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Abstract - Hibiscus hamabo Sieb. et Zucc. (yellow hibiscus) is a deciduous semi-shrub plant and mainly growing in Jeju
Island. This is known the unique wild hibiscus genus and classified as an 2nd grade of endangered plant for Korean Red List.
In previous studies, properties of germination, ecological, genetical and salt resistance have been reported. In this study, we
investigated mass-proliferated adventitious root using bioreactor, antioxidant and whitening effects to conduct functional
ingredients. Yellow hibiscus were collected from Gujwa, Jeju by prior permission and they were introduced by explant type
and various medium composition after surface sterilization. As a result, seed response rates were evaluated at range of 51.17
~51.83%, in terms of comprehensive efficiency of shoot and root formation. In the case of adventitious root propagation
condition was confirmed in half strength Murashige and Skoog medium salts, 30 mg/L sucrose, and 2 mg/L indole-3-butyric
acid for 8 weeks in 5,000 mL bioreactor. We also compared between relationship with biomass and secondary metabolites
accumulation by total phenolics content, the flavonoid content, DPPH free radical scavenging activity and melanin content.
The results indicated that adventitious root mass proliferation, antioxidant and whitening effect could develop value of the
high-quality cosmeceutical ingredient and further metabolite studies.
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WA RS F| 22 slo] Abs, ofl7Iu|Alo}, B2, X]2] ¢
A7} At 9 3837t o] F0f 2| AL QItK(Ho et al,, 2021; Lee
et al., 2015a; Nosov, 2012; Wu et al., 2018), HEHHS7) = 7
YA w2, AR O] Tl e, Akt ARk
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431 QJthGeorgiev et al,, 2018). 2000kiEH°ﬂ oA dehd
A2 S o] whE 1] 5 SASt0] 3lehA] ESHA 7] 4to] S
gol| whet ojel gl ghiksto] wek A7t AA =] o 8] aL 9l
CHKligman, 2000), ASFA AE & A(oxidative stress) = I5
O] ofof 21340l FFe 712 AEA 2 leE = QL AU
AHfrete]Zfree radical) o] F7Fsto] k3l7} HAgRITE, o]t
A W 2] Zo] w2 A AE A debd o
gl E|ZAUoA|(tyrosinase) & E/d3ste] 71|,
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A, b (melanin) A3 AAE 5 75 v 5 ASHA
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Gujwa, Jeju

Fig. 1. Invitro culture initiation of adventitious root and from wild seed of H. hamabo. A. Collection site with authorized certification;
B. Seed germination in petridish; C. Solid culture (shooting, rooting); D. Liquid culture (250 mL Erlenmeyer flask); E. Liquid culture
(5,000 mL air-lift balloon type bioreactor).

Table 1. Plant materials and culture medium composition of H. hamabo

Scientific name Location Plant organ . . ..
. Induction medium composition
(Common name) site segment part
Leaves
i Pyeongdae, Ist) MS, 30 sucrose, 2.3 elrite
Hibiscus hamabo Gujwa, Jeju Petioles (Ist) MS, 30 g/L > gL g

Sieb. et Zucc.

Yell hibi (N 33.53096, Stems )

(Yellow hibiscus) E 126.83750) Seeds (2nd) MS, 0.1 mg/LL IBA, 30 g/L sucrose, 2.3 g/L gelrite
et 9 PENRS Y] EE ST SV Sl WAF, A, e, e A

P2 10| 22 oy Fepof 2L AUSP] Slete] AR AT 2ABIET, B RAZ A B9, A
AR A frie B A FEE 0.4 g (4 g/ 718l MS & T2 pAsto] RS 7ZIEHA 7 Fofl FHAIE o8k 4
E5E 212} 1/28), /48, 1= 25}, 3% AP (sucrose), e S| A7k éxéﬂ%"iﬂ, AEse S AAE

l-N
N
2
Rl

IBA 2 mg/LE 7I3}3L pHE 5,7~5.82 243t x| 100  40CE =He A
mLo| FE3 L} A2 ek (Erlenmeyer flask):= 250 mL go A%

