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Abstract

Panax ginseng sprouts have important medicinal properties and thus the optimization of growth conditions is an important
research goal. The effects of LED treatment and plasma-activated water on the growth and quality of Panax ginseng
sprouts (PGS) in hydroponic cultivation were evaluated. Using 1-year-old ginseng plants, light was applied 9-18 h
for the CGS, TGS1, TGS2, and TGS3 groups and 24 h for TGS4. Plasma-activated water was used in all groups
except CGS and TGS1, and fermentation nutrient solutions (NO) were added to TGS1, TGS3, and TGS4. The TGS4
group had a high total length and initial length on days 7 and 14. At 21 days, the growth of TGS1, TGS3, and
TGS4 with NO nutrient solutions increased. The total decay rate (%) was low (4.24-4.65%) for TGS1, TGS2, and
TGS3. Although the chlorophyll a, b, and total chlorophyll contents were significantly higher in TGS4 than in other
groups (p<0.05), TGS3 tended to show higher carotenoid levels. Therefore, for the hydroponic cultivation of PGS,
nutrient solutions and plasma-activated water influence growth, and the LED treatment duration influences growth
and functional substances. During hydroponic cultivation, TGS4 conditions resulted in high growth, saponin contents,
and radical scavenging activity, with excellent functionality. However, considering the high rate of root decay, further
studies of the effects of different wavelengths and treatment durations (light and dark cycles) on growth are needed.

Keywords : Panax ginseng sprout, hydroponics, light-emitting diode (LED), plasma-activated water, functional
components

N B HAE, o]z b}, sk, Pk H ASEA AH

OViK(Panax ginseng C. A. Meyer)2 Q0L T} Araliaceae)
9] &ote A 2 ERE AIRYS O ghaote] |Y7]
5 7IA, D274 59 71673E& 7HAAL JATHMDEFS, 2020).
| it BEjEn 9o B H2 AldS okl itk

W5 2 A 7]5/d0] f=sittal HarE o] Qltk(Seong
5 2019). Z1Eu; QI Al 717EE 4602 A, AZlo]
E7Fsste] Al 7hs WAool HAF Eolti= AAoIthLee
5, 2020). 10 H]af| MR (Panax ginseng sprout, PGS) A
Hi= 2ol A 24711 wRt ARulet HEH(EADS 25-40Y
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= Afufsl Hajel oA HAE Fgsto] Qe Bl A
H| 7]7to] 3L AZto] Zhssith= A Hejidt ozt o
7] AdFloke AR AR E Bl Ertal Bl
o] ATHChang -5, 2020). o]={gt E4H0& SI7HA] $8517]
{1l ERAE k= 7 AHll(hydroponics)E S8t A4
A A7} o]FoiR| 1L Qlek. A= AESAelA =
ARGSH= WA R QR 279) ks WA 9ol 5=
sl EAIE 47 Al Wold E, &, &, CO, 5%, Hy
FY 5 G 2105 LEUKSeo 5, 2008). °] T LHF
A ZYAA A- A AE ol AT FUS AITFUL
2 dgr}o] @ E(light-emitting diode, LED)7} 2431 9]
t}. LED= 49 Feo= 37+ &8o| golstal 54 o
ol LED £oto = F4d, Frel 35719 FeH= Tt F
24 A9H g 24 4= glo] EWol AREEL thLee 5,
2016). B73 Al e8H] AR wigas &Y
FH AAE ol AR W9 8840 oy
FHOZ QIR HIUY3t E nYE S 08 Byt ARE
I A= e ] 1ol Slnt of" ZAIRE AT
7] ol Eek=nt A7t Aol a7t Qlvkal BaEch &
ZoflA EefRuE WA Fofl AP $4P](-OH)= 2
S ARIRS Ad BESE 285 Y A, 4 ge) Hlee
2] 5o Aeto] aatHo s gE| 1 QIthPark 5, 2019).
B3, ZetRuks 2493t A, Su9] 1R3 B4 71
=907, 3FHd A=o ' K|oke] Hokgolut AR dE=
FIAE o okl HaEI ItkYoo, 2015). Ryu &
(2016)°] =W nfo]A = ol H Eef2nt SFE AT
&5t HiRYot 1 A7t gi2TtEoh <ol ¥ $7F
kAl ®arsieict

TS A= Al Al FAQAHE ARESto] AR BeS
SA5H=T, Chee(2001)9] Aol W= Y242 w7t
o] Zo] GARgo| & MR 3% 9 5 A-go] A3l 7t
& wjA §lo] A FEo] RAR AE9 HAEHE S}
AlA e} Al 22 B, A4S 9S850 =
0| "tk 513t ofof AA LA He]olA ARt o
Apgdo] 1.254] #=A BRI, 7 27171 Ao g Fint
I ®1Elo] QIti(Cho, 2009).

