) cells were normal.
Fig. 3. Cortex tissue of rusty (red) root by light microscope. X40. Epidermis cell were partially wounded.
Fig. 4. Cortex tissue of diseased root with rough skin (Eun-pi} by light microscope. X40. Epidermis cells were
mostly wounded, and Exodermis cells were also partially wounded.
Fig. 5~7. Electron micrographs of cells in cortex tissue of healthy root. X10,000 (Fig. 5), X 12,250 (Fig. 6), X7,500
(Fig. 7). A large number of mitochnodria of globular or semi-globular shape and middle lamella were

remarkably observated.

CHP : Chromoplast Mb : Microbody PM : Plasma membrane
CO : Cortex ML : Middle lamella PW : Primary cell wall
CW : Cell wall N : Nucleus S : Starches

ER : Endoplasmic reticulum NC : Nucleolus SCW : Secondary cell wall
EP : Epidermis NE : Nuclear envelope T : Tonoplast

EX : Exodermis OG : Osmiophilic granules \ : Vacuole

L : Lipid PE . Peridem VM : Vesicule membrane
M : Mitochondria
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Fig. 8~10. A lot of starch grains were observated in stele tissue of healthy root. X10,000 (Fig.8), X5,0000
(Fig. 9), X8,750 (Fig. 10). Secondary cell wall was forming on Primary cell wall (Fig. 9).
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Fig. 11~13. The cells in cortex tissue of rusty (red) root. X10,000 (Fig. 11), X5,000 (Fig. 12), %8750 (Fig. 13).
The shapes of cell and other membrane bound organelle are malforming and poorness (Fig. 11,
12). Unidentified dark substances were scattered in cells under epidermis.
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Fig. 14~17. Organelle in cell of stele tissue of rusty root are mostly normal. X10,000 (Fig. 14), X 12,500 (Fig. 15,
16), X 7,500 (Fig.17). A lot of starch grains like in cells of stele tissue of healthy root were seen.

E

Fig. 18~21. Electron micrographs of cells in cortex tissue of diseased root of rough skin. X8,750 (Fig. 18), X 12,
250 (Fig. 19, 20), X12,500 (Fig.21). Irregulated cell wall, a large number of big and small vacuole,
diversified mitochondria and malformed nucleus indicate damaged cell due to rough skin of root.
Unidentified dark substance like in cortex of rusty root was also scattered in cortex cells of rough
skin.
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Fig. 22~25. The cells of stele tissue of dlseased root
with rough skin. X5,00 (Fig. 22), X6.250
(Fig. 23, 25), X 10,000 (Fig. 24). Cell orga-
nalle were mostyl normal. But a large nu-
mber of starch grain were observated like
in stele tissue of healthy and rusty root.
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