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2k (Panax ginseng C. A.
triterpenoid S}F3HE

o]E‘—

=% dammarane®} oleanane® 2 -

genetic safety and high productivity. This production technology is drawing attention in the fields
of functional raw materials and product development. The cultivation method using elicitors is key
technology for controlling biomass and increasing secondary metabolites.

Methods and Results: Elicitor treatments using methyl jasmonate, pyruvic acid, squalene, f-sis-
tosterol were performed to amplify total ginsenosides (Rb1, Rc, Rb2, Rb3, and Rd) of cultured
wild ginseng adventitious root. Thereafter, fermentation and steaming processes were performed to
convert total ginsenosides into minor molecular ginsenosides (Rg3, Rk1, and Rg5). The result indi-
cated that methyl jasmonate minimizes the reduction in fresh weight of cultured wild ginseng
adventitious root and maximizes total ginsenosides (sum of Rb1, Re, Rb2, Rb3, and Rd). Ginseno-
side conversion results showed a maximum degree of conversion of 131 mg/g.

Conclusions: In this study, we demonstrated that the optimal elicitor treatment method increased
the content of total ginsenosides, while the steaming and fermentation processing method increased
the content of minor ginsenosides.

Key Words: Panax ginseng C. A. Meyer, Cultured Wild Ginseng Adventitious Root, Elicitor, Gin-
senoside, Lactic Acid Bacteria, Methyl Jasmonate
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(Thomas, 2019). ©]& 2Hte] ZAIZE 71U ot & A
A wFE ol &g it FAMGE AlAlelE B ]E
& QA B el wiste] FAA P =2 184
2 S 7HIAL o] 71578 A el 2EH 3 2l
o} (Song et al, 2005; Liang et al., 2019).

S AFsted 221 tirRikEe] ALk
FINE F A= 7P aFF W S SR dEA
2182] HAF th3 Wo}7]Z phytoalexin, phytoncide2}
EFE )-8 Wol712} allelopathy, allelopathic® 2 & F Tk
(Ramirez-Estrada et al., 2016). THE-%2] AESZ I elicitor
= AlzEtel] detE 54 F8A oJa 1AM, f34
Az Agstd A 9siA ZH I (Mcdowell and
Woffenden, 2003; Bacete et al., 2018), <|§-22lo] th3l 2
=9 W] vAY HIE O 2 g AESEE AT A7
%278 53 3t} (Santner and Estelle, 2009).

204171 Zo A" SA1 (auxin), PA|ZAF (abscisic acid),
Ale] E71d (cytokinin), A H]|Z A (gibberellin)Z} o €&l
(ethyleneyS ¥gl5lo] HEPA|:=2H|Z0|= (brassinosteroid), A
2RY|0]E (jasmonate), 22 A4 (salicylic acid), 2~E2] 22
£ (strigolactone) ¢ TAEUIL (Chappell, 1995; Uggla
et al, 1996), 412 Aux/IAA-ARF 2% HALH=2E E3F
EAOP] A 2EEF 5 e SEES 85 WolE
2 A wAYS Fd A+ T840 Y5H =3
(Wang et al., 2018).

Hdd 82 S8l 2852 E0] 23} YrREES o83sl=
A 497 Al slghEolH, Pollier 5 (2013) 337
21 &9 Medicago truncatula®| X A2=FU|e]E7F ERAD
(Endoplasmic reticulum associated degradation) A|2=®]=} 3-
hydroxy-3-methylglutaryl-CoA 3 g24of st 282 F3l]
terpene®] 24| isopentenyl diphosphate®] &7l &&= &
< 3RIEIY T, Han 5 (2012)2 A& A=z70lA] <l9)do
2 Cytochrome P450 CYP716A53v2 E45 2A3le] ZA|
Alol= HAFEZQ protopanaxadiol®] FHA3el whE ZIA=A}
o= 53l ATAINE Hsit

ARHERl A eAtel = ARl JEHE 94715 - 1109.29
(Molecular Weight, M. W.)e] EAFS zkal 137, 3 7)) o]
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o] @7 (glucose, arabinose, xylose, rhamnose)E©] gt
o Stk Eat A=At =l AgE B
at7] QM AAE, G4 (F5), Rt 22 =g
A=Al 4E AAAHF HH (Xu er al, 2018), 23}
A2t DA =Abol=e AWEe ok a3t St
Ao HAE Utk thEHQ] A} A Aol =2
Rg3, Rkl, Rg5, Compound K7} 2™, Rg3w= EoHA st
(Lee et al, 2016), &+ (Park et al, 2014), Rg3, Rkl,
Rg5E XIvial} (Lee et al, 2013a), =t o (Siddigi
et al, 2014), Compound K= & (Chen et al, 2019), 7+
H3E (Chen et al, 2017) 52 <2]zHgo] HIE T o},
2 AeMe W Bl JMAl| =8 ST
7] Sl 71 T AES] Wo)715s 5SSk elicitor

