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Antimicrobial Activities of Methanol Extracts Obtained from Several Fems

So Lim Shin and Cheol Hee Lee*
Department of Horticulture, Chungbuk National University, Chengju 361-763, Korea

Abstract - Methanol extracts of the aerial and rhizome parts obtained from ten species of ferns has been screened for
antimicrobial activities against Bacillus subtilis, Escherichia coli, Listeria monocytogenes, Propionibacterium acnes,
Streptococcus mutans and Streptococcus sobrinus. Antimicrobial activities were carried out using broth microdilution
method and paper disc diffusion assay and the extracts which showed clear zones more than 15mm in concentration of 2
mg/disc were tested for its antimicrobial activities at the 0.125~2 mg'mL™ concentration of each extract for three days. The
non-sterilized crude methanol extracts of Osmunda cinnamomea var. fokiensis rhizome showed the highest antimicrobial
activities on B. subtilis(39%), E. coli (33%) and L. monocytogenes(58%) at the concentration of 2 mg~mL'1 after 72 hours.
In P. acnes, frond extract of O. cinnamomea var. fokiensis showed most vigorous antimicrobial activities in the all extracts
but it showed weak activity(clear zone diameters below 15 mm). All extracts has the antimicrobial activities on

Streptococcus, but they exhibited weak activity. At the concentration of 2 mg-mL™",

only Osmunda japonica rhizome

extracts showed 28 and 39% of antimicrobial activities on S. mutans and S. sobrinus after 72 hours and the other extracts
showed below 10% of antimicrobial activities on S. mutans and S. sobrinus.
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Table 1. List of strains and cultural conditions used in this study

(20079 7~109), 782 3F%71(2008d 1)l 4==F5}
o A EAp) gl $ES YRR son, 27
Aersjo] Yot e A AIEEel AHSak
IR AR AR T SAlste] BAAZ)
(FD8512, I1Shin Lab, Co. Ltd., Korea)® AZX3t th&
wafstoict, B4 AlEs st 34 200 mLe] f-2H
o] gol 2Suk4%(5510-DTH, Bransonic, USA)oJA]

Mo 2

o] Bole] 9] $AL o] §2yel 285}
G229 sitholl A% 72 oA sialtt. = A 25uex
o] 222 20 + 2T o9 om, $3E3HE B $2 2.5
1 0.8C A5otglet, F2E2 oJ7x|(Advantec No, 2,
Toyo Roshi Kaisha Ltd., Japan)& AMESFY] vacuum
pump(GAST) &2 7ZHelojulsto] ZAE A AStg o, Ai
ZA5to] —70C (SW—UF—-200, Samwon Engineering Co,,
Korea)o] Btau4] Ago] AHgalsich

| PE i

2 ol ARgH wAES F 6F0l9lon, B 37C
O] 270l A ujgFstth(Table 1), &, E714d A+t P,
acnes= Z3t t}E gas pak(AnaeroPack®, Mitsubishi
gas chemical Co,, Inc, Japan)S Y2 WH-g7]of o
Ui FEFA broth 9ol Bt gt vjd[E L& E3Esto] o
7|27 A sk

Broth microdilution-& o83 ¥4 X
Broth microdilution & ©]-83t +E559| F+24 &
AL Kim 5(2006) 2] W& 3-8-5to] =aysoint. 2t o]
AEL A3 2 650 nmoj|A] optimal density(0.D,)E
0.82 25jo] AL8FILN, 105 PR A3}

Aot 222e Wwo| WEHHL A% Attt 96

Strains Gram Media Temp. (C)
Bacillus subtilisz + BHI broth 37.0 £ 0.5
Escherichia coli KCTC 1467 - BHI broth 37.0 £ 0.5
Listeria monocytogenes ATCC19115 + BHI broth 37.0 £ 0.5
Propionibacterium acnes KCTC 3314 + RCM broth 37.0 £ 0.5
Streptococcus mutans KCTC 3065 + BHI broth 37.0 £ 0.5
Streptococcus sobrinus KCTC 3314 + BHI broth 37.0 £ 0.5

