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We investigated the fermentation conditions for extracts of leave/branches and sap from Korean
Dendropanax morbifera (D. morbifera) using Lactobacillus plantarum (L. plantarum) ilchiwhangchil 1785 and
L. plantarum ilchiwhangchil 2020. Log growth phase cultured L. plantarum ilchiwhangchil 1785 and L.
plantarum ilchiwhangchil 2020 were used for fermentation. The pH and growth of the microorganisms
in broth were monitored during the fermentation period. The results revealed that the optimum fer-
mentation conditions for 20 wt% of leave/branches extracts and 1 wt% of sap extract was 2 days in-
cubation at 37C. The minimum inhibitory concentration (MIC) method and a disk diffusion assay
were used to evaluate the antimicrobial activity of the fermented extracts of the leave/branches and
sap against Escherichia coli, Staphylococcus aureus, and Pseudomonas aeruginosa. The antimicrobial activity
increased in all three strains grown on the medium containing fermented extracts of the leave/branch-
es and sap as compared with that of the strains grown on medium containing non fermented extracts.
Furthermore, the antimicrobial activity increased in proportion to the contents of the fermented
extracts. Our data suggest that fermented extracts of leave/branches and sap of D. morbifera have ap-
plications as natural bio functional materials, such as preservatives, cosmetic materials, and natural

packaging materials.

Key words : Antimicrobial activity, Dendropanax morbifera, fermentation, Lactobacillus plantarum ilchi-
whangchil 1785, Lactobacillus plantarum ilchiwhangchil 2020
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AEol o FfrEo sloH, 1 F HiE A8 R
A ATk AT dATA A F, FF AN &
b AfetEg, & 7oA e AUT A9 HEA R
FEEE Atz d.
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Peptone, dibasic potassium phosphate, sodium acetate,
glucose= Daejung Scientific (Seoul, Korea)ol| 4], prethanol-&
Duksan Scientific (Seoul, Korea)ll A, nutrient broth (NB)

medium, beef extract, yeast extract: BD Biosciences (San

Jose, CA, USA)el A ate] A-8-3kSiTh,

LT I FE2E HZ
%é‘%—r(Dendropanax morbifera, D. morbifera) % -7}A 2
FIHSPE}O] X (Seoul, Korea) ol A Al g8k gttt 2k A
7‘9_1’}-7“ A 7MAE At 1 kgs A#Fsta HE
115 &3k 80TlA 643 & F=3H%on,
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Lactobacillus =3 & SM £H

B AT ALE v EL Lactobacillus plantarum ilchi-
whangchil 1785 (L. plantarum ilchiwhangchil 1785, KACC
92131P)9} Lactobacillus plantarum ilchiwhangchil 2020 (L.
plantarum ilchiwhangchil 2020, KACC 92132P)¢|H, 5 €5
8¢l (Korean Agricultural Culture Collection, KACC,
Wanju, Korea)oll /| 7] & 1ol AL&3HATh. L. plantarum ilchi-
whangchil 1785, L. plantarum ilchiwhangchil 20202 Hj g
200 ml¢] MRS medium (pH 7.0)9 72| 18417t vl &= 2 ml
o #AE AEs 37CE FAH W& v %7](Shaking in-
cubator, SH-802F, LABOTECH, Korea)oll A Hll o3} AT}, 4t
79 A% F4L& BFFZA(UV-visible spectrophotometer,
Agilent 8453, Agilent Technologies, USA)E A-&3t<] 660
nm A9 FFEE FAIUT

o

I

SEUT AT FE2 A Y9l L= N

FAYF AU 2= B s dasl Az 4L
Fig. 10 YERH ATE MRS Hl A & shaking flaske] ¥ 1 119
7] (Autoclave, AC-02, JEIOTECH, Korea)E A+-8-3t 2
w3 AT MRS WA o FAUE o FF= §F< 0,10, 20,
30, 40 wt% Hl1&& A 233 L. plantarum ilchiwhangchil 1785
9} L. plantarum ilchiwhangchil 20208] <& 7x10° CFU/ ml
2 sdotA AEst] 2EAZTG. FAUF FAAEE 59%
prethanol 1 ml°ﬂ 79 05,10, 20 g& 40T 5&7F vortexing
dtof =0l ARt &ad AT F4E MRS HlA
o 1008 343k, HF ol 0,05 1.0, 20 wth7h HES
A3t L. plantarum ilchiwhangchil 1785, L. plantarum