wEhA] 2 AtolA= T AEigbdE B o= Hio]
QEF(YHA)S &85l LED ARF H EekRn} B
A& geloto] ARbake] s st 9 FEEAE S5 A
A @ Aeiebd 21 Sstaat sieich

ERTRT

A=

2 YA A8 Alme 192 FAMKPanay ginseng

C. A. Meyer) 2.2 20204 10-11€¥ 83| W5 AgH 2+
Ah(1-year seed ginseng, mother’s farm, Jangseong-gun,
Jeollanam-do, Korea)2 2021 29 22U0] £5}0] AR
A 53t & test bedof] HEE o] 45131t

MSHH 2ANY
2 QAR O3] Zxwo] XT HAet A2 U

T AL

of AntER HEES AX|SHt FS2HF0lA A5 test bed
+ 500 cmx30 cmx20 em® AJAFSEL, 50 cmx30 cm AHA|
H|E=E test bed WOl HA E= AuisiRith. 1L 4
A& ATA] W20 4574 OHEE test bedo]] o] 4|5kl A8
% 20 ofst A7 AP T 72 A0 457 A
29 Z93loch A AT ZAL Table 17+ 2o}

LED ZZA0)A t|Z7HCGS)= AEHE LED(SL-660, LED
stand, Samjung inverter Co., Ltd., Hwaseong, Gyeonggi-do,
Korea)E ARE5l1, CGSof| A gt ML 5926(CCT°K), &
£(3341<45) Luminous flux 475.1(Im), 33E-8 Efficiency 52.26
Im/w, M| CRI 84.4 Ra, X|tHu}4} Peak wavelength
446.1 nm, Z|Z3%} Dominant wavelength 489.4 nm, &%
Illuminance 3985 Lxo]H, A+ TGSol= AEAAE
LED(Plant Grow Lighting, Custom-made Spectrum, ALLIX
Co., Jeonju, Jeollabuk-do, Korea)S 1.5 m LED bar §4]©
2 12 Helgtt. HFHTGS) LEDE: MLE 4390
CCT°K, #F<&(3FA1<) Luminous flux 1,584 Im, FJES
Efficiency 75.06 lm/w, ¥AX]4> CRI 92.1 Ra, H|tju}3}
Peak wavelength 449.4 nm, <34} Dominant wavelength
571.7 nm, ZEllluminance 2884 LxZ A7l tHFig. 1).
FHE 48} njd[E FHHW) pH 5.13, EC (ds/m) 0.319]
H, 2AH](%)= K 9.57, Ca 8.09, Mg 14.17, Na 17.61, CI
41.15, NOs-N 0.61, S 4.82, P 2.24, Zn 1.31, Cu 0.05, Mn
0.950] 1, H¥HE OFHA(NO)L pH 6.53, EC(ds/m) 0.120]H, &
AH|(%)= K 12.62, Ca 18.08, Mg 4.30, Na 9.44, Cl 46.08,
NOs-N 4.042 /d=]o] 9t} A2|H Test bed ¢ vl
HPo] QEZ (A AN S tZTHCGS)yE ALI7 ARAT A1
THTGS)= 2&= H|FstaL, 20 cm 7FE 0 & 5078 B X|5}
Tt Ho|EEL FEQF ¥4S 300-1,000 meshz E4f
o 832 1,500-2,000C 7|02 gofst] 2+ X & 7-8 cm,
T 2-3 mm, S 40 g0 = A3t AZ ARG oH, HE
0] QEE AU R|(W/m® - um, 37C)% 3.57x10%0]1, ¥}
ARE(5-20 pm) 0.926:Z LEFHE. 3 tRHCGS)E Al
93t BE AHYGHTGS)ol 0,5 a0t E2k2nt FA
AAlE & Al FEOE o] Ay, TR, YHE= Al
Al H|Eo] AAsto] 245, 150 mmx800 mm HO| 2 H
E A ZAA](MVI-408, Wilo Co., Busan, Korea)S £7Ho]
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Table 1. Changes in total decay rate and growth of Panax ginseng sprout (PGS) during cultivation

ARG AsA ATS 2021)

