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Abstract. This study was conducted to determine the changes in ginsenosides content according to additional UV-A,
and UV-B LED irradiation before harvesting the ginseng sprouts. One-year-old ginseng seedlings (n=100) were
transplanted in a tray containing a ginseng medium. The ginseng sprouts were grown for 37 days at a temperature of
20°C (24h), a humidity of 70%, and an average light intensity of 80 pumol:m™-s” (photoperiod; 24h) in a
container-type plant factory. Ginseng sprouts were then transferred to a custom chamber equipped with UV-A (370
nm; 12.90 W-m™) and UV-B (300 nm; 0.31 W-m™) LEDs and treated for 3 days. Growth parameters and ginsenoside
contents in shoot and root were conducted by harvesting on days 0 (control), 1, 2, and 3 of UV treatments, respectively.
The growth parameters showed non-significant differences between the control and the UV treatments (wavelengths
or the number of days). Ginsenoside contents of the shoot was highly improved by 186% in UV-A treatment compared
to the control in 3 days of the treatment time. The ginsenoside contents of the roots was more improved in UV-A 1-day
treatment and UV-B 3-day treatment, compared to the control by 171% and 160%, respectively. As a result of this
experiment, it is thought that UV LED irradiation before harvesting can produce sprout ginseng with high ginsenoside

contents in a plant factory.
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o1 i (Panax ginseng C. A. Meyer)-2- Araliaceae 7}-2] thd
A AEZ ofA|olo]| A 2,000 oA} AEZ okl AHEZ o]
£]o] Shi(Jung 5, 2002). A7) 54 A1E 0 @A) 2 olA}
o]t ol ] e el o B 71 A BARED S
&F9-51ar Qitkal B 1|9t Choi 5, 2009). AR Q1AM &
oF T = L of Aufjof| A A& 0.2 ZRS Aju) 7] 7ko & 9]
o @oll 4] kg A2 A 1 Qe Jang 5, 2018). Q14F
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9] 9 oFa] &) AE-2 ginsenoside 2 751 30717] 9]
Aol 225 714 ginsenoside 7| H 11 | Yt Harkey 5, 2001).
Ginsenoside+= triterpenoid 2] dammarane | 2] 914; 4:2] 2]
Eolut ZA5H= E-5-3F AL © 2, protopanaxadiol(PPD)
4 protopanaxatriol(PPT), oleanolic acid, octillol Iz -
Hrmj(Park 5, 2017), PPD &E}=Rbl % Rb2, Rb3, Re,
Rd, Rgl 5 ¥ PPT AL Re % Rf, Rgl, Rg2 59
ginsenoside7} A3t} Yang, 1977). Ginsenoside = 3
o2 5ol Wk 414 Ul Wl 28 248 58 Eale)
of ol7tol|A] 8- oFe]ek2] avE 7HA] 3l QIthKim %,
2017). whaba] QI4F 912 A1 9 Ak A 72 o] Eet AR
02 B4 75t ol AlE BN ol AAEE Sig Al
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F7W7A7F 28 A A5 A A = Sl AlaEls
SHEICCha 5, 2013). whehA] AlEaAol A Afu) 2Hee] o
o|EA W e HYEHoh= A2 E UHE 5 A%t At
FAo|t) #Zol=UV-A(400— 315nm), UV-B(315— 280
nm), UV-C(280— 100nm) & TLAE ZFeJH(UV) o=
2SR o] A shol EAm 2 o] AR & sk o
77} AAE AL QK Gartia 5, 2003). o]2e A¥= UV A
2lof] ofaf =2 uto| EAmE SHo A FF FES T
4 3 U5 AlARREEE

