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ABSTRACT

Background: Ginseng has been used as a medicine and functional food since ancient times. It is a
perennial crop, and its whose commercial valuse increases with growing period and is affected by
the atmosphere and soil environment.

Methods and Results: In a selected field, we measured air temperature under a shade structure
and soil physicochemical properties, and determied plant and root growth as well as ginsenoside
and total polyphenol content of one- to five-year-old ginsengs plants. Although air temperature
above 30 C was recored for more than 37 days, no marked growth inhibition of ginseng was
detected. Among all soil physicochemical properties, except for pH, were within the allowable
range the shortage increases with ginseng years. In five-year-old ginseng, the quantity is about
9.7% higher than the average weight by standard, indicating that is not affected by temperature
when grown under a shade structure. Three-year-old ginseng contained the highest total ginseno-
side and total polyphenol levels and exhibited the greatest DPPH radical scavenging activity.
Conclusions: The total ginsenoside and protopanaxadiol/protopanaxatriol ratio were both low at
five-year-old ginseng plants, which was attributed to rapid growth of the root system in five-year-
oid plants. There were no significant differences in total polyphenol content and antioxidant activ-
ity between.
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ol A7 7FssRet (Li, 1995).
Qite] E5g WEehs AL H2dR 2e o= AY

14 (Panax ginseng C. A. Meyer) l:r% S 9] ginsenosideZ ¢14Fe] ALEUS B3] ginsenosides} B
14k

(Araliaceae) 14 (Panax)e] thdAl Al&o]H,

o] At 3l (Kiefer and Pantuso, 2003), ginsenoside= 3, 61 &

A& ghbe 7ol T FEAWOZA 2000 W HFEH A A Az wet @vldAl (dammarane)et S ol
wizlo] gtow =S RSt FEAE T shueltt (oleanane)Z & FT} (Le et al, 2019). ginsenoside= <!
(Yang et al., 2006; Lee er al, 2018). A4t&elle <14k Aol oF 3% - 6%8% =] e o= 44 o,
(Panax ginseng C. A. Meyer), Ul=t4t (P quinquefolius), 7+ HA7IA] 38 F o] AlEdoe] AFF A (Shin e al,

A% (P notoginseng)

2012), HWIEE H| 23 S,

17 %ol A3 Band et al,  2015). 53], T4 E& ARl Re39 5oL 27, 28
= 5 9 36°004 47714 AE T A= vk F838 9T ole o|2Ad S
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FZFAA A HAE 50C7 obd 60CE Az3ILh A
% % E7] (SFM-555SP, SHINIL Co., Ltd., Cheonan,
Korea)= w7 wisle] HUAE= AME-3IGIT)
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2EE

2. 012 d 58 Y

A7k A
Japan)E A5 30 cm
174704 Z7g 513t

EG olztede 108 179 8E shHA AjF st &4
itk EY A= AAAE AHE At AR 15 em
Zlol2 AF3 F, dFY 7HE AL, T EY A
EE A& A @ mE o]&ste] 1 2} A
(pH), A7IHE% (EC), FAite|da, fasl
o] (K, Ca, Mg, Na) 8 5 2o AMES
7] (SFM-555SP, SHINIL Co., Ltd., Cheonan, Korea)Z
A vRsle] 28 AIER e §71E I (OM)S 4
slth B 3o A2 w18 EYSIshA W &
31tk (NIAST, 2000).
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4. Ginsenoside &4
gE Axd EA R tha] 10 £¢] ginsenoside (Re,
Rgl, Rf, Rbl, Rg2, Rg3, Rhl, Re, Rb2, Rb3, RAE AHE-
3F992™ (ChromaDex Inc., Irvine, CA, USA), #2A1H+
Tt 22t
A& 02 g9 70% MeOH 2 ML & 2 &33t 5, 50 = |

O O
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Collx] 30 & Ax 257 FF F 4C, 13,000 ppmo= 9
A stal, BEE 4S5 1| mlE Sep-Pak Cl8 cartridge

(Waters Co., Milford MA, USA)S o]&3ale] AA3l & 3=
HS 045 pm membrane filter (Agilent Inc., Santa Clara,
CA, USA)E AFste] EAAERE ©]&3ltt (Kim er al,
2010). EAA]E5E UPLC (Nexera X2, Simadzu Co., Kyoto,
3 WHEO =2 ginsenoside S S735H0
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150 mm, 2.7 pm, Thermo Fisher Scientific Inc.,
DE, USA)S AR&-3l5e
0.8 m¢/min ©|T}t. UV 74
Yu et al., 2019).

Wilmington,
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e 203 nm =2 AR st
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A7 Bt dEASZ NESAIAL WHgo] FHE ., UV-VIS

spectrophotometer (Varioskan LUX, Themo Fisher Scientific
Inc., Wilmington DE, USA)E 019-3}04 750 nm Oﬂ/ﬂ e
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Table 1. Chemical properties of soils after ginseng harvesting in October.

