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ABSTRACT

The study was implemented in the absence of a study on the endangered
plant species of Fragaria nipponica Makino with the understanding of the
urgent need for the protection of the F. nipponica species vulnerable to many
visitors to Mount Halla, suppression of Sasa palmata (Bean) E.G.Camus,
climate change, etc. The purpose of this study is to provide the basic data
for inheritance preservation, natural habitat restoration and rendering to
resources.

From January, 2013 to September, 2017, the temperature and humidity of
each elevation of 1500m, 1,600m, 1,700m, and 1,800m of Mt. Halla were
investigated. As a result, from December to February, all of the altitudes
were found to keep below-zero temperatures; and from April, every area kept
above-zero temperatures. The aboveground part of F. nipponica started to
appear, and flower and bear fruit from June to fruit in July until the average
temperature was the highest at 17.5TC.

Soil chemical property was implemented for the soil of the natural F.
nipponica habitat and that of the adjacent non—habitat area. As a result, the
soil pH was the highest at pH 5.24 in the Gwaneumsa F. nipponica habitat
and electrical conductivity was the highest at 1.08 ms/cm in the Eorimok F.
nipponica habitat region. Organic content in the FEorimok F. nipponica
habitat was 24.5%, the highest. The Seongpanak F. nipponica habitat had the
available phosphate content of 28.1mg/kg, approximately 2 times or more
higher than that in other regions. The total nitrogen content in the Eorimok
F. nipponica non-habitat was 0.45%. The replaceable K in the Eorimok F.
nipponica habitat was 0.24 cmol /kg. The Seongpanak non-habitat was found

to have 1.32 of Ca and 0.09 cmol/kg of Mg, the highest. Na of the

= Vil -



Seongpanak habitat was 0.025 cmol/kg, the highest among them.

As a result of Pearson correlation analysis according to SPAD value and
altitude, it was found that the altitude and SPAD-502 values had a negative
correlation (r=-0.272, p<0.01) at 19 significance level, indicating that the
chlorophyl of F. nipponica was closely related with date and altitude.

F. nipponicd’s runners were collected and their total polyphenol and
flavonoid contents were measured. As a result, the total polyphenol content
was 70.75 mg-GAE/g, and total flavonoid was 593 mg-QE/g. F. nipponica’s
DPPH radical scavenging activity was measured. It was found that at the
concentration level of 500 gf/m¢ or higher, the DPPH radical scavenging
activity was similar to that of the synthetic anti—oxidizer,

After the preconditioning of F. nipponica seeds, a total of 96.1%
germinated until the 43 day from sowing. In 10 days after sowing, 45.3%,; 20
days, 87.3%; and 30 days, 93.4%. The average number of days until
germination was 12.81 days.

To find out the optimal culture medium for in vitro culture, MS culture
medium, Gamborg B5 culture medium and White culture medium were
experimented. The MS culture medium showed a lower D/F rate but its plant
length, root length, etc. were relatively higher and its amount of growth such
as leaf length and leaf width were the largest. The MS culture medium
experiment results showed that, the higher the MS culture medium
concentration, the fewer the number of roots; the root length was the longest
at the base level concentration and grew shorter; and at the MS culture
medium base level concentration of 1 time, the D/F ratio was 21.43%, higher
than those at other levels of concentration. The sucrose concentration
experiment found that the plant length, theca diameter, number of stems and
number of leaves showed no big difference according to concentration levels.
But the D/F ratio analysis showed that it was 21.43%, the highest at the

sucrose 3% concentration level and the theca diameter was the thickest. This

- viii -



seems to be the most appropriate concentration level for vernalization.

The growth and development characteristics of seedlings germinated under
in vitro condition were compared according to culture method. It was found
that the bioreactor culture had the D/F ratio of 23.63%, higher than other
culture methods. So the soil purification of plantlets is expected to be efficient
compared with that in other culture methods. At the MS medium culture
1-fold concentration level, the D/F ratio was also found the highest at 1-fold
level. The sucrose concentration experiment found that the 3% sucrose had
the D/F ratio of 23.63%, indicating that most of the growth amount was
larger than that at other concentration levels. As a result of BA concentration
level-specific processing, shoot generation was 290% at 0.2 ppm, the largest
and the best for shoot generation. This level seems effective for the mass
proliferation of F. nipponica.

In regard to bioreactor optimal aeration injection amount, the D/F ratio at
0.2 vvm was 23.63%, the highest. The longer the culture period in bioreactor,
the larger the growth amount and the D/F ratio also jumped from 8.22% on
the 2 week to 23.63% on the 6 week.

Fragaria nipponica Makino also showed germination ratio as high as
96.1% through seed germination. But, for the tissue -culture planting
production for future mass production, it seems appropriate for short-term
mass production to utilize 1-fold MS culture medium at sucrose 3% and BA

0.2ppm; inject 0.2 vvim aeration; and culture for 6 weeks.
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2 3% 3 A7hR A% AreHA e MsulAd Bk FEE 500~1000
K3

_

pmol/mol '2 A3 &7)o] 3Y B wjgd T Qo] HEFE

A n dol ArkE A RTE FA7 WA A 8~ 10w F7a

(o
L
off
ol
a4
ko

3l Capellades et al.(1991)2 Zvw]o 4, Watanabe et al.(1990)2 2= 3}E] g & of
A, Tanaka et al.(1990)& =+3}o| A, 18] Tani et al.(1991)& &=t} o] Z 2 uj



1>}
e & =2 A go] T3 TAR gFHa k. o)Edt EAEES TS5
st7] oA F7F9 WY 7lES o] &35t7] AlFSEY 2, bioreactor V&S =FH
M5
)=

S FRANT RS BFE 5 ABA A dFFHe A

Az AlExY 24S YT HHow vAE TRIV|E HEste] A& A
Yy x2S JHow wjgd 4 9= bioreactor’} EE A THPaek et al,
2001; Martin, 1980; Wagner and Vogelmann, 1977, Wang and Staba, 1963). 7]
Lo Az g 7le2 Asstrt B7bsska wikE Tl &4 &8 =Tt vot
A HE A= 7FA9 40~60%7F 1xdHjo]tH(Chu, 1995). olo] H] &)
bioreactor ¥ Al ~®¥lE BAIA|E o] &3}™ bioreactor WH-2 A AFFTEo &
7€ A er FE38 Fw 7Hedte] bioreactor Al &# e 90% olde &
| F v =3 gUlewE, JAFEE, AERA, s 2da Ate, 2%
s WFEE el HAste As sty ThsstH gt EstE Sske] Qx| el ALk
S AzstuA Ao w g Lto] Thsste]l T8 WAl Sl Al A"l ol
(Paek et al., 2001).

215 A Akoll bioreactors #83F o= wWlayole] Sl HEZ Kl
¢l a1 (Takayama and Misawa, 1981), & ol &= vkt S5 o2 o2 &3 oF&
A&l Aol 7| wge] HEH k. I oE  Lilium Oriental Hydrid
‘Casablanca’ & 7-(Lian et al., 2003), Alocasia amazonica 21 Z(Jo et al., 2006),
Panax ginseng A *(Thanh et al., 2005; Thanh et al, 2006) ¥ %A Z(Kim et
al.,, 2004a; Kim et al., 2004b), 7}A| 223 A M3 8] (Shohael et al., 2005) Hl %
5ol Utk FH bioreactorg o] &F FAL WM YA A" Qs EERE ho
TN E 1 A st 7hsAd el AlA E A THHahn et al, 2003; Kim, 2002; Yu et
al., 2000; Seon et al., 1999). 53], Takayama and Akita(2005)= 2] =4 52
el A bioreactor 719 A& 7Hsd& AAste]l @A bioreactor ¥l ¥F7]

Fol zAMGAL] HYF B 5 Qe AN vhaseh



BioreactorE ©]£3F o] ZFthAIAFE Ay T slo] A
ol Folxl Eok= Al FEiGoEA vAd= v W@ o] = bioreactor
o] &8l
2] alkaloid &
owRE dg % RAZ42 shikonin®] AH(Fujita et al, 1981 AH¢]3td
WA At olH, el M= @AY 2ol = F=5 Al E2] bioreactor Wi Y
o E FAAY taxold AtHA WEFYNS AEE v ATHChoi et al,

Al
o
e

Aol vt Thalictrum minus®t Coptis japonica®5F-E k]

N

121 berberine(Verpoorte et al., 1999), Lithospermum eythrorhizon

2001). elv} &4 <] bioreactor Ml FE fsiA e A AES T, vlSA <
e, Mg 54 Fol wef thdsh vt o] H A8 2 st (Murthy et al.,
2008).

riN
o,
:lJ
é
oZ
rlot
o
o
)
2
ol
ol
=2
=z
o
N
o,
oo
2
o
_l U
=

Bioreactor Hj Y2 7]&
sto] shlo] o2 wGAE AT 5 o] e wa Qe wgHHoew

(Nhut et al.,, 2004; Rao and Ravishankar, 2002) &7]&w, W12 =, wx| 24,

Hj Frka 5 oul s o] HA g e} AEstr vkl Ae MEY 3o v |
&S 3A =Y 4 AvH(Paek et al., 2001).
=7] 7] uj kel bioreactorg ©]83 AL TE2ES IS iR A MxE

fr%=(Takayama and Akita, 1998)stAY <& AAAE s=2&o] H7kdE =]

L
°
o
BN

= Z2(Hanhineva et al, 2005)3t+= 5 A5 2

ZAME A ZEE TF R sk A siged wet WHolrh yed
S B = (Faedi et al, 2002) T2 Ab&S FHAststo AxE FSAA 7=
nj 9 S gk dojr},

=718] bioreactor Wi%F Al Il FA =S AL ofe] 7hA| wiA =l w
g g2 vedd. 53 dade F

9 B Ao eSS m X (Leifert et al, 1992; Williams et al., 1985;

O

rr

i&

N
rlo

Woodward et al., 2006), sucrosex 2 =2 Ay E3lo] g&FS v X

(Aloni, 1980; Bofunia and Pryzywara, 1999; Gibson, 2000; Leva et al., 1990;

Steinitz, 1999), A5ty FEFE A J3gS njx FAEA Y U - FE F3
#ol gt} (Lipavska and Vreugdenhil, 1996). &3+ i #] pHE 2] &9 dF S+9

g4 % $2& Z5(Bhatia and Ashwath, 2005; Gaspar et al., 1987, Hussey,



1986), 183l MAERES} M2AAY 59 AxAFd d5s 243 (Brown et
al., 1979). 1822 =7

A WAz Bge = Basi.