718 sl on], WAL 877100 rpm, YRACE o] MESE FASIGT,
XAsto] Mekujorstgic, SepasolA] FetujorE]of Z41E

S F2852 5,000 mL L8] F7 | HFA] a7 | (air—lift A& 2ZE9 A=

balloon type bioreactor)]| 4 L MS HA|| ) ](37}A] MS vl ] & Ag Z22Eo 3 Bya e B Bk 7H{(0g
552 2], 2mg/L IBA, 30 g/L sucrose, pH 5.8)2} E74| AYA] 2 F|5ko] 200 mLe] 70% gt B 80T FE 24 gl =
& 916 g (4 g/L)S Fho] v AT AERe7] SH1AL, 40CE A H 259557](JAC-4020P, Hwaseong,
Y 7] Fe 247|(flow meter)S £3) 0.1 vvm (air Korea)©]| —‘T'jd’ FE2EAHEGATE o] 85fo] 247 %t
volume/culture volume/min) .2 Z&35}¢ 0 ujjokalAd-e =359 20 SRE 202 o8] Z) 7] (glass funnel)

Q7 sjol 857 AAISHck. Hlopo] R B R

JE

o] filter paper (Whatman No. 2 110 mm, Whatman™, Kent, UK)
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2 olgsle] R91om, 2 nL2 Ysiel 228 2SI
o} 2&5H A BE 719Rs27](Genevac Inc,, NY, USA)E o|&
sto] -GS AAT 5 (D AFE et BEFTFH AT

5 28 (JBRI-ES21-013, 014, 015)0] 4C A0 2 &
3&3}93‘:} %}EL -?141—4 Jﬂi S, %a}EiO]E o,

z2S '8H%P%— Hi ‘GH/\P’ 13-0,2 yum membrane filter (Advantec
MFS Inc., CA, USA)E Alatsto] o851t

% U= 37E, EefiolE

=% d= IRME TS Folin—Ciocalteu B (Folin and
Ciocalteu, 1927)0] we} 243}t S BA L] 70% of gt
£ 4 Y4 22537 gallic acid standard solution (Sigma—
Aldrich, MO, USA)S 1 ng/ml 557} 5|52 5318t = 9 Nel
Folin—Ciocalteu (Sigma—Aldrich, MO, USA) 50 4L& &7}s}
Ak, 3+ 72t 3 2M NayCOs8-9H 100 L H7RE & 74
300 uLE 7k5te] Aol A 1AI7F F2t P el = WAk the-
SHE Floto] ne|azEHo|E 2JH7](Tecan, Salzburg,
Austria) & ©]-8-5}0] 725 mol| A SFE=E SAET T S0t
H1-0|E 3}gkL colorimetric ' (Shohael et al., 2005) of w}
o 2gsisich, 0% ofiehg W W $2 (+
standard solution (Sigma—Aldrich, MO, USA)& 1 mg/ mL 5=
253816 S 0.4 mLe FHTE 7S 5% NaNOy-£-91 30

LE 7FslSie, 54 710} $- 30 4L} 10% AlCl:8--& 715}
0% 5wF AR T 1 M NaOH -84 0,2 mLE 7Fsl3ith, &
o] F30] 1 nl} HES BRAE AR TS ool
01 2Jci7) o] 51 510 moll A EHES Zslsic),
287 golo) gepiloaie Fa000| 3 ol sz 22
Hlico|E ghgE S48 om e mg/g DW= Uehfilct