E3Z (methyl jasmonate, pyruvic acid, squalene, S-sitosterol)
& Aele WP FH 1BA DAl =g ARAE W
B F4, WANTL AN
Mz o

1. s 2 A

AHEAE 719 A% Frolld AF 35d 2 oy
2t (Panax ginseng C. A. Meyer)2 A F-aJe]l2 7]
% &, AEst 215 SR 2k B (cultured

wild ginseng adventitious root), WEFF 7|9 X ol|A
A" FAF 2N Pediococcus pentosaceus HLIGO702
(KACC 81017BP, Korean Agricultural Cutrue Collection,
NIAS, RDA)Z (F)3}zlulo] @ I | Elo| ] FFito}l ALR-&}
At

21 En| Yl R] 24JE F Schenk & Hildebrandt (SH) Bl4]
+ Duchefa Biochemie (Haarlem, Netherlands), sucrose=
Q1 (Samyang Co., Seoul, Korea), indole-3-butyric acid
(IBA)2} De Man, Rogosa and Sharpe (MRS) HiA|&= 7]t
Hlo] @ Bl (Seoul, Korea), methyl jasmonate, pyruvic acid,
squalene, f-sitosterol} FA|:=AlO|= FFEL Sigma-Aldrich
(St. Louis, MO, USA), water, acetonitrile, MeOH Thermo
Fisher Scientific (Waltham, MA, USA) A|&& FYsle] A}
gaiiny.

2. ZHIEARIE ST

2.1. Elicitor 2| % SEME

At FAuldE (cultured wild ginseng adventitious root)
of olxRthAMIE FAAte|le FXIA RS FE] Sl
triterpenoid A AZANA AEAES FE= elicitor 22
(methyl jasmonate, pyruvic acid, squalene, f-sitosterol}2 A1

e F, Agsisit
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gzl 24 E SH ulA] 64.5 g/154, sucrose 450 g/

150, IBA 30 mg15¢ & STHF EFg <, methyl
jasmonate, pyruvic acid, squalene, S-sitosterol2 62.5, 125.0,

250.0 pmol F=Z 74z}
B8t
(121, 60 min, 0.12 mPa) %& Y
Aol Al 21 2t BAEE HE
8 F= o] YATE Aol =

A7Vttt )% pH 5.75+0.102
18 £ AEuS7]0] HH‘*HHZ]% WAL, &35k
5 Wz o)
= I

alETAS A2 S

&
=,
o]—_?_
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2.2. Methyl jasmonate Z=ZiH{Qt

iRl 2/dE SH ®lA] 64.5 g/154, sucrose 450 gf
154, IBA 30 mg154 & S/ £83 &, pH 575+
0.102 XHAgsle], 18 £ A=ukg7]ol wiilAE ¥, e
2% (121.0C, 60 min, 0.12 mPa) &5+ 3L o]F
wux)el] Al F2l At BAEE HESIa, AdE
elicitor?] methyl jasmonateE 62.5 pmol - 2500 pmol TER
Sd, 15 - 7 F7 TR AR 7, 5 0L 8
£ Sl WAFY AAAIE e Wi,

L

3. s 54

8 F7F njjoksl AR} HAu|ok1 s 483l &

o= T3 T, Agﬂlg—ujq] %
P =]

FES slo| e Boa Ax (45C, 10 min)ste] A A%k
t2atat Agate] A

o rlo

T

4. ZHI=ARIE 24

A e AAlE 70% EtOHZ F& 2 FA7Ax,
FEES 4% oo, S st AAR -, 100%
MeOHell &3, HEjEgate] 4] A2 ARSI A=
Alo]= EA]2 HPLC-UVD UltiMate 3000 HPLC Systems
(Thermo Fisher Scientific Inc., San Jose, CA, USA)S A}
23193, AHL Capcell pak CI18 (5 m, 250 x 4.6 mm,
Shiseido Ltd., Tokyo, Japan), ©|&“ acetonitrile?} waterS
AHEER] A3 (Table 1), AFTELS S4H A4 7S
A APl = F7FE A /;}o]] gL, @9l ik

SURY
o<} o theiste] A=sisict.