Vear pH ECY OM NO;-N Av. P,Os Exchangeable cation (cmol/kg)

(1:5) (ds/m) (g/kg) (mg/kg) (mg/kg) K Ca Mg Na
1 7.3+0.0° 1.44%0.03* 7.9+0.1> 40.19£0.93* 221.5+1.4%> 0.36+0.03"> 5.1+0.1* 2.9%0.1* 0.1x0.0
2 7.4+0.0° 0.51+0.05° 9.0+0.1°> 21.68+1.33% 388.2+18.2% 0.52+0.06° 2.9+0.2° 1.2+0.0° 0.1x0.0°
3 7.320.1%  0.32+0.03°  6.0£0.1° 10.71x£0.97° 219.9+8.5°> 0.24x0.06° 3.0=0.1° 1.1+0.0* 0.1+0.0¢
4 6.3+0.4> 0.25+0.02¢ 55+1.2° 5.44x350 81.8+6.0° 0.30+0.07°° 2.4+0.4° 1.0+0.1° 0.1=0.0°
5 7.1+0.1%  0.28+0.02¢ 3.8+0.2¢ 9.69%£2.39° 954+1.9° 0.11x0.01¢ 2.0+0.1¢ 0.6+0.0¢ 0.1x0.0°

YEC; electrical conductivity, OM; organic matter, Av. P,Os; available phosphate. All data are showed by the means = SD (n = 3). "Means with
unlike alphabets are significantly different by DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

Table 2. Growth characteristics of ginseng according to cultivation years.

Leaf Stem Root
Year 1) 2) 3) 3 5) ® 7) 8)
SPAD LL" (cm) LW (cm) PH* (cm) SL¥ (cm) SW”’ (mm) RL" (cm) RWD”’ (mm) RWT" (g)

1 27.78%€2.87 8.1x1.12 3.7x0.6 43+x2.0 19.5=x2.2 2.84+0.45 16.3%x3.0 4.8+0.6 0.81+0.28
2 33.15+1.41 8.1=1.43 3.7%x0.6 8.5+1.5 24.8+3.0 2.17+0.28 19.8%+1.1 11.5+0.9 6.94+1.20
3 31.52+3.11 11.5x1.98 4.9+0.7 20.3+x4.7 41.8%6.9 4.00+0.53 22.1+1.8 17.2%x2.4 17.51+5.76
4 38.93+3.11 15.6x2.75 7.0%x1.5 33.6x3.5 64.1+x6.4 7.50=1.30 30.3%6.1 22.6*x3.5 43.85+15.56
5 37.89+4.18 17.1%x2.49 7.2%1.2 37.0+8.3 70.8x10.2 9.09+1.49 36.8+4.8 30.3%6.5 101.60%53.90

DLL; leaf length, 2LW; leaf width, ¥PH; plant height, “SL: stem length, ¥SW; stem width, ®RL; root length, ”RWD; root width, PRWT; root weight.

All data are showed by the means + SD (n = 3).
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Fig. 1. Changes of daily mean temperature from June to
September.
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Aa) d4E Q14 Bi2]9] ginsenoside TS Hlwsle] 2
A3} 10 F9] ginsenoside 3 WAl we} YA HHe=
ZolAAY Yol E EF2 IS} total ginsenoside?] 73
9 3FAYNA 118 +0.01%= 7P =9k, SAAClA 0.89 +
0.03%= 7F¢ Y3UTt. Protopanaxadiol/proteooana xtriol (PD/
PT) H]&2 194 (0.75+0.02%)04 4348 (0.94 +0.03%)7}+

o]
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A Hzp Tt 5AM (0.58 +0.2%)IA FA8HA Wolx]
= Ag AT F AUt

Total ginsenoside, PD/PT H]& 7 a5 B5F 54| 7}t
A Stk o= 10 & X3 total ginsenoside”l 4345
Al sl o g e AdAbE o ® FhAsh] wE]] ZoR
A= o]#]dk AF= ginsenoside= 14 ¥E|7} vitiE] A
T5 iAo ghefo] 7hAgitia gk Aakel A3
O} (Mo et al, 2015) ] =045 ginsenoside T
o] S7Fshe A4S YeRdthE B3 (Kim ef al, 1987)9=
ME I RS UERSITE o] EolA|aL Bt B
e deE dsk 525 vgo] AX|]=H], ginsenoside=
2 JZo) FHrEe] o] AHoRE I ol AHojxitka B
3l (Han et al, 2013)5 B3l o] oyl wet ¥ A
L2 AT A4E 93, ginsenosides S14F BEE]7T
HIs| A5 iAoz ghgo] hashes A 5285 ¥
=2 A vlge] ogt Zlojgtal ALE T}

Ginsenoside2] AlF 522 HH Rgl9] 7$, 43482 0.16
£ 0.01%, 594 024 £ 0.01%°2 FH3} wiR Eopxlt).
ol & FF AT, 9F, #3104 Relol 43414 549
Ao s Fobxl Bagh Axe}l A8 (Kim er dl,
2017), &) Rbl2 43400M sz Fof7pir {24
o= o] Yolr= AAE IAEATH (Kim ef dl,
2017). Re®] 7%, 43404 53807 Hol7paA] Fo)z o
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Table 3. Analysis of ginsenoside contents and PD/PT ratio of ginsenoside according to cultivation years.