ATl Ak QLATE) AT T Ik
sgr}o] © =(Light emitting diode, LED)E o]8-3F thofat 32+
o] that Wstol A A4 Po] S} 2ANE Abmy)
ginsenoside 8] o2 SUAIX Ap7E B EICHKim 5,
2020). E3L 2 A3} A o] T3+ ED 7} X510} ginsenoside
o 5784131 Y(Jang 5, 2020) 7 -2 A=3 W LED
H 2ol gt Aakso] HarE| Qi) gHE, UV 247 QU4
] A B AR AR dof] iRt Aol A UV A 217
Zbo] Aojdas AAwFe] 440} ginsenoside F719] A}
£ UERAEHIn -5, 2006). oA H -84 S-S a12gt 2t
2B UV ZAZ}F AR 0149 ginsenosideo] t]2]= gk
et 7= 719 ek webA AlEsgoll A Al Qe =
ATFARS: 0151 428} A UV ZAF AP Q149 ginsenoside 3+

=
E
[
w2
flo
L
i
EE

10 2 Aol ARSI AR Hot
7HHA] 2 AL 07 Aldsto] AJH R -8 H(IAP, JahngRyu
Industries Co., Ltd., Cheongju, Korea)©{| 1,600ppm 5=
15571 7] A2] T AHEAFK(51.5 x 36 x 8.5cm, L x W x H)
of| Q1A A-8-AFE(myeongpum-insamsangto, Shinsung Mineral
Co., Ltd., Goesan, Korea) S ILA] -2 & =] 2|H 1007} 3|4
Tl k202 YAlsteich A4 T AR QLike: Zigjo]]
& AlEZg7(Smart-farm Cube, Dream Farm Co., Ltd.,
Sacheon, Korea) © 2 7, 2% 20°C, 5= 70%, H+F L=F
2. 80umol-m™ s (R&B LED; 3=7] 24h) 2] 2710 237
7k st ATh(Fig. 1). 1520l 23]4 =il o n, 4] 5
ofj = <14} #1-8 oFol(National Institute of Horticultural and
Herbal Science, EC 0.8dS'm™, pH 5.5)& Zg3lglom 1
F AR B

2. UV-A 2lUV-B ZA}t

ez A 37200) S8, A2js 5932
R&B LED(H/2] 43} 5% 24l 9 #5)0] UV-A 1 UV-B
LED(LG Innotek, Seoul, South Korea)7} 37140 & %]
H AL AH(Fig. 2)0ll &4 3 Y 5MHF7] 24h) A 2|5t
of 4.2 of3) shujct Salsigich nfeby, el 379
£ 1,2,39 UV A A S F40Y 52t Auf = Slck(Fig.
3). 2t 5, A 9 XS] Al eSS 2 A2 10
A EA8EA ., ginsenoside 492 &2 3071414
AMEESEATE UV el 5P 9 Al7)= 5 dgt f1x]oflA] JAZ
(JAZ-XR-S, Ocean Optics, Dunedin, FL, USA) Y UVZ4
7)(T&D, TR-74Ui, Japan) & A4 £ 52E] oF 30cm 7 2] o]
A A -212]9 FQI=E 2Halo] ALk ZFUV LED

Fig. 1. Container-Plant Factory (Smart-Farm Cube; 1A) and cultivation view during the experiment (1B).
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++ Custom chamber configuration

Size: Width X Length X Height =700 X 500 X 560 mm

1. Light source control device: red + blue + white light source
2. Light source control device: UV-A or UV-B

3. LED light source: Red/Blue/White/UV-Aar UV-B

4. Temperature humidity automatic control and data collection
device

Temperature Humidity Carbon Dioxide

. Ventilation fan (two sides)

. Temperature control fan

. Temperature control water circulation device

9. Ethylene gas cylinder

10. Ethylene Gas Injector

11. Ethylene Gas Measurement Sensor

12. Notebook: Save data collection

13. Plant growth observation window: transparent acrylic plate

% = o th
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Fig. 2. Schematic diagram of the custom chamber equipped with UV-A or -B LEDs used in this study.
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Fig. 3. Schematic diagram of the UV treatments at before harvesting
time.

o] |3 wpg g A|7]= 22 UV-A(370nm; 12.90W-m?) &
UV-B(300nm; 0.31W-m?) & Lrepgch

3. Ginsenoside £4

Ginsenoside 352 high-performance liquid chromato-
graphy(HPLC Agilent 1260 system, Agilent Technologies
Inc., Waldbronn, Germany)& ARSI H=7]+= diode
array detectorE ARE-SFTE 2139] ginsenoside standard
(Rbl, Re, Ro, Rg2, Rg3, Rb2, Rd, F2 ¥ compound K5)<
KOCH}o| 2 8l(Dagjeon, Korea) ol 4] -3t} 5= -8-f
+ HPLC-grade water, acetonitrile 2 methanol(Fairlawn,
NJ, USA)& ARE-sH3ITH