ZA=A] = SHF (mg/g) = C x (a x byS x 1/1,000

EAAZ

[e)
e 4

C: AP F A A A= T2 (uymd)
a: Alggde] g ml) S AR AWHF (g)
b: 3|Au)2= 1/1,000: ©) 321 A=
5. ZMILEAO|S Sheitiat
5.1. 35 Z2iMY
FTEAHLS %% T4 WO R AL, ARE g
FLE 70% EtOH 7= 9 #471x 3 &, 1Ax32 50 ¢

| ZMI=A0l=
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Table 1. HPLC conditions of ginsenoside analysis in cultured wild
ginseng adventitious root.

Instrument UltiMate 3000 HPLC Systems
Column Capcell pak C18 (5 pm, 250 x 4.6 mm)
Wavelength 203 nm
Injection volume 104
Flow rate 1.0 m¢/min
Column temperature 30T
Mobile phase Solvent A; Water, Solvent B; Acetonitrile
Time Solvent A Solvent B
(min) (%) (%)
0 80 20
5 80 20
20 77 23
. N 25 70 30
Gradient conditions 30 60 40
35 50 50
60 15 85
65 15 85
66 80 20
75 80 20
S =75 10 L o) AT (5,000 ppm) AHF FARw g =

FES NER ARSI, 2% (100C -120C), Ak (60
4 A AEA JAHE=AO|= (Re3,

skt

min - 270 min) 3
Rkl, Rg5) SrHsks vl

At 20 it
AAEAT.

50.00, 25.00, 12.50, 10.00, 833, 7.14,
6.25, 5.55 g& ST 2 L o AT fAt SAAE AR
Z Aesioen, AT B]AR 20% (V/V)g} ARAF By ok
= FEE 80% (vv) HIE&E EF3H 3, pH values %3}
At} o)1= 120C, 210 mindlA] YA 3L, A BA} A=A}
ojl= 5}&%% H] W3} (Table 2).

A

6. SAX2

HiFAIR2 9 3], o]9le] AP 3 3] wHRo R Xasigle
™, B + TS UERIITh AldAet dE FAA
2]= SPSS program (Statistical Package for Social Science,
Version 24, IBM Co., Chicago, IL, USA)E o]&3dlo] &4t
24 (ANOVA)2Z 5% F==ol41 Duncan’s Multiple Range
Test (DMRT)l 2]3te] s, AT 7+ F32 A3
t (p < 0.05).
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Table 2. The bioconversion conditions of cultured wild ginseng
adventitious root extract according to lactic acid bacteria

treatment.
Lactic acid bacteria (g ~ Water (£)  Concentration (ppm)
50.00 2.00 25,000
25.00 2.00 12,500
12.50 2.00 6,250
10.00 2.00 5,000
8.33 2.00 4,166
7.14 2.00 3,571
6.25 2.00 3,125
5.55 2.00 2,777
2 o o
1. ZUIEAIOIE BISTI

1.1. Elicitor X2, S&MH

Triterpenoid Al €2 p-hydroxy p-methylglutaryl-CoA
(HMG-CoA)7} B-hydroxy p-methylglutaryl-CoA reductase
(HMGR)*l| 23] 291%™, mevalonate tHALS 71*] terpene®]
Z#A?] isopropene diphosphate isomerase (IPP)S] &/d&
ZIWre. 2 gith o] % isoprenoid pathwayES A A, 2.3-
oxidosqualene B4J7HA] BE ZAALo|=ollA] FL3HA o] F
oA, °o]F cyclization TAIONA LFoAX]A ET} (Yang er
al., 2018).

2 dAgelde AgA
pyruvic acid, squalene, pB-sistosterols A3l A3} T}
Methyl jasmonate= ® <l allelopathy/allelopathic com-
pounds ¥F&-S E3ll 2lECl FFE triterpenoid AIEL] 23k
HAREES S3MT)= AR IR Ut Marsik et al,
2014).

