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Abstract This study investigated that comparison of the
nutrients (including fatty acids, amino acids, and minerals) and
ginsenoside, total phenolic (TP) and total flavonoid (TF) contents
and antioxidant activities in 5-year-old cultivated ginseng (CG),
mountain-cultivated ginseng (MCG), and whole plant parts of
MCG (WPMCG). The contents of total fatty acids and unsaturated
fatty acids were determined highest in MCG (1215.9 and 751.2
mg/100 g), and saturated fatty acid was determined highest in
WPMCG (486.4 mg/100 g) respectively. Characteristically, the o-
linolenic acid content was detected up to 10 times higher in MCG
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(139.3 mg/100 g) and WPMCG (194.4 mg/100 g) compared to
CG (18.1 mg/100 g). Total free and essential amino acid contents
were high with CG <MCG < WPMCG (1006.35 mg/100 g and
839.46 mg/100 g). Notably, y-aminobutyric acid and arginine
were detected as the main non-essential amino acids with highest
levels detected in WPMCG (163.10 mg/100 g) and MCG (305.23
mg/100 g), respectively. Total mineral content was high in CG
(30.36 mg/100 g) and WPMCG (29.82 mg/100 g). Particularly,
Calcium (Ca) was detected more than twice as high in WPMCG
(6.68 mg/100 g) as compared to CG and MCG. TP and TF contents
were 5.12 gallic acid mg/g and 3.04 RE mg/g respectively.
Ginsenoside content was the highest in WPMCG (42.44 mg/g) in
general and the highest antioxidant activity was also observed in
WPMCG.
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- Mountain-cultivated ginseng
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mountain-cultivated ginseng) 2 At Aoz =t Ab
(wild ginseng)® &2 EFATH1]. AFitolgle &ole Al
Agaat g aekt So 2 BEd ZE AHACA &' A
HolaL o5 AFe R ARgSeS ST 2].
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chromatography-inductively coupled plasma mass spectrometer
(NexION 350 ICP MS, PerkinElmer Inc., Waltham, USA)E
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Table 1 Comparison of fatty acid contents on cultivated ginseng, mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng

Contents" (mg/100 g d.w.)

Sample? (more five years)

CG MCG WPMCG
Saturated fatty acids
Myristic acid (C14:0) 25.6+1.3 32.741.6 nd®
Palmitic acid (C16:0) 277.9+13.9 265.0+13.3 338.7+16.9
Stearic acid (C18:0) 127.9+6.4 107.6+5.4 93.5+4.7
Arachidic acid (C20:0) nd 14.0+0.7 10.9+0.5
Behenic acid (C22:0) 13.6+0.7 32.9+1.6 21.8+1.1
Lignoceric acid (C24:0) nd 12.5+0.6 21.5+1.1
Total 445.0 464.7 486.4
Unsaturated fatty acids
Elaidic acid (C18:1t) nd 7.3£0.4 nd
Oleic acid (C18:1c) 61.5+3.1 145.6£7.3 59.1£3.0
Linolelaidic acid (C18:2t) nd 12.1+0.6 nd
Linoleic acid (C18:2c) 209.0£10.5 392.4+19.6 367.0+18.4
a-Linolenic acid (C18:3n3) 18.1£0.9 139.3+7.0 194.4+9.7
Eicosenic acid (C20:1) 36.0+1.8 nd nd
Ecosadienoic acid (C20:2) 18.9+£0.9 26.5£1.3 nd
Eicodatrienoic acid (C20:3n6) 11.3+£0.6 7.7£0.4 11.3+£0.6
Arachidonic acid (C20:4n6) nd 6.8+£0.3 8.4+0.4
Erucic acid (C22:1n9) 63.8+£3.2 nd nd
Docosahexaenoic acid (C22:6n3) nd 13.5+£0.7 nd
Total 418.6 751.2 640.2
Total fatty acids 863.6 12159 1126.6

DAll values are presented as the mean=SD of triplicate determination

BSample: CG, cultivated ginseng; MCG, mountain-cultivated ginseng; and WPMCG, whole plant of mountain-cultivated ginseng

