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ABSTRACT

Background: The ginseng ginsenosides, which have various physiological activities, are known to be more abundant in the leaves
than in the roots, and the consumers' interest in ginseng sprout as a functional vegetable has been increasing.

Methods and Results: The aim of this study was to investigate the effects of growth period on growth properties, active ingredients
and rheology of ginseng sprouts cultivated in a non-heated greenhouse equipped with a shade net for 60 days, starting from the end
of May to the middle of July. The chlorophyll content of the leaves decreased, but their length and width increased with increasing
cultivation days. In particular, growth increased significantly until 40 days, but only slightly after 50 days. The stem length did not
increase greatly from the 20 th to the 30 th day of cultivation, but increased significantly from the 30 th to the 40 th day, and then fur-
ther increased gradually. The weight of the leaves, stems, and roots increased slightly, but not change significantly. After 40 days of
cultivation, the total ginsenoside content increased by 1.07 times in the leaves and decreased by 0.80 times in the roots with increas-
ing cultivation days. The leaf contents of ginsenosides Rg;, Re, Rb;, Re, F; and F, increased with increasing cultivation days. The
rheological properties of ginseng sprout showed the greatest influence on stem hardening with increasing cultivation days.
Conclusions: Therefore, based on the growth characteristics, active ingredients and physical properties, 40 days after sowing was
considered to be an appropriate harvesting time for ginseng sprouts.
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Fig. 1. Changes in daily maximum, mean, minimum air temperatures in cultured region and shaded
green house during ginsenF sprout cultivation after transplanting seedling. T, in region;
ti

minimum temperature in cu

vated region, Tma in region; maximum temperature in cultivated

region, Tmean IN region; mean temperature in cultivated region, Ty, in house; minimum
temperature in cultivated house, Tp.x in house; maximum temperature in cultivated house.

127



. 21Mo]
[== ey |

[ e §

o= - AF2

T AL Aoz zpgwe] JEE 4 e TRE AAE

ik,
A

219 o]2lsted 7 €
o] Al719] Afujx] <]

At A7) dake] AEH2-S ISt 5Y
se7d 714 Akt Fig. 13 22o]

HAEE BARS o2l AulE Al
Zhgk ol 8309, Al 5L 79 20
o 359Co|lon F7k Hldshe: Yo s 2L
102C, H12xE 351CHTh RS Aujst A= AL
7 AFEARRE (52.0 X 36.5 x 9.0 cmEA], AEAEES ot
A= 8 L 9] &S THNeH BARS o5 Hullste] 80 5
£ 45° 712 A ol2lste] At AulskE st o
S22 W #e A LED [Ev-3,106Lx, TCP-3,415k #<
(57), Cheongju, Korea]s ©]-&3dto] AHE/dAL sERo|AFH
80cm Holzl QXA 1 ol 10 AIZH ZAFSIATE Egh
e AT ARG SRS flste] Zof dole A
AR, Fob Fole AHBFE olgsld F 2 3 AT

g]l_t}_l:l:

.

= Sy RRTLY =

4 L 9] ArE slo] Aufstt

EX

Z7] FER] A} e
2017) &
|7

3. KIAKPQ XIoko] M2
AL BT 9

H.o]

RLERETEE

Ol 57
3L

Ao S 54L&
Jeong 5 (2018)] ol
JEL T
&5 ol&3te] S
(SPAD-502, Konica Minolta Inc., Tokyo, Japan)S ©]&3}o]
=43t 7152 A HFRRA A AR
A E, A7 HTFHREAIA 2.0 cm Hozl F-9jof] gt

(o2 R o
A5, AT AT AT ARH7AE ddsie]

o oln

=
el
=

FAE SAsITh Aeite 242 w5 FREE e vt
& EREIHAE, 28 A 12em Holxl BE
o] FAE, ATS £7] FEe Ade o FAS Akt
At RE A BE 3R o] A" AE 1 Al 2lAE
80 E7]9] A1 BT FAsle] Hagks AEsivlen
HHE s 3 4R 2AKIITH