“Isolated from Chungbuk national university.
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well-plated]| 5mg'mL 9] 3&E 20 uL, broth 160 uL,

ujerol 20 pLE Yo multichannel pipetteC.2 1127
Ao B 24 A7k E9t ufjokgt Tk Elisa(E max, Molecular
Devices Corp., USA)Z 650 nmoj|A] O.D. & &%3}4 2
W, 2280 GRBYL o] Ao lste] Faielrh

Antimicrobial activity (%) =[1- (A /B)] x 100
A A A5e] 003 -
24A17F o} ] FEE A9 0.D.gk
B: A9 479 0.D.% -
24A17F wfjoF 5] gl Ao 0.D. gk

Paper disc diffusion ©]-83 3484 €
AR5 9 F2BE UtsEoko] DMSOR SES
ZA o}S HH43 8 mme| disc(Filter paper, Advantec
Japan)o] 2 mg/disc?]
xR FYsielen, s ALARTE 0.7%9] agars
A7Vst soft agar brotho]] 650 nmoA] O.D.& 1.0%
2 2R 7 s s 1% v/ivE JEslen,
—’37'“ Aol & ke 100X15 mm2]
plateo]] 15 mLA BZ3to] 2t} n|A=S A7}et wjx|
plateoﬂ S ':}3 154 oJfjo]] F2EES $UTt disc
Agerglon, &5 WA W JFE &olstA sh7]
Hs}oq 4°C o) Yol A 1A17F F<t wjogt the 37C 9
2712 §7 2442 B WIS, Y T
disc®] AL E3Fst clear zoneS SATIY O, FE25
o GFRAL WLe| Slajo] 205 FES 2a
lactic acid(Lactic acid;L—6661, Sigma, USA)E 2
= Agagr

Toyo Roshi International Inc,,

magnetic stirrer=

8 mm

2389 BE X AP FFRY A

FEES S U WAL T FHRHE Moon
5(2008b) 2] WH-g g-&ate] HAHIcE ~70TC oA &
Hole =52 0_125, 0.250, 0.500, 1,000, 2,000 mg -
mlL 2 2-slo] ANSIYIh F&-80] DMSO7} 2% 1wk
02 H7IE=E DMSO2} brothE ©]-&3to] 3|4514 0
o, WEo] A 517 oktth 650 nmol A 0D, =
0.42 ZA3%t u]AE vjofd 100 pLet =25 100 pLE
96 well-plateo] F%3t &, multichannel pipette &=
a2A| FlojFglon, 37C 9 g27]ollA ujekstHAl 0, 6,

12, 18, 24, 36, 48, 60, 72A|17t ZFA O & Elisag ©|-8-35}
°f 650 nmelA O..& SYSISC, W 22
FEHe A7k 0.D. 9 27k adZa yehyo] &=
EEL Wl gL tﬂﬂoﬂxu 0.D. Z7}e} vl
Bpiey

Zn o o

Broth microdilution®-& ©]-43t A4 &4

639l A% Ry 2 90 AR G 105 4
ABO] AAFHOL 2SI ek 22 50| FFBAL Table
29k T} B subtilis®] A% ASRET AR 250l
A oR oAsglon, gejmel, Sgm) % 1o} A

HEEES 90% o) £ oA ATHE H I
AZ Bl ul WIXS 71X = £ coli®t I, monocytogenens

A o) el a0l T $4T B2

= Hrh 1 Qo= £ colidl HsiA= 5ae,
SEolme], 1|, AR, Ik, GESE-oue] ] A
spel Epojue) 3 gRapoimelel Aokt FEE0
50% ©AFY] StEAS B0, L monocytogenensol|
YA ojmel, Apeelme] 9 mHe] st
Hm|o] AR 23] 50% ool SRS Btk
HbH P acnesol EHOH/\‘]“ HarH] ] A gH o] Q]ofl= 50%
AL HeRlE 2380l e, AoAe] el
S mutans®l| fafjA= G522 A8kt 68.09%
2 7V 953 g Helon, 1 Yok d45EEY
e, FaAkE], Fae|ef 2Rel Sg-ojae], el 9 g
AR Q] R|E}E 2ZEE0] 50% o]AFe] AL B
S, sobrinus°l| WA= THYHe| ] At FEE0|
66.75%2] AATAL Ho] 71 943} FSAS B
omj 1 efoft= arH], FarH] Fojae] o] A)4Htet A5t
W AmARIS) A Y ,
7L 50% oS FtEAE Hlth