Ind: not detected

mg/100 g~ BAE 108] o =A HEFATH

Park 5[28]2 Z#A4tellA] palmitic acid, oleic acid %
linolenic acid® F& AHIo R ®HysGom Auwat Hopd
Aot B4y Q3 E7]= linoleic acid, palmitic acid 2!
oleic acidE, ¥2]= linoleic acid, oleic acid B stearic acidE
Fo Ao g 3 BaEATH29]). Kot Chung[30]
S Qi e AMAE BAA linoleic acid 46.62%, palmitic
acid 29.85% % oleic acid 12.31% §Hsh= o2 H s 7]
= A7ZA}oA palmitic acid, linoleic acid 2 palmitic acid
7t FEHRE Q] FE Ao R HuHow B AF
T3 olo} FARSIATE vbE B Ae] q-linolenic acid S
14t} HlaE] MCG 2 WPMCGOA o AEH o) o-
linolenic acid $He F-919k] A Hh 4F S/ Apoldl 7]
gt o= AokAn). A HeEe) vjwale J3 F7]4A
palmitic acid H]&°] Y23 =4 Bi=o] 9lom[29], & A
TFoA d 2718 EFE WPMCGOIM CG ¥ MCG} H)
W3] palmitic acid F&o] =2 ZoZ IRIFTE waEbA
WPMCG®] palmitic acid $2 13 Z7]of 7]l o=
=

CG, MCG ¥ WPMCGY Gaotu|x=At 3
CG MCG ¥ WPMCGY| elofr|xst sheke vwst 24

Table 23} Z94th. & frElobiedt g WPMCG (1006.35)
>MCG (674.71)>CG (627.62mg/100 g) <02 =& IS
YERAISL HESG opr]=it ghF B3 WPMCG (839.46) >
MCG (569.07)>CG (450.43 mg/100 g) <=2 ¥},
H vjgS o A4kS 2= y-aminobutyric acid®} arginine®] 73
Z5oH ©]F y-aminobutyric acidi= CG (83.91 mg/100 g)
2 MCG (8026 mg/100 g2t H]iwa] WPMCG (163.10mg/100 g)
X 2uf o] w2 FFo] HEHIUY. Arginine FHE CG
(90.59 mg/100 g)¢} Wl Eled MCG (305.23 mg/100 g}t WPMCG
(297.13 mg/100 gellAl <F 38 =4 AE= T} y-Aminobutyric
acid A7E42 glutamic acid % SA] WPMCG (37.71)>
MCG (27.48)>CG (1346 mg/100 g) <=2 &l1Er). v
g opiiky) ] Fg opmiAt kel A% CG (177.19
mg/100 g)ollX 7P H2 TS BHIon o2 WPMCG
(166.89 mg/100 g)2} MCG (105.64 mg/100 g) =02 Fel=)
o} " oAk thEE CGolM 7HE w& IS Bo
1}, threonine % histidine> WPMCG (30.37 % 16.64 mg/100 g)
A HlwA EA HEHACH

Choi¢} Oh[31]2 &= QI4ollA] arginine > lysine > alanine >
aspartic acid > serinee O & op|i=4t FHefo] AEE Zlo® H
&0, Ko 5321 14l arginineS opn)i=At & 7
 Bol 3 ske Zle® Bt Kang F[33]¢] 7l
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Table 2 Comparison of free amino acid contents on cultivated ginseng, mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng

Sample? (more five years)

Contents" (mg/100 g d.w.)

CG MCG WPMCG
Non-essential amino acids
Proline 18.93+0.95 22.01£1.10 19.80+0.99
Aspartic acid 36.31+1.82 nd® 61.09+3.05
Serine 26.97+1.35 14.24+0.71 28.23+1.41
Aspartic acid - NH, 34.80+1.74 16.04+0.80 95.75+4.79
Glutamic acid 13.46+0.67 27.48+1.37 37.71£1.89
Sarcosine nd nd 2.73+0.14
Aminoadipic acid 1.5340.08 0.85+ 1.24+0.06
Glycine 6.51+£0.33 6.15+0.31 6.37+0.32
Alanine 51.3342.57 40.35£2.02 42.65+2.13
Citrulline nd 3.15+0.16 2.7940.14
a-aminobutyric acid 13.76+0.69 2.68+0.13 6.23£0.31
Cystine 20.99+1.05 16.96+0.85 19.82+0.99
Cystathionine 10.27+0.51 nd nd
Tyrosine 16.69+0.83 10.28+0.51 21.28+1.06
fB-alanine 7.92+0.40 5.01£0.25 10.06+0.50
B-aminoisobutyric acid 4.18+0.21 3.22+0.16 6.19+0.31
y-aminobutyric acid 83.91+4.20 80.26+4.01 163.10£8.16
Aminoethanol 6.71+0.34 8.87+0.44 7.04+0.35
Hydroxyproline 1.58+0.08 1.49+0.07 1.42+0.07
Ornithine 3.99+0.20 4.57+0.23 7.68+0.38
1-Methylhistidine nd 0.23+0.01 0.67+0.03
3-Methylhistidine nd nd 0.48+0.02
Arginine 90.59+4.53 305.23+15.26 297.13+£14.86
Total 450.43 569.07 839.46
Essential amino acids
Threonine 21.06+1.05 11.60+0.58 30.37+1.52
Valine 30.27+1.51 15.31£0.77 15.12+0.76
Methionine 4.36+0.22 7.30+0.37 15.73£0.79
Isoleucine 25.50+1.28 13.65+0.68 15.65+0.78
Leucine 35.97+1.80 20.53+1.03 22.32+1.12
Phenylalanine 24.56+1.23 12.33+0.62 21.75£1.09
Lysine 28.32+1.42 16.56+0.83 29.31+1.47
Histidine 7.15+0.36 8.36+0.42 16.64+0.83
Total 177.19+8.86 105.64+5.28 166.89+8.34
Total amino acids 627.62 674.71 1006.35
Ammonia 9.85+0.49 13.30+0.67 15.46+0.77