4. TI|CAPE a2t M
ALz 3k PRI

MAIEE ARSI Jeong 5

I

5
AEATE ETAE 0.5 goll 70% HERS 10 m
b 229 FE6t] daEd v 2 membrane
filter (020 mm pore size, Whatman Co., Maidstone,
England)2 o137}, A I ZrFE28)Z (HPLC, Agilent 1200,
Agilent Technologies Inc., Santa Clara, CA, USA)l 10 /4
8 Fstel DAl =S BAslgich.

o] ARESE Z2 YMC Pro Cig RS (YMC Co., Ltd.,

N
-~
ol of
il

HN
)

"’r{mr
>

Ol8fE - OIS -

128

Kyoto, Japan)©] 1™, 71Z7]+= photo diode array (PDA)
detector (203 nm, Agilent 1200, Agilent Technologies Inc.,
Santa Clara, CA, USAYS ©]&-3l¢] ¥493190aL, EAZ4L o]
oz 8 A (water)e} 8¢ B (acetonitrile)E ©]8-3t
41 BE 0 & (20%), 10 ¥ (20%), 25 & (24%), 30
(33%), 42 &= (37%), 57 & (80%), 58 = (100%), 68
(60%), 70 & (20%)2] =43l <4 1.0 /mine g ZHF
STk JMEAR|E BEFEA|FO 2= Rgs (Chengdu Biopurify
Phytochemicals Ltd., Sichuan, China)s 20 &< AlxXd&
o] &3tk (Jo et al., 2011).

1=]
hin
A=)
Rl

= B2 9 s

5t shk PA

= ZT]H=T2 Coseteng 3 Lee (1987)2] WHS o]&
slod Ak &, FEE] IS 80% eSS 10 vl
7vele] slMet F Alg=2 AMgSIITh 2 gAY 1.0ml o
folin-ciocalteu A1} 3.0ml S 7}alal 10 27+ A3 o}
7.5% Na,CO; 1 mlS 2718l 30 27 Ao wx]at & 2
FFTAZ 760mm AN FFE SN, AFEHIEE

tannic acidE ©|-8-3sld A4t AT
HEAR Krygier 5 (1982)2] "

ZHEZY 2 AP phenolic acidE

Faro] 014} 98 hexane® Z ©A] 3

REAR = S v A= )

tlo

AC)

ot

t T} diethylether : ethylacetate
phenolic acids 2] §Z313L,
o 2H|Z3] phenolic acide= &g A d& EF 3 3] F
Zdf] 42 ool NaOHE F7Fsled 2 NaOH &%=7F 2
Nol H=S 248 e Aeolx 4 A7 ol i) A
2 F 7kEs] Hofxl & Tl HCH-A 2= pH7E 2.00]
He2 243l #2818 phenolic acids £ &3 W
I T3 #el =390, A4S phenolic acide 2]
% phenolic acidE FZ3}3L F2 S 7HAAL 2 N9
NaOH 250 m(E 7}sted A2elx] 78] & & HCIE-
2 pHE 2.00% Zdsl] #2]¥@ phenolic acids #2] &5
she WHY FU3 o R §E3Ii

Ztzt 2] 8=3dtel ¥efxl phenolic acids 30T ©]s}e]
25=oA ZF 3] 71518k TR HPLCE Wehe &40
2 dA% &3¢t T membrane filter (0.20 #m pore size)=
oJ7ste] HPLCE ol-8-ate] 43130t} 42712 Zorbax
SB-Cig (4.6 x 250 mm, 5 m, Agilent Technologies Inc., Santa
Clara, CA, USA) Z#<S %3 HPLC (Agilent 1200
series system with DAD detector at 280 nm, 320 nm)< ©]
f3lo] Baslgjon, o5 ® Sl A (1% acetic acid)2}
&l B (methanol)E ©]-&3td & AE 0 & (100%), 25