A B
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gt
-
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1% of L. plantarum ilchiwhangchil 1785 or 2020 inoculation in MRS broth
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Add 0.5, 1, 2 wt% of dissolved sap
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e
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Fermentation
(37T, 200 rpm, 2 days)

Fermentation (37°C, 200 rpm, 2 days) |
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Centrifugation (4,000 x g) &

| Centrifugation (4,000 x ) |
Supernatant collection

-
D
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| Storage (4C) | | Storage (4°C) |

Fig. 1. Fermentation process of Dendropanax morbifera (A) leave/
branches extracts, (B) sap. * represent 59% edible ethanol.



ilchiwhangchil 2020¢] ¥4+ 7x10° CFU/mlE 5Y&tA A
Foto] A 5 T shaklng incubator (200 rpm, 37

Tyl wgstar ddde § 45 9A< filtering (0.22 um
pore size, Advantec, Toyo Roshi Kaisha. Ltd., Japan) 3}
AN 47 FEE 9 A9 FEEE SR

AR I FEE F 7Yl YE xH AE

L. plantarum ilchiwhangchil 17859} L. plantarum ilchi-
whangchil 2020< #3354 ¢ O.Dgomm#tol 03¢ o, Fd

4 F2E 8 Fde R MRS #4100 mief
33 ul AE ke Wl 4skAh(3,000x dilution). Wl A17HE pH
£ 4387 A8 Mg £ 200 plE At pHE A
3% th(Model 410A", Thermo orion, Korea). A& 274 &
shaking flask methodE A&-3tE T £33 ZA 9 O.Desonm
#kel 03¢0 L. plantarum ilchiwhangchil 1785 %+ L. plantarum
llchlwhangchﬂ 2020& SFAYE d A FE2E 2 FHE 3

%3 MRS medium®l 1x10° CFU/ml7} § 52 34 HZa}o
shaking incubator®]l A ] &3} T, 2447t 2H4 22 MRS 1L
Al agar mediumdl 10°8 3)4}8t] 100 o] &< spreading
3}t Incubator (SH-701, LABOTECH, Korea)ol A 37°C, 18

A =, e 22Y £5 SAAG
BAUS YK 52 U 200 $aS9| 7Y 55
E. coli (KCTC 1039)9} S. aureus (KCTC 3881)= WA EA<
AE (KCTO)A A, P. aeruginosa (KCCM 11266)= &= 7|4 =

B EHH (Korean Culture Center of Microorganisms, KCCM,
Seoul, Korea)ol| A ¢ Hrop Ag-3tglon, AT o -7HA
FEE 2 7YY TEE I FFEA LS disc diffusion
methodE ©]-&3te A4 A Z(inhibition zone)®| Z7]&
Q&% NB agar Wl Ao 2 &< =2 (1x10° CFU/ml)
%, d1 ¥ paper disc (6 mm, GM Healthcare, UK)E #l| %]
Qo AAAFI 2 AEE 10 ul (FAM 1, 2, 3 mg)E paper
discl §FA At o] %, incubatorol| A 37°C, 2447t vf &5}
1 "za F99 ASAAS A4 fFE S
Chloramphenicol (10 ng)& A+ 24 9] positive control &
A-&-5t gtk

g9 o AFAQ H7HE 918 minimum inhibitory con-
centration MICO)H 2.2 HAGAFEE ZH3H T %6 well
plateo] 2+ #< 5x10° CFU/wellZ 180 ul %3k 2+ wellol
ANZE 20 ul¥ AHEste] 32, 64, 128, 256, 512, 1,024, 2,048,
4096 2 8192 ng/mle] HEEEE 37CAA UAZ vl &
O.Dssoome F43t H2YAFEE F56H.
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Fig. 2. Growth curves of Lactobacillus plantarum ilchiwhangchil
1785 and Lactobacillus plantarum ilchiwhangchil 2020.
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3k B4 L& Student's t-testS o] &3} 43592
H, p%kol 0.05
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Lactobacillus #3F 4& =M &H
L. plantarum ilchiwhangchil 17859} L. plantarum ilchi-
whangchil 20209] A4 A& 248t Atk (Fig. 2). L. planta-
rum ilchiwhangchil 17858} L. plantarum ilchiwhangchil 2020
& 5N 7 A = lag phase, 5~184ZFe log phase, 2047} ]
Fo= AAVE FASAT. et FAUFE S =
B3 gdo wE mF, 18A17 Wk L plantarum ilchi-
whangchil 1785, L. plantarum ilchiwhangchil 2020 & A}-&
sk