DAl values are presented as the mean=SD of triplicate determination

ISample: CG, cultivated ginseng; MCG, mountain-cultivated ginseng; and WPMCG, whole plant of mountain-cultivated ginseng

Ind: not detected

w2 4kkstel olm| =4k arginine > asparagine > y-amino-
butyric acid > glutamine > alanine > aspartic acid T &2 =&
FFe dehdgar wiste], 2 A743% CG MCG ¥
WPMCG®] arginine &5 FARE 435 B AAFol= of
"4t F arginine o] 7HE w2 Zlo® SRIFISH CG
o Hls§ MCGeF WPMCGeIM H B2 d3s 7Hle o=

A=At Arginine BFE 220 FHE Fxleka, YA
oM oy M|zl FoJsl= nitric oxideZ FAITHE &4
IR o]§=o] arginineS THF gt A2 arginine ¥
Fdo] d F UL Ao=Z ot Kim# Kim[291 g4t
L Bglo] wls] YoM aspartic acid, L-sarcosine, B-alanine %
y-aminobutyric acid &H°] F o= HINOH, E7=
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Table 3 Comparison of mineral contents on cultivated ginseng, mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng

Contents" (mg/100 g d.w.)

Sample? (more five years)

CG MCG WPMCG
Phosphorus (P) 4.48+0.22 1.63+0.08 1.99£0.10
Sulfur (S) 1.82+0.09 0.98+0.05 1.1940.06
Kalium (K) 17.79+0.89 8.75+0.44 16.43+0.82
Calcium (Ca) 3.35+0.17 2.99+0.15 6.68+0.33
Magnesium (Mg) 1.97+0.10 1.60+0.08 2.15+0.11
Iron (Fe) 0.04+0.00 0.21+0.01 0.20£0.01
Zinc (Zn) 0.02+0.00 0.01+.0.00 0.02+0.00
Manganese (Mn) 0.02+0.00 0.03£0.00 0.06+0.00
Aluminium (Al) 0.09+0.00 0.41+0.02 0.38+0.02
Boron (B) 0.10+0.01 0.07+0.00 0.06+0.00
Silicon (Si) 0.67+0.03 0.70+0.04 0.66+0.03
Sodium (Na) 0.01£0.00 0.01£0.00 nd
Total 30.36 17.39 29.82
DAl values are presented as the mean=SD of triplicate determination
ISample: CG, cultivated ginseng; MCG, mountain-cultivated ginseng; and WPMCG, whole plant of mountain-cultivated ginseng
L-sarcosine, B-alanine 3 y-aminobutyric acid ¥go] =& 2 (A) £ 8.0
o7 Bisle] B Ao °‘, Z712 E33 WPMCGE] o} £3
=4k o] o]} fAateiAl ERlE AT S35 %0 ]
o2
CG MCG ¥ WPMCGY] %714 §% S g 40
CG. MCG ¥ WPMCGS] %712 §%& vlwst 22 Table 3 £
o} Zokth & F71E e MCG (19.39 mg/100 g)ell H]3) =27 . .
CG (30.36 mg/100 g)2} WPMCG (29.82 mg/100 g)ellx] <F 2¢) E 0
A AEHNeH, o] F AFK) FFS CG (17.79 mg/100 g), WPMCG
MCG (8.75mg/100g) @ WPMCG (16.43 mg/100 g)] & T
14 @l oF 50% oS AAse Aoz HHu. o B g
P) S MCG (1.63mg/100g) 2 WPMCG (1.99 mg/100 g) ‘g ’;‘ 4.0 1
o} Hlwal CG (448 mg/100 gollA =& FHgko] AEEA, 2 - '; 50
#(Caye CG (3.35mg/100g) 2 MCG (2.99 mg/100 g)o+ H] S S
23l WPMCG (6.68 mg/100 g)ollA E=A] AEH AT 9 £ 20 4
Ko S[321& Slikao] B43 1052 7712 % vlws Nt s, I
Kol B& A0g nyslgon, Lee S[34] UEOMM 771 = ' . .
2 S K>Ca>Na>Fe>Mn $02 YJehljs Aoz W = 0
WPMCG

JEATE Han 5[351 S14te] st 719 7713 g2 K,
Ca, Mg, Na ¥ P 502 R8I 1 9ol Fe, Cu, Mn ¥
P 58 A% 34d= Hoz Bl ® 7o WPMCG
71 4 vlEd vl ER1EAT 2 A7 CG MCG
9 WPMCGE 7129 4} miRZIAIR Kol 7 A A&
HYlow K& AY Na 482 ZHsl] 42 fATe=E 9]
E AFsd wEl Ko 71es 7HE S AeE wdEh
[36].

