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Abstract : To develop the production of ginseng root using plant tissue culture technology, submerged culture conditions
were optimized by means of the fractional factorial design with 4 factors and 3 levels by a RSM computer program. The
ginseng (Panax ginseng C. A. Meyer) roots induced by plant growth regulators were cultured on SH medium and the
effects of various pH of medium, sucrose concentration, nitrogen concentration and phosphate concentration on fresh
weight of the ginseng root were investigated. The fresh weight of ginseng root increased with a decrease in nitrogen con-
centration and fresh weight of ginseng root varied from 1.00 to 2.33g under various conditions. The optimum pH of
medium and sucrose concentration determined by a partial differentiation of the model equation, nitrogen and phosphate
concentration were pH 5.6, sucrose 3.8%, nitrogen 50 mg/l. and phosphate 80.7 mg/L, respectively. Under these con-
ditions, the predicted growth of ginseng root was estimated to be 2.36g.

Key words : Panax ginseng C. A. Meyer, response surface methodology, ginseng root culture, fresh weight.

M e

tha Al Bl w14k Panax ginseng C. A. Meyer)e Al
t7|7ke) 4~6do 2 AW, 63 Auistedol 100~150 g
(fresh weight)2] 4 & =+ 313z, dzo] E7Fs3t
Aul7ls BaAo] Al S8 e Aol Aol o
g3l oRE, s Az 739 A7 A
AZHEA7E Qo] APHezE ns FE o83l
Je AAoIthD met o AEzAumYrley de
GEo] Al 23l ik Qi ezt B2E Afull
A g o2 AREE] 9§ A7 F5Es) 1EE L

Slepyan 50| 19673 HZ22 A4S AEE sl iz

o
CR=
. =
 ©
[=3}

Zajore AAE ol i Aeizel 47 2 34, A
azaol Aol AR, 223 PHEE dF

# &2 Ao tigt Fol= o] ARPIAR
(A3} 02-8408-3229; (H2) 02-3408-3569
(E-mail) ohhi@kunja.sejong.ac.kr

58

ARz ol B AFEe] ByE up Uk Ed
Furuya 59 7Iujuidst Aeje 22 2 oA X9 383
et ofeld Aol B B vl AEd ] 2
&=ol]l 0.44%(dry weight) FFrlo] ol AuiRla=e] A
EUEF 040% ¥ e HAL, dd2 FE=0
Uehle ofast 58 a4 vepdta it felv
ol o] T70] F=4t 432 it tigt 2HulgollA]
WhiteW] <] & A2 SFEmA 2, MSHRAIE d2uA 2 AR
3l Bels FEANL, F Ve QU2 B2z 7
g #341717] $Ish NAA, 2,4-D, kinetin, BA, GA; 59
AdEEER 9@ FUeie e 71aEst
S Bk

AEAE B 2l A FFEAH AR
de2d T Wb wigel Fa% Ade @i gl
20] Age] A3 22t A mAlE gl
A 24l I W o2 ATE Tk o) waiKTh
Ty A7 JYHE e ARG d7ES 4

fr BN



Vol. 24, No. 2(2000)

WY EE 4o a9E E%; Jx_/n}—spg uhA
g rng 7+ 2487 S |
7t 84F9 FEHA AAE 4E F o wekx
Aol EAL2 st 249 wix]d] <l

F&E S 2 AP QAETY] TS 2AE Bt
g 4 Y HHSEHEM Y (Response Surface Metho-
dology : RSM)S. 2 FilEA#} MM 4 F9gez
B A4t roote] FAAAuYEAL SYsi=d o}

il

L

H

1. Mz
AAD M Panax ginseng C.A. Meyer)2] Aok =04t
AZATY FEHIAERNA Eofdol ALgalqict. 2B
2 fxo) ARE3E MS #JA)+= Murashige$} Skooge) HHg®
o] wel Z} stock solution2 A|Z3IFH AL, root F=o) AHE-
3 SH HlAl+= Schenk®} Hilderbrant 3P89 wel stock
solutions 5AI2FOE A|Z2$ F WAare] HASIHA A}
L35t %‘3 FzAA2 6-Benzylaminopurine(BAP), 1-
Naphthaleneacetxcacid(NAA)‘—‘ Sigma Chemical Co.(St.- Lo-
uis, MO, USA)®} A& AH&-81%15L, agar= Junsei Chem-
ical Co. (Tokyo, Japan)?] A|ZE-& ARSI, chloroxs #
shokale] AE-g AMgsl9ic). 3 sucrose, ethanol 5 5
FAIE ARSI