AR I FE2 F 7Y YE xH HE
FAYF A7 FEE 5 2
"L;L«] *37‘“’“ on—k_g_ T T F2
Qottt. whebA Aot
Z ZAste] A7t 7t
A Zo HjUATE ‘,'
AT = 0~40% TS A EE AT L. plantarum
ilchiwhangchil 17858} L. plantarum ilchiwhangchil 20209]
& NzEel Al wet AETE S E A 29T 5 U
th(Fig. 3A, Fig. 3B). ol L. plantarum®) EE ) AHAHES lac-
tic acid7} WA 2 7] Eo2 A5HATG4] TF 1Y
Aol L. plantarum ilchiwhangchil 202085} L. plantarum ilchi-
whangchil 1785914 L& Z7]d] A57} F7HHE 2S¢
Z 9\ &=H(Fig. 3A, Fig. 3B), o< L. plantarum ilchiwhangchil
17859 & &3 5ol Ao R 4% Ao g AddA. 3}
A, 2,3, 4,59 A 71zl M= ol BARe] 47t 35
FEOE UERTH
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Fig. 3. The changes of pH and the viable cells during of fermentation process. (A) pH changes during fermentation of Dendropanax
morbifera leave/branches extracts with Lactobacillus plantarum ilchiwhangchil 1785, and (B) Lactobacillus plantarum ilchiwhangchil
2020, (C) the number of viable cells changes during fermentation of Dendropanax morbifera leave/branches extracts with
Lactobacillus plantarum ilchiwhangchil 1785, and (D) Lactobacillus plantarum ilchiwhangchil 2020, (E) the number of viable cells
changes during fermentation of Dendropanax morbifera sap with Lactobacillus plantarum ilchiwhangchil 1785, and (F) Lactobacillus
plantarum ilchiwhangchil 2020.
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Fig. 4. Antimicrobial activities of fermented Dendropanax morbifera leave/branches extracts, using (A) Lactobacillus plantarum ilchi-
whangchil 1785 (1785) against Escherichia coli, (B) Lactobacillus plantarum ilchiwhangchil 1785 (1785) against Pseudomonas aerugi-
nosa, and (C) Lactobacillus plantarum ilchiwhangchil 2020 (2020) against Staphylococcus aureus. (1) control (distilled water),
(2) 1 mg, 3) 2 mg, (4) 3 mg of Dendropanax morbifera extracts, respectively, (5) chloramphenicol (10 ug).

dz e &3te 3= F, sesquiterpene 2| B-cube-
bened 34 Ao FoAR o gF Ay} Jtts Bavl
Ao B[], FAUYF F99 B-cubebenedl| 93 L. planta-
rum FF7F O ol FAeHA R AEE & Ut &
AP e Fote] FAYF A 7HA HEEY HH 2E 21
20 wte FFo| FAYF AT FEE, 1wt FEAYF
T4 o &, L. plantarum ilchiwhangchil 1785, L. plantarum
ilchiwhangchil 20209] A#57F 744 B3, 457 & 24
L anz daEs ol8ste 7Y FA Aget it

2ELR 2| FEE L 7Y WSS9l & X

E. coli, S. aureus, P. aeruginosa 7+ W& A YT 9.7}
A FE2EY LEE Y 5 BT EY g AL disk dif-
fusion method& T3t L& AS YFAAS%Y A7 E
Hla, BAEG T Ase B8 A9 YT A F&2E,
g T FAYF YA FEE, LE $Y FHE AL
Aot

E coliol gt HE Ao FAYF dIHA FE252 AEA
A go] VERA of ¢t O, L. plantarum ilchiwhangchil 1785
S A8 1E 3 FAYF 4] FEES 1,23 mg
A ol A 12~20 mme] A5 A A S eI TH(Fig. 4A).

