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Abstract

This study was done on the metabolism of chemical components during the seed development
of ginseng. The changes of the chemical components were inspected in the following periods:
from the early stage of flower organ formation to flowering time, from the early stage of
fruiting to maturity, during the moisture stratification before sowing.

From flower bud forming stage to meiosis stage, the changes in the fresh weight, dry weight,
contents of carbohydrates, and contents of nitrogen compounds were slight while the content
of TCA soluble phosphorus and especially the content of organic phosphorus increased markedly.

From meiosis stage to microspore stage the fresh and dry weights increase greatly. Also, the
total nitrogen content increases in this period. Insoluble nitrogen was 62-70% of the total
nitrogen content; the increase of insoluble nitrogen seems to have resulted form the synthesis
of protein. The content of soluble sugar (reducing and non-reducing sugar) increases greatly
but there was no observable increase in starch content. In this same period, TCA soluble phos-
phorus reached the maximum level of 85.4% of the total phosphorus. TCA insoluble phos-
phorus remained at the minimum content level of 14.6%.

After the pollen maturation stage and during the flowering period the dry weight increased
markedly and insoluble nitrogen also increased to the level of 67% of the total nitrogen content.
Also in this stage, the organic phosphorus content decreased and was found in lesser amounts
than inorganic phosphorus. A rapid increase in the starch content was also observed at this
stage.

In the first three weeks after fruiting the ginseng fruit grows rapidly. Ninety percent of the
fresh weight of ripened ginseng seed is obtained in this period. Also, total nitrogen content
increased by seven times. As the fruits ripened, insoluble nitrogen increased from 65% of the
total nitrogen to 80% while soluble nitrogen decreased from 35% to 20%. By the beginning of
the red-ripening period, the total phosphoric acid content increased by eight times and was at its
peak. In this same period, TCA soluble phosphorus was 90% of total phosphorus content and
organic phosphorus had increased by 29 times. Lipid-phosphorus, nucleic acid-phosphorus and
protein-phosphorus also increased during this stage.

The rate of increase in carbohydrates was similar to the rate of increase in fresh weight
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and it was observed at its highest point three weeks after fruiting. Soluble sugar content was
also highest at this time; it begins to decrease after the first three weeks. At the red-ripening
stage, coluble sugar content increased again slightly, but never reached its previous level. The
2.36% of total dry weight, a
week before red-ripening, but compared with the content level of other soluble sugars crude

level of crude starch increased gradually reaching its height,

starch content was always low. When the seeds ripened completely, more than 80% of the
soluble sugar was non-reducing sugar, indicating that sucrose is the main reserve material of
carbohydrates in ginseng seeds. Since endosperm of the ripened ginseng seeds contain more than
60% lipids, lipids can be said to be the most abundant reserve material in ginseng seeds; they
are more abundant than carbohydrates, protein, or any other component.
During the moisture stratification, ginseng seeds absorb quantities of water. Lipids, protein
and starch stored in the seeds become soluble by hydrolysis and the contents of sugar, inorganic
phosphorus, phospho-lipid, nucleic acid-phosphorus, protein phospherus, and soluble nitrogen
increase. By sowing time, the middle of November, embryo of the seeds grows to 4.2-4. 7mm
of the total seed weight. Also, by this

time, much budding material has been accumulated. On the other hand, dry stored ginseng

and the water content of the seeds amounts to 50-60%

seeds undergo some changes. The water content of the seeds decreases o0 5% and there is an
observable change in the carbohydraes but the content of lipid and nitrogen compounds did not

change as much as carbohydrates.
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Sample

200mg
Extracted with 10% cold trichloro acetic acid (TCA)

‘ 2.5ml (3 times)
Supernatant
| Residue
’ Acid Soluble-P fraction ‘ Suspensed with 1.0ml. water, mixed with 4.0ml of
Digest with H,SO. Supernatant 95% ethanol and centrifuged.
and H,0. (discard)
- Residue
( Total acid Soluble-P ’ ! Inorganic-P
‘ _ Resuspensed in 5.0ml. of alcohol and centrifuged.
Supernatant
Residue
Boiled 3 times for 3 minutes each with 5.0ml. portions
of 3:1 alcohol-ether. centrifuged.
Supernatant
| B Residue
Lipid-P Suspensed in 1.2ml, of water, mixed with 1.3ml. of
Superlnatant cold 10% TCA, and centrifuged.
(discard)
Residue
Suspensed in 5.0ml, of 595 TCA, heated 15 minutes
at 90°C, cooled, and centrifuged. (3 times)
Supernatant
Nucleic-P _—, Residue
/ Mixed with 5.0ml, of 2% NaOH and dissolved by
heating in a boiling water bath for 10 minutes.
l Protein-P