2. ¥ejao R

AN (Panax ginseng C.A. Meyer)2] R Ste] &
AAZ F 70%(v/v) ethanol= 20%, 4% NaOCI&-(v/
veE 1587 Asta, Fa42 53] Mg oy At
H o3z} (Whatman No. 1) &dzol E71& A|ASH
act. Ae=E °Eo}71 A knife2 HE A A
okl 2R AXE W & 05mg/l BAP + 30mgL NAAW
z3o 2 AEALZEAE M7k MSHIR o] Ak 4]
d=7, 25°ColA WL wigsle BHAE FEAIZT

3. Roote| R % HHQF

MSHiR]oAA Ghwl B A2 HE roots -FE317] AsiA
05mgL BAP +30mgL NAA Z3e| AE2AgzdA7}
A7k SHENR|o &7 25°C gz7A wjesle] oF 4
Zo) rootE AU o1FA FEH A4 rootE e A3
o AR, 2 roote] AhEiEolE 0.5mg/L
BAP + 3.0mgL NAAE #H7Ist SH HARE ARE-5t
25°C, dz702 AgaY71(KSI-200L, 22&717])4 60
pmlE wFsle] 4771422 Al skth

A4 Root HAM|F=Zl HH s} 59

4. HSEHEMH0| 2|8t HiLE(X =710 T

(1) Experimental design block &%

Stat-graphics(STSC Inc. Rockville, MD, USAM2} cen-
tral composite design(CCD) programs ©]-£314 root Hl
FuR)e} z2A<Ql pH, sucrose ¥, nitrogen &%=, phos-
phate %= 5& SHWHTE 3 level - 4 factor®] fractional
factorial blockS A3 tH(Table 1). #iA}1&] Z7] pHe W)
7.0, A4 4.0, F74 552 T oM, sucrose FEE &
N 5%, A 1%, S =2 3% HAE FH7182, nitro-
gen 55 FHI 750mg/l, & 50mgl, TR
400 mg/L 713199, phosphate &%+ SHu§A|9] phos-
phate =5 7|E02 3o, HL 5/3d, A 1/3490, Sk
Ii7F H=2 Z7 985 level ARt wixE

Table 1. Fractional factorial block of experimental design for ginseng
root culture and fresh weight

Treat- Coded var. Process var. Fresh
ment weight
No. X X X X X X X Xy (@
1 -1 -1 -1 41 40 1 50 1345 1.04
2 -1 -1 41 -1 40 1 750 269 135
3 -1+l -1 -1 40 5 50 269 224
4 -1 +1 41 +1 40 5 750 1345 1.67
5 +1 -1 -1 -1 70 1 50 269 1.30
6 +1 -1 +1 +1 70 1 750 1345 1.23
7 +1  +1 -1 41 70 5 50 1345 2.13
8 +4 +1 +1 -1 70 5 750 269 1.90
9 0 0 0 0 55 3 400 807 233
10 0 0 0 0 55 3 400 80.7 233
11 -1 -1 -1 -1 40 1 50 269 1.26
12 -1 -1 +1 41 40 1 750 1345 1.00
13 -1+l -1 +1 40 S 50 13435 1.82
14 -1 +1 41 -1 40 5 750 269 194
15 +1 -1 -1 +1 70 1 50 1345 1.20
16 +1 -1+l -1 70 1 750 269 1.25
17 + 41 -1 -1 70 5 50 269 2.08
18 + +1 41 +1 70 5 750 1345 181
19 0 0 0 0 55 3 400 80.7 233
20 0 0 0 0 55 3 400 80.7 2.33
21 +1 0 0 0 70 3 400 807 195
22 -1 0 0 0 40 3 400 80.7 1.98
23 0 +1 0 0 55 5 400 807 206
24 0 -1 0 0 55 1 400 80.7 1.21
25 0 0 +1 0 55 3 750 80.7 1.94
26 0 0 - 0 55 3 50 80.7 2.02
27 0 0 0 +1 55 3 400 1345 203
28 0 0 0 -1 55 3 400 269 220
29 0 0 0 0 55 3 400 80.7 2.33
30 0 0 0 g 55 3 400 80.7 2.33