4 Fap wojel wet FRL A Uepte
ARR|e} B aTH| O] 2Ll BatH] YE AL, %41'1?4,
s agelme], Sopmy] U yelmele] AaE AT
o AL 63 DB ARG AT 4 s A 1}
etettt, 53], Ban|Y) AAF= L monocytogenes, P,
acnes, S. mutans, S borinus®| 5t 50% o|A+e] 3k
THL HYow HH|9 Aot B subtilis, E. coli,

5 \1e)
S A

AR, gegnnlel 5
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Table 2. Antimicrobial activities obtained from methanol extract of ferns

Antimicrobial activities (%)

Scientific name Korean name Part” .
B E L P M S
F 83.46 37.42 N.D.¥ N.D. 10.95 26.76
Davallia mariesii HZ314}]
R 49.83 20.15 21.85 11.69 31.64 43.43
Hooleni ar A3t F 14.16 52.25 N.D. N.D. 61.85 61.18
IPOTEPE PURCHI n R ND. 2720 1808 ND. 5758  37.11
latiusculum - R 2.59 2248 1.38 N.D. 8.21 19.62
Osmunda cinnamomea var. 2 34] F 19.79 4343 65.16 55.51 52.36 51.09
fokiensis o R 5808 6710 7288 3413 4549  59.52
F 92.23 N.D. 7.22 N.D. 19.61 13.79
Osmunda claytoniana S OF31H]
R 16.92 37.69 30.07 20.56 14.79 60.51
F 91.33 58.01 19.20 N.D. 44.65 56.84
Osmunda japonica 1H]
R 30.25 26.58 60.72 N.D. 59.80 62.40
F 83.84 64.29 1.01 N.D. 42.09 49.32
Pteris cretica Z59ae
R 54.27 52.98 8.85 4.46 6191 66.75
o F 6941 4971 ND. ND. 1473 2792
Pteris cretica "Wilsonii' ALAFG)H- 2 7 2]
R 25.10 N.D. 66.22 N.D. 34.27 61.76
F 93.47 66.81 29.32 N.D. 22.98 50.17
Prteris multifida Holmyg
R 44.70 37.90 71.40 15.14 37.15 60.52
s geageme T 4765 5135 28 ND 643l 613
eris nipponica 24
op sTreeT R 243 5169 2032 887 6809  63.29

“F: frond, R: rhizome.

Y Antimicrobial activities in methanolic extraction of several ferns at 5 mgmL™"

*B: Bacillus subtils, B: Escherichia coli, L: Listeria monocytogenes, P: Propionibacterium acnes, M: Streptoccocus mutans, S: S.
sobrinus.

“Not detected.

L, monocytogenes, 5. sobrinusel ThEke] 50% ol¥Sl BB HETAR] AR FEEuC YRl WA Lt
FEUS Mol 4B 23E F IF AUEU| AY YT ek £ colie] Al WY AaRLe] FEE0] I
FEeol 242 AR Uehlrh B0] 7 $45490L, 20%) lactic acidieh FE
o] thA Fe Ao UElTH E3F 96-wall plateE 9|

Paper disc diffusion®Z 0|83 F=¥A 24 Bdto] 43S o= F=to] A Lakgld Ha
8719 Aol 50% o) e] Fete e Hel FEES Abe], EEome], an]) Ak, Bojae] 2 dEEEY
Y22 paper disc diffusion®& ©]-&sto] &= o] A FEES JATkE FAsHA & L
B3} tHTable 3). 1 A1}, B subtiliso] Hsir= 4 monocytogeens®l WA= Faiv|e}t 14| 9] X5 =&
ZA ] 2GR F=E2E0] 20%9] lactic acide} FAFSH o] 17 mm9| A Hof o] L4531 Aoz L}
AAgRS Hof Fgtedo] 7P gt Ao ' UERT EP’“’Ur 20%9] lactic acid(22 mm) =t} gto] W
3tH broth microdilution 22 3H48S AAILS o o8 yepylty gHH 2 mg/disc®] FEE paper disc

o] VS0 ACE el TS R £ dffusiont]OR L4 B, £ acnesel fsie] 4%
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Table 3. Antimicrobial activities of crude methanol extracts of ferns against various microbials