Ginsenoside 9] #4945 H?‘i Ax = A el A Qlak
3071415 70°CollA T2 AIRF A 28)aL 1) 47| = Faffsto] —4°C
oA Baslgict Ax —‘:.'—‘?—__!‘ A]E 5g°] 70% HPLC methanol
20mLE 7}sto] FL23(70°C) ol A 1A R F=55kaL
LAEZ7](1730R, GYROZEN Co., Ltd., Korea)©{|4]3,000
rpm, 1032-59F FAI22]5}A7 0.45um membrane filter 2 o]
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THa19i o] S22 48 AR QAF 22 40mLE ]
Atk 2= A 72E60°Co| A 7Y = & HPLC water 2mL
£ A7Vsto] 859t M2 0.45um membrane filter 2 ¢
35151 HPLC 240] A5}tk

Ginsenosides $FF 2492 Jin(2012)°] 7]<%! high-per-
formance liquid chromatography(HPLC Agilent 1260 system,
Agilent Technologies Inc., Waldbronn, Germany) Bl S &
A5t} B4 AH-2 TSKgel ODS-100Z(4.6 x 250nm,
5um, Tosoh Corp., Tokyo, Japan)S& AR&5}o] Al 259
10pL, &%=30°C ZA1-2203nm, 94-2 1.0mL-min™
62 A5, o] 5ANS 2= A-8-91S HPLC water, B-&
AL acetonitrile 2 ARE-5}STE HPLC B4 2742 S0 BE
7122 & 10min-19%, 15min-20%, 40min-23%, 42min-30%,
75min-35% 80min-19%, 90min-90% = F-435}3ich

A %%#3 SAS ZZ 1 (SAS 9.4, SAS Institute Inc.,
USA)Z 0]-83}5] 01, ginsenoside £42- 2 2] 304H=-0.
2 Duncants 747@ & AAEFYE)

Z4

zin} 2 &t

=

42} 2 UV-A 9 -B LED A z2jo| w2 J3kS F7lsh] 9
) A8 2 ginsenoside S £33} Aul 37 z<H4 A2l
Al UV-A 2 -B 327} ZAR= 2A} A7bo)| whet 2hashe 7
3RS W ¢l o) TR thu] A Q1Ake] ;(] gl z|3}ELo] A
Ae 9 AEsol 594 daE Holx| itidata not

shown).
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1. Protopanaxtriol type(PPT|) ginsenoside?| tH3}
A2 PPTA € 9] ginsenoside 3FHa-2 UV 2] w4t}
A2 o] uheh oheFet Feks
Z-PPT 3ol UV-A 9 -B LED 57} 2AR= | 2o H] 8]

R0l 1
394

SIEKTable 1). ZJAH-e]

UV-B 32 g]7}

ool Hlal $-oleh 5718 Wtk o= UV el o xjeke
ZQaR, KA EE B)of Aol = Al 53, o
%7 o] 20 o}k 7R BAL RFIAEUV-A 1,2, 3%
ZA}, UV-B 12 2417} $-2J51 90}, 58 R AAH wrh
Aaliol ol 371 H B AeA Qs uiChoi 5,

2012), UV A 2] A Aol A e R S G- =A 4= &
Z 0 2 AR E) F1, F3 YF5 g A =UV-B 1Y ZA7}H

foldoz 25718 By

L
fu

g, o] = shahe e Aapiirc)

Aol go] EAste |, fHATe], est 5] At 3L
thal A& A QltiJeong 5, 2018). Rg29} Rh1-2 3Hte=

71, B9, A= IA S A

F514 o] QLI 5
2007; Park 5, 2004), Z}ZtUV-B 14 ZAF 2L UV-A 1Y
Aol wte} 14 2 57

1 O

& HAH-

o>
=

AJ510] 7ol e Ao ekt fAksA UV 5271 =
A7} FAAQ] ZIHE B JTHTable 2). A4S SABH

Table 1. Ginsenosides of shoot sprout ginseng exposed to UV-A and UV-B treatments for 1, 2, and 3 days.

