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ABSTRACT

For the elucidation of saponin synthesis during ontogeny changes of ginsenosides and free sugars in seeds
during stratification and seedlings in early growth stage were investigated with high performance liquid chrom-
atography. Embryo plus endosperm at 40-day stratification showed 80% decrease of total saponin, disappear-
ance of Rc, Rb, and Rb, and appearance of Rg; (probable) and 20-Gle-Rf (probable). Leaf ginsenoside F;
was found not in fruit plup but seed and decreased during stratification. Both decomposition and synthesis
of saponin seemed to occure during stratification. Ginsenosides in endosperm and embryo might be originated
from fruit pulp by penetration. In seedling saponin appeared first in shoot and in root about one month later.
Ginsenoside Rc, Rby, Rb, appeared in root at the last investigation (June 30) indicating normal saponin
synthetic capacity of root. Saponin synthetic rate was twice in leaf than in root. Leaf ginsenoside F3 was found
in seedling root. Root saponin Rg; and 20-Glc-Rf were found in leaf and stem in seedling and decreased with
growth suggesting that rate saponin is not such in certain growth stage. Total saponin content was negatively
correlated with PT/PD in seeds and arial parts of seedling due to greater change of PD. than PT. Seed at 70days
stratification showed high sucrose content. In seedling glucose was main sugar in stem all the while and sucrose

in root at early stage while glucose, fructose and sucrose were found in leaf.
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Fig.1. High performance liquid chromatogram of saponin in Panax ginseng seed during stratification.

S*: proable sucrose
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Table 1. Content of ginsenosides in ginseng seed during stratification. (ug/g Fw)

Fs Rg, Rgy F, Re Fs Rd Rc Rb, Rb; TS PT PD PT/PD S
Fruit
Red pulp(A) — — 604 - 4116 — 818 695 564 245 7042 4720 2322 2.03 -
Embryo and Endosperm
green seed(B) 25,0 T 16.7 T 292 — 615 36.0 40.4 858 557.4 333.7 2237 1.49 107.7
red seed(C) 235 T 98 T 252 — 36.3 33.3 53.6 122 530.5 285.3 2452 1.6 117.6
Stratification
40 days 75 T 40 48 392 275 42 - - - 87.2 178.2 9.0 8.69 12522
70 days T 233 T 92551 352 58 - — — 128.6 1136 15.0 7.57 143.5
B/A(%) — — 30 - 71 — 76 52 7.1 35 7.9 7.1 9.6 - —
C/A(%) - — 16 -~ 6.1 - 44 47 95 50 7.5 6.0 106 - -
— ; No peak T ;trace s ; likely sucrose
PT; F;3 +Rg, +Rg; + Re+F;s PD ;F4 + Rd+ Rc+Rb; +Rb;
2ok # saponin &80l B4l xrh RS LHE & 4+ Ak RES BT 22 HllE: £A
o] 7.94%¢°l3 MA Y HHYEL 57.3%1R= &Y A BFE AEWO AR Sqe+ zoletn A
Rgonl PR UES = AL ¢ 4 AUtk # 4% a5 glovt AEREFE IEEel %ol saponin
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Table 2. Saponin pattern similarity among seed
during stratification.

Embryo and Endosperm
red fruit green red Stratification

pulp seed seed 40 days
Green seed 0§§§
*kkk kkkk
Red seed 0.886 0.976
Stratification
k¥ * % *
40 days 0.690 0.655 0.574
%k * % koK R
70 days 0.661 0.616 0.536 0.892

*x%% &xx %% x .p=0,001,0.01,0.05and 0.1
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Table 3. Content of ginsenosides in ginseng seedlings. (ug/g Fw)

FW@®%) F, F; Rgy F, Fq Rf Re Fs Rd Fg Rc Rby Rb; TS PT PD PT/PD
Leaf
May 29 43.1 211 748 1118 1212 1756 T 2420 1406 751 670 — — — 10292 5903 4389 1.35
Jun. 30 356 448 845 1988 1446 1445 T 2948 1052 1578 776 294 332 — 13152 7281 5871 1.24
Stem
Apt. 20 619 - - 64 - 69 72 111 93 -~ - - - - 409 340 69 493
May 29 389 81 - 125 - 261 T 144 382 - 68 — - — 1061 732 329 222
Jun. 30 28.0 2 § 162 T 430 126 S5 39 - — — 1223 967 256 3.78
Root
Apr. 20 38.1 R - - - - - -~ - - - = - - - -
May 29 180 - 72 113 - 73 59 181 94 132 137 - - — 861 519 342 152
Jun, 30 364 — 134 185 — 109 60 360 211 238 227 173 168 222 2087 950 1137 0.84