SO0l THEHE! AfARIAS| XHERALD [£

B (70%), 40 & (40%), 50 & (0%), 55 & (100%)2] =
sl 4% 0.8 M/min®E E#FUth

6. =24 &8

APERIES & QA2 ol&shr] Hat] d 2 =7] 23 F
o] st dojubr] A e] A7k A8 flstd =
AL ZA3AT B4 texture analyzer (TA-Plus, Lloyd
Instruments Ltd., West Sussex, England)E ©]-&3}¢] loading
cell 10kgf, P 5 (5mm dia Cylinder Probe, Stainless steel)
E A25lo] test type TPA (texture profile analysis test) Z
2% (Ametek Inc, Berwyn, PA, USA)S ©|-&33th =
B AEE 2 3] A5HOE YN E Wl DoJAI= force-
time curveZFE] hardnessE ¥3lslo] 4 Fo EAH EAFL
< sk

EAZAE probe; P5 (5mm dia Cylinder Probe, Stainless
steel), test speed; 10 mm/min, distance; 50%, trigger type;
20 kgfO = SIQAAL. Z4zke] AR 9, =7] B B 34 A

T 70 N2 ste] HEpe = YeRlT

A=)

Q) HEO sample size; 2.0 x2.0x2.0cm e 7|2 A&
A ele 5 A AAM e Ssen 271 e
BHoA 1.5cm Dol HEL =Asglon Mas Z7)7}
& wa] FRoA 1.0cm Holx FES A1)

7. SAX]

2 ARoM dolxl A= AE A2]= SPSS program
(12.0, SPSS Inc., Chicago, IL, USA)S ©o]-&3lo] AA|519e
W, 7} & s H (mean) X FFHR (standard
deviation, SDYE AF=3I% T ZF L4800 oJste] AjulE A
Hjd4E 2ol p<0.05 0014 One-way ANOVAS A4
5192 ™, Duncan’s Multiple Range Test (DMRT)Z I

o3& ASski

45 faye o Sye Hal
Zu o oE

1. MU0 WHE Xa4pe} Kool Mg sS4
BARS Ao ol4 F Aol whE AfRelAe] X g
o} A3Hte] &2 HIlE AR A3} Fig 29} 33 72k},
Fig. 13} 7o] o]2] & Auj7]7t 5t Frh vdshe-2
Yo ex= AR 10217, FXeEE 35.1Co2 o 1)
HAAN LRt BeEo] 2-3CHE a2 U Lw7) Lt
S BoFy, Huenes FES 2gtely] 9lsle] 2}
)3} = Z70)ojA 1-2TH
Kim 5 (2017)°] =}

b
c
I I |
' :
30 40 50 60

Days after transplanting

(B)

~B-Lengh ——Width ——Weight app a
b

c

a

Length(em) and width(cm)

Chlorophyll content(SPAD value)

20 30 40 50 60

Days after transplanting

(8)

~8-Length —&—Diameter b= Weight g ~#-Diameter ~M=Length ——Weight

Length(cm) and width(cm)
Length(cm) and width(cm)
-

- f_\*/r”t:/f .
al a
1 b ab
PE—— A 2 02
0 : : 0 o . . 0
20 30 40 50 60 20 30 40 50 60
Days after transplanting Days after transplanting
(©) (D)
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Table 1. Changes of ginsenosides composition in leaf, stem and root on ginseng sprouts after transplanting seedling.

(Unit: mg/g, dry basis)