Shoot (mg/g dw)

Contents

Control UV-A 1D UV-A 2D UV-A 3D UV-B 1D UV-B 2D UV-B 3D
Protopanaxtriol types
Ginsenoside Rgl (1) 2.78 £ 0.00° ¢ 263 £004d 18 £000f 345+0.00a 3.13+001b 1.66+000g 242+ 00l ¢
Ginsenoside Re (2) 386 £ 0.00 f 735+0.02b 563 +000c 690+ 0.00d ND 510£ 000 e 7.86+001a
Ginsenoside Rf (4) 018 £000b 047+0.09a 037+008a 052+002a 040=0.09a 009+0.01b 0.10+ 0.00 b
Ginsenoside F5 (5) 050 £000d 090+0.04b 072+000c 074+000c 118+0.07a 041 +0.00d 0.76+ 001 c
Ginsenoside F3 (6) 079+ 000g 1.18+002d 101 £000e 128+000c 162+005a 092=+000f 146=0.01b
Ginsenoside Rg2 (8) 024 £0.00e 063 +003b 057+000c 068+000b 077+0.05a 038+001d 042+000d
Ginsenoside Rh1 (9) 0.08 £ 0.00e 035+00la 032+000b 017+ 0.00c 0.12+0.01 d ND ND
Ginsenoside F1 (13) 077 £0.00 f 128 +000b 095+000d 121 +0.00c 160+ 0.02a 0.65+000g 084 +001¢e
Protopanaxtriol (18)  0.12+0.00c 024 £002b 034 +006a 038+0.03a 041 +000a 034+003a 038=+0.02a
Total 932+£001d 1503 +£027a 11.73+0.13 ¢ 1533 £007a 923+025d 956+ 0.02d 1424 + 0.04 b
Protopanaxdiol types
Ginsenoside Rbl (7) 014+ 0.00e 039+ 003c 029+000d 038+000c 052+003a 029+001d 043+001Db
Ginsenoside Rc (10)  0.51 £ 0.00 de 0.85 + 0.0l ¢ 041 £000 f 049+0.02e 194+0.06a 0.58+000d 1.08+0.02Db
Ginsenoside Rb2 (11) 0.64 + 0.00 ef 122 + 003 ¢ 055+ 000 f 078 +0.01d 244 +0.08a 0.71 +0.00de 146+ 0.00 b
Ginsenoside Rb3 (12) 0.09 = 0.00 bc 0.18 + 0.03 b ND 0.17 £ 0.00 bc 0.51 £ 0.13 2 0.09 + 0.00 bc 0.19 + 0.0 b
Ginsenoside Rd (14) 2.00 £ 0.00 f 386+ 00l ¢ 183 +£000g 251+000e 7.66+0.02a 265+000d 4.96+0.00Db
Ginsenoside Rd2 (15) 147 +0.01d 192+ 00l ¢ 230+£016b 269+0.17a 18 +0.04c 124+007d 154+000d
Ginsenoside F2 (16) 332+ 0.08e 470 +0.08c 490+003b 607+005a 419+010d 268+003f 322+0.02c¢
Ginsenoside Rg3 (17) 029 £ 0.05d 051 +00l ¢ 073+£005b 098+0.05a 067+002b 051+£004c 044 +0.02c
Compound K (19) 0.59 = 0.09 bc 043 £ 0.06 bc 036 £ 0.0l ¢ 0.77 £ 0.15ab 028 £0.00 ¢ 1.05+0.17a 0.61 = 0.04 bc
Ginsenoside Rh2 (20) 023 +0.00 b 024 +003b 024+002b 039+002b 030+001b 091 +025a 047+001Db
Protopanaxdiol (21) 095+00l b 168+057b 364+£094a 497+077a 125+015b 138+031b 1.65+0.10b