BN
Y
=
o]
=2
.
S
(@)
Q
(@}
—t
@)
=
=
o2
ftlo
kol
<)
2
|o
fr
o,
(e}
ol
~
do

=
_1
_1
fol
[
rf
e
2
N
_0|L
&
s
o
Lo,
R
B
i)
0%
il
do
k1
_O|L
52
=
T
)
j)
=3
=
o)
<
o
)
j)
(o

Karenlampi, 2007; Takayama et al., 1985). 2&1} oo @7|el A w54
(2n=8x=56)°] o} T2 &S ALESIH WHOIMAZE AT FEo] 7] wid
NFSA Al T2 ARl Folalof ek, (20152 |7 AHjEES ‘i
sPo ik AAEGEA Wo] AAS dolry] 9] A A3 BA 05 ppm
ofgtell = 3 Wol Fd4 Weolrt AE yEhubA ko™, 1.0 ppm o] gl A
= 3dAte] 2.0%° Wol/MAlE st Harsklth Galis et al.(1995)
N®-benzyladenine(BA)S 10 mg/L™' A glg A$ Fxg 7o vs] 4 d Aol 1
0~20d FARARE, QJF-oA Al cytokinin® =7} Fobd A5 298]
] AA] S AstA dAEtE dds AlFenta st F, 7Ak vhy
vl @Foll A cytokinin®] Ael® HAAZ @] FREAN, Feo] wel 1 FIe] &
22 = Aot F335FA T} Stapfer and Heuser(1984)+= periwinkle®] 724744 ¥H
Hl ol A shoot 54& 84 kinetino]ut 2iPRth= BAZF ¥ &3}3olgla

}S13L, Yoeum et al.(2000)-2 Buffalo gourd®] 7]W shoot 52 % A%
"] 2] = cytokinin®] &3S FAFSE Ay BA HI7MiA ol & th42] shootE &

< 7 & WHH) kinetin} 2iP H7FuA] ol A = shoot &2 &7} w|H]| A AL,

ol

Hi

Kusey et al.(1980)3 Han et al.(1991)> <Ml x w3} Delphinium®] 73 7 vl &l
Al BAZ} kinetin ¥ 2iPR.t} shoote] 523 AA|Fe] F7le] 48 @340t}

A ) AbA gt wran, A EA| 7 AMAS w24 ARSEE bioreactor

>

et Al B8 A&EHor FFaATE Aol vg ot VS Foskd o)
A 7F £3EPHEA AbA, olibsleta o'l o] FH Y] wliol(Scragg, 1992
Doran, 1993), 7154 AE2443% 243 @A Aok 28 A& Ax

v A& A E o] hALg o] thE 2 & (Cazzulino et al, 1991) bioreactorZE o]-&3F 2
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m Az % ¥y

1) ARBA & - FE ZA
slutwy) o] A A B FAFE 93] HOBO® Pro v2E o]&3to] 2013 1€
o 4 20173 09€7}#] 3wy 7} 28t dhebal Aot g2 ek 1,800 m

o
149
fo
oy
k1
lo,
o
4
filo
>,
ri
=)
s
=l
oX,
il
£
i)

B A gy 1,500
m)ot ofglE FHE S E tiyaEid 1,700 m)= 71734 = 7F7] v ol B Al

a
_|>i
il
1o
rfo
ki
=
s
ln
i
fie]
oo
_0|L
32
id

(http://sts.kma.go .kr).

EgARE 5wy AAS A (R P EFARE A
stk ol Be Hmwy] AAA] EFe A4S BEE maviust Qe

Aol om, natgA o] EFE AFENE gle Ader e A E=

-

2 gl Folglth BeAle Fwws] AAAY EFe b A4t T2
718 Fol Be Adelglon], MAMA £ §71% Fo Be FolArkFie.

1, Table 1).
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=S S8 A ESFAEE 100 anf 2EIQ1E A~ A5 E o] &ete] &

Jfu

12
oft
ftlo
o

= core sampler® M FH s o FEo] dolrtx =
Stal B Ad AN stk S S48 A EEA
AARE AFAT AN ZA FdHE BEdAE AAAES AAsd 495 S

AARE Foll REO~15 em)E 5dl AHFstal HolM B 1Ho2 Asiolnt

Fig. 1. Areas of Mt. Halla soil sampling.

—— | Hallasan national park; #, Soil sampling plots; A, Eorimok habitat; B, Eorimok
non-habitat; C, Seongpanak habitat; D, Seongpanak non-habitat; E, Gwaneumsa habitat; F,

Gwaneumsa non-habitat
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Table 1. Elevation and coordinates of soil sampling plots

Elevation Coordinate
Soil sampling plots
(m) Longitude Latitude
Eorimok habitat 1,568 126° 30 " 29.77 33° 227 08.07"
Eorimok non-habitat 1,568 126° 30 259”7 33°22°114”
Seongpanak habitat 1,811 126° 3272367 33° 214507

Seongpanak non-habitat 1,811 126° 3272377 33° 21 7439”7
Gwaneumsa habitat 1,397 126° 32 7023”7 33°22°533"7

25 oo I o R @ N oo R

Gwaneumsa non-habitat 1,397 126° 3270347 33°22°551"7

EQfo] ozt AL wEXNZTA EAMNIAST, 20000 Fake] &4kt

t}. 84U T = core method, YAHY =+ pycnometer methodE $-8&3fo] =43}
At FFES SAEEY JAUEE o]&sto] Altsd o, FrEAS SAHL
100 cn'®] core sampler® F545% A 7](DAIKI Co. Ltd)E AME3Fe] W9
=49 (falling head method) .2 ZA &gt ESAANEIE cored & &3

100 crell A 58S W FS B ndo=m o 743 1o HE yEy
At dETALS FAEY 10 go HEste] 500 m¢ Tall beakerol il Tall
beakerol ZTHF4E 300 m® 7Fsta 30% I AE 25 med 7F 3§ 90T
2 7tdd Add SolA ThdetiaA #wrlEs ekt Aakste A EEvh
2y gA e "ol kAl 5% Sodium hexametaphosphate 10 mtE 7}d &

of 18A1FF A=S NGAZIHEA @8] EAAZ . o] % Pipette™ 3 AlE4 &

HT

O

0,
o,
oty
2
2
ox,
X,
BN

>~
>,
i
do
rol
HT

O

F AlgE AHE AEE FAANZ T2
m Al F3}E Aes FHAER gt thad o] B4 EY pHe ES
I FHFTFY HE 1:5% o] B 5 goll /T 256 ME H7FSE v AEshe

pH meter(inoLab pH 730, Germany)E ©]&3slo] A3t A7 A =%+ pH
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il
e
2,
_0|L
=
v
rlo
0
O

NS Conductivity Meter(CM-11P TOA Electronics Ltd.,
Japan)E o] &3te] A5t EY 7532 Walkley and Black o2 #
2 B335 A(Genesis-5, USA)E ©]-&3}<]

A ekt AAEE EFAEE AR e oS Kjeldahl'H o= A5
A1 23] (Kjeltec analyzer unit, Foss, USA)E o] &3sto] EAsl¢ch wskA
¥o]&2 IN ammonium acetate(pH 7.0)& 45 EF3 HEH] v E 1:100=
3lo] =9 5 go IN ammonium acetate® <} 50 m(Z 7}sto] 30837 &3 )
2 o3l dojx o de ICP-OES(JY 138 Ultrace, Jobin Yvon)E ©]-&3}¢]
wAEE T Gol2ud &S 1 N-NHOAc(pH 7.0)= 3x3}stal 80% ethyl

alcohol= A&7 & E4S Kjeldahl S7Fd Aol o3 NH4™ 3Fs A Fsto] b

e
_0|L
o)
&
El
riol
o,
00

(0]

]2 IN ammonium acetate(pH 7.0) €< 50 m(S 7}38}4]

3027 e tg ofgste] Aoyl ofH& ICP-OES(JY 138 Ultrace, Jobin
o

3) AR =AL

Sl o] AR A Aol WstE dolr 7] 9 2016 6€F-H 2017 99
THA grepat o g i Aot B A 'R FHAA A RAE Ao,
22 7F Feld A A= FolE GPS(Garmin 60CSx)E o] &3le] & &9l
st o, 3070A o A A S dAste] ARSI HE T (IxIm) W ol
zhel A& Fgok MAFE AR oW, ol 2AME AREE THA
31 Shannom-Wiener(1963)2] H'=-3(n/N)In(n/N) &S o] &3te] F UvhYdA

|5 Ab=Eskdvh o714 e 2 Fo JHAg, N2 32" 5 JASFE 9]

o

-
1

M
b

-/

N

N

7] o] 454 FFS A fste]
chlorophyll meter SPAD-502Z o] &3lo] 7]3}7]
oA mEHE 12~13A] Abolel] 108HE 13] Hrgtoz 108 F43te] %
ALt

€+ =4 =#7]<9 Minolta

o S:
iR
>
N
r o
[@))
l
3
e
2,
X,
4,
o
©,
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2. AREr)o £ HE, S¥ B 0= 2 DPPH Radical 24A&A

ol

slupul 7] o] g% o] 7S AS otolr ] 9F] & EZavmy TelH ol &
9] &3 DPPH radical 24 A4S ZAbskS

Ao o] &3 AwEri= AFdn Fe2dolr FAH 25AS AAHS

&3t AlRE AR S o] &sto] &
Aetar g2l A Almel 70% eSS o] &3t 1:1159] Hl &= 48AIF ] #| &}
FE3YT Ao FEES T YE 7] (Heidolph,, Laborota 4000 efficient,