* s stem + leaf T ;trace — ; No peak

PT;Fy +F3+Rgy + Rf+ Re+ Fs

Rg‘l

PD ;Fy + F4 + Rd+ Fg + Rc + Rb,; + Rb;

s
Fy
(\I Re sz L3
L.
Ss
Sz
S
w
~L ) \ P 2 R«1_'_
0 15 20 25 (min)

Fig. 2. High performance liquid chromatogram of saponin in Panax ginseng seedling at early growth
stage. R,S,L; Root, Stem and Leaf. 1,2, 3; April 20, May 29 and June 30.
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Table 4. Rate of growth and saponin synthesis
in ginseng seedling during early stage.

mg FW/100 ug saponin/g ug saponin/100
plants, day FW, day plants, day
Leaf 197 89.4 17.6
Stem 109 5.1 0.56
Root 445 38.3 17.0
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Al M= 2dellof Reot Rb, 7t A2es RfE &7
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Table 5. Saponin pattern similarity between seed and seedling.

Leaf Stem Root
May 29 Jun. 30 Apr.20  May 29 Jun. 30 May 29 Jun, 30
Embryo and endosperm
* *% * % % %k
green seed 0 491 0.581 0.405 0.016 0.575 0.479 0229
red seed 0.392 0.465 0.340 -0.025 0.495 0.357 0.679
stratification
Ak *% %k %k * %k *% &g
40 days 0 76"‘13'= 0.670* OZ§§ 0. 615 0.65*65'= 0.632 0.582
70 days 0.641 0.528 0.674 0. 538 0.564 0.490 0.467
* %k *kk * % k% * %k % %k
Red Fruit pulp 0.560 0.687 0.488 0.081 0.683 0.550 0.679
FrER k% kx * P =0.001,0.01,0.05 and 0.1
Table 6. Saponin pattern similarity at early growth stage.
Leaf Stem Root
May 29 Jun. 30 Apr. 20 May 29 Jun. 30 May 29
Leaf Jun. 30 0*;65
Stem Apr. 20 0676 0535 os
My 29 0gd o3g o]l *
Jun. 30 0.745 0.8§9 0.735 0.477
% * Ak * %k EL 33
Root May 29 0.567 0.721 0.563 0.375 0.68"3‘= e
Jun. 30 0.370 0451 0.399 0.199 0.539 0.673

*¥rkx kxk x% ¥ .P=0.001,0.01,0.05and 0.1
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Table 7. Linear correlation between total
saponin and PT/PD in ginseng.

Plant part T P n

Leaf, stem -0.813 0.1 5

Leaf, stem, root —0.494 NS 7

Embryo and Endosperm(seed) -0.994 0.01 4
d

Seed, seed pulp —0.422 NS 12

Leaf, stem, root
NS : not significant

T
fru.glu.
suc.
KNJLA_*_a
R
[awnan L 1 1 1 (2
0 10 20 (min)

Fig.3. High performance liquid chromatogram of
sugar in leaf(a), stem(b), and root(c) of
Panax ginseng seedling on May 29.
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Table 8. Free sugar content of seed and seedling of panax ginseng. (mg/g FW)

Fructose Glucose Sucrose Total
Embryo and endosperm
at harvest 1.29 2.13 24.6 28.02
70 days stratified (1.02) T 20.0 21.02
Seedling
Leaf May 29 3.98 451 3.12 11.61
Jun., 30 0.58 0.44 3.13 4.15
Stem *Apr. 20 T 5.39 T 5.39
May 29 T 104 T 10.4
Jun. 30 T 1.16 T 1.16
Root Apr. 20 T T 27.2 27.2
May 29 T T T T
Jun., 30 1.46 T T 1.46
( ) :probable arabinose. * : stem + leaf T : trace
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