Total decay rate Total length Root Stem Root thickness Number of leaves
(%) (cm) (cm) (cm) (cm) (ca)
Initial CONY - - 10.63+1.56 - 4.67+0.69° -
CGS? 545 16.16£2.87"° 11.19+2.40 4.97+1.06° 5.18+0.64° 7.73+3.15¢
TGS 3.84 14.88+2.89° 11.9242.72 2.96+1.20° 5.26+0.54" 8.332.45"
7 days TGS2 2.03 16.00£3.08™ 11.7943.08 4.22+0.74° 5.41£0.71* 9.80+3.00°
TGS3 3.64 15.55+2.43° 11.68+2.38 3.88+0.89° 5.27+0.76® 10.50+2.85°
TGS4 12.73 17.19+2.57° 11.61+2.13 5.58+1.59" 5.61+0.85" 11.07+2.92°
F-value 3.136" 0.350™ 23.587™" 1.719" 7.233™
Total decay rate Total length Root Stem Root thickness Number of leaves
(%) (cm) (cm) (cm) (cm) (ca)
CGS 8.00 23.2242.14° 12.14+1.97% 11.08+1.39° 4.85+0.66° 8.77+2.81°
TGSI 4.00 23.8442.76° 13.15+2.74° 10.67+1.07° 5.09+0.78™ 10.40+2.42°
14 days  TGS2 3.43 22.90+2.65° 12.20+2.38% 10.70+1.32° 5.41+0.68° 11.03+2.51°
TGS3 445 23.7542.74° 13.43+2.97° 10.31+1.67° 5.46+0.62° 11.53+2.53°
TGS4 14.18 26.30+3.44° 11.03+2.20° 15.27+2.11* 5.9240.79° 12.87+2.53"
F-value 6.990™" 4.407" 52.965™ 9.863™" 10.688"
Total decay rate Total length Root Stem Root thickness Number of leaves
(%) (cm) (cm) (cm) (cm) (ca)
CGS 8.36 22.802.67° 11.60+2.10° 11.20:£1.80° 4.47+0.82° 8.4742.96°
TGSI 4.65 30.45+3.14° 12.59+2.78 17.8642.03" 4.57+0.55% 11.1742.64°
21 days  TGS2 424 29.12+3.92° 13.15+2.61° 15.98+2.44° 4.92+0.72° 11.23+2.56°
TGS3 4.65 30.82+3.89" 13.89+3.54° 16.93+2.47% 4.90+0.57° 12.00+2.94*
TGS4 15.09 28.26+3.85 11.34+3.04° 16913 26® 5.54+0.58" 12.67+3.10°
F-value 25.223™ 4.154" 34.861" 12.134™ 9.471"

UCON, initial ginseng seed.
JCGS, control ginseng sprout.
TGS, treated ginseng sprout.

'Values are mean=SD. Different letters within a column are significantly different (p<0.05).

p<0.05, “p<0.01, “'p<0.000. NS, not significantly.

AAsto] AE]E TGS2, TGS3, TGS40l|gt Zafzn} vps
£ 3otk 74 Al AlAE] gl &3 A2 19 1
3] SeEEE AYolal, g o2k 27 EC 0.5 oJ3),
pH 6.5-7.0, DO 6-10 ppmC2.& F5IAtt. AntER Y &
T 21.043.0C, AQHE Y &% 20.0+2.0C, & 55+5%

= FASHA

AL 7172 F 21970 F SRS 2021 2 229
ojalelal, 39 2YU7HA| 77t Ho} I & 7Y 7HHoR B
Asto] 214411 2021 39 15Y€0f AHiE F=s13ATE A
Hisks B9 S HIE Sk

wgust 5%

FAARS 2BA M=) o]4] F AR AR 24
579 71408 21 A Wolg, Pl Huhg Jelu 4
% WokE 2otk 3% sk SPPES Seong F(2019)
of e Fuslel 2SI AL Al 4
29 91 Aot 271 olet X5}l #| FAgt Pols

27k 2el90). 27] BES W AR QAT A% 2

H7HAE Sl AR FAIZ ) =5 72004 1 em
Fojz] F9lo] Hyjo]Ae]HA(Metric 500-704-20 waterproof
IP67 digital vernier caliper, Mitutoyo Co., Kawasaki, Japan)
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(A)
Qonditions gy fime  LED illuminance  Nutrient , Plasma 0,
(h) (Lx) solution Bioblock discharge water  suppl
Samples (ratio 1:1000) g PPy
cGs? 9-18 (9 h) 3,985 x x x x
TGS?1 9-18 (9 h) 2,884 NO? O x @)
TGS2 9-18 (9 h) 2,884 HwW? ) @) @)
TGS3 9-18 (9 h) 2,884 NO @) @) @)
TGS4 24 h 2,884 NO @) @) @)
®)
18
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Fig. 1. Panax ginseng sprout (PGS) treatment and growth conditions.

(A) This table shows the conditions for growth environment treatment. YCGS, control ginseng sprout. ?TGS, treated ginseng sprout. NO, minerals
nutrient solution. “HW, hydrogenation nutrient solution. (B) The control LED was treated on the CGS (control ginseng sprout) and the treated
LED was treated on the TGS (treated ginseng sprout). Control LED main wave length is 450 nm, Treated LED main wave length is 455 nm,
645 nm. (C) It is a picture to sprout of glnseng on the 7 days from the top left and a picture of ginseng sprout on the 21 days from the middle

and last left. "CGS, control ginseng sprout.