Total

1022 £ 020 ¢ 1599 + 080 b 1527 £ 098 b 20.13 = 0.76 a 21.6 + 042 a

1210 £ 0.13 ¢ 16.05+0.10 b

Oleanane types

Ginsenoside Ro (3)

0.65 + 0.02 e

1.66 £ 0.03 b

2.13 £ 001 a

202 +0.11 a

1.73 £ 0.09 b

1.08 £ 0.03 d

1.29 + 0.02 ¢

Total ginsenosides

20.19 £ 022 ¢ 32.68 £ 096 b 29.13 = 1.10 ¢ 3748 £ 0.72 a 32.56 = 048 b 22.74 £ 0.10 d 31.58 £ 0.10 b

“All values are presented as the mean = SD of triplicate determination; ND: not detected.

"Different letters within columns indicate significant differences at p < 0.05 by Duncan (n=30).
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A - o7k -
F5 9 Propanaxtriolofl+== UV-A ZAP} G314 0 2 Yepyt
o}, APFReb= W 2 F-PPT O] =2 UV-B 3 A 2|7} 7}
A 2 3K etk

2. Protopanaxdiol type(PPD7|) ginsenoside?| 3}
AFH-0] PPD A F 9] ginsenoside 3Fets GA| UV 9] ubgt
I} A 2] o] whaf theFRt @S =St Table 1). A5
9] Z-PPD F=Fo UV-A L -B LED 527} 2Al= T 2o H

N - WA -

ojoffd - 2FE - AT - &ET|T

H3f| o]t 7= H.elt}. 53], ZPPD g=fe UV-A 3¢
9 UV-B 19 2AP} 71 2 2712 Rt} Rbl, Re, Rb2,
Rb3, 9 Rb3 SRHE-2 W5 A H T} Z|51Ho]| 5% ok
8}al Q1= Hl(Choi 5, 2012), o] 23t 3o UV-AE+=-B
F7F ZAPA] FE 4 Qa2 H AT F2 SE2 7R Al
A2 otH F7ot= Ao=E HiE9=t(Hwang 5,
2010), o Aol A= UV-A 3 AP A] OF 28717 57}
£ Rt} ginsenoside ALY R4 5= 51421 Compound

Ke 3% oAl 3 24, T o 59 a3 Hehdnt

3l S7Foh= B de Hol, e UV-A 9 -B A 27}tz

(Chae 5, 2009). 0| S22

Table 2. Ginsenosides of root sprout ginseng exposed to UV-A and UV-B treatments for 1, 2, and 3 days.

UV-B 2 ZAFA] tfj 22 TijH]

Root (mg/g dw)