CG, MCG ¥ WPMCG®] 3 phenolics ¥ < flavonoids
dF

CG, MCG ¥ WPMCGY = phenolics 2 Z flavonoids $HF
S vwd A3} Figo 13 2%t ¥ phenolics FF2 CG
(226 GAE mg/g)@ vlasled MCG (2.57 GAE mg/g)elA] =

Gmseng samples (more than five years)

Fig. 1 Comparison of total phenolic and total flavonoid contents on
cultivated ginseng, mountain-cultivated ginseng, and whole plant of
mountain-cultivated ginseng. (A) Total phenolic contents; and (B) total
flavonoid contents. All values are present as the mean + SD of triplicate
determination

F = AFHASH, WPMCG (512 GAE mg/gys °F 24
ol =A HAEFAY. F flavonoids FHS CG (1.16 RE
mg/g)?t MCG (1.25 RE mg/g)t H|S=8E <ol Rlon, ol
Hall WPMCG (3.04 RE mg/gy= °F 2.4-2.6M1°] s vhet
Wit
Park[39]2

AjEAE Q) B F phenolics TS 4.837
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Table 4 Comparison of ginsenoside contents on cultivated ginseng, mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng

Contents" (mg/g d.w.)

Sample? (more five years)

CG MCG WPMCG
Protopanaxtriol types
Ginsenoside Rg1 (1) 3.2540.16 1.45+0.07 2.96+0.15
Ginsenoside Re (2) 1.78+0.09 2.53+0.13 7.78+0.39
Ginsenoside Rf (4) 0.72+0.04 0.59+0.03 0.44+0.02
Ginsenoside F5 (5) nd® nd 0.61+0.03
Ginsenoside F3 (6) nd nd 2.07+0.10
Ginsenoside Rg2 (7) 0.2240.01 0.59+0.03 1.06+0.05
Ginsenoside Rh1 (8) 0.1940.01 0.34+0.02 0.1240.01
Ginsenoside F1 (11) nd nd 0.74+0.04
Protopanaxtriol (18) 0.33+0.02 0.35+0.02 0.62+0.03
Total 6.49 5.85 16.4
Protopanaxdiol types
Ginsenoside Rb1 (9) 3.2940.16 3.55+0.18 4.03+0.20
Ginsenoside Re (10) 0.78+0.04 1.56+0.08 2.85+0.14
Ginsenoside Rb2 (12) 0.28+0.01 0.52+0.03 1.81+0.09
Ginsenoside Rb3 (13) nd 0.58+0.03 0.32+0.02
Ginsenoside Rd (14) nd nd 4.84+0.24
Ginsenoside Rd2 (15) 0.1540.01 1.36+0.07 3.78+0.19
Ginsenoside F2 (16) 0.2340.01 0.25+0.01 4.01+0.20
Ginsenoside Rg3 (17) 0.08+0.00 0.17+0.01 0.56+0.03
Compound K (19) 0.29+0.01 0.29+0.01 0.55+0.03
Ginsenoside Rh2 (20) nd nd 0.24+0.01
Protopanaxdiol (21) 0.994+0.05 0.51£0.03 0.92+0.05
Total 6.09 8.79 2391
Oleanane types
Ginsenoside Ro (3) 1.73+0.09 3.37+0.17 2.1340.11
Total 1.73 3.37 2.13
Total ginsenosides 14.31 18.01 42.44

DAll values are presented as the mean=SD of triplicate determination

BSample: CG, cultivated ginseng; MCG, mountain-cultivated ginseng; and WPMCG, whole plant of mountain-cultivated ginseng