0,000 ppm 3|23t Aol AF-g-3FA Tt

—_

Germany)Z F53to] g2

gudy] FEE9 HEFFS Folin-Denis WHS WIS =AU
(Singleton et al, 1999). F&% 100 wet =7FF 500 W= =83 5 phenol
reagent 50 W= 7}8Fe] 5E7F WESA]A 20% sodium carbonate 300 = 7}
3 & Ao A 2087F W A7l 3 multi-micro plate reader(Spectra Max
i3X, CA, USA)E o]&ste] 725 mellM F3E=s SAs AT 44 vgs +
ZEEHYH HAs5dFY AEE galic acid®E ZFFEAETFAES ZA Y

GAE(gallic acid equivalent, mg:GAE/mg) = $kakale] veERU LT}

3) F EHdHRxoE TqF A
% EPHExolE S Kim et al.(2012)9] WHS Wgste At F
=% 100 ol 80% ofleh=2 200 ulS =313k & F=E 1M potassium acetate

ﬂﬂo

100 wl, 10% Aluminium nitrate 100 @0 283 0% ol &= 600 =S A=
HA7bel & Ao A 4087 HrSAIFH T 1 o] multi-micro plate readerE ©]
|3t 417 mollA FFEE AU AEE FEEA EAstE FeE 0]

o] AEe ZE=E<] querceting o]&dte] FEHTFHAS AA Sl QE

(quercetin equivalent, mg-QE/mg)= 3% A] 8} 3t
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4) DPPH Radical 2A A =3
1,1-diphenyl-2-picrylhydrazy(DPPH) =}tz 24 &2 Blois(1958)9]
S Wyste] S48t Wge FE59 DPPH &4 Asl&s 437 93

o] sample 20 w0l 0.15 mM DPPH €9< 180 ul 7}3te] <o+

2
X
w
(e
i
L
r]I.

$-Al71 & multi-micro plate readerE ©]&€3te] 517 molA] SHE=E =AHFA
o, gx72 A4 FisAd BHTE o] £33tk DPPH free radical &~A %
o ojgel ApAer ANdgon BE Ade FU ¥R o 35 AAsg
.

Inhibition rate (%) = [1-(A-B)/C] x 100
A, absorbance of the sample; B, absorbance of the blank; C, absorbance of

the control

3. AwEy|e Jly ML AT N2AT

do

Adr] o 14 "dFgS A8 As) T4 FokE Fake] VW Wi
fex]
=

NEAE du AEA ANHFES geke] WA ER} WA A4

& Beste] FA A4 F 4T WF wastel Agetgon, 3 F20126)E
9] FAE AAFARA b Y

al
F7b =] welgo] vl WolAzl WS, welsd kols] 9l

gt o, Ag ol 0.8% plant agars ¥-o 194 953t 25C 4z

o 5] wrolg ¥ kol 4=(Mean germination time, MGT)S ZA}sl ¢t}
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SR 2AD S x 2AG Y wolSr)
MGT =
T Wols
2) E&HA N FS A% w9 HY =4
Slutwy) o] e kA AAZAS 2] 8 wMAEZF wAY A A=

=

9 sucrose % Y AlFS 7] & Lol FwmEr] F Eo] 27 o]

Fel §HES YHOR oY 9 1B Wln RE A3 PAE AAT F A
g3kt

il FFEEE MSHIA| (Murashige and Skoog, 1962), Gamborg B5H A
(Gamborg et al., 1968), Whitet] #] (White, 1963)E o] &3to] z} 1v] =2 g
st 1 (Table 2), =¥ AE-S MSHIXE 1/2¥, 1v, 29 34 & 3stRoH,
3% sucroseS H7Fste] ¢+ s] <l & pH 56202 FAsA 0.8% plant agars
A7tsto] AW A E vFEo] AFESEA T sucrose T AR 7] MSHEA|
1%, 3%, 5%%= A akaitt. Zhzte] wjx = 250 me AHzhEet °F 50 ml

w55kl 121 Col A 153 arjtdatste] Abgstslon, e A9 A&

[>
H
o

2 % UIAE A4l 25:1C, AR 16/8X7HE/) MFZANA 657
stgom, 7 AP 12AAE FES x|, RN, /15, A%, 9
B, AE, RS, LeolE 2RI AAF, AREL %] DFES A
E3her
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Table 2. Comparison of the nitrate contents in MS, Gamborg B5, and White

culture mediums

Composition(mg/L 1)

Media
NH4NO;3 KNO; (NH4)-S0, Ca(NO3),-4H-0 Total
MS 1,650 1,900 - - 3,550
Gamborg B5 - 2,528 134 - 2,662
White - 30 - 300 380

Awtadzle]l A4 ZIWajE e 7] 9fste] LAl oA, bioreactor M F A

e o ofd 9 1v)

Wl 0.8% plant agars F7FslR a, A vl <2 bioreactor Bl 3 7}sHA|
ottt Ao} AA ) g 250 ml A&, bioreactor Ml &2 balloon type
9] bioreactor(2,000 m¢, Bio Pia)E& AF&3stg o, 1A 2 AA|ufde oF 50 ml

A bioreactor Bl %2 1,500 mle] HiA|E B3 & 121TCAA 16%3F Hrsho]

A FS 20 rpme] HEE I AstE wRkz| oA vl st

32
o
)
o
=.
o
=
(@)
Q
@)
—+
o
=
=3
==

%2 0.2 vvm(air volume/medium volume/min)S. 2 F7|5 X &EH o w2 F43)
Rom, 25+17C, A 16/8A17H(H/h) vzl A 6573 wjgete]l 2z Hed

7)
2AAE FE8tq Az Ao, AHAA, =714, 4, 944, 9=, #ela, e
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Bioreactorg ©|-&3to] A wErjo] dimFFAS fld WA FA dAF

sucrose %, A4 F7FAHE 59 AAS )

1) Bioreactor W1%¥ =2

balloon type®] bioreactor(2,000 m¢, Bio Pia)E ©o]&3to] 0.2 vvmlair
volume/medium volume/min) 2.2 F7]& A HFHoZ FYsI¥on, 25+1C, o
16/8 ANZH(E/S) wiFxzAoA 6571 widste] 7} 127041 TR ®E F=6)
o] XAt (Fig. 2).

Fig. 2. Schematic diagram of bioreactor culture system.

A, air pump; B, air flow meter; C, 0.2 um membrane filter; D, sparger; E, bioreactor.

2) 244
Aol AbgE A= MS FUlde 7IEeR Abgstdlon, Ayl uet

4538 Agadd. Any 248 5 2L BEE Table 33 20 ZE WA



= 3% sucroseZ H7Fst omn pH 5608 ZAT 5 121TC, 15719 ¢t 4

71 A 16%7F Hitste] AFESEA T

Table 3. Comparison of the nitrate contents of MS culture medium according

to nitrate concentration

Nitrate concentration ~NHNOs(mg/L})  KNOs(mg/L') Total(mg/L ')

1/2x 825 950 1,775
1x 1,650 1,900 3,550
2 3,300 3,800 7,100
3) Sucrose

Ao AREE HiA= MS FUldS 712 o R AR o1, sucrose F ol
ukel 19, 3%, 5% 5 H7Fsts e wixE pH 5682 A H 121T, 1.571%

o] aqt Aat7lolA 1583t Htste]l ARESATh

4) BA

Ao AlgE A= MS F7]9el sucrose 3%E 71l on ) w0 BA

a3

il

0.1, 02 ¥ 04 ppmo= FA3sto] 1217, 157199 ¢t "Eat7]ol A 15%
T ARgehgh

4
juz]
=

e

5 T7IFUYF

Bioreactor #l%F Al A7 F7|FUEFS dolrr] fs 2 AHEEZ 01, 0.2,
04 vvme = F7|E FYFAT WA= MS F719& 7[Eo=E 3o 3%
sucroseE M7t o™, pH 5622 AT F 121C, 157149 1t di 79

A 1583 BEd ¥ Ahgshn
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6) Wi ¥F71zt

Bioreactor ¥ A A4 wjg7Iits dotry] flaf ZF A E 25 45 9
651t vl st WA= MS FU719S V1SR o] 3% sucroseE F7FEHAA
om, pH 56202 743 ¥ 121C, 15719k 1F FEi7]olA 1623 g 5

Ag AT 7 P BE S 2AE AASHE,
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V. 23 9 1%

12~298 e uxoA 93l 7128 FA 8 e (Fig. 3), 1500 m~ 1800
6

AColw, 79 HA 7]L0] 175TE 7 =gkon A

OJ.L/
=1

i)
K

7|22 7 w2 A 1,500 mellA 7.3CE M =A 2ARE A o
ke 20139 8¢ 8 e thyA(1,500 m)7F 27C=E 7MY =skow, o
HA =X+ 20159 1¥ 239 ¥ 2016 1€ 24 SIAlE o9 4(1,700 m)7t

-185CE 7HE ¥ttt 10¥ stefHe d HAR = Fetdom o577 A

F5E0 ASE o] Bode ASHS At 7o) 942% %2 M E=go
%= 7HE =A Z2ARE =l (Fig. 3, Fig. 4),
o13lo] FaL olo] Ax¥ o] ¢l HOBO® Pro

= 20139 6.0T, 2014 59°C, 20154 65T, 20169 7.1C % 2017 74T <)
P27t b =2 AVE 799 8¥9E 7b7E 172T 9 166TCH T vbd] 12
9,19, 29 2 398 9359 258 Byoy, A% Hw=v M v A
= 192 56T FFFEE 20139 84.2%, 20149 88.6%, 2015\ 84.5%,
201691 83.3% % 2017 83.7%Ath HitHErt w2 AVE 199 792 47
93.0%%} 934%™, 5ol 72.0%9 HHHFEES o] 7 vkt

Juwdr| 7t AYshe Fepata g3 Aot s 1,800 m 12 20139 1
2 1dolA 2017 99 3097HA 9] HFLx9 FEE Table 59 2tk FHL%

20139 4.6, 2014 4.3C, 20154 6.3TC, 20161 6.0C % 20179 6.7C At

s
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of 12
=

bl

R

H
1,497 mm<} 1,923

& AT vl

[e)

B

2 43(2013~20164)

hERE|

s

(e}

)

b Aok A9
12 1,700 moll 9] A

Q

°

16.7C¢+ 16.0C St

o

&
T Utk

o~
T

1

4

of ¢

7¥
sk

=
A=

a

O
RS

= 7
tha

2]

b 6.5Ce 74C AT wabd B A4

al

]