Isopentenyl diphosphate (IPP)$} dimethylallyl diphosphate
(DMAPP)2] 749, mevalonate (MVA) pathway9} 7=
non-mevalonate pathway?! methylerythritol 4-phosphate (MEP)
pathway 727} Tolsls Aoz d#A 9Jom (Banerjee
and Sharkey, 2014), MEP pathway= A=A oA &4
WSS 53 pyruvic acid® HH 1-deoxy-D-xylulose 5-
phosphate (DXP)Z2°] g7 ollx AlZtE= Zlog HokE
o, #zx A7A =222 pyruvic acide MEP pathways At
Fste] FAEALe| = Aol HeEo] s

Squalene> AEF} 17HS EFHgE Ao BE FEIA A
At ojg] whdolA ZFE%™  (Boughton ef al, 1957),
squalene epoxidase (SQE)° 23 2,3-oxidosqualene®.Z 7%
3]s EZ@olH, positosterolS phytosterolZ  squalene©]
squalene 2,3-oxide, chair-boat-chair-boat, cycloartenols #*]

o]

o = B3R

TE=%2E methyl jasmonate,
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A - REA - o=

A ALt =, squalene®] AR ZAZA ZAZA AAA =
E A 93g sho] AT (Aboobucker and Suza,
2019).

Elicitor %% methyl jasmonate (MJ), pyruvic acid (PA),
squalene (SA), p-sistosterol (BS)E HIYHNA]e] 62.5 pmol -

250.0 pmol FE=EE st widdt A3, YATFES PA
AEF, BS A¥F, SA AT, ERE, MI AEF o2

ZHA3l9aL, PA 62.5 3ol 602.5+40.1 g2 7P A
A=At v, BS A8 SA Ao Aol 2
YeRA] 9kom, M) A3 Fart 7S A
g2 ATt (Fig. 1).

X xAtol= a2 M) A3, BS
, PA A3, dlZt ¢o 2 ZASANE diz iy
Z7FIA olF, M Adwe s S7HEr
o] Z7Fstd, MJ 250 A

4

e

oL

o

2 0
of ofN

o td o

A 2oA 64.0+ 0.8 mg/gO F
s JERNSITE (Table 3).

HE o A H

[e]

R

1.2. Methyl jasmonate ZZ1lY} (XelsS, XMePD|RHY)

Methyl jasmonateZ 62.5 pmol -250.0 umol F=Z 3}, 1
F -7 TR FARHEE A §, A TES T A=A
ol &=Fe| HJHAAE vwSIH T

AAZZHE M 62.5-19141 MJ 62.5-77F4], MJ 125-590|4]
MJ 125-79] AEFoM e FoFoz ST AU HAER] &

[e]

L

whHol . MJ 125-19014 M 125-47F4], MJ 250-191141 MJ
250-7 7FA1e] A EolA= methyl jasmonate F=%71}F A
g)717k0] AAAGTE ATl AL, MJ 250-1 AE
oA 150.0 +37.9 g7k 7HAERATt (Fig. 2).

T WAAtol=s e dizst gH] 2% S71sI6A,
MJ 62.5-1914 MJ 62.5-4 7FA]¢] AR, MI 125-1614 MJ
125-47FA], MJ 250-19141 MJ 250-4 7}A1 2] A&7 M
62.5-5 AFFE, MJ 1255 A+ w02 7SI
MJ 250-5 AgolA 188.1+49mggl 2 7Y =&
YERN ST (Table 4).

Wu 5 2020y & A4 BT (Panax ginseng C.A.
Meyer)S 30 d7F ¥i3E 3 methyl jasmonateE *]2|3}3L
8 o] AAFAL o, FA|=Ale]= FeFo] A 13 mg/g7tA
Z718F9 3, Wang 5 (2016) &1 QA BAZ (Panax
Quinquefolium L.y& 28 A7F vt ¥ methyl jasmonate
5mg/l S AL 12 Yol FHHAUS wl, 43.66 mg/g (Th

Z

tllo

Z 832 mg/gyHAl FUtel o, w7 5 2ol &

718 T, IEYES & AEOIM elicitor A2HEo] B
olgts ATAIE B

AeAlze] AZEAE S dubdor §
A, oJAfAREES A=Al STIEIA] S
Artels Zos dEA o ol gt %

we ep)
SEE

=dE0] Al
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Fig. 1. The comparison of bio-mass according to elicitor treatment in cultured wild ginseng adventitious roots. Each value is means
= SD of nine replicate tests. "Means within a column followed by the same letter are not significantly different based on the

Duncan’s Multiple Range Test (DMRT,

p < 0.05). "CON; Control (non-treatment culture), ?MJ 62.5 - MJ 250; methyl

jasmonate 62.5 pmol - 250 umol treatment culture, ¥PA 62.5 - PA 250; pyruvic acid 62.5 pmol - 250 umol treatment culture, “SA 62.
- SA 250; squalene 62.5 pmol - 250 umol treatment culture, *'BS 62.5 - BS 250; B-sistosterol 62.5 umol - 250 umol treatment culture.