—catechin

DPPH radical &4%

o2o] 218 gl AASS XA Y8 DPPH (1,1-
diphenyl—2—picrylhydrazyl) S ©|-83t B (Brand—Williams
etal , 1995) 0 & 23T AR F&5 0,375 mLo} Hjek
of| =21 200 xM DPPH (Sigma—Aldrich, MO, USA) 0,625 mL
£ E8sto] Aol Al 1027 A - npo] Az Ze 0| E ¢
T]7](Tecan, Salzburg, Austria)E ©]-8-5}¢] 517 oA 3
=5 sl da2te 102 oeE Ee 3% SR
DPPH -§o1-& 771sto] A& o & AMgsglon, 352
gallic acid standard solution (Sigma—Aldrich, MO, USA)E

AFg3}ick. DPPH ol oJgt ab4tel 340 248 A2 A7t
Fob AT FHEAS HELE

AE o D BEY 24, Bebd 4 B4

BI6F10 HF-A BAIE 3L 370 CO, A A] 10% G|
S35 AEold ] (Invitrogen, MA, USA)Z} 1% penicillin—
streptomycin (Invitrogen, MA, USA)< 353t Dulbecco’s
modified Eagle BJA] (Invitrogen, NY, USA)oj|A] vljoks}ich.
A|3E AYEH-E MTT 24 (Thermo Fisher Scientific, NY, USA)
= &0 A= ATk MTT 88 4417 F3F Al 3zof| 7ot 2,
DMSOE: 0185} formazan 2% 7SI - wlo|a2&
F|o|E 2J7](Tecan, Salzburg, Austria)S ©]-&3}] 570 nm
oHe] G eI

Wi P NBAT BHS Y a0l SeleLe
o, A|3EE 4817t 51t @~ MSH| FA) Ei= A5t thekgt
T MER Aot tHHosoi et al., 1985). HAEE] (15,000
rpm, 58 53| A ZE 3|43 &, S INNaOH ¥ 10%
DMSO°]| 80°CellA] 3048 <t 83411 &, nfo] AR EH0|E
2715 ARgsto] 475 moll A FF =S S48

X
A

X5 go] e o] BA1EA1L SAS® Studio (SAS Institute
Inc, Cary, NC, USA) program ]85} Duncan®] th:547%
(95% =)0l 2f3f #=Isiar, 2k 22| 33) HhE Hjo| 5 2
W + BRI FASA,
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Aeg gelalol 2AerFg. 2, 1 ATHIE &S 57 4
Ao A 93,33%2 7P w koL Al Aol =)k RlaL
x]/\}lﬂ S HI-AH jui] x]s}‘ﬂ maa al—:L_4 kAol &8 Eﬂoﬂ
A= 227} 51.17~51,83%= 71 G849 A © & Yelyith
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T SAIA oA R ARSI wheba] BE) 7o YA 3/48Y, 1= Hejsto] <t FAJLO] vlo] Qui A S Blwgk 4
E91 32 FAE A5S & Aktste] 7]y ot & 9k Tk 1/2MS G50 2 mg/mL IBAS A 2|8t 2| 2 A0 A] IMS
S AR 7HA| 2 ks o] 7Y BE AR SA AR e R A ejtol ulal AyA|Z 3,658, e 3.86HH, A& 4,814,
o) E3 Bt Akl o] TA] ©f B (ex situconservation)  ATAE 2,00817F w2 202 Belskit, dEy HEe
W 5 A 9 G RS Bl (B e a8l 2 3/4MS ATl A 7.83%% 1/2MS X IMS 2] R T}t 69
4ajel nE 9 MAo] Wslol /e Aoleh MzETh MR RS AoR ZAEr, Eak Y HAD vlolen A
(Coelho et al., 2020; Souza et al., 2017). SR go| 7P =8 1/2 MS, 2mg/L IBA, 30 g/L sucrose Hj|
AEERS7101 4 &A1 (Auxin) 7]5H HiR] Gsteof e St A 27 02 ABZ7A] At A, AIF-2 132} =]
FAT AEE B8] Qo WAlw, e, Aeg, AL, 104~110% 7Vl 43S Hel v AES S4o o AE
S-S ZAFSFYITHTable 2). MSHiX] &g 1/24], £ 59~62%= 7HAad AL eIk
120%
100% a
80%
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B Total response rate (%) @ Shooting rate (%)  =Rooting rate (%)

Fig. 2. Effect of shooting and rooting response rate on in vitro cell lines of H. hamabo.