ITGS, treated ginseng sprout.
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£ o]8slo] =459t Rk T T HEHE
l-‘;ia] 7].21— e Rs] H7]];(] 30 cm ;(]~_ 0]_9_0}04 z;(.]ol_ 1:]— =}
E N5t AnteR o] AE Aihe 21T Test

bed T 45748 AAEl AWA W= o7  3hE R

Bol o A% T 301 2otol HIaS ehict
oA Mg 24

AR Q1] M= 7AoA 219 X7ER] 79 7HE07 =
ISICk, 72 AT Qi ol RS 1 ot )
9] 7t FE-S SHoka 149219} 2193= 9 shue] St
HES =X519tt MAIA|(CM-700d, Minolta Inc., Tokyo,

Japan)E ARZ3}0] Hunter L, a, b 3F& 43t 5 Hagho
2 YeRfQIc} L valuex= 0(black), +100(white), a value=
60(redness), -60(greenness), b value= +60(yellowness), -60
(blueness) 0 & R[S} Alme 2t 53] HHESHo] 7
STt HRAITE 7RO L 99.30, a: -0.09, b: -0.122 Yt3=o]
AT

AR T2 A7 455 H2004)0] et Q=
QUSSR AE A o s £7gsto] EA6H
ok it A AlEE B4R o A= 9F 5 g2 FIs] Zof
A 250 mL 85 SekAdo] Y HEhe 50 mLE 7foto]
70-80C 9] 3h24Z(BS-21 Shaking Water Bath, Jeiotech
Co., LTD., Daejeon, Korea)ol|A 1A|7F &5 &3 & o1}
sioit}. REolle FehE -8 50 mL 7P°P°4 hH T g
FE0to] o] AYPS 13] vhEsio] FE519ch &3 &
250 mL &4 Zt7]o] &7]11 S575 50 mLE 71t &
F3] E501A EJ—]' —‘?L%% | %]’;ﬂ 5] E2d w7k

]‘ L= = S ESS Zﬂﬂo}-ﬂ '_'(/q’Z ]ﬂ Y
gt 5 St Yl 7 ?:}_%STO}ME}-- s5=0l= ofE
2 50 mLE 7}5fo] 9F 36C water batho| A 30&7F 3% W
Zyshm &5l GAeE 5 AHESE EAste] A
o} ARES 3 ] 2 wj7kx] 105T oA AxskaL HAA
Ol EfoIA] 308 AT % FAS SHSACE, AT B
7 AL OH—H% 2t

=

-
2
x

Ei

FAREY ?:F*(mg/g) =(A-B/S
A: %—'}‘Eﬂ“?‘ 5= l"‘f'TZj}—o]"r‘-J '—E]'—B--J e
Al(mg)
B: g o ¥l T4 FA(mg)
S: A= AFEH(g)
= A=

o
B T

7] SAE B 2147 At AREAHTGSy2: 2 Hl=o]

X BRI AR U e wE go] SAA%
% 5 afelo] Agaloich. 2L Lee 520200
He arsto] FE019IE S2UE AR 22 1 g0l 80%
Ethanol 20 mLE Y11 80C 243 (BS-21 Shaking water
bath)o]A] 100 rpm, 3A17F A& 223131, 4T, 10,000 rpm
(Centrifuge 5804R, Eppendorf AG, Hamburg, Germany)©]|
A 1587 QA1EE] & 0.45 pm Syringe filter(RC25 syringe
filter 17765, Sartorius AG, Gottingen, Germany)= 41}
T 2EARE 0400 BUG T S5t 2 Ao A4S

SEAT
sz By

ZE9= IS Singletond} Rossi(1965)2] Folin-
Denis ®H2 4sto] E451%00 24 =2 SA3T Al
= 100 Lol 2%9] Na,CO; 2 mLE A7Iolo] 35 59 A2
oA ®RJAIZ] TS 1 N Folin-Ciocalteu A]2H(Sigma-Aldrich
Co., St. Louis, MO, USA) 100 uLE 9& 3 35CoA] 115
HESAIZ . o]% 5°37]7|(Jasco V-730 Spectrophotometer,
Jasco Corp., Tokyo, Japan)g ARE5F0] 750 nmoj|A S3=
£ So19Y. SE9Hs 52 gallic acid(Sigma-
Aldrich Co.)& BZEZE dlo] AESI¥, TEaAZF A
Al 100 g & mg gallic acid equivalent(GAE, dry basis)Z &+
T UERH.

sEalE L0l BuRy

ZEgH ol 5\:.1’%1:—% Moreno 5(2000)9] Wi 74
Sto] FAISIIEE Al 100 plofl $575= 1 mLe}k 5% NaNO,
g 75 uL*‘::'- —511% = /Kc]-_Q_oﬂk] 587 ¥RAIFH o]%
10% AICk - 6H,0 8 150 uLE H7HSRL 68 59k A
oA BFXIAZ % M NaOH 89 500 uLE d7}sto] 115
B AA7IT, 510 ool BH=E Stk S
H-o]& 3=k (+)-catechin hydrate(Sigma-Aldrich Co.) 3
FIAS o] g5lo] ARSI, ZAAR ARAF 100 ¢ T
mg (+)-catechin hydrate equivalent(CHE, dry basis)Z &
< vhepie