Ind: not detected

400 GAE mg/gel™, ¥ flavonoids $&S 6.047 4.92 RE
mg/g® 2 B3t Kim S[381 AjEelate] x]ali@ta] )|
Hlaf A, £71)2] F phenolics 2 flavonoids o]
T =2 oz Byt ol#fe A AT+EAHE T3
A7-2] WPMCGOIA & phenolics 2 3 flavonoids o]
U RS I F7)ol 711 AoF ATHE

i riz b

CG, MCG ¥ WPMCGY ginsenosides &

CG MCG % WPMCGY9] ginsenosides ¢S #43 A3}
Table 4 ¥ Fig. 29} 7t} ¥ ginsenosides &3-S WPMCG
(42.44)>MCG (1801)>CG (1431 mglg) =02 CG thy)
WPMCGeIM oF 3uje] gHako] AEHIUT. 4, WPMCGE
CG9 MCGAIM= HEFIA ¢+ 3|7 ginsenosides F5, F3,
Fl, Rd ¥ Rh27} AEEAE 53], MCGE AASTF7E 8<]
3l ginsenoside Rd2 (1.36 mg/g)e] o] =43, WPMCGE
o 3ERE Re T30l 7.78mgg®E CG (1.78 mg/g) %

MCG (2.53 mg/g)st vlasl o 440 =A] A== 2 5
ol%= <lA|gG7F 8|3t ginsenosides Rd, Rd2 & F2 (4.48,
3.78 ¥ 4.01 mg/g) el CGF MCGHRTE €53 &4 HE
Aok

Jeong S[37] ginsenosides Rbl, Rc, Rd, Rf, Rgl3} Rhl
o] 4d 4t > e > A =5 vElle ZleRE B
3 £ Aol Aolsiion, Rb2 ¥ Re= 49 it > 4
il >ed o4t o2 s B Ao FUd dae
G ¥ MCGE] Z#ol= dol3laitt. Ginsenoside Rg3 T
T AbEelA mEF AEEIoY 492 B edT AAtelA
AERE Bl 2 Ao e A3E B3t Kim 538]
Z ginsenosides FHEFo] A|3HTel] HlE] A FFOA F A
2 B39 2™ ginsenosides Rg3, Rh2 % compound K
gk ZPRellA A4 BRIE], # Ae] WPMCGS gt
A= eI

I
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Q
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Fig. 2 Typical ginsenosides HPLC chromatogram of the 50% methanol extracts of total phenolic and total flavonoid contents on cultivated ginseng,
mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng. (A) Standards; (B) 50% methanol extracts of cultivated ginseng; (C)
50% methanol extracts of mountain-cultivated ginseng; and (D) 50% methanol extracts of whole plant of mountain-cultivated ginseng. 1: ginsenoside
Rgl, 2: ginsenoside Re, 3: ginsenoside Ro, 4: ginsenoside Rf, 5: ginsenoside F5, 6: ginsenoside F3, 7: ginsenoside Rg2, 8: ginsenoside Rhl, 9:
ginsenoside Rbl, 10: ginsenoside Re, 11: ginsenoside F1, 12: ginsenoside Rb2, 13: ginsenoside Rb3, 14: ginsenoside Rd, 15: ginsenoside Rd2, 16:
ginsenoside F2, 17: ginsenoside Rg3, 18: protopanaxtriol (PPT), 19: compound K (CK), 20: ginsenoside Rh2, and 21: protopanaxdiol (PPD)



J Appl Biol Chem (2021) 64(4), 453-463

461

o 120
(A £ 00.25 @0.5 M1 mg/mL

2 100 4

g L)

© X 80 A

g ~

>

= = 60

S3

v -

g9 40

= 20 -

a

[a] 0 — —r .

CcG MCG WPMCG

2 120
© 5 0o0.25 @0.5 M1 mg/mL

S 100 {

z

—_

3 X so0 4

—_ N

S 2 e -

T .2

ST 40

- ©

>

: 7 []

S

3 LM _M ,

T CG MCG WPMCG

Ginseng samples (more than five years)

120

o
(B) = 00.25 @0.5 M1 mg/mL
g’ 100
0 L)
X 80 A
U~
wn
i ‘? 60 -
o .2
R ]
S Q 40
%)
s 20 -
: 1ol O
< 0 T
CG MCG WPMCG

3.0

D)

00.25 @0.5 M1 mg/mL
25 4

2.0 4

1.5 A

1.0 4
0.5 + D
L LIEN .
CcG MCG WPMCG

Ginseng samples (more than five years)

power (ODsg3 o)