A8 Agel ofstd o2& W

-

o
As X

3

THE5v 20139 86.5%, 20143 83.8%, 20154 86.1%,

5 E
T T

(e}

|
|

7} 158, 16.6To]H,
7

). L ofe

3

8

J o

¥
8

o

¥

192 68T
20161 86.0% 2 20174 80.1% %t
o

95.6% %} 95.7% o1, 108 62.6%<]
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2017.
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Fig. 4. Average humidity(%) of Mt. Halla from 2013 to 2017.
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Table 4. Air temperature('C) and humidity(%) at the elevation of 1,600 m of Mt. Halla

2013 2014 2015 2016 2017
Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi.
Jan. —7 90.1 -4.2 97.3 -5.2 93.3 -5.8 91.3 -9.8 91.3
Feb. -3.7 73.5 -2.8 98.6 -3.8 94.6 -55 94.2 -9.5 94.2
Mar. -1.3 84.1 -1.8 86.1 -0.8 82.1 -0.1 80.6 -1.9 76.1
Apr. 6.3 78.9 5.8 80.9 6.8 76.9 79 65.7 5.9 74.8
May 10.2 72.0 9.7 74.0 10.7 70.0 11.7 71.8 10.0 70.7
June 13.3 87.4 125 91.4 14.1 83.4 144 88.9 135 79.4
July 16.8 93.8 16.8 96.0 16.8 91.6 184 92.3 187 95.4
Aug. 16.4 92.7 16.2 97.1 16.5 88.3 174 90.6 179 90.7
Sep. 13.0 82.9 13.2 84.6 12.7 81.2 14.1 92.9 135 80.4
Oct. 8.1 72.3 8.5 771 7.7 67.5 11.2 72.0 - -
Nov. 3.8 86.0 2.6 80.4 5.0 91.5 3.0 78.3 - -
Dec. -39 96.9 -5.8 99.7 -2.0 94.0 -15 81.1 - -
Average 6.0 34.2 5.9 88.6 6.5 84.5 7.1 83.3 7.4 83.7
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Table 5. Air temperature('C) and humidity(%) at the elevation of 1,800 m of Mt. Halla

2013 2014 2015 2016 2017
Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi. Temp. Humi.
Jan. -7.0 98.6 -10.8 95.2 -4 98.2 -6.5 91.0 -5.7 94.8
Feb. -3.8 99.7 -4 98.3 -1.0 99.0 -6.4 86.5 -5.6 94.9
Mar. -1.7 95.5 -5.2 72.4 0.2 80.1 -0.7 90.1 -3.0 83.5
Apr. 3.8 69.7 19 64.1 6.1 69.1 7.0 66.5 4.7 66.4
May 9.2 63.8 9.8 76.0 9.6 77.0 10.8 75.5 9.8 53.8
June 12.1 86.6 136 86.0 13.0 86.9 135 90.9 12,6 72.6
July 16.2 93.9 16.4 95.5 15.8 96.0 175 95.6 17.8 91.5
Aug. 15.7 99.3 15.2 94.5 156 96.4 16.4 95.9 17.1 87.7
Sep. 10.4 86.9 12.2 82.6 11.3 83.0 13.0 96.9 125 75.8
Oct. 5.9 61.3 7.6 58.5 7.0 63.0 7.2 62.6 - -
Nov. -0.3 84.5 19 86.7 4.2 87.7 2.7 86.3 - -
Dec. -5.4 93.3 -7.0 96.3 -2.8 91.3 -2.1 93.6 - -
Average 4.6 86.5 4.3 83.8 6.3 86.1 6.0 86.0 6.7 80.1
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Table 6. Physical properties of the soil around F. nipponica

) Bulk Particle ) Hydraulic
) Habitat ] ] Porosity o
Site density density conductivity
status , , (%)
(g/cm) (g/cm) (cm/h)
Habitat 0.96 2.28 58 0.7
E* Non 0.56 2.15 74 0.1
Average 0.76 2.22 66 04
Habitat 0.71 2.18 67 05
S Non 0.69 2.18 68 30.6
Average 0.70 2.18 68 155
Habitat 0.54 2.33 77 188.5
G Non 0.54 2.27 76 269.8
Average 0.54 2.30 76 229.1
Habitat Soil phases
Site
status Solid Liquid Gaseous
Habitat 42 53 5
E* Non 26 65 9
Average 34 59 7
Habitat 33 56 12
S Non 32 50 19
Average 32 53 15
Habitat 23 28 49
G Non 24 39 37
Average 24 33 43

“E, Eorimok trail 1,600m; S, Seongpanak trail 1,800m; G, Gwaneumsa trail 1,400m.
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o} oF 3u) =A YErGAY AuEs 2o A" falik 350~500 mg/kgoll
(Table 7).
T A e oy utdy] v x| A 045% = SHepitaH e B

2 gy & AL I 116%E T of 3 BHA yElsth dgtdr] A o)

=
ol
_?l_"
oft
)
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o
e
I
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ol
s
s

%
Hom F7lEdEol Beas dagde] Bolx=d frlEe] st
B Al At &2 ik Aol A7) wiEol AHA7E Bol JAH
EdolM AAFTFE =4 vebdoh(Table 7).

weg K ofgE dAgter] AgAelA 024 cmol /kgo 2 7H w3tom,
wegd Cayl Mg Awtet dAwdr] HjagAol A 2+2F 1.32 cmol /kg¥ 0.09
cmol /kgZ 7Fg =tk 13 Navs ZE ZARA A 0.02 cmol'/kgZ gHaFo]
o - wEokTh Aot 7H(2012)0 SJetd deAbm e ¥WE Hd wid K
0.25 cmol'/kg, Ca 0.69 cmol'/kg, Mg 0.19 cmol /kg % Na 0.06 cmol'/kgo = H
agEE dn FEANEFALS AWEE 2714 Ad Edsstde= K 07~08,
Ca 50~6.0, Mg 15~2.0 cmol'/kgo. = H 13} t}(Table 7).

ok 7H2012)2 ol 2 F2 EYHSES UEUl= shuhe] A E Q1A o

2

kg2 ZFol7F QI tH(Table 7). et ad €W =2 XES H CECE
2098 cmol /kgo. 2 H s oH(aret 7 2012).
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Table 7. Chemical properties of the soil around F. nipponica

Site Habitat OH EC OM PyO5 T-N
status (ms/cm) (%) (mg/kg) (%)
Habitat 4.34e 1.08a 24.52a 14.2b 0.35¢
E” Non 4.92b 0.20d 12.58¢ 4.3d 0.45a
Average 4.63 0.64 18.55 9.3 0.59
Habitat 4.74c 0.46b 9.05d 28.1a 0.26e
S Non 4.73¢c 0.41c 14.24b 10.3c 0.38b
Average 4.73 0.44 11.65 19.2 0.32
Habitat 5.24a 0.08f 6.46e 10.0c 0.21f
G Non 4.56d 0.14e 13.33bc 1.4e 0.32d
Average 4.90 0.11 9.90 5.7 0.27
O 6.0~7.0 2 Below 25~3.0 350~500 -
Exchangeable cations
Site Habitat (cmol'/ke)
status K Ca Mg Na CEC
Habitat 0.24a 0.67b 0.05b 0.021b 33.00a
E” Non 0.11d 0.32¢ 0.02¢ 0.019c 21.80c
Average 0.17 0.49 0.04 0.020 27.40
Habitat 0.17b 0.68b 0.06b 0.023a 18.49d
S Non 0.18b 1.32a 0.09a 0.021b 23.36b
Average 0.18 1.00 0.08 0.022 20.92
Habitat 0.14c 0.60b 0.06b 0.025a 16.06e
G Non 0.11d 0.21c 0.02c 0.020c 22.51bc
Average 0.12 0.40 0.04 0.022 19.28
O 0.7~0.8 5.0~6.0 1.5~2.0 - -

The different letters in column indicate significantly difference at p<0.01 by Duncan’s multiple
range test.
“E, Eorimok trail 1,600m; S, Seongpanak trail 1,800m; G, Gwaneumsa trail 1,400m; O, Optimum

level of chemical propertieson(Rural development administration)
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Fig. 6. F. nipponica. investigation areas(@) on a map.

I, Seongpanak 1; II, Seongpanak 2; III, Seongpanak 3; IV, Gwaneumsa.

\ 4 5 /

< Flower(2017.06.11) >
Fig. 7. Flower and fruit of F. nipponica.
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Fig. 8. Number of species and species diversity index.
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Table 8 Number of yearly climbers of Mt. Halla

trail  Eorimok Yeongsil Seongpanak  Gwaneumsa Donnaeko
year (person) (person) (person) (person) (person)
2014 393,959 272,719 418,273 67,685 13,566
2015 409,712 311,099 462,227 65,689 7,004
2016 381,035 284,188 350,548 43,160 6,967
0(%) 36 27 33 4 1
ratio
’ (1,184,706)  (868,006) (1,231,048) (176,534) (27,537)
Total
3,487,831
(person)

< Gwaneumsa trail >

< FEorimok trail >

Fig. 9. F. nipponica natural habitat of Mt. Halla trails.
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Fig. 10. Comparison of the SPAD value of F. nipponica according to

elevation(June and July average).

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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Table 9. Comparison of the SPAD-502 wvalue of F. nipponica in height by

altitude and date

Elevation(m)
Average
1,682 1,776 1,810
2017.06.18 28.2t4.2a 32.3+3.3a 26.6+5.2a 29.0
2017.06.25 28.4+4 5a 31.6+3.0a 25.6+3.7b 285
2017.07.09 30.5t4.4a 26.6£4.0a 21.0£4.9b 26.1
Average 29.0 30.2 24.4

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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Table 10. Total phenol and flavonoid contents of methanol extracts of F.

nipponica
Total phenol Total flavonoids
Sample
(mg-GAE/g)" (mg-QE/g)”
30% Ethanol(Extract) 70.75 = 1.42 5.93 + 0.27

1) mg-GAE/g, mg-gallic acid equivalent per sample 1 mg.

2) mg-QE/g, mg-quercetin acid equivalent per sample 1 mg.