_4

i3

2]

J

£712E|L0|E HEaY
4 27} E|o|= 3RS Lichtenthaler 5(1987)
F7gste] S5kt 5874% A= 0.1g07 80%
Acetone H7FsE 10 mLE 48A17F 0-4C oA Y4 B
sto] MAE FE0I00TE FEAIEE §87]17](Jasco V-730
Spectrophotometer) S ARE-5}] 663, 645, 470 nmo|A =74
a7 oldle] 412 olgato] AN

=

On‘. 8
e P g

1o

o

Chlorophyll a (mg/g FW) = 12.7 x Ags - 2.69 X Aws
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Chlorophyll b = 22.9 x Ags - 4.68 x Agess

Total chlorophyll (a + b) = 20.29 X Ags + 8.02 X Ags;

Total carotenoid = (1,000 x A4z - 1.82 x chl. a - 85.02
x chl. b) / 198

ABTS 2iOZ 2715 &4
ABTS(2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) 2T} 27152 Re 5(1999)2] WIS gato] 24
S}L}. 7 mM ABTS &3} 2.45 mM potassium persulfate
£ LIE S35 RAoflA oF 24A17F WEGAIZTE o] F A
3] ZAo] ABTS RS 735 nmoj|A] =7} 1.4+0.019]
%|%=E phosphate buffer saline(pH 7.4)°2.2 3]45lo] AL&S
ST, S48 ABTS 891 | mLE YHEES SHT A2
50 pLofl d7Fsto] Aol 307 AL BEGAIFH. ol
°3717](Jasco V-730 Spectrophotometer)S ARE-0F] 735
nmof|A] SLEE Z451HE YT = L-ascorbic acid
(Sigma-Aldrich Co.)E ©]-85}o] e EEFAS 085
ABTS hjg A7 ATZhe W02 Ltehiith

SAEY

A A= SPSSIE J#(21.00, IBM Corp., SPSS Inc,
Chicago, IL, USA)E- 0]-83}0] EAHLA(ANOVA)HS AA|
SRl 3%] Wk Asial At 7] 721/d2 Duncan’s
multiple range test® p<0.05 =04 {94 2jo]E AHZ3]

ek
21 Y 2%

golg ¥ RifE

AjAe] dotkg 9 S d4eo] wE He| Fufl&(Table
2 o3t 2ok AR 78R i R2HCGS)= 95.68%2]
Holg2 Helon, HZGHTGS) Woke 717t TGS1
99.60%, TGS2 99.40%, TGS3 99.80% 121 TGS4=
99.82%= RXTHTE w2 WOk (%)Z Bt ol ¥
< APSHA] g2 CGSof|A] ulgo} FAFito] Wol BA%9]
t}. vhHo]| jHEE Holgl TGSE B oz}, 7] A4S
o] YFZ F= HO|LES(YF Y)Y o s wHEE=
g, Park 5(2016)2] ol W= 3R Hlo| R EE-Z A
gt YL Fo]T1efAe] ot 13 o tE A2+o] H]
o Wok&o] 80-85% 7=tk HarE el vl A
o7 HojZlt

27 CGS 794F Fufl 82 545%%5 A2l7= ZHF TGS1
2 3.84%, TGS2 2.03%, TGS3 3.64% Z18]11 TGS4= 12.73%
B UE AgTET w2 Fe(%)e Ak Al 457t

Z71842 CGSE £ Hi80] 8.36%2 =2 whHol| g
- TGS1, TGS2 2 TGS3E 4.24-4.65%2 W2 Hil8(%)
= YERH:. ol= Ryu 5(2004)2] A-FoflA E2k2m} WA
T AFS ) =t 4 log oV Aets= HAAAL 597t
Ju-&7]o] A2fololE W= 4 log o] At A48 B
Aot Bkt whha] Sekznf vPESo] J2E gy
29| JFo = A o A 4 nE Aol IF
S Aoz woreEr)h I8 ATt TGS4= 15.09%2 &
OH 0 2(p<0.05) w2 FiE&S HlE, ol tE A
ol vl RAFAIZEO] 71 TGS4+= Auise =7t =oHA Al
T34 FFE F Ao wekE:

