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ABSTRACT

Objectives: This study aimed to find out the antimicrobial activities of Ramaria botrytis (Fr.) extracts
against oral pathogens. Methods: The antimicrobial activities of Ramaria botrytis (Fr.) extracts were
evaluated against oral pathogens by the disc diffusion assay, and the minimum inhibitory concentrations
(MICs) of ethyl acetate extracts were determined by broth dilution method. The strains used in this study
were Staphylococcus aureus, Streptococcus mutans, Streptococcus sanguinis, Streptococcus sobrinus,
Streptococcus anginosus, Streptococcus ratti, Streptococcus criceti, Actinomyces israelii, Actinomyces
viscosus and Aggregatibacter actinomycetemcomitans. Results: The ethyl acetate extract of Ramaria
botrytis (Fr.) effectively inhibited the growth of oral bacteria compared with acetone or ethanol extract. The
ethyl acetate extract exhibited MIC values ranging from 3.75 to 15.00 mg/ml, and it showed antimicrobial
activity against both Gram-positive and negative oral bacteria. Conclusions: The ethyl acetate extracts from
Ramaria botrytis (Fr.) showed the antimicrobial activities against ten oral bacteria. Thus, the extract of
Ramaria botrytis (Fr.) may be considered as an effective natural antimicrobial agent for the prevention of
oral pathogens.

Key Words: Antimicrobial activity, Growth inhibition, Minimum inhibitory concentration, Oral bacteria,
Ramaria botrytis
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e olol 27 Aol ] tRe] nlg o] Aedo] Brlulela, GFA Ei B0 A
ol 2451710l Asle] o 5000 F olFe] Aol Zlok, 1%, 5] W 77} o Soll £Afatch. 1
2oz, el ot AES Slol A8 7Ksoha A BAS A AlFo] 4] B 4ol
TH2l. 77 W e A AE 5 5 rigEe] SAshaA sl eko 2 HokeAE, )

Streptococcus mutans®} Streptococcus sobrinus+= X|OFA150] I A9 A2ltolH, E5]
mutans'= RAERE BB A4S AT 2 Hofe] 3] U T A4 S8
AZITH3,4]. 1231 2A|524eE U 07| = FINREC 2= Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans 2 Fusobacterium nucleatum “5-°] €214 JTH5,6]. 7322 ot %]
FE $Ioto] 21B7HA] YA, BAERAl D S22 AT (chlorohexidine) - 08¢ A7+
5] 2= U 7,8], WAt XJopiA 5] ZA o] WH | whef o 5 gkt tielet
H24-8-0 2 HE QPR WAL 4 v Bopr E-2 TS T QloH9,10].

ejufelolA] 483} oo 2 2ol HAS A1ERol Zalul, i BARR} ApdERe

Qlolck. gt A7to] Holuhy 215 ok, o So] §45HE, B, A4, 1714 9l vjeh]
= )

he

DA, Al e AR A, SolHAle] E Bolf B4, BaH Al TS H AfSoH Al

Alo] Aejgdo] Harde] weh ZkE 5174 3 7154 AlEol gk 4
210l 51 A7 RS It 11-13]. AW (Ramaria botrytis Fr. Rick)2 At Al
(Ramariceae) 24, =& “FOoFAlof, 1, Fw| 12|31 L2uetel de| ExsiH, Anprt 2d 2%
T 27712 ool A Higgo 2 ARk HAlolt{ 14-16]. A2 H Al o= Re] deixl £ of
o]l Ab A RS opATtElLE AAH|QI E S| AEH Fo]1l, 5-7]4E0 2= <A1 succinic acid)©] 7}
7 wo] otE|o] 9l ow, Wikimalic acid) A4 K citric acid) 50| EARITE. Fe|Ed2 T2 X%
F(glucose) T} A (sucrose) 0] AHA|oHH, F71E AEA A At A, Y4 Foll deel 7
B Zsgo] Ayt AlEa B wste] ui-e- A-Zo] I QITH 17]. FAN7ER] BHarH A Al o] Ae
B4 0 2= mehs FEET ol doAHI0| E &4 Bieixl Edro] oA axtet HT29 2%
ANE A3 A Ay 18], HighE FEEolA SHE et 20 dAteA 8 F7h= IR F
&4 B aiH19] 9 vReAE B F &4 oA Bl 1F 548 slssh] 918 eytochrome
P450 1A1 isozyme THE O] ZH4[16] 50| LA et ot AE|H A1) AFQ F:2 A=Al
(Ramaria formosa Fr.)o = e &8 ol 9 AE2] 4-hexyl-2,5-dihydro-2,5-dioxo-3-
furanacetic acid “g+20] &4 Q1oL 1-52] HH] 13} 8} Fo] S = }ITH 15].