PT (w/w%)

Total”  PD/PT?

PD? (w/w%)

Year

(W/w%) (W/w9%) Re Rg] Rf Rh1

Rg2 Rb1 Re Rb2 Rb3 Rd

1.12+0.02°
0.98+0.02¢
1.18+0.012
1.04+0.02°
0.89+0.03°

1 0.75+0.02° 0.35+0.02%
2 0.79+0.05> 0.25+0.00
3 0.82+0.03" 0.22+0.01¢
4 0.94+0.03" 0.22+0.01°

5

0.12+0.01°40.07+0.01° 0.05+0.00
0.16+0.01° 0.08+0.00Y 0.03+0.00°
0.21+0.01° 0.15+0.01* 0.04+0.00°
0.16=0.01° 0.09+0.00° 0.04=0.00
0.58+0.02¢ 0.16+0.01¢ 0.24+0.01* 0.12+0.00° 0.02=0.00

0.10+0.00¢
0.10+0.00°

0.02+0.00° 0.05+0.00°
0.02+0.00* 0.04=0.00
0.12+0.00° 0.03+0.00" 0.04=0.00°
0.11=0.00° 0.02+0.00° 0.03+0.00°
0.06=0.00" 0.02+0.00° 0.00+0.00¢

0.17+0.00° 0.13+0.00
0.17%0.01° 0.110.00°
0.22+0.01* 0.14+0.00"
0.22+0.01* 0.12+0.01°
0.17+0.00> 0.07+0.00°

0.06+0.00"
0.04+0.00°
0.03+0.00°
0.04=0.00°
0.02+0.00

Motal; total ginsenoside, 2

'PD/PT; protopanaxadiol/protopanaxtriol, ?PT; protopanaxtriol, “PD; protopanaxadiol. All data are showed by the means + SD (n

= 3). 'Means with unlike alphabets are significantly different by DMRT (Duncan’s Multiple Range Test) at 5% level (p < 0.05).

2 slefo] ZEASAE vl (Table 3), ©J28F A= A=) A4
7} Z7Fghl wel Red] o] feojHom Fksthe Bl
(Mo et al., 2015)°} W= AS YepAh o]9} 7ol
A2 AR ginsenoside $FEo] AMZ UE olfF&
ginsenoside Re®] 75 <14t Be] & A HT} Aol ol
O =0 B (Lee ef al, 2011004 B 5 Je= A3 72
o] 7} ginsenoside?] $HE] U= TV AR thE7] W&
o7 AztEm olyd g Ao zlol= dAe] wWE Ao
Hoh= Al g ZpololA 7]91g Zles Hlr)

T =232

3. Total polyphenol contents
wele) & Eejsls g
ng GAE/go.2 713 S erhgient oA 1

4, 534IM = 15.00 - 16.67 mg~GAE/g_i 8o149] ;‘(],o]_E_'—_
ERIA e ASE UEhle] (Fig. 2), % ZelvliE 3]
4N Vg = 34, 5AA9] o etk BT

o)A} ¥ =

2 3l 36.67 +0.00

o

._LL_E'_

(Chung ef dl., 2016), A% EES oz Az = 3
=3 v 23 Aol EE5E RS F lEdol

Z7F3E Bl (Chon et al, 2011)2F LX|3HA] 3kt}. o]
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50.00
2
<
o 4000 a
5 I
S —
Y o
- ~

3000
g 2
_‘cl V)
= 2 2000 b b b b
g8 = 1 - I
.g 1000
2

0.00

1 year 2 year 3 year 4 year 5 year

Fig. 2. Changes in total polyphenol contents of ginseng

according to cultivation year. All data are showed as the
means = SD (n = 3). "Means with unlike alphabets are
significantly different by DMRT (Duncan’s Muﬁlple Range
Test) at 5% level (p < 0.05).
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Ueh e
1=

292l ZHell A EobA Chung 5 (2016)2] 75 24
A9} (Chung et al., 2016)°4] zHHHtfP RS Fufste] AME-
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Fig. 3. Changes in DPPH radical scavenging activity of ginseng

according to cultivation year. All data are showed as the
means =+ SD (n = 3). "Means with unlike alphabets are
significantly different by DMRT (Duncan’s Muﬁlple Range
Test) at 5% level (p < 0.05).
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