Clear zone (mm)’

Scientific name Part "
B E L P M S
Lactic acid (20%) 19+09 21+£06 22+12 21+06 21+06 21 £0.0
Davallia mariesii F 19 £ 0.6 - - - - -
Hovolen » F - N.D." - - 14+09 11 +03
olepis punctata
PP P i ; ; - 13403 ;
Pteridium aquilinum var.
] F 11 £ 03 N.D. - - - -
latiusculum
Osmunda cinnamomea var. F - - 14 + 09 N.D 1510 13+0.7
fokiensis R 18+£09 19+09 17 +04 - - 14 £ 0.7
F 11 + 0.7 - - - - -
Osmunda claytoniana
R - - - - - 19 + 0.8
F 12 + 0.6 N.D. - - - 13 + 0.6
Osmunda japonica
R - - 17 £ 03 - 17+ 03 16 £ 0.7
F N.D. N.D. - - - -
Pteris cretica
R 12+06 13 +£09 - - 16 £12 15+03
. .. F N.D. - - - - -
Pteris cretica "Wilsonii'
R - - 11 £ 0.7 - - 13 +£ 0.0
F 10 +£ 0.3 N.D. - - - 12 +£ 03
Pteris multifida
R - - 13 + 03 - - 11 + 0.6
F - N.D. - - 15+03 12+ 03
Pteris nipponica
R - 13 £ 0.7 - - 12+06 12 +0.3

“F=frond, R=rhizome.
"mm: disc diameter (8 mm) was included.

*B= Bacillus subtils, E= Escherichia coli, L= Listeria monocytogenes, P= Propionibacterium acnes, M= Streptoccocus mutans,

S. sobrinus.

“Not available (under 50% of antimicrobial activities, refer to Table 1).

"Not detected.

AEIE Hol= 2280 9ot} § mutanset S sobrinus
of tajAl= 96—wall plateo]A] 50% o]AH<] Wﬂiﬂé
HJY RE 2Zo| o F7] o]Ake] NZ}]Q»E«E
S mutans®l] A= 118]Q] R|eHE 228 S sobrinus
o el ool Asty $EEo) TV S4T
78S HYrh a8y RE 22E0| S mutans®t S
sobrinusOl Al 20%2] lactic acidE T} 3F-2lo] Fe Ao
2 vt

2 7 2312} 20| el Aol bro
H3} paper disc diffusionH .2 5&:&3—"1% A= o
SARE 45 BolXR GrElo] ¥HEA] 9

microdilution

S

52 JEJ=Y(Kim %, 2000; Moon &, 2008a),
roth microdilutiono| A= B|RWEL] #AF E=

0|

& e ol ol

2 97 Eelck

8% 9 WjpAZPE FIEA BY
4719] AolA] 50% o] B Bl 15 mm
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——Cont.

—4— 2.000 mg/mL
——1.000 mg/mL
——0.500 mg/mL
—#—0.250 mg/mL
—#—0.125 mg/mL

A Absorbance (650nm)

0 6 12 18 24 36 48 60 72
Incubation time (Hr.)

(@

E

g 12 —=—Cont.

2 ;'g —+—2.000 mg/mL
E 0.5 —4—1.000 mg/mL
8 o4 ——0.500 mg/mL
E 0.2 —%—0.250 mg/mL
< 0.0 —#—0.125 mg/mlL
=

0 6 12 18 24 36 48 60 72
Incubation time (Hr.)