TR PYE] digt & EAo] AT HAER=F2], F[20], AlelRF{21] 9 viA[22] 5] 9l
O}, o] ol vt F-R2] A=l thet A+7HdEs] njHRt Aotk 3], ¥
A1) Z-folli= BHAS] opMlE FE 5 of[HoAHIO|E FEE-S ol-8ste] mIAE 55l
tiet S4] AR ks Haret A5 2pEto] el QIei{13]. Tk A s Ale] tigt 73 &2
Pt S FAEA] A v 3R] whel], 2 Aol A= o ALE, offehE El o HotAlE|o
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E 53711 g0l 2 sle]s Al 0 28 gujjsEsto] 2|okeAZm X588 19121 Sreptococcus,
Actinomyces ¥ Aggregatibacter ‘5 & 1052] 774 |t thet &t S-S 2180 24 ot T
o TAEA 28 T AL A 5 S Pk et

ARy
1. A2|H A BoliSE A=

ARIALS At et aA10] At vitks ol A BE AR sAlS Fdsto] ARsEAH. A
& ZAzste] ZAet A=A 50.00 gofl 7 1-8HH(OMARE, ol FobAlEICIE 2 oflek2) 400 mIE 2}
7} Z7kete] Aol 39 B9t FES. 24750 5L 3 ARIOITHADVANTEC No. 2
Advantec MFS, Inc., Tokyo, Japan) gt ¥, 2]%15-5"L7](rotary evaporator, EYELA A-1000S,
Tokyo Rikakikai Co, Tokyo, Japan) 2 ‘55510 552 SHH 519 00, &80l 2= 99.50% o}
/\ﬂ%, 99.50% g2 2! 99.00% o2 otAH|©| E(Daejung Chemicals & Metals, Siheung, Korea)

52 AR5 Z4e] 2252 200.00 mg/ml 2] 52 DMSO0]| -&3A17 4°Cof| Hs o
UJL I gof ujt s}AstHA Aol A8ttt

2. 48 TRBZOLHR

A AR T 5 10502 IS Staphylococcus aureus ] 853 T3
A5t Aggregatibacter actinomycetemcomitans 1% 5= "JEAFYUAIE](Korean Collection for
Type Cultures, KCTC)ZHE] BF dto} ARSI, S. aureus, S. anginosus, S. criceti, S. mutans,
S. ratti, S. sanguinis X S. sobrinus "< Brain-Heart Infusion (BHI, Difco, Detroit, MI, USA) B Z]
o, A. israelii, A. viscosus B A. actinomycetemcomitans -5~ Trypticase Soy Broth (TSB, BD Co.,

Table 1. List of strains used for antibacterial experiments

Microorganism KCTC No. Media

Gram-positive Staphylococcus aureus 1927 BHI
Streptococcus anginosus 3983 BHI
Streptococcus criceti 3640 BHI
Streptococcus mutans 3065 BHI
Streptococcus ratti 3655 BHI
Streptococcus sanguinis 3284 BHI
Streptococcus sobrinus 3308 BHI
Actinomyces israelii 9054 TSB
Actinomyces viscosus 5531 TSB

Gram-negative  Aggregatibacter actinomycetemcomitans 3698 TSB

BHI: Brain-Heart Infusion, TSB: Trypticase Soy Broth
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USA) Bl 2]l HE510] 24417 E<F 37°C A7 17 1(5% COo) oA BlsTSAT<Table 1>.