tr?:!;l;’ﬁ;g R, Re Rf Rb, Fy Rg, Rh Rc
20 7.797+0.098 40.003+0.715° 0.188+0.006" 5202+0.053" 1.332+0.011 4.424+0.153* 3.856+0.055 -
30 10.260+0.034° 40.630+0.421° 0.176+0.001° 4.799+0.066" 1.487+0.047 4.163+0.072 4.681+0.078 -
Leaf 40 10.181+0.230° 40.010+0.697° 0.179+0.015° 4.509+0.021° 1.775+0.014 3.939+0.096  5.122+0.099" -
50 11.001+0.183® 40.021+0493" 0.244+0.011* 4.584+0.057> 2.035+0.030 4.119+0.035 5084+0.036" 1.012+0.026°
60 11.149+0.430° 43.024+1.756* 0.253+0.010° 4.830+0.136° 2.509+0.074 4.528+0.166 2.918+0.013¢ 3.436+0.283°
20 2.386+0.462°  6.705+0.998 0.307+0.088 0.063+0.031° 0.249+0.151° 0.388+0.161 0.168+0.034° 0.009+0.001¢
30 2.638+0.199°  5.867+0.536° 0.280+0.004" 0.081+0.047° 0.160+0.143" 0.418+0.031* 0.327+0.038" 0.031+0.001°
Stem 40 2599+0.036" 5965+0.130° 0.326+0.016° 0.098+0.010° 0.053%0.001° 0.377+0.001® 0.411+0.004* 0.068=0.002"
50 25210078  6.314+0.087° 0.321+0.001* 0.099+0.008" 0.058=0.001° 0.354+0.008° 0.363+0.005° 0.170+0.141°
60  2.091+0015" 6.335+0.054* 0.281+0.004° 0.108+0.001° 0.045+0.001° 0.344+0.001° 0.356+0.003® 0.054+0.002°
20 1.635+0.008”  7.340+0.034 0.720+0.012* 2.903+0.021° - 0.699+0.027  1.253+0.004" 0.071+0.001°
30 17810039  6.162+0.246° 0701+0.019° 2.813+0.051% 0.548+0.029° 1.144+0.038° 0.065+0.001%
Root 40 1280+0.014% 4.831+0.014° 0468+0.004® 2.583+0.024° - 0.397+0.001°  0.969+0.011¢  0.062+0.001"
50 1.483+0.002° 4.741+0.085 0.496+0.006" 2.868+0.021 - 0.406+0.008° 0.984+0.029° 0.056+0.004"
60 0.958+0.051°  3.886+0.1487 0.373+0.034° 2.201+0.104° - 0.351+0.018! 1.335+0.040° 0.033%0.007°
Table 1. Continued.
(Unit: mg/g, dry basis)
trg)rf!psl;’:tt‘?;g Rb, Rb, Fi Rd F F, Rk, Total
20 8.876+0.155° 1.194+0.033° 2.978+0.039" 40.071+0.663° 0.402+0.004° 0.008+0.001° 0.313+0.006* 116.644+1.968"
30 10.884+0.223" 1.415+0.039° 2.882+0.029" 41.153+0.771° 0.338+0.004¢ 0.009+0.001° 0.278+0.003* 123.155+1.780"
Leaf 40 11.902+0496" 1404+0.202° 1.827+0.033° 42.943+0.596" 0.696+0.018" 0.008+0.001° 0.109+0.154° 124.604+2.642*
50 11.537£0.091% 1.383+0.007% 2.028+0.010° 41.174+0.340° 0.559+0.006° 0.008+0.001° 0.250+0.003" 124.027+1.280°
60 10.284+0.330° 1.288+0.049" 2.265+0.066" 36.203+1.323¢ 0.130+0.002° 0.256=0.133*  0.279+0.011% 124.088+4.656"
20 0.096+0.021° - 0.099+0.021° 0.281+0.061° - - - 10.751+0.506
30 0.098+0.019 - 0.146+0.028" 0.199+0.025¢ - - - 10.245+0.488
Stem 40  0.111=0.005" 0.103+0.002° 0.311+0.003 - - - 10.422+0.183
50  0.118+0.007 - 0.086+0.015¢  0.231+0.001° - - - 10.283+0.150
60  0.171+0.081° - 0.160+0.002* 0.287+0.003 - - - 10.229+0.013
20 1.171+0.017* 0.109+0.024° - 0.554+0.002° - - - 16.876+0.037
30 1.154+0.038" 0.127+0.004° - 0.557+0.015° - - - 15.217+0.488"
Root 40  0.964+0.008" 0.101+0.002° - 0.881+0.041° - - - 13.536+0.085¢
50  1.003+0.004> 0.102+0.002° - 1.026+0.002* - - - 13.393+0.151¢
60  0.851+0.036° 0.095+0.003" - 0.607+0.095¢ - - - 10.805+0.036¢

Each value presents the means + SD (n = 10), The different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p

< 0.05).
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Table 2. Changes of phenolic acids composition in leaf on ginseng sprouts after transplanting seedling.