2) DPPH radical &2A &4

7)o &atkst &€& 717 918l DPPH radical 227842 Blois(1958)
o] WS WHEEle] o] 8319 =1, DPPH(2,2-diphenyl-1-picrylhydrazyl) radical
2AZHLe Fdiksl EHAZRE free radicaldl AAE Folste] AstE oA A7
T HER AREEHI AS B ofyet A W free radicaldl olg w=3tE A
A7 289 HER AREo R A AHA kst dAdH =S dddol o
(Blois, 1958). &3 @A IstAl BHTE iz =23te] d=7]e] DPPH
radical 2ALGAAES 54 A3 Fig. 1164 B vk} o] AgEolrs= It
@717} BHT®t} DPPH radical 471870 o] sgkovt 500 ub/ml ©]7de] &=o
A= A shakskA el BHT9F H]2:3F DPPH radical 2424 S e W oHFig.
11).
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Fig. 11. DPPH radical scavenging activities of organic solvent extract from F.
nipponica.

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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9 e Az 7 S(2012b)o] =7] Aul EEQ)
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Aty Rasse 2o ARe vehyeh

Table 11. Number of seeds per F. nipponica fruit and their diameter and

length
Fruit size(mm) The number of seeds
per fruit
Diameter Length (ea)
6.78+0.95 8.43+1.41 33.13£8.50
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Table 12. Germination ratio and MGT(Mean germination time) of F. nipponica

Germination ratio(%s)

MGT (day)
Total After 10 day  After 20 day  After 30 day

96.1 45.3 87.3 93.4 12.8

DN

) el 71 HEld
Awtdzle] W AAxzde 27 A& wMATF A A4 de=

2 sucrose ¥%E 9 AEE FYsF o, I Ay ol e} ).

filo
]
ol
x
Lo
)
o,

N
A

TR wel A5 A e n A= G A= g27] o
ol AEE wdA] Fiel uet gl At v o] Aol Hady
(2, 2012), &dl, MSHI A, Gamborg B5H|#], Whitet]#] 5 2 7}#] HjA & AL&
ato] Bwtwr)e] A4 wiA S Fua AFS 3 A= Table 1304 B npot
Fag=3

Il E Al viA] Fel wE A EY ASEAS AuEd Az Holw
MSH}A] 7} 28.00 mm= 7F& Z o Gamborg B5¥IA] 16.42 mm, Whitel] |
1925 mm= °f 3mAtol2 H[=EkAth o9k 22 A= Choi(1997)7F wiA] Wil

s

LA S PR

AHEA AL MSHIA 7} 1.07 mm, Gamborg B5¥]#] 1.12 mm, White®]#] 1.05 mm
2 Zol7F gleo =7] o |4 wak zhzE MSHiA 6170, 12.370 Gamborg
B5¥l Al 1.17H, 6.27H, White¥] Al 6.07H, 12270 = =}Fo]7F it |49 H-$ MS
Wl 21 7F 6.83 mm=Z 7 A3 Whited] #] 4.92 mm, Gamborg B5 4.00 m=zZ =2
2 #Zgom HEo HS White®l A 458 mm MSHIA| 4.42 mm, Gamborg B5
342 m o= #Fkoh
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B o] A o= White ¥l A7} 10.07] 2 MSH| A 2} Gamborg B5 Hj %] H]
) 7Hg w@ekoy & Aol giSlTh whd EEldeol= MSH | 7F 1817 mE 7}
ZF dQoem White® A1 2] 850 mm Gamborg B5 1.25 mm= 7F& ko) ¥4

N Aok ot B Aol d BE oz s MSHAZ #5 A
]9

Bo] g WE Ao AzHh W ALUY FE P 2
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o
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O
o

Wr=v| FEucalyptus marginata®l 74 E
BT NOs-N9F NH,-N9J H&& 2112 Agstds o 7P &34 ez dto]
523 (Woodward et al, 2006), 42y FA vl NHy-No| &0
NOs-N Kt =2 AgTolA Aol Aol #Asidvks ®al(e], 2009) <t
D7) EFA) Al 29 dAadE vEE AH[ES W NOs-N¢F NH,-N& &
3 AlH] S Aol Byl wkAlo] 7Y EdthE K al(Sas et al, 2003)Z v Fo] H
o} & g oA ALgE wAE FolA MSHIA] 7} NO3-N9} NH4-N2J H]&o] 2:1
2 ShfprEol 7] wiitel #elo) Aol BAW Ao AZHAH.

AT AEFTE MSHIA A A 5833 mg, 12.05 mgl 2 Gamborg B5 30.00
mg, 5.83 mg, Whitewl] x| ¢] 28.33 mg, 6.67 mgol Hl3s] ©f FARNT. 3 AAF
gt A=EF9 vE&(D/F&)S MSHIA| 7} 21.43%, Whiterl] A 7} 2353% =2 23| #

ol4be] ZAsz Wol WhiteW A= MS wAol vste] DFES ko,
Aojs} e o] 5 Agerel Aol FAFekn], MSUIA7F D/F&o] st
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Table 13. Growth characteristics of F. nipponica as affected by different

media types

Shoot Crown No. of No. of Leaf Leaf
Media length diameter stems leaves length width
(mm) (mm) (ea) (ea) (mm) (mm)

MS 28004569 1.07+0.32a 6.1+x1.1a 12.3+3.8a 6.83+094a 442+0.79ab

Gamborg
B5

1642+480b 1.12£0.34a 6.2+1.1a 12.8+4.0a 4.00£1.04c 3.42+1.00b

White 19254437  1.00+0.27a 6.0+0.7a 12.2£3.77a 4.92+0.79b 4.58£1.83a

No. of Root Fresh Dry
_ _ _ D/F rate
Media roots length weight weight
(%)
(ea) (mm) (mg) (mg)
MS 81£2.8a  18.17£798a 5833+24.80a 12.05+2.03a 21.43

Gamborg
B5 7.6+3.1a 1.25£0.45¢  30.00£11.28p 5.83+£0.97b 19.44
White 10.0+3.4a  850+3.23b 28.33+£12.67h 6.67+0.34b 23.53

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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Table 14. Growth characteristics of F. nipponica as affected by MS medium

concentration
) Shoot Crown No. of No. of Leaf Leaf
nitrate
_ length diameter stems leaves length width
concentration (mm) (ca) (ca) () ()
1/2x 2492+287a  0.95+0.22a 6.8t1.1a 153+35a 542+1.44h 4.00+0.95a
1x 280045692 1.07+0.32a 6.1*x1.1a 12.3+38a 6.83+0.94a 4.42+0.79a
2% 20.00:6.84a 0.88+0.22a 6.4+0.8a 14.2+40a 627/+1'Pab 4.45%1.13a
nitrate No. of Root Fresh Dry D/F rate
roots length weight weight o
concentration (%)
(ea) (mm) (mg) (mg)
1/2x 11.34.7a  9.08%5.21b 65.83£39.19a 13.33x4.25a 20.25
1x 8.1+£2.8b 18.17+798a 58.33+x24.80a 12.50+2.03a 21.43
2% 47+2.8¢ 5.64+4.18b 55.45+33.28a 1091+4.11a 19.67

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.

_50_



(3) Sucrose

71l ol A sucrose®] F7b= wiAlS] BEAI} oA o® ARG H A ul
AU RS 24t gado® Z8351H (Lee et al, 2006), A=A A4
g sucrose F=7F A=Fd FAAGd web 44 g2t B a5 tH(Brown,
et al., 1979). wretA wjxleo] 7} AY o T FHS 93] sucrose FEH
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Table 15. Growth -characteristics of F. nipponica as affected by sucrose

concentration
Shoot Crown No. of No. of Leaf Leaf
Sucrose length diameter stems leaves length width
(mm) (mm) (ea) (ea) (mm) (mm)
1% 2100#4.49a 1.00+0.30a 6.5+0.8a 13.1£3.3a 5.92+0.79b 4.83+0.58a
3% 228004569 1.07+£0.32a 6.1+1.1a 12.3+3.8a 6.83+094a 442+0.79b
5% 2458+481a  0.83+028a 6.1+£0.7a 12.8+2.4a 5.17+1.11b 4.00+1.21b
No. of Root Fresh Dry
. _ D/F rate
Sucrose roots length weight weight
(%)
(ea) (mm) (mg) (mg)
1% 8.5+4.5a 9.92£291b 3250£19.60b 6.67£2.66b 20.51
3% 8.1+2.8a  1817+£798a 5833+24.80a 12.50+2.03a 21.43
5% B.7+2.2a 14.33£6.92ab  28.33t10.30b  5.83+1.30b 20.59

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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= WA U A wAAdRFomAMe] A4S dto] agar FEE FolW W
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Table 16.

Growth characteristics of F. nipponica as affected by culture

method
Shoot Crown No. of No. of Leaf Leaf
Culture . )
length diameter stems leaves length width
method
(mm) (mm) (ea) (ea) (mm) (mm)
Solid 2800569 1.07£0.32b  6.1£1.1b 12.3£38b 6.83£094a 4.42+0.79b
Liquid 25604687 1.37+0.31a 11.3+34a 22.6+7.3a 6.70£1.06a 4.50+0.53b
Bioreactor 3358+873a 0.96x0.21b  10.3+39a  21.319.3a 6.33+0.78a 5.92+2.15a
Shoot
No. of Root Fresh Dry )
Culture ) ) D/F rate generation
roots length weight weight
method (%) rate
(ea) (mm) (mg) (mg)
(%)
Solid 8.1+2.8a 1817+798a 58.33t2480c  12.50£2.03b 21.43 0
Liquid 3.7£2.0b 1200£6.93b 30800485092 40.00+1.73a 12.99 70
Bioreactor = 1.3£0.9c  2.08t156c  151.67+8320bh 3H83t16.71a 23.63 0

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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Fig. 12. Growth of F. nipponica as affected by culture method.
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o FFad AE B JAAW 9T wedh FAF, FRdLds o

S HAA ge AR AZdET. FZHF2=(Bennett et al., 2003), Tylophora
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Table 17. Growth characteristics of F. nipponica as affected by MS medium

concentration in bioreactor

Nitrat Shoot Crown No. of No. of Leaf Leaf
rate ) length  diameter stems leaves length width
concentration
(mm) (mm) (ea) (ea) (mm) (mm)
1/2x 3458+401a 097+027a 7.8+2.0a 14.1£58b 6.25+196a 4.17+1.27b
1x 3358+873a 096+0.21a  10.3+39a 21.3¥93a 633£0.78a 5.92+2.15a
2 36.00£7.33a 09940402 9.2+2.8a 16.6+7.2ab 450£143b  3.60+1.35b
Shoot
i No. of Root Fresh Dry )
Nitrate ) ) D/F rate generation
) roots length weight weight
concentration (%) rate
(ea) (mm) (mg) (mg)
(%)
1/2x 44+21a 6174449 12417+4926a 20.83+3.78ab 16.78 0
151.67£88.20
1x 1.3+09b  2.08+1.56b 35.83£16.71a 23.63 0
a
2 0.8£0.9b 1.30£1.70b  96.00£3921a  12.00£2.65b 12.50 0

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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2) Sucrose
AR o8] i 5 AEY duAdoz AFEHE ©@ade A4S A
o glojA w9 F93 TS F=d Swer] 9 bioreactor A sucrosed] A

EE dobE7] #As) 1%, 3%, 5%9 sEAEE st AP 2= Table

and Zhong, 1999).