rE

Mg Hst

AR Al 717 5 A5 95t 578 A= Table 13+ 2
t}. 74 B dolE A Yskal tHRHCGS)ETt A
ZHTGS)oNA =2 AFo=2 YT TGS47F 781}
14420l A THE Aol Hlgl] 3-2]4 0 2 (p<0.05) A Y
ERt=d], o= Park 5(2012)2] AollA] FRARE 24A17F
o= Aegt Aol =0l £7] 4 U4 5P =2 %
< BYom, AEoA 242 28t TAglo] e F7]
7} ZojRof| e} FrIsitke Bk UA|oHcHErwin 5,
1991). 184} 219210l = AAdo] $7H&0] thE A=t
HJs W20, oli= F9 A= E RARKZIO] A& 359
FFE T AEAR] FRAR 5] A= AEH AR
2851 Ao 2 wokEthPark 5, 2012). 2193} T3 CGSHE
o} AP TGSOIA A5 F7H0] B4 Yeh=d], o=
Lee 5(2016)9] Aol TS Sgt LEDO]|A] Afjul
S o A Hlo| uj ATt SRl Harshlal, 1 %
9] [ T 7|Ee] Wyt AE SHo ZIbEQl HM
o] AlE Ao Tofdith= A= A2 ARt A8
£of FS kS Ao FrkErKSacbo 5, 1995). 19
H5 CGSoll= A9 Hl-&o] =24, Kim 5{(2017)2] &
oA HMgo] B]Lo] 80% oAt LEDE AHzFS ff, A+
9] QI 9l AAFo] Fadith= ATE w|Fo] ol CGS
LEDQ] tiE-3 AA|ok= HAgo 2 Qlsf 5ol JkS
S 707 "oidch

XA ZolollA TGS7F CGSell Hlsf 524 0 2(p<0.05) =
Al UEHstT. 11 % 48} vdd FAHW)S A 23t A
THEoH IR FANOYKS AZet Aol o w2 2 U
EPATE O]& Yi 5(2013)9] AollA NOsE 100% =t
50| oA g&o] 45t sFoH, NOs 7 B
5 BAR fEoHA ALRtttal Busiginh &2 At
of| 4] NOs-N9] H]&0] 2 NO ¥l A+ AT} vl5sh
73S YRt 24 Zo] 9 <=ollA] Shin 5(2013)2] &
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7ol = NO»-N9 Hl&Z =7 T 5ol A& o]
o5atgon, 24 o] P @4 w3k ok Ael7rct gt
+ ZYE HEilsto], NO FalS AEgt AHzjato| A Aol
95t ZoR Holw, o F& F g A 0= Q5] A
T ZF A kol Zfolg et

Ol

o M 35

AEAES] STt 59 A M} 4 A= Table
29} Zre}. Hunter LEko] #1715 Ueti=d gtol (H7F 25
5 FL7t =oAL ()7 E45 BEt RopAl=H, 78Rl
= JZHCGS)7} 50.10°0% LERAL AE]7HTGS)= 30.73-
33.59% CGSHT} Hrrt WA vepRde) E3h 21449 L
7k CGSE 38.528 VBRI TGSE 28.26-33.898 UERY,
2+ Qo] o ¥R A o= ZA=|QIch Hunter agh (HEk
o] H4& AM H=E UL, (@derE =M s o
BT}, 7GA E T 21 4R} SAY LT} HE AlRA A
2459l 219400 CGS7} -12.472 TGSHLH A4 =7}
Z3SHA UFEFATE. Hunter bk (H)gko] B8 M J=s
BRI, (#EESS M s Uehdch 7939ll= CGS
7} 24322 )4 0 2(p<0.05) HA SHH Wb, TGS4=
11782 27 St 21930= TGS7h B HJstt
732 Holil, CGS7} 14485 TR A2j7to] H]sf| AP =
7F ZFSHA YRt

@=L Y 27I2EL0|E HY
ABAS) 4= P F7HEE OIS P Table 33} 2

o}, 23 =4S el 354 a FFollA] ti2HCGS)7}
FYH 0= (p<0.05) =A VFERE=T, o= CGSell HAg vl
£0] &2 LED A= sl A4t G54 g0l 9T &
Ao Z yrhdrt Mg G4 IFF U F=2 Q9] 7|5 I
ofl 2-83=tll, Son 5(2012)9] I7-of wh=™ 4 LED A
7oA FEA o] S 717 T HA FUekaL TSt A
S8 SHAA HAgo] Fgoll DA AV IS B
31901, Yang S(1997)olA% QWi BARZS] S22Y A3
g2 29 oollA] =Tl SRt E3E A= TGS47t
FEA ol oflel, 534S UYERfE 54 bt FHEA
ol 7212 0 2 (p<0.05) =A Ul ol HE A=
of Blsl| F 2ARAITIO] o] Aol TS & A= It
E=t, Park 5(2012)0] w2 9] A718 ofgf, ke A
e AE9] P30l JFS Foha Basiylon HAge
Q9] FFA T 7|He] Wy} HE FHof| avtHolg=
B3 iR A25HTGS)S] LEDO| 23 A 9 RARA]
o2 PJEA FZo| FFE & o= AEKLee 5,
2016). O|2ZH FFAO] T FO] EAZE 9 LEDY] &
AB(R): (B2 Hl&o] FFFo] Slrkal Hojxirt.
Z712E0|E 2 9-18 h A3t TGS 7t v|<=3} 3+
2o B o} 24 h A5t TGS49) 712 E|wo|E Tk
oA 0 2(p<0.05) FH3] HAchs AHE HAh Yang
5(1997)9] AFolA Fgo] w2 Mt AT Ao A
7}2Elo|E7F F4 5] FHhdhks A YRt Earsed
Lo, o] Zue} YAek= FARS UERiTE ool A
AN