Table 3. The comparison of total ginsenoside according to elicitor treatment in cultured wild ginseng adventitious roots.

Ginsenoside contents (mg/g)

Treatment

Major Minor
group Total
Rb1 Rc Rb2 Rb3 Rd Rg3 Rk1 Rg5
CON" 11.0+6.3" 6.8+0.7"  7.3x0.2f 2.0+0.1¢ 10.1£0.0™ N.D. N.D. N.D.?  33.6%5.8"
MJ62.57  12.3+0.2%  10.3+0.2° 10.8+0.3>  3.1+0.1° 12.3+0.2° N.D. N.D. N.D.  49.0+0.8"
MJ 125 14.9+0.4>  10.9+03" 10.5+05°  3.1%0.° 9.8+0.28 N.D. N.D. N.D.  49.5+1.0°
M) 250 16.4+0.4%  13.1+£0.7° 14.6+0.3*  3.6=0.1° 16.2+0.1° N.D. N.D. N.D. 64.0+0.8°
PA62.5Y  10.0+0.48 6.7x0.1"  6.6+0.08  2.1+0.2¢ 9.9+0.1% N.D. N.D. N.D.  35.3=0.3
PA 125 13.0+0.2" 6.9+0.2"  6.7+0.3%  2.3%0.0%  10.2+0.2°% N.D. N.D. N.D.  39.3%0.58
PA 250 12.6+0.2°%  85+0.1% 8.1+£0.0° 2.1=0.1° 10.6+0.1% N.D. N.D. N.D.  42.1+0.2¢
SA62.5% 12.1£0.0¢ 8.2+0.1% 83x0.1% 2.1=0.1° 10.4=0.3%f N.D. N.D. N.D. 41.3%0.4f
SA 125 12.5+0.2¢%  81+0.1¢  82+0.1% 25+0.2¢  10.4=0.2%f N.D. N.D. N.D. 41.9+0.6'
SA 250 12.7+0.2°%  86+0.1% 89+02° 25+0.1¢  10.9+0.4¢ N.D. N.D. N.D. 43.8+0.6"
BS62.59  12.8+0.5“ 8.4+0.2% 8.0+0.1°  2.5+0.1¢  11.4%0.4° N.D. N.D. N.D.  43.4+0.8%
BS 125 12.9+0.4 8.6+0.1%  8.4+0.4%% 2.6=0.0° 10.9+0.5¢ N.D. N.D. N.D. 43.6x=1.3¢
BS 250 13.0+0.5“ 8.8+0.19  8.7+0.29 29+0.2° 11.6+0.1¢ N.D. N.D. N.D.  45.2+1.0¢

Each value is means =+ SD of nine replicate tests.

"Means within a column followed by the same letter are not significantly different based on the

Duncan's Multiple Range Test (DMRT, p < 0.05). "CON; control (non-elicitor treatment culture), N.D.; not detected, *MJ 62.5 - MJ 250;
methyl jasmonate 62.5 ol - 250 wmol treatment culture, “PA 62.5 - PA 250; pyruvic acid 62.5 umol - 250 umol treatment culture, “'SA 62. - SA
250; squalene 62.5 pmol - 250 mol treatment culture, ®BS 62.5 - BS 250; B-sistosterol 62.5 pmol - 250 pmol treatment culture.

FEE A 2 AESFH 2 12 Al ARSEY] wE
olm, 22} thARHE2] §AS AIEANAE 34 5 lag phasest
log phasecllA] UJERIA] = @459 S o8] AAEE
Aoz LA ATt Marisol er al., 2016).

 AdS Folo] At B BATH & A=A
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ol= dgre] AAFAE vWESIS W], methyl jasmonates
250 pmol FEOA 5FRbel] AE]eins W, 7P A A9
Tl Zog SRIFJt APt A4S vlusiie o,
methyl jasmonateE A&% (53 mg/ £)Z A3}, viF7|7+
= 7R W (16 &), A 43 ¥ (wiw) ol == &
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Fig. 2. The comparison of bio-mass according to methyl jasmonate treatment (concentration, duration) in cultured wild ginseng
adventitious roots. Each value is means + SD of nine replicate tests. 'Means within a column followed by the same letter are
not significantly different based on the Duncan's Multiple Range Test (DMRT, p < 0.05). 1’CONé control (non-elicitor treatment
culture), M) 62.5-1 - M) 62.5-1-7; methyl jasmonate 62.5 umol 1 week - 7 week injection. M) 125-1 - M) 125-7; methyl
jasmonate 125 pmol 1 week - 7 week injection. *MJ 250-1 - MJ 250-7; methyl jasmonate 250 umol 11 week - 7 week injection.