L. plantarum ilchiwhangchil 202002 T &3 A= 54
g 2= Yt o A5A A g —:’-7]L Tage o
of Hast Frtetsth 2y FAo FEE ) F5ol=

L. plantarum ilchiwhangchil 178501 A& A £ 4 2| gko] H o] 7|
%%, L. plantarum ilchiwhangchil 202022 & ¢ 7 4,
9~12 mm9| AFAA S YERUTh 1 mg FFo2 Aedh
A5 AFAA ] YA o491, 2,3 mg FFOE A
g TAAT HE Aoz YFAAR0] Tt AY. FRTE
AT FANZET S BE ARAA ASAAS] YEtA
agton, AT F4 9 positive Controlii Ab&-8t chlor-
amphenicol?] 3¢ ZE A gA FL3 Y&A A Fho] e}
% Ch(Table 1).

S. aureus®l| I3 HE Mo FAUF d-7HA FE2E A

T(1, 2, 3 mg)oll Ao AFAASL 247} 7410 mmE HEH
ok g Fof AT AT F2ES 1,2 3 mgd FEFL
Z A TolMg AEAASRL 11716 mmE YEHL HE
Ao FE2EHT Fagdol Bad o3 SIHEATS ¢
+ ATHFig. 4B). o] A5AA G A7 FaE Fol v
st F7betgith. 9 REEY Aol L plantarum ilchi-
whangchil 17852 &3 4%, 3 mg® FZFol A% 9 mm?]
A& A A Go] YERE L

(o3

r

1, L. plantarum ilchiwhangchil 2020

Table 1. Inhibition zones of fermented Dendropanax morbifera leave/branches extracts, and sap using Lactobacillus plantarum ilchi-
whangchil 1785 (1785) and Lactobacillus plantarum ilchiwhangchil 2020 (2020) against Escherichia coli

Clear zone diameter (mm)

Dose (mg/disc)

YControl 1 2 3 Antibiotics
D. morbifera leave/branches extracts N.D. N.D. N.D. N.D. 3242
Fermented leave/branches extracts by 1785 N.D. 15£0.5 1741 20£0.5 321
Fermented leave/branches extracts by 2020 N.D. 12£0.5 1741 2041 321
Fermented sap by 1785 N.D. N.D. N.D. N.D. 34+1
Fermented sap by 2020 N.D. N.D. 910.5 12+0.5 32+1

DControl : distilled water, ?N.D. : Not detected
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Table 2. Inhibition zones of fermented Dendropanax morbifera leave/branches extracts, and sap using Lactobacillus plantarum ilchi-
whangchil 1785 (1785) and Lactobacillus plantarum ilchiwhangchil 2020 (2020) against Staphylococcus aureus

Clear zone diameter (mm)

Dose (mg/disc)

UControl 1 2 3 Antibiotics
D. morbifera leave/branches extracts N.D. 7£0.5 8+1 101 30+1
Fermented leave/branches extracts by 1785 N.D. 11£0.5 13£1 162 27+1
Fermented leave/branches extracts by 2020 N.D. 12+1 13£0.5 161 28+2
Fermented sap by 1785 N.D. N.D. N.D. 9+0.5 28+1
Fermented sap by 2020 N.D. 7+0.5 810.5 9+0.5 27+2

DControl : distilled water, ?N.D. : Not detected

ARG EE] Gkl HlEste] A&AA S| BT F
T AN RN AEAA G 1

positive control &. 2 A}-&-3

chloramphenicol®| 74-¢ EE A &4 5L AFAA &S

YUETE S aureusell Uik Q-71A] FE2EY] HEE F7E
AL d7A FE2EY HEEC] Fh HAHEY 58S

& 4 Slth(Table 2).