Ferric reducing/antioxidant

Fig. 3 Comparison of antioxidant effects on cultivated ginseng, mountain-cultivated ginseng, and whole plant of mountain-cultivated ginseng. (A)
DPPH radical scavenging activity; (B) ABTS radical scavenging activity; (C) hydroxyl radical scavenging activity; and (D) ferric reducing/antioxidant

power. All values are present as the mean + SD of triplicate determination

CG, MCG ¥ WPMCGY 43 &4

CG MCG ¥ WPMCG2| DPPH, ABTS, hydroxyl 2lt]Zt 4
AE4 2 FRAP #9938 vwg A3 Fig 33 2t BE
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gol&1%itt. DPPH 2tz A48 BEAZ3 RE FLoA
WPMCG >MCG > CG <22 WPMCGoA 7FE =& 84S
Yephek 1 mgmL A2 Al CG MCG ¥ WPMCG z+z}
3832, 47.82 3 7829%° ¥4S uERe] CG ¥ MCG9t
Hl w3kl WPMCGOlA BAE 2v) &8 FA4o] yelyith
ABTS itz 2AEES 43 249 A8 =7t S71gl
et gz AAEge] T BRE F=olA WPMCG >
MCG>CG 22 DPPH =z &AEA A} mpzbyA=
WPMCGIIA 7H =& &84S B9on AxHo 2= DPPH
HT} ABTSOIA &2 &AEES BT A8 1mg/ml 5%
A CGSH MCGE ZH2F 5037%St 57.49% ZAAE B
WPMCGE 89.73% =S Yeplie oF 154 oo =&
2AEAES YeEPAY. Hydroxyl 207 AA8AS 243 4
# 1mgmL 2] Al CG MCG ¥ WPMCGeIlX 7zt 41.28,
43.17¢F 71.87%22 CGAM 7HE w2 &AEZAES Yelior
DPPH ¥ hydroxyl 2tt12 &2AGAGT fALS AHE YRS
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of vzl thFet tslEAF wkgele] o B g
of Hla| E& &AAGAES Holg ZoF dAvEL

CG, MCG ¥ WPMCGE Y| #2413t A3} ginsenosides
9 gatsl 4L tiFE WPMCGOA A velgon, o=
CG % MCGelle= =] IA & A3t 2719 4ol <
g ZA0R oidEe] o] o, 7] ¥ 9 wE At
7F Zo% Ao=w wtEch



462

J Appl Biol Chem (2021) 64(4), 453—-463

z 5

SAZ ode] AAHCG), AFRFHMCG) 2 2Rt AZ=(WPMCG)
o] AAE olui=atk F7]A ) ginsenosides, % phenolics, 3
flavonoids 2 &ikst €4S wlwste] BAEATh F At
2 Bx3l Ak gkeke MCG (12159 2 751.2 mg/100 g)ol
A, 23} AR WPMCG (486.4 mg/100 g)oll A zHz &gte
™ a-linolenic acid &> SHHOE CG (18.1 mg/100 g)°l
Hlal MCG (1393 mg/100g) ¥ WPMCG (194.4 mg/100 g)°
A A 108 =A4 ASEAT F fElohvAt 2 "4 o
A FFEe CG<MCG<WPMCG (100635 2 839.46 mg/
100 g) =22 EQO™, y-aminobutyric acid ¥ arginine®]
® v opu|gto g 747 WPMCG (163.10 mg/100 g)&F
MCG (305.23 mg/100 oA 7F8 &4 AE=A F 7713
S CG (30.36 mg/100 2)9F WPMCG (29.82 mg/100 g)ol4]
=A AEsde, ZECa) CG ¥ MCG9 M3ty
WPMCG (6.68 mg/100 g)ollA] 2F 28] o]’de] =4 AZHUTH
% phenolics (5.12 GAE mg/g), & flavonoids (3.04 RE mg/g)
92 ginsenosides (42.44 mg/g) TS WPMCGOIA FF5Ho =

= O 1
7P =2 el AEEHULH o9} fojFor izt &
AAl WPMCGAIA 7HE =2 48 YeIT

Keywords AFF - op]edb - Xjibit - M| eAtol= - Siks)
AR 2 2 A AT sl dRE g A A dEA
(Project No. 2017023A001919BA01 & 2020187A002002BA01)l x| 1o)] o]
Foizl APt

References

1. Kim MW, Lee EH, Kim YJ, Park TS, Cho YJ (2018) Beauty food
activities of wild-cultivated Ginseng (Panax ginseng C.A. Meyer)
ground part. J Appl Biol Chem 61: 33-38. doi: 10.3839/jabc.2018.005

2. Leea JH, Kim SC, Lee HY, Cho DY, Jung JG Kang D, Kang SS, Cho
KM (2021) Changes in nutritional compositions of processed mountain-
cultivated ginseng sprouts (Panax ginseng) and screening for their
antioxidant and anti-inflammatory properties. J Funct Food 86: 104668.
doi: 10.1016/).j£.2021.104668

3. Kim KY, Um YR, Jeong DH, Kim HJ, Kim MJ, Jeon KS (2019) The
correlation between growth characteristics and location environment of
wild-simulated ginseng (Panax ginseng C.A. Meyer). Korean J Plant Res
32: 463-470