Fig.1. A modified form of the Schneider procedure for the extraction of phosphorus fractions from

ginseng seeds.
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Fig.2. Changes in fresh and dry weight during
development of flower bud.
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Fig.3. Changes in nitrogenous compounds during
development of flower bud.
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Table 1. Nitrogen metabolism during development

of flower bud
(mg/100 flower buds)

Sampling Total Soluble—N | Insoluble-N
date Nitrogen fraction fraction
5. 6 3.00 0.91(30.3)! 2.09(69.7)
5.13 3.22 1.21(37.6)| 2.01(62.4)
5.20 4.23 1.39(32.8)] 2.84(67.2)
5.27 5.23 1.73(33.0)| 3.50(67.0)

( ) : Percentage to Total—N.
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Phosphorus metabolism during development of flower bud

(ug/100 flower buds)

TCA Soluble-P
Sampling date|  Total-P TCA insol-P TCA sol-P
Inorganic-P Organic-P
5. 6 749 181 [24.2) 568 (75.8] 130 (17.4] (22.9) 438 (58.5] (77.1)
5.13 1.079 157 [14.6] 922 [85.4) 227 [21.0) (24.6) 695 [64.4] (75.4)
5.20 1.159 218 (18.9] 941 [81.1] 250 (21.6]) (26.6) 691 [59.6) (73.3)
5.27 906 253 [27.9] 653 (72.1] 380 {41.9] (58.2) 273 (30.1) (41.8)

[ ] : percentage to total-P
¢ ) : percentage to soluble-P
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Fig, 5. Changes in carbohydrates during develop-
ment of flower bud.
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Table 3. Carbohydrate metabolism during develop-

ment of flower bud.
(mg/100 flower buds)

Sarlr}-
pling
date

‘ Soluble Soluble sugar

sugar

Total
sugar

reducing
sugar

non-reducing
sugar

1.67(31.4)| 3.65(68.6)
1.63(30.4)| 3.73(69.6)
4.75(39.4)| 7.30(60.6)
10. 06(49. 9)110. 12(50. 1)

5.6 6.13 5.32086.8)
5.13 7.70, 5.36(69.6)
5.20] 14.68] 12.05(82. 1)
5.27| 31.26] 20.18(64.6)

[ J:percentage to total sugar.
() : percentage to soluble-sugar.
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Tablé 4. Changes in metabolites during development of flower bud

(% dry weight)

Phosphorus Compounds Nitrogenous Compounds | Carbohydrate
Sampling date
| 0P { op | 18P | TN | sy | N | ss s

5. 6 1.39 0.24 0.81 0.34 5. 56 1.68 3.88 9. 84 1.36

5.13 1.66 0. 35 1.07 0.24 4. 95 1.86 3.09 8.25 3.24

5.20 1.18 0.26 0.70 0.22 4,32 1. 92) 2.90] 12.30 2.41

5.27 0.51 0. 26 0.18 0.17 3. 51 1.16 2.35 13.73 6.53
TP:total-P I0P:inorganic-P OP:organic-P ISP:TCA insoluble-P
TN:total-N SN:soluble-N ISN:insoluble-N SS:soluble sugar
S: starch
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Fig. 7. Changes in nitrogenous compounds during
fruit development.
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Table 5. Nitrogen metabolism during fruit
development
. (mg/100 fruits)
Sam . | Total | SolubleN | Insoluble-N | IN/SN
date Nitrogen| fraction fraction ratio
6. 3| 10.76) 3.76(34.94)( 7.00(65.05)| 1.86
6.10| 18.57 6.28(33.80)(12. 29(66.20)| 1.96
6.17]  35.3312.33(34.90)(23. 00(65. 10)|  1.87
6.240  36.64[10.64(29. 03)126.00(70.96)] 2.44
7. 1| 58.47/12. 44(21. 27)}46.03(78.72)]  3.70
7. 8| 62.98(10.72(17.02)(52. 26(82.97)|  4.88
7.15|  65.88/11.65(17. 68)/54. 23(82.31)] 4.65
7.22  69.74(12.92(18.50)(56. 82(81.50)| 4.40
7.200  71.11(13.27(18.66)/57. 84(82. 12)]  4.36