Sucrose 3%¢ A #FEAA 096 mn, =714 103370, G5 21257, 9F
6.33 mm, ¥ 592 mn, AHAS 151.67 mg, AEZF 3583 mg, D/F& 23.63%E H
1%} 5% &%= A gl Hls] tFEo A5FAAA dsg dxE B

A A F 2 sucrose 3% FE=AHE7F 151.67 mgS = sucrose 1% FE=A g2 oF 2
M= - FAgoH Az AL sucrose 5%l A LA 110% LAY 13 T

ZA ol A Fe Al AT B3t FFS VA
(Aloni, 1980; Bofunia and Pryzywara, 1990; Gibson, 2000; Leva et al., 1990;

s

T8 849
Steinitz, 1999) 7]&ol #al P =, durd o= wiA Wl sucrose FX7F A A
W AHFSE Ao A= Frbel ofal wiFAZE W A=A
H 53 5747 2 g29s F58ted FelE wol Aol A adth(Lee
et al, 2006; Zhang et al., 1996b). T3t Ziv and Hadar(1991)= Nephrolepsis
exaltata(Boston fern)] wjFol Al sucrose?] §%=E 0.75-3%7MA F7FA171W &
dx2 dojglo] A o] FrtEvkaL BAalskith
0222 H$ sucrose FEE 3%ONA 6%7FA F7FA 71 A & 3o
ol& AA|(biomass)e] ATl oF 50%7FA HAadrha B sk vH(Ziv, 1992).
of AAFE EolHw 3%9
sucrose’} A&t B 1139 0 W (Takayama, 1991), T3k 71(2011) E7] A

=~ =]
x| A&

o,

a2 3 Lillium= bioreactor wlFg A5, A<

Hj #& Q1 ‘arsk o] A sucrose FET 3%kl Ha1sFS T

ueha 9ol A¥E FSd bioreactorE o] &3 3 wE )] w%A]l sucrose
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Table 18. Growth characteristics of F. nipponica as affected by sucrose

concentration in bioreactor

Shoot Crown No. of No. of Leaf Leaf
Sucrose . )
) length  diameter stems leaves length width
concentration
(mm) (mm) (ea) (ea) (mm) (mm)
1% 2090£2.80h  0.90£0.22a 8.6+2.7ab  149+69ab 510+1.37b  3.50£0.97b
3% 3358t873a  096%0.21a 10.3£39a 21.3+9.3a 633+0.78a 5.92%2.15a
5% 34701897a  0.76£0.23a 59£29b  9.6+4.2b 500+1.15b  3.40£1.07b
Shoot
No. of Root Fresh Dry D/F ,
Sucrose ] ] generation
) roots length weight weight rate
concentration rate
(ea) (mm) (mg) (mg) (%)
(%)
1% 0.9+1.9a 140+246b 83.00t4923a 10.00+3.46h 12.05 0
3% 1.3£09a 208t156ah  15167+#&20a 35.83£16.71a 23.63 0
5% 19+12a 410£277a 10900£R7la 17.00£6.08ab 15.60 110

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.

_63_



3) BA

BioreactorE ©]-&3F gwt@r|e] dEFsas flal A2 AAY s=adE
ol 1 7198 shoote] S| (Stapfer and Heuser, 1984)¥ A (Yoeum et al.,
20000e] &¥#A Q0 BAE wLHE A st ASHHgS A =
Table 19914 K= npe} 2}

Z Holo] Ag tx7<2 BA 0 ppmelA 3358 me=z 7} A F=7F
FotdaE Az ZHolZb #obmAwt B A9 A4 0.1 ppm sk=eA 221
7V FARY ol Ax7F AHEEA FAAR Aow AZEY Z7]F,
, 9, 9F, e i, B o], D/FECA 7 M =A 2ARERA

Z P& BA 02 ppmolA 290%et= A9E Ho utEr]o
FAS elA= BA 02 ppm s=A27F vl ZHAY Aow AzE.

AnHoz AWHFS B HEA 23 ¥ SR

>

4

(A 5, 1996). AlelE7]dS B Aoz Xt W&sS oAt A e
AEeS =R de A 9lo](Pennazio, 1975), A& A9 t)#FH 2o shootS

o] wij-g- vro} AikH]go] @o] == @S A 3o E7] bioreactor A
=389 thH(Hanhineva and
Karenlampi, 2007; Takayama et al., 1985). &1} 7 5(2015)& i =

ol 7% WAl (2n=8x=56)°] %o} T EES AlgEd Wol A 7F HAE 8 E o
=71 wiEol HFSA A T2 AREl Foaof s, Br] AuEEd ‘arsy
of thgk AMEGLEA Wo] TS dopr ] 98 AP 23 BA 05 ppm ©]
stoll M= 39 el 4 WolZt de yEtuA gkew, 1.0 ppm ool A=
3datel 2.0%< WHol/AZ sttty BHusdrt dwEr|el 9§ 26 o]
71(2n=2x=14)(Scott, 1951; Staudt and Olbricht, 2008; Yang and Davis, 2017)
ol A A ARG L] AREolut Al kAl AT = Sle 7

o7k AAY =711 farsb el mlE ¥ wE Ao e

=
e
e
fols
[
rl
o
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N
ol
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Table 19. Growth characteristics of F. nipponica as affected by BA

concentration in bioreactor

) Shoot Crown No. of No. of Leaf Leaf
concentration

length  diameter stems leaves length width

of BA (mm) (mm) (ca) (ca) (mm) (mm)

Oppm 338873 0.96£021b  10.3+4.0a 21.3+93a 6.33£0.78a 592+2.15a

0.1ppm 2180£461b 22120672 9.3£39b  129+53b  5.50+227a  4.10+1.45h

0.2ppm 1850:29%bc  1.09£0.44b  7.0+1.8b  7.8420b 640£1.71a 440+£1.26b

0.4ppm 1658:312c  1.10£0.37b  9.3+36b  9.843.6b 567£1.87a 4.00£1.65b

Shoot
. No. of Root Fresh Dry D/F ,
concentration generation
roots length weight weight rate
of BA (ea) (mm) (mg) (mg) (%) rate
(%)
Oppm 1.3+09a 2.08+156a 1b161+8Wa  35.83£16.71a 23.63 0
0.1ppm 0.0£0.0b  0.00+0.00b  14800:5L16a  13.00£1.73h 8.78 90
0.2ppm 0.4£1.3b 0.20+063b  201.00:24951a  14.00£9.17h 6.97 290
0.4ppm 05=£1.2b 058+151b 13167£5702a  15.00+3.28h 11.39 0

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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BA 0.4ppm

Fig. 13. Growth of F. nipponica as affected by BA concentration in bioreactor
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4) 7F4F

Aae AEA R A=Y AES FAd wE=EA Fag =doH
(Garcia-Ochoa and Gomez, 2008), AtAx Eo] 2z x= AHAS 7Fxar gl x]
e e S = w$ $oh(Doran, 1995). Aekg-FHoll W3 A& A E
kel Ag- ekl WHE FYste 37 Ta el o fA94 ~E
g=o Awrt gepAug Alx A AolE yEtdth(Peak et al, 2003;
Meijer et al., 1993).

3wk 7] 9] bioreactor Ml Al A F7|FAHFS dotr7] 98 0.1 vvm, 0.2
vvm, 0.4 vwm®] F7|FdFS At A= Table 20914 K= vhel 2t} 7]

W ofAEAY Az Aol B¥AA, 27145, 4%, 4%, AL, AAFIA

ool 4= 04 vvm AHEF7F 41.08 m=E 7FE Adow 01 vvmA g7} 32.80
m=Z 7Hg Ak 2z BAL 04 vvmoll A FLSHA 25% WA Aoz A}
HAh AT AEFS 04 vvm AL F7F 22917 mg 2 30.00 mge =2 74
A oY D/FES 02 vvmolA 2363%= 7}4 =74 ey 0.2 vvme] A A

S 2r1Fgon AEh

-

<)

Min et al.(2007)& 7w 2] 330]Z(Scoplioa parviflora) F-A L %A &7 5o %

Bioreactor W ¥7]Fd & A5 A dAE 2
o gy AeEAEe MAdE AEEY dAREo] of 28 7t
o A7] Lol UdntHow Fr|FPo] FotAH AT F7MEo] Fagve
B 31 (Cazzulino et al., 1991)7} 1S

uet A4 g7lesadls Aoz vk 2 A L4 VI xdd A=isT)

=
)
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(ballon type bioreactor)E ©]&3to] Morinda citrifolia(Ahmed et al, 2008)<}

Gymnema sylvestra(Lee et al., 20060)5 wj3t A3} Morinda citrifoliat= 7]

o

s 03vvm7bAl F7HAE A AF el SUtst ey, Gymnema

]_

2

sylvestrax= 0.2 vvm ©]49 712 &3 2 A Fo] Aty B
Atk Aozdye] HA T i 0.05 vvm~04 vvme F7|FY o] F
Akl & zbolE UEUA Fdtkal Baskglem (o], 2009), AHE =7l