3. A2|HA BolixEE0| e £

ARHA F250] et t2 SIS o 8ste] S5t 23], 2 Ald HetTE 2
Z¥o| z7ie] gz W] wiz|o]l 34 & 37°CellA] 24413 HieFoto] E/dSHA17] 11 0.5 McFarland 3
FEE(2F1.00x10° CFU/mI) &= ‘33101 Z}2}0] i ujj x| of] HatHl H-5-2 o-85to] US| =
SHTt. HtE filter paper disc (diameter 6 mm, Whatman AA disc, Whatman International, St.
Louis, MO, USA)oll 22230 x1(6.00 mg/disc) 52 S5 E AZAA Bt u)z] o] el
=t 18131 37°C @71/381%7 |(incubator) ol 4] 24 A7 E<2F HFAIZIHA], paper disc =1l A3
A% oA €k(inhibition zone) 2] Z7|E vernier caliper (0~150 mm, color world, China)= =75}
o g R FEE0) et Pt ElS vl ZASIIT AelS 3§ HhEsto] gl 35
212 YERH O™, 100.00 1 g/ml ampicilling AN ZT0 2 ARE5FTH24].

4. MBS (MIC) 24

TlAT s o REE Qe AEEky T 4TS vigho 2 opilE, odeldHlol= 2 offghe
25 % S elo] -] S18 oM IHIo|E # S AMele] 2 el e 2

ﬁ:‘g-—% Il s (MIC) %2 BAHIZ] 5] ¥ (broth dilution method) 2.2 =25}, 96 well plate
Z=1710.12 mg/mlolA] 15.00 mg/ml7} 5| =2 HitE Z55E o] g5l gAERE 228
SJEAIR. SAE 2 EE 60 ¢l ZF T 100 11 D IR 40 p1E 7161 2 05
AN &, O] H5 2 5.00%10° CFU/MmIC| =& 3]45te] AREs1ITt 37°C @718
of|A 24417 E2F BIFAIXT 7, 600 nmollA] F3=E S70t0] 0] ASo] UEUA] 9= &
B =2 MICE 245

&J

gt

Nt o é

5. TZ0V4E ‘A2l

A tigt ol HotAlEIo| E 5520w R AR ASA I E AL O H,
feflA gt H S A s 578 -5 LoHA JasklTh A HAl o[ dotAlEolE S
Z2° MIC #o2 Aoj%1 15.00 mg/ml, 7.50 mg/ml, 3.75 mg/ml & 1.88 mg/ml, 0.12 mg/ml 5%
& FEES TAEE s sto] 7kt 36 A1K7ER] B shaA AZPE=(0, 2, 4, 6, 10, 12, 24
! 36 hr) 600 nmoJA FFEE SN OH, FE22 EAA] 32 -§HDMSO H7h< =4
20 2 ARSIt

6. TS| WSS 2

ARIHA FEE0] AR A5l miRle AsAshe S A=A 552 3.75 mg/ml
2 FRAstAon, /o] HaeA s e ST S U SASHAH. 37°CollA 2441

\l

o]
O
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HijeFst & 600 nmoflA S EE S5 0, the A8 AR5l A8 sfe-2 XA
Inhibitory rate(%) = { 1 - (treatment-treatment blank)/(control-control blank) } x 100
7. &4z

B Aol EAA] )= SPSS Statistics 23 (SPSS Inc., Chicago, IL, USA)S o]-87t EARLY
(ANOVA) "5 © 2 H| w5131 © ™, Duncan’s multiple range test (= 0.05)°] tet FoA-S A3
ShTh 2= AR A= 33 §HEA 0 = Safisto] Pk BEHARE UESICE