Contents

Control UV-A 1D UV-A 2D UV-A 3D UV-B 1D UV-B 2D UV-B 3D
Protopanaxtriol types
Ginsenoside Rgl (1) 094 = 0.00° & 0.96 = 0.00 ¢ 0.68 + 0.00 e 1.01 £0.01 a 0.95 = 0.00 cd 052 + 0.00 f 099 = 0.01 b
Ginsenoside Re (2) 190 + 0.00 f 262+00lb 235+000d 256 +001c 305+000a 200+000e 3.04+001a
Ginsenoside Rf (4) 026 +£0.00d 035+000c 028+0.00cd 034+000c 042+006b 022+002d 057+0.00a
Ginsenoside F5 (5) 040 + 001 a 048 +0.04a 031+000b 046+002a 025+004b 0.11 +£000c 024+ 0.00b
Ginsenoside F3 (6) 0.01 + 0.00 de ND 0.02 £ 0.00 de 0.03 £0.00d 022+002b 0.13+0.00c 024+001a
Ginsenoside Rg2 (8) 0.17 £ 0.00 e 028 £0.01 cd 026 +0.00d 030+000c 038=002b 027+000d 045+0.00a
Ginsenoside Rhl (9) ND ND ND ND ND ND 0.01 £ 0.01 a
Ginsenoside F1 (13) ND ND 0.08 £ 0.00 ab 0.07 £ 0.01 b 0.07 = 0.00 b 0.05 + 0.00 ¢ 0.08 £ 0.00 a
Protopanaxtriol (18) 008 £0.03b 024 £0.04a 006+000b 008+001b 012+000b 011+004b 0.11+000b
Total 377+ 002 ¢ 492+008c 404+001d 48 +£002c 544 +£013b 342+006f 577+002a
Protopanaxdiol types
Ginsenoside Rbl (7) 1.88£0.00e 2.65+0.07b 212+0.00d 238+009c 322+006a 191 +001e 3.26+001a
Ginsenoside Re (10) 138 £0.02d 1.69+003¢c 126+000e 1.75+£001c 213+002a 114=001f 192+003b
Ginsenoside Rb2 (11) 090 £0.00e 127 +001b 098+0.00d 1.17+004c 148+000a 084=001f 146=001a
Ginsenoside Rb3 (12) 0.14 £ 000 de 0.19+000b 0.15+0.01d 018 +000c 022+000a 0.13=000e 021+000a
Ginsenoside Rd (14) 0.63 =00l ¢ 078 +002b 058+0.00d 067 £002c 095+000a 045+00le 0.79+001b
Ginsenoside Rd2 (15) 022003 b 066 +0.02a 055+0.09a 046+ 004ab 064 +006a 036=+0.12ab 043 +0.19 ab
Ginsenoside F2 (16) 021 £00l e 032+ 002b 026=0.00cd 028 £ 001 ¢ 036+ 0.02 ab 0.23 £ 0.02 de 0.40 + 0.00 a
Ginsenoside Rg3 (17) 013+ 0.04 ¢ 053 +002a 026+ 001 b 013+000c 024003 bc 020+ 007 bc 029 +0.05 b
Compound K (19) 0.13+£003¢c 026+005a 027+000a 0.17+003bc 025+000a 0.18+003bc 022+ 0.00 ab
Ginsenoside Rh2 (20) 0.19 £ 001 ¢ 0.96 = 0.07 a 0.19 + 001 a 020 = 0.00 bc 030 + 001 a 021 = 0.02 be 028 + 0.01 ab
Protopanaxdiol (21) 054 £0.13 ¢ 249+095a 052+003c 056001 c 0.66=000b 034+ 000bc 064+ 0.00 bc
Total 636 £021b 11.80+£099a 713 +£010b 794 +£019b 1044 +0.08b 599 £ 028 b 9.890 £ 028 b
Oleanane types
Ginsenoside Ro (3) 041 £001d 124+000a 0.66=+004cd 051 +003c 075+009b 057+014d 122+026Db

Total ginsenosides

1053 £023 b 1797 £ 1.06 a 11.83 £ 0.14 b 1330 £ 0.18 b 16.63 £ 0.17b 997 £ 046 b 16.88 + 0.56 a

“All values are presented as the mean = SD of triplicate determination; ND: not detected.
"Different letters within columns indicate significant differences at p < 0.05 by Duncan (n=30).
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AR Q1AEe] =2k 7 UV-A 9 -B LEDO| ZAto] ot XA leafo] =0 ok
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= Shoot

w rY Y
& b =
T

Total Ginsenoside (mg/g dw)

—
o0

Control UV-A1 UV-A2 UV-A3 UV-Bl UV-B2 UV-B3

Fig. 4. Total ginsenosides of shoot and root sprout ginseng exposed to
UV-A or -B LEDs for 1, 2, 3 days. Different letters indicate
significant differences at p <0.05 (n=30).

oF2ul| 71k ZX A1 4= ATt ginsenoside 5 Rh2=minor
2t SO ARl ofe] B X & A BiE Ald okl
HIE=H(Yu 5, 2009), ©] )¢t HA| UV-B2 Y) A

of 3] oF 31} o} F7hel 2k 218 4 glolch. @k,
Protopanaxdiol 3}HE-2-UV-A o] oAt F2lo] E|o] 2
23] ZAfef| 93] eF3 1) o]AF Z71= B 9tk Oleanane type
ol Ro=EA, 51 1;.( 7 p:L/Hoﬂ Zo BA7 o]l
2 2|3} Eo) A BhAlE ltHan 5, 2013). Ro o
Al HEUV AL o)) 77}51 M——U:L T1FUV-A2,39 A
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