X,: medium pH, X,: sucrose conc. (%), X,: nitrogen conc.(mg/L),
X, phosphate conc. (mg/L)
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(2) Root HiY X! MEE &£X

3 level - 4 factorol] 2]8] design® fractional facto-
rial blockel @z} ¥jx]E A=zt root 0.6 g¥< 100
mL flaskol] HF3l2 25°C &4Z4A 3FHA 60 rpmeE
477 AR §H eSS A Rootd] A%
£ Q4 rootE Ad¥E oA (Whatman No. 1)9el
FI, FEE AAT H FAE &3 AAFFLR
YeERH AT
- (3) BISEHEMEO o8t ufAE(X=7{o| Y

2435 AAE-S THHFE X & 4 SydsE 7
9] FAE SAS(SAS Institute Inc. Cary, NC, USA)Z t}
T ® BAHEAES AATE F feldo] IH= W
TRHS At 7} &P YEhs modelS AR
3 o]& RSMel 9jdle] T4} 3319 EAS 4AJsle
A 2L A3
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1. HISHEHEAM Y| o|gt F{Xuft=71o| HH

1) 4= Z7l9| X3}

ME20]| CHEF fractional factorial block

Stat-graphics W¢] program% 3h43] Central Composite
Design(CCD)Y&- ©]-8-3t] 3 level - 4 factor2 designdl
457} 914 rootE WiABLL, fresh weights FE5HFE 3
o] 243 A= Table 13 7t} pH 5.5, sucrose 3%,
nitrogen 400 mg/L, phosphate 80.7 mg/Loll4] 2.33g2.2 &
o) S S92, pH 4.0, sucrose 1%, nitrogen 750 mg/
L, phosphate 134.5mg/LollA 1.00ge.2 4 AR 3%
o} pH 559 pH 4.004 Ztzd Hdhigka Hazke viepd
2 QRS WAl pH 55~6.5914 HHEAE BYL
pH 4.0 olglelire o] Zisthe & T199 29}
Ax1sltt, Sucrose FE 3%Yu HoAAS Ve AL
Beta vulgaris L.2] 242 vYA] sucrose 5~7%24 HH
S Srke ¥ 599 ®Bwel xjo|7) Qe Aajelt), 2
2} ol AEFo] vg=En 2 HAEo| sucrose G-I
ZAKSE Zlo] ofE} sucrose ol9]ol] ThE ZEC] BEFHO
2 2R83197] o2 AlEHE. Nitrogen =% 400 mg/
Lollx Hol A4S stded, ol A3z Lithospermum
ervthrorhizon 2/32] Aol ¥+ nitrogen %71 &35
o]2h= Shimomura %9 X3¢} §AlslH, 400 mg/Le
SH71 &8} X 9] nitrogen F%9 YA}l Nitrogen©]
750 mg/LUm) Ha AL S%lel, Salisbury®t Ross!¥7}

2571 F AR

21g9] e Aol 9loiA nitrogeno] Hrlshd Ee] A%
o] AAEty 3 B9} HA}ETh Phosphated] 7%
80.7 mg/LAA Hcll ABFS 39, 1345 mgLl dw FHA
RS slHEr, ol Yamakawa 5199 SAFo|A] phos-
phate F=7t S71E4E N2 AT Z7keithe Awe} 2}
o7} = Aot} o]Z2 AFPuhAALe] Hojz B A
A1 phosphate ©%¢] 37} #2hd Zlo] o} oz WA
FE0] EF=o] EF o ALy gl Aoz Azt
1=