Table 2. Effect of medium composition on H. hamabo adventitious root biomass growth characteristics in 5,000 mL bioreactor

Medium Inoculation Fresh weight Dry weight | . . , Relative growth
. . t Growth ind .
composition  density (g/L) (2) (g) 70 Dry weigh ro fndex rate”
777777777 H-MS IBA2 52.84 + 1.08¢* 3.50 + 0.01d 6.63 + 0.14b 230 = 0.07e  1.19 + 0.02d
H-3/AMS IBA2 11582 £2.83d 9.05+0.11b 7.83 £ 0.28a  6.24 + 0.18d 1.98 + 0.02¢
H-l/21\;[3)1BA2 193.05 £ 1.58¢c 13.50 £ 0.03a 6.99 + 0.04b 11.07 £ 0.10c  2.49 + 0.01b
H—1/2(1;/InSd)IBA2 4.0 213.74 £ 322a  8.08 + 0.16c  3.79 + 0.13¢  12.36 £ 0.20a  2.59 + 0.0la
H-1/22\;Iri)IBA2 20221 + 7.04bc 8.48 £ 0.52bc  4.19 £ 0.12¢c  11.64 £ 0.44bc 2.54 + 0.04ab
H—1/2(lj/[4ti)IBA2 204.74 £ 1.13ab 8.35 + 0.05bc  4.08 £ 0.01c  11.80 + 0.07ab 2.55 + 0.01ab

“Growth index (GI) = [Final fresh weight (g) - Initial fresh weight (g)] / Initial fresh weight (g).

"The relative growth rate (RGR) is calculated as follows: RGR = [InW2 - InW1] / CP, where In is the natural log, W1
and W2 are the initial weight and final weight, respectively, and CP is the culture period (8-week).

*Mean separation within columns by Duncan’s multiple range test at 5% level.
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AT, 7Nl AekTLbE A 49
AERES 7104 Bkt uff 1/2MS o]} stoll A AAkako] 7?”
Foh & Aol |t AE UeR TKCui et al,, 2010; Lee
et al_, 2015b; Murthy et al , 2020), 121} &7, RS U-5
o) BATE 1S o) o] 57 Aol 74 ke Ao ® L}
Eht 2 A= thE 3 HERITKWu et al,, 2011; Jiang
et al,, 2015), o= BEVE7|E Fof vl Fg T Al
o g 3719, WK P12 0 4712 e AREd
%= (osmolality), AgzdE2 2o oJs) 718gd 2 Aol
0] 2] ol E}— E4 f el A& HojZIth(Amiarouche
et al , 1985; George et al., 1988; Hasan et al., 2014; Liu and
Zhong, 1997). o|Ake] A1}E Z361gau) St BAL %,
S A4 H o] A% 5 A A= MS T whE 8t
=, e Soloh o] nhe A A ol ol 1BA 27}
of w2 2] 117] 1% 9 o] 27 QRS A Ao

=, 2mg/LIBA 24 01]/\1 Hj]
2 O%Oﬂ%%%é 2] 2] 7H(H-T0E-1/2AR) || A]
% 1% 313HE o] 295 50 mg/g DWE oFA8 3L 70% ek

£ 22 AP (H-T0E-EX) 312 94, 45% 422 B9} 11
2 Y 2] 7| FALY] 70% oflehE 2 9 G4 5= A

ol A= 76,33~82,68%% 5-0 4 0 & ko FHEo & BT
Qi 18y & SefH o)t slkeko] A9 oA ST 70% Oﬂ
Bh& 3:2% 22| F(H-T0E-EX) o] 4] 51,36 ng/g DW, oP4 3