Cultivated Phenolic acid content (mg/g, dry basis)
periods  Genisic p-Hydroxy Chlorogenic  Vanillic Caffeic  p-Coumaric ~ Ferulic . . .
(Days) acid  benzoicacid  acid acid acid acid acid Sinapicacid  Total
20 - 0.036+0.009 - 0.256+0.020 - 02750014 0.228+0020 0336=0.023 1.131+0.045
30 - 0.029+0.008 - 0.260+0.024 - 0.223+0.013 0.197+0.021 0306+0.025 1.015+0.038
Co”t‘y'“;‘;“”d 40 ~ 003320010 - 0270+0023 0010£0002 0230+0020 02130019 02530019 1009::0.029
50 - 0.036=0.011 - 0.242+0.017 0.009+0003 0.237+0019 02110030 0.252+0.020 0.987+0.026
60 - 0.040+0.010 - 0.255+0.020 0.012+0003 0.257+0021 0242+0.031 0.246+0.018 1.052+0.030
20 - 0.031+0012 - 0.130£0.009° 0.086+0.020° 1.213+0.174° 0.994%0.201° 2.172+0.221* 4.626%0.241°
30 - 0032+0.010 - 0.142+0.012% 0.096+0.019" 1.237+0.135 1.017+0.214> 1.778+0.163" 4.302+0.233"
Estertype 40 - 0.035+0.013 - 0.150+0.008" 0.106+0.017° 1.265+0.163" 1.030+0.135" 14420125 4.028+0.210°
50 - 0035£0.012 - 0.158+0.011% 0.110+0.019° 1.291+0.157" 1.083+0.154" 1.486+0.105° 4.163+0.209>
60 - 0.036+0.010 - 0.163+0.012" 0.154+0.026' 1430+0.166" 1.232+0.168" 1.460+0.114° 4475+0237%
20 03160028 0.043+0015 01220024 01510014 0009+0.001 0.042+0003 0.023+0.003 0.037+0.005 0.743+0.026
30 0290+0.017 00280012 0.123+0030 0.150+0.012 0010£0.002 0.043+0.005 0.025+0.002 0.024+0.004 0.693+0.020
Freetype 40 02610019 00360013 0.143£0023 0.155=0.009 00110001 0042+0.004 0031+0.004 0020+0.003 0.699+0.021
50 02800020 0.043+0012 01610027 01610009 0012+0002 0.044+0002 0.023+0.001 0.018+0.002 0.742+0.022
60 02760025 0.058+0014 0233+0.031 0.158+0011 0018+0.003 0073+0006 0.021+0.001 0.017+0002 0.854+0.214

Each value presents the means + SD (n = 10), The different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p

< 0.05).

Table 3. Changes of hardness, chewiness, springiness and stiffness in leaf, stem and root of ginseng sprouts after transplanting seedling.

Days after transplanting Hardness Chewiness Springiness Stiffness Gumminess
(kgf) (kgf/mm) (mm) (kgf/mm) (kgf)

20 0.211+0.069 0.025+0.015 0.296+0.040° 0.738+0.424¢ 0.082+0.0407
30 0.175+0.051¢ 0.021+0.010 0.310+0.039" 1.748+0.968° 0.067+0.029°

Leaf 40 0.187+0.096" 0.022+0.017 0.337+0.047% 2.893+0.980° 0.072+0.042"
50 0.188+0.090" 0.024=0.015 0.345+0.050° 2.365+0.782" 0.063+0.040°
60 0.190+0.092° 0.021+0.013 0.325+0.051% 2.265+0.782° 0.063+0.037°
20 1.184+0.437¢ 0.139+0.075¢ 0.555+0.143¢ 5.669+0.256 0.242+0.086°
30 1.480+0.391¢ 0.183+0.066¢ 0.599+0.109" 6.609+0.364¢ 0.304+0.089°