Table 4. The comparison of total ginsenoside according to methyl jasmonate treatment (concentration, duration) in cultured wild ginseng
adventitious roots.

Ginsenoside contents (mg/g)

Tregz;;r:snt Major Minor Total
ota
Rb1 Rc Rb2 Rb3 Rd Rg3 Rk1 Rg5
CON" 11.320.2""  8.0+0.4 7.7+0.3°  2.0+0.2" 10.0=0.3"  N.D. N.D. N.D.2  39.2+1.0

M) 62.5-17  12.7+0.2%  103+0.28  11.1+0.1"  2.8+0.0°®  12.5+0.1" N.D. N.D. N.D. 49.6+0.41
M) 62.5-2  13.2+1.08  8.8+0.2" 9.5+1.1™  24+0.1%  11.5+0.1% N.D. N.D. N.D. 45.6+2.1%"
M) 62.5-3  14.5+0.0%"  9.7+0.2¢%  10.3+0.28m 22+01  12.3+0.1" N.D. N.D. N.D. 49.2+0.1
M) 62.5-4  14.4%0.28  96+0.3%  11.4+02" 23+02%"  11.7+0.30 N.D. N.D. N.D. 49.5+0.9°
M) 62.5-5  31.520.5¢  19.0+0.7°  19.3+0.2¢  4.8+0.3¢ 18.3+0.2% N.D. N.D. N.D. 93.2+2.0°
M) 62.5-6  26.1+0.2°  17.2+1.0"  17.9+0.7°  5.1+0.3¢ 17.4+1.1¢ N.D. N.D. N.D. 83.8+2.6¢

M) 62.5-7  12.3x058  7.7+0.3 9.0+0.3™ 2.2+0.18  11.2+0.6M N.D. N.D. N.D. 42.6+1.28h
MJ125-1%  14.8+0.6%  10.4%+0.2%  11.0+03"  3.0+0.2¢ 9.2+0.9™ N.D. N.D. N.D. 48.5+2.1%
MJ 125-2 9.2+7.3 111017 12.1+0.18"  3.0£0.0° 13.5+0.18" N.D. N.D. N.D. 49.1+7.6f

M) 125-3 11.9+0.68"  10.4+0.5%  10.9+0.7"  2.7+0.3°%  12.8+0.7" N.D. N.D. N.D. 48.9+1.3%
M) 125-4 12.0+0.58"  10.4+0.5%  10.7=0.7%  2.3x0.20  12.3+0.7" N.D. N.D. N.D. 47.9+1.28
M) 125-5 39.9+1.0>  31.1x09° 29.4%15" 8.8+0.9 34.0%1.7¢ N.D. N.D. N.D. 143.4%6.1°
MJ 125-6 23.3%1.3°  19.9+0.9°  19.1+0.5% 5.1%0.7¢ 19.2+0.9¢ N.D. N.D. N.D. 86.7+4.5¢
M) 125-7 13.6+0.6%  95+058  9.7+03Km 33+0.2¢ 9.8+0.4™ N.D. N.D. N.D. 46.1+2.2f
M) 250-17  16.0+0.8°  13.0+0.8° 13.7+0.5"  3.4+0.2° 15.2+0.9 N.D. N.D. N.D. 61.5+£3.4¢
M) 250-2 16.0+0.3"  13.0%0.6°  12.4x0.7%  3.0x0.1¢ 15.0+0.8% N.D. N.D. N.D. 59.6+2.6°
MJ 250-3 15.0+0.9%  12.6+0.4¢  13.0=0.8% 2.8+0.1°  15.3=1.1f N.D. N.D. N.D. 58.9+2.5¢
M) 250-4 15.0+0.9%  12.4=+0.7¢ 13.7+x04"  1.9=x0.1 15.0+0.8% N.D. N.D. N.D. 58.2+3.0°
M]J 250-5 51.5+1.3*  38.1=1.17  343%1.2°  8.0+0.5" 55.9+0.8" N.D. N.D. N.D. 188.1%4.9
MJ 250-6 36.3+1.3°  309+1.3%> 282+1.1°  6.2+0.6 39.1+1.8° N.D. N.D. N.D. 140.9%6.3"
M) 250-7 14.2+03%  83+0.71 8.7+0.6"  2.6+0.0" 7.0+0.9" N.D. N.D. N.D. 40.9+2.7"
Each value is mean = standard deviation of nine replicate tests. ‘Means within a column followed by the same letter are not significantly different
based oDuncan's Multiple Range Test (DMRT, p < 0.05). "CON; control (non-elicitor treatment culture), ?N.D.; not detected, *MJ 62.5-1 - MJ