‘mEPe A% 02 vvm Azl TAAAE AAAA WAl S7haR et 02 vvm

FUl‘;l}

Lo

o

_68_



Table 20. Growth characteristics of F. nipponica as affected by aeration rate

in bioreactor

Aeration

Shoot Crown No. of No. of Leaf Leaf
rate length diameter stems leaves length width
(vvm®) (mm) (mm) (ea) (ea) (mm) (mm)
0.1 230£33.33p  0.95+0.12a 10.2+2.2a  21.0¢2.9b 6.10£0.74b 5.60+1.43a
0.2 3358+873b  0.96+0.21a 10.3t39a 21.319.3b 6.33£0.78b 5.92%2.15a
0.4 41.0848.36a 1.17+045a 124456a 32.2+158a 7.67+1.83a 5.42+1.16a
Aerati Shoot
eraion — Ngq. of Root Fresh Dry .
_ _ D/F rate generation
rate roots length weight weight
(ca) (um) (ng) (ng) vo rate
(vvm) ca i e e (%)
0.1 1.2£0.8a 2.00£1.49b 145.00£3064a 1750+3.14a 12.07 0
0.2 1.3£0.9a 2.08+1.56b 151.67+8820a 35.83£16.71a 23.63 0
0.4 1.9£1.6a 558+3.60a 22917t142%8a 30.00£16.41a 13.09 25
* vvm . air volume/medium volume/min

The different letters in column indicate significantly difference at

range test.
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5) ¥ F713t

Bioreactor 27 #l¥71zbe otrz] gk Ul FAEAS ASHae
Table 18¥ 2t} wjF7IzbE AN x Aol 254 27.00 mol A 457 31.90 mm, 6
A 3358 mE wjgTIte] AojAsE HrlAom oyt et Heas
2574 Zhzb 4170 9 03/ ov Wi 67 A= Zhzh 21370 B L3Vl IRt
o Aol wel W2 o oy eyl ygon el HAow A
oA 274 1.09 mn, 474 144 mn, 6574 2.08 ms o™, WA Fo] 2574 21.82
mgoll Al 6541 151.67 mgo® =AA Folutth. D/F& %3 254 822%°A 654
23.63% %= AA oWtk AN A x= TAEHA] okt

Gymnema  sylvestre(Lee, 2005), &7](Zhang et al, 1998), Panax
quinquefolium(Zhong et al., 1996)° W3+ bioreactore] ¥ Z7]ol+= AEFEL
o] &3] o]FolA AAESFIE HolxluE AFo] FZAJ] FUFSATE AlES]
geo] anol O o] AERELDo] o] FoAAA FIARE JHHY A EEo] H
AZTEH FEFES FTste]l BATol T7tstH, vhA el = Alxo] APE7| 2 F
o Ettal sttt 2.(2007)= Echinacea purpurea®l F-A- v koA wjk 2~5
FNA S AAs Stk v 555 Aol Haste] T & FEE A%
Aol AA AT st o, H(2012)= A=52 PLB T4 olA g 2~4F714]
wA4s 7ttt A~TF A= A% FIbsvkal Barsk it
A0 AuFE &7] “arsl’e] bioreactoroll A st Wi 25 A ol =
A=A A= EER)AA A= T ALL, wF 4FA = TEE A
Z7F Aet7] Al Al wiF 657 A = HAE AxTF el "olglR &

® a gelstgvta s, 2

.
shsh Smgle] HEE FAA Aoz ods ohuale] SR oS ol

[

rulo
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Table 21. Growth characteristics of F. nipponica as affected by culture period

in bioreactor

Culture Shoot Crown No. of No. of Leaf Leaf
period length diameter stems leaves length width
(weeks) (mm) (mm) (ea) (ea) (mm) (mm)

2 2100£8.82a 0.67£0.18b  3.2+0.9c 41+13b  3.73t0.90b  4.00£1.55b

4 31.90£3.87a  0.74021b  7.1£2.9b 0.721b  6.00+0.67a 4.40+1.26b

6 33588.73a  0.96+0.21a  10.3£39a  21.3#93a 6.33£0.78a 5.92+2.15a

Culture Shoot
No. of Root Fresh Dry )
. _ _ D/F rate generation
period roots length weight weight
(ea) () (ng) () vo rate
(weeks) ca i ng ng (%)
2 0.3£0.7b  1.09+#2.07a 21.82+982b 1.82%0.06b 8.33 0
4 0.6£0.7ab 1.44+352a 5600£1578b  6.00£1.00b 10.71 0
6 1.3+09a 2.08+156a 15167+8820a 358316.71a 23.63 0

The different letters in column indicate significantly difference at p<0.05 by Duncan’s multiple

range test.
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e 3gES AEAd g E¥sE 23 dAEZAo]w(Hyon et al.,

2010), 3 E2 el 278 o] 4] phenolic hydroxyl(-OH)71 & 7}% Wk 313t

il
f

4] flavonoid, tannin, catechin 5©°] oW, 2 &Aoo S Hojsta diaks}
et A A o VA A4S JFITHKim, 2010). FEtE o EE =T

G3AS "= EYHsA SFER AEY o, % E7] Y #9494
gl Exsta oM (Hetog et al, 1993), A& x& 5o & FgtReol= A
2o gasts gl oY 4 5L AN At Aew wnH 3

tHKim et al,, 2012).

H7]= ut & fjdo] Fom At JHEYHE)Y EHE o=t e
GastEA S oFF et 9ol (Hannum, 2004) dwrEr] o] dnf A 27F glof

EEAS JHse] F Zds @ SgRwols dFS A3 Ay F Z9
=%FS 7075 mg'GAE/g, & @R === 593 mgQE/go 2 FAMH A OH,
A 520122 A= 26 tste & ZedE R EtRwol=E AT
A3 ZE)ds e v 7t 22890 mgGAE/go® 7 Egkom A
G-AFol 7k 46.76 mg'GAE/go 2 71 WA SAEHJ oM, & FetEieol=e HF
27} 90.15 mg-QE/go = 7Hd =dom, o %7t 140 mg-QE/go® 71 B/
Z=AEJ o AduErst 7039 mg-GAE/geZ dwwr)el v=3 ZejdE ¢
2S5 UelWlon, FHeEEo] 640 mg-QE/go & 3wt ol H|=2d ZElH o=

i TR0 AgaEx FeEE F ZYdE 2 E
gHol=E FA4% Ay F dEe] 7MY B FolA 5082 mg-GAE/g, EEtE -
o]= 1519 mg'QE/glo 2 ZAIHY. HE Zvls FFo] =5 u SetR 0]
T o] EARE HtEAl =E kS VHA e A2 ofym, WigE FgE ko=
ZY9E gFe] WEA e Ig HAE A oMUt F,

]
2012a). o] AFoA A= AFF VT T AwEIIY JASF FH dof
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o Aol RG] QduE gen Fepuwolme) Talsls FAe 2AGA
wl-

3 Aolfd=dl, ol F F7rE AuE wrieh A%

DPPH(2,2-diphenyl-1-picrylhydrazyl) radical 47 &4 (Blois, 1958)2 Al

o

EHAZFY free radicaldl AAE Fosto] 4tgtE AAAT = AR AR
a9 Wk oyl A W free radicalol 9¥ w35 JAA I E Fgo
L2 ARETorA AA st G =& AwAde] e, dA FakskAgd
BHT¢} Bl 5437 A3} Agiors d%87]7F BHTRE Y DPPH radical 4
Agrgel vkekon 500 ub/mb ool sl = A FAFsHAI BHTSE vl
¢t DPPH radical 2484 eI
Do) =AM Al w A W A F B B[S0l FAEAY Al o
&S "X =9(Choi, 1997), 53] AT FAEAY 2o 9IS vAH, dx
o] gto] WS4 AW I (Choi, 1997 Leifert et al, 1992)3L 3t} woldk 3]
Wel S 93k 144 wA S Lolr 7] 95t MSHIA], Gamborg B5
vl 2], Whitedf Aol A A EAE ol 233 23 (Table 2) @4 o] 7HE ©
MSHi A1 (3,550mg/L Dell Al 4z Aol fte] de] Fo] mud =u 44, 4%
5o AFFAA Z Ao)E Bk ol A FiHol wEt AR F5HEE
57t g2t A2 (Lefert et al, 1992)¥ ¥<*(Williams et al., 1985)° <33k

e
N
o
N

7)

A W AAFEHE NO;-Ne NHy-NoJH, 2 &°] NH,-N& F5% 4+ F
Aol&(H+)S WEste] #ix] W] pHE 4HA 35 31(Sathyanarayana and Blake,
1994), A4 stel mA] WeAe L Ed NOs-Ne F57F webA wj= o] pH7}
ARAH o2 WA Wil (Choi, 1997), AEA A& F23 pHE FA3H7]
el wiAl el NOs-N¢ NH-NE <A vl&= F7bstolof ghoh(3d, 2011).
v A ujell F7Fe NOs-N€F NHy,-Ne] H] &2 wj#]¢] pH(Behrend and Mateles,
1975; Sathyanarayana and Blake, 1994) 2] &A% (Leifert et al., 1992)3} 2
(Williams et al, 1985)° 7] wjkA 2] o] F8&(Zhong and Wang, 1998),
a2 FALiu and Zhong, 1997) Sol HdgS wxmz H Ao E 8%
W7 Ao ool wel dgrdr]e] Aol Aok yEd Ao w Azbem,
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WA el NOs-Nsk NH-N7b 474 w&2 d7tste 2ol $8%8 Ao
A fgrasle 5849 AT

f

2
# A2 Awels] 913 282y @
wky] zAu| ok Al AU SAEA Y AR AL 9= MSHIA 1H] <]
sl G 7
= Aztdr

Sucrose= FE=godoF o] RE3 7Y FAE U Y = AEZAA

D/F&k ot 7IWalF Al 7Hd A3 wfjA &=

’

2249 9SS & (Gurel and Gulsen, 1998; Nowak et al, 2004; Razdan, 1993;