Azt

1. M2l SopRaEe) £8

AR A A5 24 2, o ALE, oflet2 9 o[ HoMAE|o| E T o & gujS-Esto] St 1=
o gg= 2 81l &= ARSI t<Table 2>, & &2 o[2oMEI0|E FEE°]8.93 %=

ﬂl

2 SFEE0 el o 7P =2 82 HYlon, th3o = opAlE(6.30%) ) oflghE
(4.01%) <=0 & LreRdt,

F

Table 2. Extraction yield of various extracts from Ramaria botrytis

Solvent Yield (%, w/w-dry weight)
Acetone 6.30
Ethanol 4.01
Ethyl acetate 8.93

2, M2|HA gojeE=2| g™

AR AL Bl SE5E0] e /dS H AT SPH 0 2 ZASIItFig. 1>, opAlET ol E
OMAH|O|E FEE-2 1052 7=t RFol thoto] et atsE Ui, e 559 4
=S anginosus, S. mutans Y S. sanguinis ‘5= Al UHA| 745+ oA thA oFst 3
A2 B OoMME FEZEL2 8. criceti®} S. rattiol A ZF2F 8.23 mm<} 8.59 mm 5.2 tk
750l Hlol =2 S Hlom, odopH|o|E 52 RE FollA 7S 73Rt
w 2SRRI S. anginosus, S. criceti, S. ratti 2 A. actinomycetemcomitans 54|
8.19 mm, 8.66 mm, 8.98 mm ¥ 9.05 mm 2] AAZhS Hol= A o2 gufE=of vl
A0 7 H55] =2 B S HATHp<0.05). tIF-=2] = a0l A o[ HoAHo|E
AIE> ok 3552 o8 Aol et om, AR 4. israelii?}t A. viscosus ‘5O
OPAEO|E > ofghZ > oMl E FEE 00 2 P d-S o, o4 2tol & U A= 243k
THp>0.05).

[e3
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110 - DAcetons

a mEthyl acetate

10.0
=Ethaneol

Diameter of inhibition zone (mu)

Oral pathogens

Fig. 1. Antimicrobial activity of extracts from Ramaria botrytis by disc diffusion. The results represent
the Mean=SD of values obtained from three independent experiments. Mean with different letter
(a-b) on the bars in the same bacteria are significantly different by Duncan's multiple comparison
(p<0.05)

3. M2 A BofFE=2| 2IA4SARs=(MIC)

1052 F7at=roll thshiA ohe SullFE=oll visl 4t Ird/de Eel oEotH o=
B29] A8 Ao 2 24512 t<Table 3>, A2 H Al o[HoAHo|[E 2282 S, aureusfl’rS
mutans©IA Z¥2+ 15.00 mg/mlO| R0 ™, S. anginosus, S. criceti, S. ratti, S. sanguinis D A. viscosus
SoMA= 242 7.50 mg/ml S MICE YeRAATE T39S, sobrinust A. actinomycetemcomitans |
A= 7.50 mg/ml} 15.00 mg/ml Ate]9] MIC 412 B0, £9] 4. israeliiol A= 3.75 mg/ml =
7h v MICE Selsheict

Table 3. Minimum inhibitory concentration (MIC) of ethyl acetate extracts from Ramaria botrytis
against oral pathogens

Microorganism MIC (mg/ml) Microorganism MIC (mg/ml)

S. aureus 15.00 S. sanguinis 7.50

S. anginosus 7.50 S. sobrinus 7.50<MIC<15.00
S. criceti 7.50 A. israelii 3.75

S. mutans 15.00 A. actinomycetemcomitans  7.50<MIC<15.00
S. ratti 7.50 A. viscosus 7.50

4. FZ0PdE2| dSAfetE

10F 378 oz 7P A% @4< vehd A=A o dotH|o|E EE5 3.75
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mg/ml 52 ARESH] S5 A8 A e A= o2 ZTi<Fig. 2>. S. aureus®}S. sobrinus 2]
7B Aol v } TIRof A A TS 24417 SR HIRE -9, AR AL ofHobAE|