62.5-7; methyl jasmonate 62.5 pmol 1 week - 7 week injection. “MJ 125-1 - MJ 125-7; methyl jasmonate 125 umol 1 week - 7 week injection.
*M]J 250-1 - MJ 250-7; methyl jasmonate 250 umol 1 week - 7 week injection.
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Lee & (2018)y Aht FAWIY2S 2% (60T -120C)}
AlZF (30 min - 120 min) 2708 WPro] 43 A3} 120C
5 AHYsAS w, HEA A =Ae]= Rhd, Re3, Rkl,
Rg5, Rh2, Rh37} S7FE0eH, Xu & (2018) I 5
A2 w, Rgd BIES 100CoA 0.030%, 120ClA
0.338%= °F 11 H o]ido] F7F=Ath Kim & (2000)%=
120C2 553192 wl, Rg3eh Rg57F AlEAl A =lo] XA
] 36%, 19%= A8, Yu 5 (2019)2 4 80
C -110C, 48 Ak <t S5 89S o, 100C, 12 AZF
AN F Aol = ghgo] AR ke S B
sk, S5l 98t A HAeAle| = Al Al K
Aleatel= F7hs A8 A9k o2 A7 SRIE ST

AR R Ak

. =)
5 2N A= ARAF AAAPlEE ST
8l FAE FEEE HES F, 120C, 210 mindllA WES
S XS A, fak FEvF SRS ARA JA A
ol dteko] 7+AaElTh} 3,125 ppmE EEIS o, A=
Alo]= Rg3 70.8+ 1.6 mg/g, Rkl 25.4+0.4 mg/g, Rg5 36.9
+0.9 mg/gl 2 7Y W SRS YRS (Table 6).
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2 F7HEs AT Fod IRlEA] skt

Choi 5 (2014)2 S 1202 FE3I9S o Re2
2.13 mg/g, Rg3 2.04 mg/g, Rh2 1.33 mg/g, Compound K
1.14 mg/go] AEEJ, 1&3} daFs E3Hoz g
390 Wl Rg2 3.23mg/g, Rg3 7.58 mg/g, Rh2 1.95 mg/g,
Compound K 2.47 mg/gl 2 AEA} A xAle|= ghgo] 2.1
v F7FETAL BASISTh KAeAle| =] AEAlse A
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Table 5. The comparison of total ginsenoside according to steam (temperature, time) treatment in cultured wild ginseng adventitious roots
of methyl jasmonate treatments.

Ginsenoside contents (mg/g)

Treatment group Major Minor Total
Rb1 Rc Rb2 Rb3 Rd Rg3 Rk1 Rg5
CON" 53.7+1.5% 39.9+0.3* 37.9+04> 7.4%0.19 56.6=1.4° N.D. N.D. N.D.2 195.7+3.0>
100C -60m 51.6%+1.0° 40.3+0.5° 37.6=1.3" 10.1%£0.4* 55.6%1.6*° 4.2+03% 1.1+0.1 1.5+02 202.4+2.3
100C - 150 m52.6+0.8" 34.6+1.1" 38.4+13% 97x0.6™ 442424 79+1.7 23+04" 28%02 192.9+4.2%
100C - 210 m50.7+0.8" 32.5+2.4° 40.5+1.4* 9.8=0.6® 39.9+0.7% 13.9+0.7 3.7+0.28 6.3%0.2" 197.6+3.0™¢
100C -270 m48.5+1.0¢ 27.2+0.4° 39.2+1.4% 10.4+0.8" 38.2+3.1¢ 18.2+1.6" 7.1+09" 8.7+05% 197.7+3.9%
110C -60m 48.7£1.2% 29.5+0.6¢ 39.7+0.7® 9.9x0.5® 50.8+0.2> 12.5+0.4" 3.1+0.2%" 6.3x0.7" 200.8+3.3®
Steam 110C -150 m38.0+1.1F 25.8+1.7° 32.1+1.5° 10.120.3" 41.7x1.59 246+1.17  9.7+0.39 12.320.4° 194.6+5.4>
110C -210 m32.9+0.38 23.6=0.8" 31.4%2.5° 9.0+0.4" 355+2.20 36.6+1.09 10.5+1.0¢ 14.1+1.0¢ 193.8%5.0°%
110C -270 m25.1£1.0° 20.0+0.28 26.8+0.6% 6.5=0.3° 26.1x£0.6" 47.7+0.7> 14.0+£0.4° 18.9+0.8° 185.4+1.5
120C -60m 40.2£2.1° 27.2+0.4° 285+1.4% 91203 43.0£2.1% 22.6+1.68 8.4+0.7° 10.8x0.3" 190.2+2.8%
120C - 150 m28.9+2.2" 26.3+1.9° 255+1.2° 8.7+0.7° 30.6+2.3% 41.6+0.8° 11.4+0.7° 17.4+0.6° 190.7%2.0%
120C -210 m24.7+0.5" 14.6+0.4 13.7+0.6/ 3.1x0.0' 30.2+0.88 54.2+0.3* 18.7+0.4* 28.9+0.7° 188.4+2.8°
120C -270 m14.9£0.9 17.5+1.2" 143+05" 27+x03" 163x1.4" 27.7+05° 7.2+0.3" 11.6204% 112.7+2.28