4. Nah SY (1997) Ginseng; Recent advances and trends. Korean J Ginseng
Sci 21: 1-12

5. Kim MW, Ko SR, Choi KJ, Kim SC (1987) Distribution of saponin in
various sections of Panax ginseng root and changes of its contents
according to root age. Korean J Ginseng Sci 19: 10-16

6. Park JD (1996) Recent studies on the chemical constituents of Korean
ginseng (Panax ginseng C.A Meyer). Korean J Ginseng Sci 20: 389-415

7. Kang KM, Lee JY, Kim MU, Lee SH (2016) Effect of quality
characteristics and antioxidant activity of Korean cultivated wild ginseng
extract. ] Korean Soc Food Sci Nutr 45: 1740-1746

8. Lee G Choi GS, Lee JY, Yun SJ, Kim WK, Lee HJ, Baik MY, Hwang
JK (2017) Proximate analysis and antioxidant activity of cultivated wild
Panax  ginseng. Food Eng Prog 21: 208-214. doi: 10.13050/
foodengprog.2017.21.3.208

9. Kim SJ, Shin SS, Seo BI, Jee SY (2004) Effect of mountain grown

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

ginseng radix, mountain cultivated ginseng radix, and cultivated ginseng
radix on apoptosis of HL-60 cells. Korea J Herb 19: 41

Kim EL, Kim CS, Lee HY, Lee HR, Kim EY, Yoon MC, Shin SS (2012)
Mountain cultivated ginseng water boiled extract decreases blood
glucose level and improves lipid metabolism in male db/db mice. Korea
J Herb 27: 69-75. doi: 10.6116/kjh.2012.27.2.69

Lee G Na GH, Kim WK, Baik MY, Lee HJ, Hwang JK (2017) Anti-
inflammatory effect of cultivated wild Panax ginseng extracts at various
ages in RAW 264.6 macrophages. Food Eng Prog 21: 201-207

Kwon SJ, Chung DK (2004) The immune-enhancing effect of mountain
gown ginseng, mountain cultivated ginseng, and Panax ginseng. J
Oriental Neuropsychiatry 15: 89-101

Jung JI, Kim JM, Kim HS, Kim HS, Kim EJ (2019) Immunostimulatory
effect of wild-cultivated ginseng extract via the increase in phygocytosis
and cytokine secretions in RAW 264.7 macrophages. J Korean Soc Food
Sci Nutr 48: 686691

Lee HU, Bae EA, Han MJ, Kim DH (2005) Hepatoprotective effect of
20(S)-ginsenosides Rg3 and its metabolite 20(S)-ginsenoside Rh2 on
tert-butyl hydroperoxide-induced liver injury. Biol Pharm Bull 28: 1992—
1994

Lui JHC, Staba EJ (1980) The ginsenosides of various ginseng plants
and selected products. J Nat Prod 43(3): 340-346. doi: 10.1021/
np50009a004

Hwang SH, Kim SC, Seong JA, Lee HY, Cho DY, Kim MJ, Jung JG,
Jeong EH, Son KH, Cho KM (2021) Comparison of ginsenoside
contents and antioxidant activity according to the size of ginseng sprout
has produced in a plant factory. J Appl Biol Chem 64: 253-261

Jung BK, Jung KR, Kim MS, Moon HG, Park SJ, Chun JY (2019)
Ginsenoside contents and antioxidant activities of cultivated mountain
ginseng (Panax ginseng C.A. Meyer) with different ages. Korean J Food
Preserv 26: 90-100

Park H (2019) The role of gut nicrobiota in ginsenoside metabolism and
biotransformation of ginsenoside by lactic acid bacteria. Curr Top Lact
Acid Bact Probiotics 5: 1-12

Zhou P, Xie W, He S, Sun Y, Meng X, Sun G, Sun X (2019) Ginsenoside
Rbl as an anti-diabetic agent and its underlying mechanism analysis.
Cells 8: 204

Seo BY, Choi MJ, Kim JS, Park EJ (2019) Comparative analysis of
ginsenoside profiles: Antioxidant, antiproliferative, and antigenotoxic
activities of ginseng extracts of fine and main roots. Prev Nut Food Sci
24: 128-135. doi: 10.3746/pnf.2019.24.2.128

Kim NE, Lee MO, Jang MH, Chung BH (2018) Angiogenic effects of
wood-cultivated ginseng extract and ginsenoside Rg5 in human
umbilical vein endothelial cells. Korean J Food Sci Technol 50: 349—
355. doi: 10.9721/KJFST.2018.50.3.349

Shin SW, Lee JA, Son DH, Park DH, Jung ES (2017) Anti-skin-aging
activity of a standardized extract from Panax ginseng leaves in vitro and
in human volunteer. J Cosmetics 4: 18. doi: 10.3390/cosmetics4020018
Lee HY, Lee DH, Kim SC, Cho DY, Cho KM (2020) Changes in
nutritional components and antioxidant activities from soybean leaves
containing high isoflavone contents according to different storage
temperatures and periods. J Appl Biol Chem 63: 305-317. doi: 10.3839/
jabc.2020.041