Stem 40 1.714+0.376° 0.241+0.113¢ 0.627+0.135%® 7.666+0.684¢ 0.373+0.101"
50 2.241+0.463" 0.308+0.130° 0.648+0.110° 8.401+0.626" 0.463+0.137%
60 2.462+0.412 0.399+0.1312 0.667+0.115% 9.021+0.696 0.501+0.136
20 1.845+0.486° 1.003+0.415¢ 1.595+0.260" 3.245+0.451° 0.609+0.167°
30 1.267+0.259¢ 0.766+0.290¢ 1.605+0.183" 2.341+0.919° 0.491+0.130°

Root 40 2.036+0.501" 1.321+0.628° 1.743+0.330° 2.628+0.467° 0.729+0.217%
50 2.918+0.855 1.169+0.347" 1.517+0.169° 3.792+0.382° 0.763+0.188"
60 3.021+0.764° 1.180+0.365" 1.509+0.166° 3.853+0.178° 0.766+0.200%

Each value presents the means + SD (n = 10), The different letters indicate a significant difference by Duncan’s Multiple Range Test (DMRT) (p

< 0.05)

132



SFPAO0fM THERE! A

Mo [Afo|
W ==y

THHA |2 Al

<™, T

gd=

al
ES

=49 Hst

Table 4. Correlation coefficient among cultivated periods, growth and rheological characteristics.

Cultivated periods

Leaf

Stem

Root

Leaf

Stem

Root

WT

L

WD

WT L

WD

WT

L D HD CW SP SF HD CW SP SF HD CW SP

SF

1.00

098"
097"
096"
095"

Leaf L
Stem L

044

081"
035

042

074
071"
099"
099"
098"
099"

0.85
CW 056

Root
SP 044

SF 062

Root L

Leaf

Stem

1.00
094"
091"
0.98™
092"
0.98™
093"
0.53
0.85"
040
-0.55
0.65
0.69°
096"
098"
097"
097"
078"
049
041
0.54

1.00
099"
0.86"
098"
097"
0.80°
039
0.88"
045
042
087
085
095"
093"
0.99”
0.99”
079"
0.64
026
0.50

1.00
083
099"
095"
0.80°
029
091"
036
035
0.89°
085
094"
092"
097"
098~
082"
072
023
0.53

1.00
084"
095"
094"
0.59
0.80"
037
-0.55
051
0.54
094"
097"
091"
092"
075"
034 075
055 029
059 062

1.00
096"
085
023
095"
026
029

079
095"
0.94”
096"
098"
0.88"

1.00
0.89"
047
090"
039
044
074
071"
099"
099"
099"
099"
0.84"
0.53
045
0.60

1.00
0.30
087
0.06
038
043
046
0.89°
095"
083
087
0.84°
0.54
047
0.70°

1.00
005 1.00
084" 002 1.00

081" 005 078

016 072" 045
031 058 0.62
043 0927032
042 0927027
050 086" 049
042 0917039
001 098" 0.14
041 076" 020
034 044 009
013 082" 041

1.00
018
-0.53
034
040
050
042

0.09

0.08
014

035

1.00

090"

073
0.65
081
0.80°
0.62
0.69
0.00
030

1.00
065 1.00
0.62 098" 1.00

081" 097" 0.95™
078" 098" 097"

042 088 087
0.65 052 054
0.25 -0.54 -0.50
002 069 068

1.00

099" 1.00
077 083
0.55 060
033 037
050 0.8

1.00

067 1.00

057 021 1.00
0917 043 077" 1.00

WT; weight, L; Length, WD; Width, D; Diameter, HD; hardness, CW; chewiness, SP; springiness, SF; stiffness. *,

p < 0.01 by Pearson correlation analysis. Periods means cultivated periods.

*, **is significant at p < 0.05 and
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