Stavarek et al, 1980), 7| gl A Fes5 THI}E AL T3 dolt},
Az wEh Hule] AAFS ¥& F Ue sucrose FEE BT UEY
(Lipavska and Vreugdenhil, 1996), %o wa} AbEsto] daba] A% A& o

deS v Y. Philodendron erubescens®t Cordyline termminalist= 1% %9
sucrose’} Az Ao HEAwH(Maene and Debergh, 1985), Prunes
domestica, 7| &% (Paederia foetida), Elaeocarpus robustus % <¢Z3 52 11
%9 sucrose’t 238 A% AAS Aasrta B aEATH Amin et al, 2003;
Nowak et al., 2004; Rohmn et al., 2004; Stavarek et al., 1980). 3=w=7]2] &
A 7SS fs mMAY A 21 F AA sucrose FEE T 9

3t AA AN dutdr]E= 1% R sucrosed| A Az AAo] A& E QL 3%l A

=, E el wE VIHFAEAY A554s Hlad 23 Ax dol=
TA Y 28.00 mm, HA WY 25.60 mno] ™, bioreactor B Yol A 3358 m= 7+
A}k HA | %} bioreactor ¥l¥2] A4+ 22 11.307H, 10.337H= LA vl
Wl vle Aol Fokth AAulGS AT o] 308.00 mg, =% 40.00 mgo
2 7F% =4 et oy bioreactor Y2 A AT o] 151.67 mg, HEF ] 35.83
mg o2 YEFHAIRE D/F&o] 2363 %= tE wigH el & Eorw {AE
A ESesr & 2 Aoz Az, gy 31 A egdas w24 o)

i AEES E=ol7] A FHEESs fREeE WS EAGor & Aew



T7E FHATE A5 AEFT T3 AFo] e FUtete AEES E
Y7l %= &} (Takayama, 2000; Takayama and Akita, 2008), @7]9 A% 375

o

& bioreactorg ©]-&3stH AA A A E A=A ] ALEN AFFo] Sty
, 717 d el met Aol nlgHoz wWslstoh(f, 2011; Takayama and
Akita, 2008). & Ao A u]SFHET; BA )2 bioreactor B o] AYA| =Fol

=9 o ™ bioreactor ¥l el D/F&°] 2363 %= thE ujdWrol] H|g| =om=

=

FAEAE Bdedrt & 2 Aow AzHn, AL @y FABAZ A

o g F AR B FUstel AF APl FF AoE 47

Sw7] 9] bioreactor Bl Al AA 3HES kel wel W FAEAY A

ko] xolE HYEdl, o] Leifert et al.(1992)3F Williams et al.(1985) %

Woodward et al.(2006) 5] bioreactor #l% Al 7] F2EA42 AHL o
7HA 2 we g2 yeid, 53] dAde] FF % vhe 2] §AE
Aol =4 B By Asol dFS wHvda o Hauet {FAREAT. Eg
Takayama(1991)2] 4|7, 28t 22 2~ % Nerine bioreactor Wl A] 243

151.67 mg, 35.8
well A 74 =A 2=APE A

Sucroset= A=A A4 E3}H(Aloni, 1980; Bofunia and Pryzywara, 1999;

=
o
fr
N
o)
i
%)
o
H
—
N
o)
)
o)
o
o
fr
ax
2
b
=
-]
=
o
12
>,
—

Gibson, 2000; Leva et al., 1990; Steinitz, 1999), A5ty FEF M) IS
vz FAEAe FEI FE FFo] TolstH(Lipavska and Vreugdenhil,
1996), A F S7F D A xAibo] FS v A= sucrose FEE AEFol| weEt

o2, meA Agarie] FRAY dHFFAS 98 =4WA AA sucrose]

_77_



FEE PYstE e s

ﬂl

Bioreactor Bl %Al AA dEFFS 930 sucrose = 23 A (Table 18)

sucrose 3%2] 4% #F-274 0.

)

6 mn, = 7] 10.3371, 45 21.2570, 947 6.33mn,
QZ 592m, BAF 151.67 mg, AEF 3583 mgo|th. H] =38k A7)0 AHE 43

dto] mA kol A9 AA sucroses®E TH A (Table 15)3} bioreactor Hi %ol

ol A= sucrose 3%l A 23.63% % A 8] Y E T} bioreactor ¥l D/F&o] =
of % Zo=m Azdt.

AAE S7F B Az @S WA= sucrose FEE LA MRl A =
sucrose 1~3% FEA A A57F] Aol AX] FUAT bioreactor Bl Fell A=
Z AolE B webA Do Aolrt VWA A 55X dFs F
o Fuw7]= bioreactor Wl Al sucrose 3%7F A& dube FE=9iT)

Stapfer and Heuser(1984)% periwinkle®] 7474 A #Huj g A shoot £24]& ¢
3|+ kinetinolY 2iPE.THE= BAZFE ¥ &3Folgta XM a3 al, Yoeum et
al.(2000) Buffalo gourd®] 7|Wl shoot T2 2 Aol nx&= Alo]E7|We] &
e ZARgE A3 BA HI7MiA A= o] shootE & de WHE,
kinetin# 2iP  H7bjA el A= shoot T4 JI7F vwinletATha B askglal
Kusey et al.(1980)3% Han et al.(1991)2 </l = w3} Delphiniume] 73
oI BAZF kinetin % 2iPRET} shoote] T4 3 Ao F7kel v F Aol
AT Bastdh e 2E o= XA BAE AHESte] w2 7WA
FEAS 243 A3 (Table 19) BA 0.2 ppmoll A Al ekl &o] 290%= 7173
B AxE B Az A M £ E9E BHo duar]e gEFs
A& Qe 2dAYd Ao Azt

Doran(1993)¥ Scagg(1992)% bioreactor Bl Al &7] FY4& A& AH
dasgk kA olitstera, dEA FE& WA o FEsteE 9SS sk,

Takayama and Akita( 2008)= WA & +3hste] AEAE X &EH 02 2o 2
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B4 o] AG-AAALS Elvpste] Axe AL FEdE S dvta B st
o 7IYd FH=HE 7% e ATt
7l Fd &l 3t bioreactor ¥l Y A3 A3} (Table 2003719 % 04 vvm7h

Ae AAZo]l Frtstd o g7lFd @l 02 vvmeold Fashd s A AR ol
Zolx o DF&S 02 vvmolA 2363% % 7H4 =4 Yelyt=d, Cazzulino et
al.(1991)7} bioreactor W & 715
AENEE vAE Axze vl
of T7IFdHo] ZopAH A
w2k Al bioreactorg ©] 83 BuwrEr]e] Zluu el = 0.2 vvme]l AAgE F7]
oleko 7 AzbE )

ZIWA =AY w7 AEAY SAMEd IS FH, A I8

A3t BAZ 7P 2 E bioreactor HlA] AR wjd7| 7+S olH 7] 93 7y

s}
)
o,

do

AEAe] w7t Az Aol 254 27.00 mol A 454 31.90 m, 654
3358 m= EolWrth G e 254 247 40970 B 027 Ao vk
674 = 27 21.2570 B 125702 wig7]gte] AojHe whe} w2 o 9l ¥
g7 wAgon BEdelx dojx 254 1.09 m, 474 1.44 m, 655 2.08
m@A o™, FAFo] 254 21.82 mgol A 654 151.67 mgez =LA Solwtth D/F
& w3 254 822% A 654 23.63% = =LA Holuk

of 0.2 vwmel F71% Fste] 6771 WFats Ao] wrIzE vl Al A et
ta gz,
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= 3we7|(Fragaria nipponica Makino)°l| T
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Riu
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2h4F 1500m, 1600m, 1700m, 1800me] %=
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2013 1¥€9lA 20173 9¥L 71~

ol

il
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il

71e] AAA Bk A B A E ol

X7

X

AR Bt A A A pH 5242 7HE =kor,

S
=

)
.

o
!

i
of

~

e

7] AAA ol 1.08 ms/cmoz 7+

=
=

A}

o 2w o]

3)

= A Fel

o] 28.1mg/kg= t}

= 0.09

1.32, Mg

S
T

2% slwtaty] 24A)A7F 0.24 cmol'/kg, kel HAAA 7 Ca

Jell A 0.025 ecmol /kg= 7HE =7

cmol /kgZ 7Hd =92 ™, Na

AL A

KN
T

¥ a%=9F SPAD-502 #k

¥

SPAD %3 3% =2 Pearson

-0.272, p<0.01)AA= =] o]

o] F#(r

=]
T

ol A

o

vzl
_ZTI

el
o

!

ZehH 0l EE 593 ngQE/go

2o 7075 mg-GAE/g, &

1
=

| =

P A 500 pb/mb o]

zAE oM, w79 DPPH radical A
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gutdvlo] FAE AASd & 9F 43Y97HA F 96.1%7F Hersiglon, o
T F 10| AHst] 453%, 209 87.3%, 30 93.4%7} wolstH o otk
oldFE 12.81U 0] A28 H T

ZIWuj kol el AA wixlE Lol r] ¢35kl MSHIA], Gamborg B5H| A,
Whited] Aol A3 s A3} MSu|X]7} D/F&o] vtou 4Alx o], ¥l do] 5o

e BE gl 2 AolE Holx @gkou} DFge] ®AAY

sucrose 3% FZolA 2143%= 71 =tow #FEHHo] 7MY FAH

2249 ASEAS vast A3} bioreactor W

D/F&°] 2363%=% th& vl Hle] mormz {fAEA EUEsirp 2z
o]
-

H AT} sucrose F% A¥ AI} sucrose 3%2 A D/FE& 2363%% dF-E
Aol b s Hlg B2 A4S & 2AS 2AENSH, BA 55 A
F 0.2 ppmell Al 290% = 7H wWol IAE o Azl A
M FE Z9E B dAudEr|o T As 98 a4 d Aom AzH.
Bioreactor 274 &71F U %S 0.2 vvmollAd D/F&o] 2363%%2 71 =4
Elst o™, bioreactoroll Al v F713to] Aojd = Aol solwter D/FE &
sk 257 822%0l 4 6574 23.63%= AA =ol%k

At FA wolE FIAAE 96.1%9 ¥ Wolgs vEloy FF

hEFEAAAS 93 =A e Y-S bioreactor HI¥FO 2 7] 18] MSH|A|
Z o] &3}lo] sucrose 3%, BA 0.2ppmel 0.2 vvm9 3715 FY3ste] 657 vl
st Aol @71 @A Lte] A &sttta Az E o
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