Ministry of food and drug safety (1999) http://www.foodsafetykorea.go.kr/
foodcode/01 01.jsp Accessed 12 Nov 1999

Singleton VL, Rossi JA (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic 16:
144-158

Park YJ, Lee JM, In MJ, Chae HJ (2020) Optimization of extraction
conditions of flavonoid compounds from Thyme (Thymus vulgaris
Libiatae). J Appl Biol Chem 63: 111-116. doi: 10.3839/jabc.2020.015
Hwang CE, Kim SC, Lee JH, Hong SY, Cho KM (2018) Enhanced
biological effect of fermented soy-powder milk with Lactobacillus brevis
increasing in y-aminobutyric acid and isoflavone aglycone contents. J
Appl Biol Chem 61: 245-255



J Appl Biol Chem (2021) 64(4), 453-463

463

28.

29.

30.

31.

32.

33.

34.

35.

36.

Park CK, Jeon BS, Yang JW (2003) The chemical components of
Korean ginseng. Food Industry and Nutrition. 8: 10-23

Kim JH, Kim JK (2006) Antioxidant activity and functional component
analysis of korean mountain ginseng’s different sections. J Korean Soc
Food Sci Nutr 35: 1315-1321. doi: 10.3746/jkfn.2006.35.10.1315

Ko YS, Chung BS (1981) Studies on the oil soluble constituents of
Korean ginseng ?. On the fatty acid composition determined by HPLC.
Korean J Food Sci Technol 13: 15-19

Choi JH, Oh SK (1985) Studies on the anti-aging action of Korean
ginseng. Korean J Food Sci Technol 17: 506-515

Ko SR, Choi KJ, Han KW (1996) Comparison of proximate
composition, mineral nutrient, amino acid and free sugar contents of
several Panax species. Korean J Ginseng Sci 20: 36-41

Kang KM, Lee JY, kim MU, Lee SH (2016) Effects of quality
characteristics and antioxidant activity of korean cultivated wild ginseng
extract. J Korean Soc food Sci Nutr 45: 1740-1746. doi: 10.3746/
jkfn.2016.45.12.1740

Lee JW, Lee SK, Do JH (2002) Comparison of the content of saponin
and mineral component in Korean red ginseng and other red ginseng. J
Ginseng Res 26: 196-201. doi: 10.5142/JGR.2002.26.4.196

Han JH, Park SJ, Ahn JM, Wee JJ, Kim KY, Park SH (2004) Nutritional
composition, ginsenoside content and fundermental safety evaluation
with leaf and steam extract of Panax ginseng. J Korean Soc Food Sci
Nutr 33: 778-784

Shin YA (2016) Effect of physical activity, and sodium and potassium

37.

38.

39.

40.

41.

42.

intakes on blood pressure and obesity. Korean Soc for Wellness 11: 409—
423

Jeong HS, Kim CS, Cha BC, Choi SH, Kwon KR (2010) Component
analysis of cultivated ginseng, cultivated wild ginseng, and wild ginseng
and the change of ginsenoside components in the process of red ginseng.
Journal of Pharmacopuncture Institute 13: 63-77. doi: 10.3831/
KPI.2010.13.1.063

Kim SC, Kang YM, Seong JA, Lee HY, Cho DY, Joo OS, Lee JH, Cho
KM (2021) Comprehensive changes of nutritional constituents and
antioxidant activities of ginseng sprouts according to the roasting
process. Korean J Food Preserv 28: 72-87. doi: 10.11002/kjfp.2021.
28.1.72

Park SJ (2019) Antioxidant activities and whitening effects of ethanol
extract from Panax ginseng sprout powder. J Korean Soc Food Sci Nutr
48: 276-281

Re R, Pellegrini N, Proteggente N, Pannala A, Yang M, Rice-Evans C
(1999) Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Bio Med 26: 1231-1237

Lee SO, Kim MJ, Lim DG, Choi HJ (2005) Antioxidative activities of
temperature-stepwise water extracts from Inonotus obliquus. J Korean
Soc Food Sci Nutr 34: 139-147. doi: 10.3746/jktn.2005.34.2.139

Rhim TJ, Jeong HS, Kim YJ, Kim DY, Han YJ, Kwon HY, Kwon KR
(2009) A study on the comparison of antioxidant effects among
cultivated ginseng and cultivated wild ginseng extracts. Journal of
pharmacopuncture Institute 12: 7-12. doi: 10.3831/KP1.2009.12.2.007