( ) : percentage to Total-N
IN : insoluble-N
SN : soluble-N

gao) BEnddd no Adstz wEkd %Rt
Ehe MR Zh % BE BE Wl £5EE
Foz BEE BE FlA TEM Prot-Ne& #RK
gobz & 4 gl

o] BEL ¥ ABET BT AEAA Efez
BBl Alanine, Aspartic acid, Glutamic acid, Tyro-
sine, Cysteic acid, Asparagine, Glutamine® o) MLBEE
& WHEE 2R GREY Wil 2o HESZ e
HEE A E Fo e @

® FE BHEA o2 HmeEe #ib

— iy 2 Tot-PE3 TCA Sol-P(Sol-P)= BE
A RS A =2 gled Sol-Pe i #4Re]
ol cl232(Table 6) = #hi & #BHho] glod
Tot-Pel #& Sol-Pe} [kAEE o] Bifflel 714 AA
91%9} o] &},

I0P= Rl mstel el s A& @Sl HR

Table 6. Phosphorus metabolism during fruit development

(mg/100 fruits)

Sargstlé'ng Total-p TCA insol.-P TCA sol-p TCA solubleP

Inorganic-p Organic-p
6. 3 1.75 0.49(28. 0] 1.26072.0) 0. 87[49.71(69. 0) 0.39(22.3)(31.0)
6.10 3.20 0.88(27.5) 2.32(72.5) 1. 61(50. 3](69. 4) 0.71(22. 21(30.6)
6.17 6.33 1.12017.7) 5.21[82.3) 2.91[45.9)(55.8) 2.30(36.41(44.2)
6.24 7.20 0.93(12.9] 6.27(87.1] 2.64(36.6](42.0) 3.63(50.51(58. 0)
7.1 11.26 1.20010.6] 10. 06(89. 4} 2.99(26.5)(29.7) 7.07(62.9)(70.3)
7. 8 15.18 1.35( 8.9] 13.83(91.1] 2.46[16.2)(17.8) 11.37(74.93(82.2)
7.15 14.83 1.58(10.7] 13.25(89.3) 2.25(15.2)(16.9) 11.00074.13(83.1)
7.22 14.56 1.63(11.2) 12.93(88.8) 2.28(15.61(17.6) 10. 65(73.23(82.4)
7.29 14. 44 1.63(11.3] 12.80(88.7) 2.28(15.81(17.8) 10.52(72.97(82.2)
{ J : percentage to Total-p

(

) : percentage to soluble-p
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Fig. 8. Changes in lipid-, nucleic-, and protein-P
during fruit development.
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Sol-S9) HZ& 1wl (Table 7) Rijfiel 80~9%B%ZE ¥
& HEme Yz ged F e F R
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A7l A & ¢ g& Rk BRE Wl &
BY EBEES BT FHE 249 B F o
Wil Sol-S8) &% HZRo AL BF WEY
BB, B, BEaE 8 BRI BT §EY
Be A4=ed ®EE &, R4 B B
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Table 7. Carbohydrate metabolism during fruit development

(mg/100 fruits)

Soluble sugar
Sampling date | Total sugar Soluble sugar
reducing sugar non-reducing sugar
6. 3 79.63 64.10 (80.4) 39.80 (62.1) 24. 3 (37.9)
6.10 131.78 124.59 (94.5) 83.06 (66.7) 41.53 (83.3)
6.17 189.52 163.58 (86.3) 92.00 (56.2) 71.58 (43.8)
6.24 136. 92 92.98 (67.9) 45.30 (48.7) 47.68 (51.3)
7.1 184.42 102.94 (55.9) 29.54 (28.7) 73.40 (71.3)
7. 8 187. 60 123.62 (66.0) 32.16 (25.9) 91.46 (74.1)
7.15 185. 64 123.39 (67.0) 20.38 (16.5) 103.01 (83.5)
7.22 177.12 123.98 (70.0) 22.14 (17.9) 101.84 (82.1)
7.29 182.28 127.97 (70.1) 20.09 (15.7) 107.88 (84.3)
{ 7 : percentage to total sugar ) )

( ) :percentage to soluble sugar
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Table 8. Changes in metabolites during fruit development

(% dry weight)