P. aeruginosa®ll T3k L& Ao FAUF A-7HA FE22
A AEAA G e goktt Ba 3o vy o
A FEES 1,2 3 mgd FHFOE A LA E 8~16
mm®] A5AA &S Yt AT (Fig. 4C). ol= T84 ©]
dao o3 F/HEHASE ¢ F AUtk o AFAA T 7]

T BEE ol vt St ¢ 2EEo 3
o= % 74A §akRo] o% WEE 3 mgol A 27} 8 9 mme
AFAA G YRt $75TE MY s 2T S B
A Bl A BEAAGo] YA 3koH, P. aeruginosa®l T
g chloramphenicol & A& A 2| $o] UERLEA] % SETh(Table
3). 1 olfre 5= W= A28 MexAB-OprMe| =%
oA FdEY, o] chloramphenicols Hl#& fluo-
roquinolones, [-lactam, tetracycline, macrolides, novobiocin
T e FA WA AZAGE Hol7] WEolns5, 21].

FAGF A7 259 LEE 9 7O FEEY Ha
A8l =(MIC)E Table 49 YEFW AT E. colio] tiE &
Ao FAYF 9 7HA FEEL 409 pg/mle MICE Y

L Ho

Table 3. Inhibition zones of fermented Dendropanax morbifera leave/branches extracts, and sap using Lactobacillus plantarum ilchi-
whangchil 1785 (1785) and Lactobacillus plantarum ilchiwhangchil 2020 (2020) against Pseudomonas aeruginosa

Clear zone diameter (mm)

Dose (mg/disc)

UControl 1 2 3 Antibiotics
D. morbifera leave/branches extracts IN.D. N.D. N.D. N.D. N.D.
Fermented leave/branches extracts by 1785 N.D. 8§+05 13105 16 £0.5 N.D.
Fermented leave/branches extracts by 2020 N.D. 8+05 12+£1 16 £1 N.D.
Fermented sap by 1785 N.D. N.D. N.D. 9+1 N.D.
Fermented sap by 2020 N.D. N.D. N.D. 8£0.5 N.D.

DControl : distilled water, ?N.D. : Not detected

Table 4. Minimum inhibitory concentration of fermented Dendropanax morbifera leave/branches extracts, and sap using Lactobacillus
plantarum ilchiwhangchil 1785 (1785) and Lactobacillus plantarum ilchiwhangchil 2020 (2020)

MIC (ug/ml)

E. coli S. aureus P. aeruginosa.
1785 only 8,196 8,196 8,196
2020 only 8,196 8,196 8,196
D. morbifera leave/branches extracts 4,096 2,048 4,096
Fermented leave/branches extracts by 1785 64 256 256
Fermented leave/branches extracts by 2020 128 256 256
Fermented sap by 1785 4,096 4,096 2,048
Fermented sap by 2020 2,048 2,048 2,048




Wor, & fAd s AL HE o FAUR dvhA F

EollA 247t 64, 128 pg/mle YERRT 18 F %4&—%
A o] BEEY Aol 247 40963 2,048 pg/ml
o] MICE Yetth. S. aureusoll Bt &g A9 FAYT
A7HA FEFEE 2,048 ng/mle] MICE YERR o1, F 4t
& A& HE Fo FAUF dIHA FEEAA 44
256, 256 ng/ml< YebHY 218y F it A8 ¢
o HEEY A$olE 27 40963} 2,048 pg/mle] MICE Y

BRI ATk, P. aeruginosa®] 735, 'Ea Ao} Ay o714
FE2E2 409 pg/mle MICE B, L. plantarum ilchi-
whangchil 17855 AH&3H B8 $9 AT Q71A) FE2E
ol A 256 ng/mle] MIC#& WetW on, L. plantarum ilchi-
whangchil 2020& AH&& 7-¢-oll= 256 pg/ml< YEFRT
FH BFEY Aol L plantarum ilchiwhangchil 1785
+ 2,048 ug/ml, L. plantarum ilchiwhangchil 2020 2,048 ng/
ml¢ MICY & EAth

FodPAHE T, FAUF dIA FEELS L
plantarum ilchiwhangchil 1785, L. plunturum ilchiwhangchil
2020< o] &3te] AN O EMR E. coli, S. aureus, P. aerugino-
sa 7 E0] et it FAdo] FAHUT. 59 L. planta-
rum ilchiwhangchil 17858 AU 1-7t2 L& Eo| L.
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