(b)

Fig. 1. Inhibitory effects of crude methanol extracts on the growth of Bacillus subtilis. A: Frond of Davallia mariesii, B:

Rhizome of Osmunda cinnamomea var. fokiensis.

ol4e] AAITE AT FE2ES FCRE 0.125, 0
0.500, 1,000, 2.000 mg'mL '] =04 724]7H50
g9 A&of A= 52akE &

©] 0.125 mg'mL 9] FEANANE el

DN

50

o

ol

i

")

L Nl
z" a}]z r‘r‘

Z17) G5tk WEAd 2AE Akl 1

NHE AR B A2 5 s AE R4 1
(Ahn 5, 2000)%] B subtilisol tafA &2 o]
Ao 2 Ut YEaabe] 9] A4l Farn| o) 2|skie]
Hehe 23552 2 mgml Q] SREollA] 72A771A] 7k
42, 39%9] AAEALS R o, w75 B subtilis
o] Ae5 WA AAsks Aor YeythFig. 1), £
coliol| HjeliA= FaLn| 9] e} 50| o] 7}
A Sp3lAd o 2mgrml 9] o)A 83%2] luA W
AA e Hch(Fig, 2). Fav|9] Aol &5
coli®} 7| vReFRt A}, wjeF 6A177IA] = A1 o]
A Y] oo HatH| 9] Asht FEES £ coli®
2710 apA o ® BEE AASHA] Fote] atErdol
2 Zlo= AZEQIY, duid o gk 5449 M2
27t a7 FEEY BRs] diel AE FEE
g HatolA ol =A Y=t (Smith—
Palmer 5, 1998; Kitzberger 5, 2007; Boussaada &,
2008; Michielin 5, 2009), & A Lol A% Haru]|e] z|a}
B 2EE0] % 341 E colid] AEHE w27
Fo512] o] ghatElo] WA vehd Ao g AztE i
L, monocytogenes©| WallA= HaLH|L} 11H| 9] 2|55
FEEA AgAAZA 0] 71 L3l 2 mgmL
9] ol A HiF T2AIZF = 7 58, 53%2] AA|EYS K
9om, 0,125 mg'mL Q] W oA wjoF 7247t
Sof Z+ 34, 44%2] JAEAYE BTHFig. 3). S mutans

Z offl
= £
ooz RO
o r oo rlo mn w4y

O:

5 rle

flo J& AT ofN

E 15 —a— Cont.

g 1.0 —+— 2,000 mg/mL
g —i— 1,000 mg/mL
-E 05 ——0.500 mg/mL
= —#—0.250 mg/mL
.E 0.0 —#—10.125 mg/mL
El

0 6 12 18 24 36 48 60 72
Incubation time (Hr.)

Fig. 2. Inhibitory effects of rhizome crude methanol

extracts obtained from Osmunda cinnamomea var. fokiensis

on the growth of Escherichia coli.

of theli= A71¢] AtoA] Fan|e} GBER T2 <]
A gre} ;e felme] o] Ak} FgAe] 714
o3l Aoz YERFOoU 2 mgrmL 9] oA 1H] 9
ASHE FEEL 28%, 1 9] 3%9 FEE2 10% 0319

v
rlo
ol
B o
2

o

< H3th(Fig. 4). S sobrinus®l tsjA=
o] @ FEojmelo] i FEE0] o
2 UEREO L 2 mgrmL '] S EollA] %
H] 39%, 29F11H| 11%, 22118 6%= o
Ao R Yepyth(Fig, 5).
FYEYo|T 1 mgmL ™ 0|5} AEro]
o &S AABIAY AFHEAZ = Edolgtal A
OJsH=t|(Lee, 2005), & AFo|A] AMGE YZEAle],
aH), ), FoFare], Feolne] 9 dEFgo|me e =
B 253EE AHAE 1 mgmL™ 0]5k2] FEofA]
U o]PEY S AR = Qo BR i)
uf