Table 2. Hunter color value of Panax ginseng sprout (PGS) leaves during cultivation

L a b
Days 7 14 21 7 14 21 7 14 21
cas? 50.10 37.13 38.52 -13.15 -12.84 -12.47 2432 18.70 14.48
+2.50° +7.20° +5.23° +0.87° +0.70° +1.77° +1.28° +1.54° +2.30°
TGS21 31.40 31.88 33.89 -7.69 -10.15 -11.21 12.75 12.47 11.63
+5.64° +2.22° +1.90° +2.91° +0.68" +1.49% +4.84% +1.00° +2.01°
TGS2 33.55 33.24 31.55 -8.31 -10.42 -10.33 15.95 13.48 10.86
+2.86° +1.45% +1.08% +1.72° +0.90° +0.54° +1.19° +1.69° +1.19°
TGS3 33.59 33.17 32.05 928 -9.80 -10.41 14.93 12.54 10.46
+3.47° +2.20% +0.10° +1.70? +1.12° +1.77* +2.32% +1.62° +0.85°
TGS4 30.73 30.53 28.26 936 -10.79 -10.16 11.78 12.22 11.63
+.17° +0.74° +1.09° +1.06° +0.45° +0.28" +1.80° +0.52° +0.53°
F-value 25.697 2351 10.608™" 6.994" 11.138™ 3.745" 17.526™  20.559™ 5278

UCGS, control ginseng sprout.
ITGS, treated ginseng sprout.

JValues are meantSD. Different letters within a column are significantly different (p<0.05).

p<0.05, “p<0.01, “'p<0.000. NS, not significantly.
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Table 3. The contents of antioxidant and functional components of Panax ginseng sprout (PGS)

Total
Chlor;)p hyll Chlort())p hyll chlorophyll carTo?;illoi d Total saponin Total polyphenol Total flavonoid ABTS free radical
Samples (atb) (m g/p) (mg GAEY) (mg CHE”)  scavenging activity
& /100 g sample) /100 g sample) (5,000 pg/mL) (%)
(mg/gFW)
N 7.04 979.55 1,760.00 d
CON - - - - +0.77° £226.58° £35.00° 2783
Cas? 2251 13.22 35.81 478 8.65 2,126.21 4911.67 5183
+0.29%9 +2.20° +2.32° +0.08° +0.27° +285.66" +300.22° ‘
3 1931 7.17 26.53 471 8.67 2,036.82 5,378.33 b
TGS”1 +0.23° +0.17° +0.31° +0.01° +0.01° +512.96" +166.00° 56.57
20.12 8.81 29.00 4.84 8.19 2,130.46 5,315.00 )
TGS2 +0.59 +1.64¢ +1.16° +0.06" +0.69° £321.96" +115.33° 55.10
19.37 8.51 27.94 5.01 11.68 2,219.09 5,416.66 )
TGS3 +0.61° +120° +1.80° +0.70° +3.83" +400.83" £29.30° 3650
22.95 18.28 4132 3.65 16.75 3,011.36 8,703.33 X
TGS4 +0.72° +].73° +1.01° +0.52" +0.01° L9704 £029 57° 68.06
F-value 33466™  26.116™°  53.036™ 5.798" 14.573™ 11.309™ 87.613™ 471.680™"

YCON, initial ginseng seed.

ICGS, control ginseng sprout.

TGS, treated ginseng sprout.

YGAE, gallic acid equivalent.

CHE, (+)-catechin hydrate equivalent.

9Values are mean+SD. Different letters within a column are significantly different (p<0.05).

*p<0.05, *"p<0.000.