HE

A4 2% A2 HH-W-EX) o] 4] 28,69 mg/g DW &=0.2 lr—7-ﬂ
BAEQou RE Y RAL 55 XH—TLMS Hlj7) ¢ HwEo}
Aglo] opAiol| Hlal 23,22~25,16% 470 2 FA]5] WS

22 LehickFig, 9)
DPPH 21 2017 715 2AMS SH9T A% 2fri2 2
o)A ElE 7)o 2 5fef 2hEsA| A dE Ptk 2
20] 7ROl WIS B4 SHIshL Tl
T, 1,000 ug/mL 55=0] opY R FEE0| AEiolM FEE
2l Gallic acid®] 27, 34%0°f tfH|5}e] B4 1.964)], 70% ofjet
S0 1392 H3 912 AL AASS Urehet, et
7100 2= 1,000 g/l 520} B R e 22 E
Aol A 242} 10,28% (H-W—1/2AR), 14,05% (H-W—3/4AR),
9.41% (H-W—1AR) © 2 At 1 0 & v B 5|9l 3 Lp ] 35
£ 9 AElTOE e S AAeRA foHoR
2 Aol eiA] etekFig, 4).

AR Z= a3 SAAA ol 517 0] AkslA AE | Ao ut
5oto] Wol7|12ke 2 A SA8h= HlE 21k (phenolics) B &
2}H = 0] = (flavonoid) = WEkE WA 189} | E2 A 1F 0
B RS O]—rJ— 3 Ofﬂ 7 ‘?1 SAE %Oﬂfﬂ Fatsl, o
e 52 =°|tHRahmat and
Kang, 2019), &ubA o2 Aejeh =4 ofwk 549 244k
A8 2B A0} W31 0.2 Gipblo] 9)oBz vl
31-74]7]- A=k & 4= 9tk Heim et al., 2002), SRS
420 methyl jasmonate (MeJA) S #]2]5}%

S 1| quercetin,

350
300 4
& Total
250 polyphenol
§ content (mg
a 200 - GAE/g)
B
g 150 4
=
2 100 +
=
8 @ Total
50
flavonoid
0 &2 B - - B ‘ - B content (mg
H-W-EX H-W-1/2AR H-W-34AR H-W-1AR | H-70E-EX H-70E-1/2ARH-70E-3/4AR H-70E-1AR CAT/g)

Fig. 3. Total polyphenol content and total flavonoid content on wild plant and adventitious root of H. hamabo analyzed by
colormetric method according to extraction solvent and medium composition.
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kaempferide 52 flavonoid §FF <712} DPPH ICs 41¢] 6.2
ug/mLE & AR A5 Helon, HAE AeA 55
5 mg/mL 2|2} A] 81,51%2] A eFt]Z 2:750] Ikl Halk
QIth(Han et al, 2019; Lee et al., 2018), wWahA 2 AL
AlzT= viA] 4 = 1/2 MS), AF2EEE %2 mg/L
15A)°) el B Wiorshe v, AR 9 s ks
o] o] AHpAS 1ol 714 Hgtet v 2 loleka gk
o}, 3 Fooll 29 wlE SlghE, SohHeolE 52 7
eI £, T2 59 Aol Qo) HATY o
AL ekl AR A2, D20 P R AT
of salicylic acid, methyl jasmonate S9] elicitation #|&], 5
59 29, 24 225 5 54 AR e HdE
A Z-goll gt 371 $1-71 B asit,

100%

F2 #2955 238
At FE= Aol ke ME W o-MSHE] 74 E
= sRolsto] Wahd S 475 m T oA B
Asto] vl B55 FABIITE S 200 ug/mL A28l g
o, opd A4 FEE(H-W-EX)o A 71.66%% 7H F2 &
3

IMS ¥4 FE=(H-W-1AR)2 82,60%, 1/2MS E¢ 55
(H-W-1/2AR) 0.2 £ 3tthFig. 5). ofof vkl 70% ofeh&
FEEE AP o WARlel ¢ FEERY H2 avE
LR et b R RS Alae] debd A4 oAls
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