Each value is mean = standard deviation of nine replicate tests. ‘Means within a column followed by the same letter are not significantly different
based on Duncan's Multiple Range Test (DMRT, p < 0.05). "CON; control (non-steam treatment), ?N.D.; not detected.
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Table 6. The comparison of ginsenoside contents and pH value to lactic acid bacteria (concentration) treatment in cultured wild ginseng

adventitious roots of methyl jasmonate treatments.

Ginsenoside contents (mg/g)

Treatment group  pH value Major Minor Total
Rb1 Rc Rb2 Rb3 Rd Rg3 RKk1 Rg5
CONV 5.68+0.05%"48.9+0.7% 36.5+0.2* 39+0.6 9.8+0.6> 55.6+0.5° N.D. N.D. N.D? 189.9%2.5%
Steam treatment  5.71%£0.04* 25.0+0.5" 15.7+0.3° 18.520.9° 4.6+2.1° 32.1x0.7%> 49.4+0.7° 17.0+0.3¢ 24.420.2%¢ 187.2+5.2°
25,000 5.10+0.01%  N.D. N.D. N.D. N.D. N.D. 15.9+1.8° 4.9+0.1% 7.8+02" 28.7+2.1°
12,500 5.3720.00° N.D. N.D. N.D. N.D. N.D. 255%0.19 93=0.1" 13.8£0.4° 48.7=0.6¢
Stefm 6250 551+0.03° 15%0.0° 0.9+0.0° 1.0+0.0° 0.520.0¢ 2.7+0.1"27.2+0.6¢ 9.8+0.1" 142+03° 58.0%1.5°
lactic 5,000 5.54+0.01% 6.6+0.3¢ 4.0+£0.1%°4.6+0.1° 2.1+0.0¢ 11.120.28 53.4+0.7> 18.8+0.1" 27.4+0.4" 128.3%0.5"
acid 4166 5.57+0.02¢ 81+0.1% 5.1+0.1%6.3+05¢ 1.2+0.7¢ 12.6=0.3" 51.5+1.218.0+0.3° 26.1+0.5" 129.3+2.5
b;;gf}:')a 3,571 5.57+0.00¢ 9.3+0.3¢ 5820.3¢6.720.2¢ 0409 14.1%0.3° 51.2£0.2° 17.940° 25.7+0.1% 131.5=1.7"
3,125 5.59+0.00° 13.9+0.4° 7.8%0.6° 10.1£0.6° 4.5+0.5>° 18.0+0.9¢ 70.8+1.6* 25.4+0.4* 36.9+0.9° 187.8+5.3°
2,777 5.66%0.00° 27.6+6.8" 15.2+3.0" 19.3£2.3" 5.7£1.9° 27.3%1.3° 49.6+2.1° 16.3+1.1° 23.1x2.7¢ 184.4+3.0°

“Each value is means = standard deviation of three replicate tests. ‘Means within a column followed by the same letter are not significantly
different based on the Duncan's Multiple Range Test (DMRT, p < 0.05). "CON; control (non-steam treatment), ?N.D.; not detected. *'Lactic

acid bacteria concentrations.

F
elicitor &2 methyl jasmonate®] *]
3T o] %, AAF KM =ARI = (Re3, Rk,

A 7 e 2UNE E5, E8)S Fel

Rg59] $hE W3
Hd 131 mg/gd] S YepE Aol |y A
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