MEE BV} =29 XS5}

A4t root BN AAEES FVHATFIZ] Yt wiA
W pH, sucrose’d%, nitrogen$%E, phosphates =& %
FHSE A3, rootd] AATHE TE5ESF YR A
Aot O5371E4E $Y% dae= Table 294 ),
o] A5 ZAZ 39 90% FolFFdA foAe] e
EYET 5 A, X @A pH, X, sucrose, W& 3}
€< JehiA %E interaction terms % sucrose
X nitrogen, TYE HYHUFR] we LS JERNA o=
quadratic terms % pH, sucrose®-2 A= 3} model?]
Y= -1.603614 + 0.761822X, + 0.936974X,~0.067455X >
0.120444X,2-0.000063X,X, S AU}, tha3l7184 A4
of thgt E4HEA(Table 3)2 3T 23 HoleEe 74A
3tz Fvalue® 99.9% F<EolA #94E Jehfio o5
7180l 9Jsle] HAAE 7k Mol 98] 4AHE model
2ol 99.9% FEAAA Feldo] AMSS & F AU
Aol &L model2]o] g WHEEAHEAYE S S35t
Fig. 1~3% Z& 235 4ot 5¥€¥S pHE IAA
#A B3 Ax pH 559 w, sucrose 4%, nitrogen

Table 2. Values of regression coefficients calculated for the fresh

weight
Ind. variable Coefficient T-value Prob > ITI,
Constant -1.603614 -1.7566 0.0917
pH 0.761822 2.0176 0.0549
Sucrose 0.936974 7.9829 0.0000
pH x pH -0.067455 -1.9686 0.0606
Sucrose X Sucrose -0.120444 -6.2490 0.0000
Sucrose x Nitrogen ~ -0.000063 -2.3245 0.0289

Table 3. Analysis of variance for full regression of the fresh weight

Source DF Sum of Squares Mean Square  F-value
Regression 5 5.29667 1.05933 51.7424%%%*
Error 24 0.491357 0.0204732
Total 29 5.78802
***p<0.001
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Fig. 1. Contour plots and response surfaces of the fresh weight of ginseng root at
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Fig. 2. Contour plots and response surfaces of the fresh weight of ginseng root at constant sucrose concentration of 1, 3 and 5%,

respectively.

50 mg/L F2olA Hkgghol 234 g0 2 FH3 w187ke
el A3, pH 4.0, sucrose 1%, nitrogen 750 mg/L
FZoA 1.20g02 FHA w3 JeRNSlohFig. 1).
EHHST sucroseE ZASIHNE wWole sucrose 3%Y
o pH 5.5, nitrogen 50 mg/L 294 2.26g08 7}
T =& B83E YERIASL, sucrose 1%¥™ pH 4.0,
nitrogen 750 mg/L F-2olA 1.15g0 8 7P v ukg

e BAtH(Fig. 2). Nitrogeng TAHAAHS 7$ nitro-
gen 50 mg/LYW pH 5.5, sucrose 3.75%°14 2.35g
o2 HIFPE B, nitrogen 750 mg/LA pH 4.0,
sucrose 1% FZo|lA 1.26go2 FH2zks Vel
(Fig. 3). o]l & 4 UXo°] nitrogen F=7} H&
TE AL FU1EL, pHY sucrose BEE EHeR

oA Hz AL YU, 2 oo} o)5te] Bx
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Fig. 3. Contour plots and response surfaces of the fresh weight of ginseng root at constant nitrogen concentration of 50, 400 and 750 mg/

L, respectively.
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phosphate 80.7 mg/LI3L, $7HtolA Hd ¥whegks v}
el = pH®} sucrose= ©j#3dle pH 5.6, sucrose
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7 # pH 5.6, sucrose 3.8%, nitrogen 50 mg/L, phos-
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ujx]e} pH, sucrose ¥%, nitrogen 5%, phosphate &%
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2.33g7HA) JERT o3 AEA 02 T8 modeld] S 7R
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HurgoA FHUFTE ARE UEpA] F= bR
pHS} sucrose’s=9] Wl thakd modeld]S HrES
A3} A4t root?] HHAAwiFRAL pH 5.6, sucrose
3.8%, nitrogen 50 mg/L, phosphate 80.7 mg/LE IZES]
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