A7} Qe Aoz Az, E5] Banle] A}

1:113
o
R
kI

pod)
|o

ox,
o

&
wo, ek >~
T ooZ b
Ty B
A
Hurloiﬂ

>
B=)
oz
o

—~
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E 1.5 —a— Cont. E 15 —m— Cont.
@ —+— 2,000 mg/mL @, 1.0 —— 2,000 mg/mL
5 1.0 —i—1.000 mg/mL g —&—1.000 mg/mL
5 —&—0.500 mg/mlL 5 o0s —=—(0.500 mg/mlL
= 0.5 —#—0.250 mg/mL T —%—0.250 mg/mL
i ——0.125 mg/mL B ——0.125 mg/mL
< 0.0 el 4 0.0 el
=] =
0 6 12 18 24 36 48 60 72 0 6 12 18 24 36 48 60 72
Incubation time (Hr.) Incubation time (Hr.)
(a) (b)
Fig. 3. Inhibitory effects of rhizome ccrude methanol extracts on the growth of Listeria monocytogenes. A: Osmunda

cinnamomea var. fokiensis, B: Osmunda japonica.

E 1.5 —a— Cont. E —=— Cont.
o ——2.000 mg/mL e —+— 2.000 mg/mL
3 1.0 —+—1.000 mg/mL 2 —a—1.000 mg/mL
_E —8—0.500 mg/mL E —e—0.500 mg/mL
s 0.5 —#—0.250 mg/mL s —#—0.250 mg/mL
2 . 4 —#—0.125 mg/mL
'f.f 0.0 ——0.125 mg/mL g g/
0 6 12 18 24 36 48 60 72 0 6 12 18 24 36 48 60 72
Incubation time (Hr.) Incubation time (Hr.)
(a) (b)
E A
S 1.5 —i—Cont. g 1.5 —m— Cont.
2 ., —*—2.000mg/mL 3 ——2.000 mg/mL
s - —&—1.000 mg,"ml E 1.0 —a—1.000 mg,"ml.
-E 0.5 —e—0.500 mg,"ml -E —e—(.500 mg,"ml.
t O —#—0.250 mg/mL t 05 —%—0.250 mg/mL
B —#—0.125 mg/mL A —#—0.125 L
s 0.0 e/ €< 0.0 me/m
= =

0 6 12 18 24 36 48 60 72

Incubation time (Hr.)

©

0 & 12 18 24 36 48 60 72

Incubation time (Hr.)

d

Fig. 4. Inhibitory effects of crude methanol extracts on the growth of Streptococcus mutans. A: Frond of Osmunda
cinnamomea var. fokiensis, B: Frond of Pteris nipponica, C: Rhizome of Osmunda japonica, D: Rhizome of Pteris cretica.

tisto] Ae Bart e AR AZE, BaLe| o] AsHE FEEoA JAZe] 7 Skl
o, AgAeeiA) g 2328 AEolA 2 mg'mL 9
SEoA T2A17F o] ol 7} 39, 33, 58%2] AL
Bt P acnesol| dallx= Haw] A4 FE50] 7}
10 FAAEE] AVFRL} Aoht vehe: 2552 tfdos ot IS HYou 156 mm w|The oAgh
Hoj ggteo] oFgt Ao Uyt S mutans®t S,
sobrinus®] A= thre] oka|AlEo] vlw A L3t St
TALE Ho] FRAFO 2E2ELS AR SR Streptococcus
of thet A/do] =& AR AZE ST, et 1189
A FEE0] 2 mg-mL‘lsﬂ FrolA] T2X17E % 7} 28,

Bacillus subtilis, Escherichia coli, Listeria monocytogenes,

-

Propionibacterium acnes, Streptococcus mutans, Streptococcus
= digt o4& broth
microdilution®3} paper diffusion®H- o]-&35to] EA45}
k. oAFo] 15 mm oMo 2 Ueht 255 o

sobrinus 5 YA u|Ay

2 0,125, 0.25, 0.5 1, 2 mg'mL 2] EEofA] 32 Zof 39%, 1 29 2EEL 10% Y99 UYL AL Ho
7} =0 A5 Ao nA= = AU L 4 1089 FAAE F25 Fole Streptococcuse]| W5t
3}, B subtilis, E, coli, L, monocytogenesol| HjaljAl= Hojd S Hol= 252 §lv 202 Az}
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PHABRO) e FaEol R B4

E £
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