Phosphorus compounds Nitrogenous compounds Carbohydrate
Sampling date
TP | 10P | OP | ISP | TN | SN | IN | SS S
6. 3 0.50 0. 25 0.11 0.14 3.12 1. 09 2.03] 18.58 4.05
6. 10 0.45 0.23 0. 10 0.12 2.66 0. 90 1.76] 17.85 0.93
6.17 0. 34 0.16 0.12 0. 06 1.92 0. 67, 1.25 8.89 1.27
6.24 0. 36 0.13 0.18] 0. 05 1. 86 0.54 1.32 4.72 2.01
7. 1 0. 36, 0.09 0. 23| 0.04 1.88 0. 40 1.48 3.31 2.36
7. 8 0.45 0.07 0. 34 0.40 1.88 0.32 1.56 3.69 1.72
7.15 0. 40 0. 06 0.30 0.04 1.81 Q.32 1.49 3.39 1.54
7.22 0.39 0.06 0. 29 0.04 1. 89 0.35 1.54 3.36 1.30
7.29 0. 38 0. 06 0.28 0. 04 1.91 0. 36 1.55 3.44 1.31
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Length of embryo (mm)
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Fig. 10. Growth of embryo after stratification.
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Fig. 11. Showing percentage absorption and loss of
water during stratification and dry storage.
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Table 9. Changes in Nitrogenous compounds during

stratification
(% dry weight)
Total Soluble Insoluble
Sampling Nitrogen Nitrogen Nitrogen
date | a5 |ps|Aas|Dps|as]|Ds
Control 4.670 4.67( 0.44; 0.44] 4.23] 4.23
Afterd0 | 4.63 4.59) 0.48 0.46 4.20] 4.13
60 4.76 4.60] 0.53] 0.48 4.23 4.12
90 4.811 4.51 0.83 0.52] 3.98 3.99
120 4.79 4.62] 0.87) 0.51] 3.92] 4.11
150 4.72| 4.66] 0.91) 0.57] 3.81 4.09
180 4.73) 4.67| 1.89 0.61] 3.64] 4.06
A.S: after-ripening seed. D.S.: dry seed.
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Table 10. Changes in phosphorus compounds during

stratification
(mg/100g)
. . ol ic- [Protein-
Sampling date Igg;ic_P Lipid-P \Nuc{)e 16- t0 ;m
Contre] 32.00 44.22] 44.33 24.98
After 30 days 27.78 46.16 54.16 25.01
60 26.47| 45.80] 62.22 26.42
90 51.33] 48.91] 73.44} 25.41
120 102.80 48.64] 67.34] 26.63
150 112.27( 49.971 81.26] 26.25
180 121.18 51.28 54.71 26. 81
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Haﬁfiﬂ AL ¢

iOH
E@

“'}- fé%?é&':l:'i‘»] IR wBoE Juniper"s’m Rhodo-
typos kerrioides®) BEFL M= et vl Sleh

Db RS fmad e BEEts B¢ o7
A gae v delvm 9e¢ & 5 A #
BRIl REK RAbHe HEEe WEE BB
o7 SRS ol AL B BRI BR
o BRI FKkitsel S KRR o
it, BEY LER e energylFoE 29tz A
A8 e, &9 S, BB T BFRENE &
A" BEETIAS HEEe Mk pHES 5
Qed o] AL o8 BWHF D LYol w2 FIA
g F JE HES BHEHE Ad £ 4 U

Sol-N= ##ho v FEEsA @msAded oA
BT obv] e figel vt 2.4tel amide, peptide, #%EE
FHENHE $9 MRS BRT Ao HER EFE
fE W) Wil ofv] :fhe] VHECIA HE ofw kol
Hm= "4"‘ W —gE m Wkl R
AL feawme o ok BEFA Bl BEYS
ﬁ*\%é’b‘}—r— 9% Rez Har. Tot-N& & #Eel
¢lEe Sol-No] HinslEe Aoz Bl HEH M
KofigEl ol AEd Aor neln AAgSE BFY
dHE & s B 5 Adcha @

Lipid-P9} 8t #IEEY EM== £ 5 3

Table 11. Changes in carbohydrates and fat during stratification and dry storage

(% dry weight)

Soluble sugar | reducing sugar nonreducing Crude starch Crude fat
Sampling date — su

A S D.S A.S D.S A.S D. S A. S D.S A. S D.S
Control 5.18 5.18 0.22 0. 22 4.96 4.96 4.61 4.61| 60.97, 60.97
After 30 days 5.63 5.51 0.24 0. 20 5.39 5.31 3.08 3.46) 59.03 59.21
60 5. 67 5. 67 0.23 0. 23] 5.44 5.44 2. 87 3.490 58.19, 59.78
90 6. 48 5.83 0.27 0.34 6. 27, 5.49 2.44 2.92 57.85 59.73
120 6. 82, 6.78 0.30 0.37 6. 52 6.41 2.32 2.61 55.76] 59.35
150 7. 36 7.38 0.52 0. 36/ 6. 84 7.02 2.32 2.39, b54.95 52.29
180 8.01 7.65 0.53 0. 38 7.48 7.27 2.78 2.14] 54.71] 59.73

A,S=
D.S=dryed seed

after ripening seed
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