SR 3 AR Aol ol sk

ALY S Table 33} 2tk 27| FAHHCON) ARE
d kgl Bls ti27HCGS) H AHZFHTGS)oIM Akt 9t
ol 7213 0 2 (p<0.05) F7I5IAH: 2193 853 CGS9
AR SRS 22.87% S7FeE Bigol| Szt whdss A
2 R JHNO) T2 APt TGS3, TGS4oA = 22}
65.91%, 137.93%% =2 27182 BT}l Noh (20209
w2 GAEAHRYA] o] Set2ut S A= Hai
9] TlsRel T2 ol tiakkE ¥ 7154 &4 o S
AlFTaL B 115t0d NOs7H ohf 3hje NO g 350 4
W 24 SH 0= 7154 S8 710 FFE & AR
TS E3L TGS47F of 2 Aol Hls) f9jHes
(p<0.05) =A| YEl=H], = Fournier 5(2003)S] Ao

2 Panax quinquefolius®] AZHREINA B =4 5
TS o T AU O] TRE2 Alg ST, A
A AL A AR RS S7HIFThE 2R Hot TGS4
7} Fol| =E == AlTto] Aro] FeF 9 AARe] JFe
2 F AEd] o] 37K ACE Holw, Kim 5(2009)
o] ATATe} TS AHFS Hol 35 JY U FART

gt A7t Besitial e,

£EaHs 2 Sapuiols B

Ate] ZEeisls @ Sohico]= GRES Table 33}
T}, AT TSGAOIA] $914 0 2(p<0.05) & e e}
ok, Aol AEe|Ao] w3E 4TS AE §
G 222 Bos] Gl A% 2r20) ks B8
A Mittler 5, 200431 HIE HEZ 3F leEATHo]
71 TSGaolA] kst Bo] Bo] waiE Zoe Wk
TS, St 2nE HASE AR AEHTGS)NA EdHE
¥} Z2fE ol & flgfo] &2 ZgFo] YEP=Tl, °]:= Noh
5(2020)0f W= E2FRAt B4 A4 Al THE01%] RNS
ZFolA NOs+= AEA|9] Helof QlojA dam)9] F+52]
Elo] AF39] HlEmAt 9 ZakE o] =9] AJghAdof| Tofsitiar
stglom, Eetaut @7 A HEEe By R AE
e HERT A YEd, FRial] A 2o A
| Al 7168 B4 U 4= okl Barsieit Bt opet
AAeFke] A4 TF2 phenolic acid, flavonoids, ascorbic
acidE Z7MA1FH = Z3(Mampholo, 2018)2 NO; 7| T
o HHE FHNO) FFo] AT TSGI, TSG3 L TSG4
9] B Fofl Bt =4 Sl FF= & AR Wk
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ABTS Z2iCIE A7s

AFAEO] ABTS SHAESF5(%) Table 33+ 2ttt ABTS &
bz AA6(5,000 pg L-ascorbic acid/g sample)2 FAF
(CON)Z 27.85%0]H, tZ7HCGS)= 51.83%= UERL,
A2+ TGS1-E 56.57%, TSG2= 55.1%, TSG3+= 56.5% 1
Z)3 TGS47} 68.06%= e} th= AetHth TGS47F &
O] 0 2(p<0.05) A YEFHt ol RARRY 3 EH)
&, S0 ot Ao} Hlst AP R YT

2 o

2 %= LEDA|E] ¥ Egt2ut S J3fo] '@ A
ol A ARl s 9 Fdo] vX|= P EAskIA}
Skt AntE T YollA @47 Aelishlar, AR 19
= SAHE ARESIIEE IR HCGS)ols Mol =41
LEDE A2otal, A2HTGS)oll= H3+2433 &3 4
£-8 LEDZ A5}t A7 CGSH} TGS1, TGS2,
TGS39]= 9 h(9-18)E, TGS49l= 24 hE RASIITH S
20t BPa= CGS2F TGSl AlQleh A2l Aufe=
ARSI FH2 CGSofli= A2JshA] Yol TGS, TGS3,
TGS4ol= YBYANOYE, TGS20= 453} nvE A
(HW)E 3353t AR 7-14GA0)| A 24417 ZAKSH
TGS40lA A doy 24 doloflA &2 S7FeZ H3L
2193} = NO FHS A5t TGS1, TGS3, TGS47} 2%
Zo], d& 5 o] 55ttt T FulE(%)2 TGSI,
TGS2 U TGS37} 4.24-4.65%% CGSS} TGS40]| H]s] A
eI A4 a, b D SHELA o] TGS47} 7282
E(p<0.05) =A SH=UoH, F7I=E o= R TGS3
7h 22 A Hoth E3 RAEUY SEHE 2 &
g o|E JhfolA NO g 9 Eet=ut H4E A2t
TGS32} TGS40|A] =4 Vel E3], 24 h RARF TGS4
ol A2 (p<0.05) ¥ #= EUth ABTS =z
DA% B2 AFS Bt waba] A4 T
Al Al gl A 9 SRzt ST Sl IS IA|
o, LED RARA[ZI0] ASE ofz}, 7154 &40 9T
T Aog Bt £ AZ2d, B4 Al Al TGS4 &
Zo] M At 9 2AbEd, A 24 Sole =AY
B}, 71578 Holkls 55 S 5 Falleo] =2 A&
Hop 2% updf & ZARPIHEUT7 S 22t B
T7F 2988 Aoz wWoEr
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