o|E FE=0| AV FtTE FEEe WK @2 SAdulEtoll HIste] A. israeliiv} A.
viscosus®l| Het ASA &l 27t 93.70%%} 76.50% BE FojHoR =2 AWE Hrt
(p<0.05). =31, A. actinomycetemcomitans®| THF -S4 3E0] 56.80%Z A. israeliiSt A. viscosus
£ AlLIR vhA] 23 Fut Tt 2 AYE UERLOH, S, mutans @} S. sanguinis©l| TR A5
a2 ZH2F 18.40%%} 26.70% % AFe6] WA el it

100

80

%“ill”[

Inhibitory effect(%)

93 et o o> 27°
0% ‘46 {‘3 cg?’r ;ﬁ‘t
o 5 g0 5o pie! <
S # 5 B <¢3‘a
m"“ﬁ
COral pathogens P‘.ﬁd'

Fig. 2. Inhibitory effect of ethyl acetate extract from Ramaria botrytisagainst oral pathogens for 24 hr
at 37°C. The results represent the Mean=SD of values obtained from three independent experiments.
Mean with different letter (a-d) on the bars in the same bacteria are significantly different by
Duncan's multiple comparison (p<0.05)

20 4=20| A=

A HA9] of[HotAH|O|E 25255 7I’E S, 105 d=t0l thote] BiAITH0~36 hr)t
T2 ol et o] FAlof| niA|E P AR Ak TRt P Ti<Fig. 3> MIC S48,
AEiHAle] o HolAE|o|E 2EEL BE F7d5ollA] 3.75~15.00 mg/ml2] MIC #1& Hojs
Q7] Wil o5 HiEko 2 MICKH T -2 *55210.12, 1.88, 3.75, 7.50 2 15.00 mg/ml 52] 5=
HE KA o HoAlE]o| E 522 A7IsHAA 108 4ol thet BsAof =4S 575t
At FE2ES H7FoHA] 2 S tERTolA 2417E o1 %, 4~6 ATWER] o2 Ad7gdo] whE A 57
Sk o, ARIHAL o HotA[E|0| E 3555 0.12 mg/ml =2 @7}&‘213 7d-Foli= 4AR7IR] 9]
SA o] AA =7 1247717] wto] ehtstA| 5“?4‘219_“% 71 ool o] F4lo] &S] 113y
=9It 1.88~7.50 mg/ml 2] ‘FIrof| s iR o] F7t=-20] 74, 12*1 2] #-2] A5o] oA
o H, 12417t o] % SAJ Tzl H]s] %4 ZAlo] Bde] A=l 2o Frrt A
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Fig. 3. Growth inhibition curves using ethyl acetate extract from Ramaria botrytis against oral
pathogens. The results represent the Mean+SD of values obtained from three independent

experiments
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U5 7] 2400] PSR ARkl Z71SI2 B, ] B4 S LelARe A% 2IE 4 205
T} £31, S criceti, S. ratti 2 S. anginosus 5~ 7.50 mg/ml 2] -0l 4] 24 A 7I7FA] w2 F-20] ]
e ANE HHF o T3t 57 7R =2 15.00 mg/mloA = 105-9] e F73A ol

S
ot 36417 A8 717HESH o] Z410] S s elAEls AL BRe1ak 4= Ql9Lt.

—

=2 [

A AFSl= o] o2 7 47l et o] =obxl o, Aol wst= Qlsl
Z3EgRe suitt F7bE| AL Qls Aotk A Eke] Ul o 2= WA, F YA 2 8 5 37149
2 Qolo] HakA o 2 2-gsto] WAshH, 5, 444 715 ol 2 13 =2 Xop S fdet
£ AoF-A15at 2|72 o] thaAQl L7 agtel| st 72 ulEo] AlAleh=t] A3t
§hebg o 2 bRt Alto] Ao 24 173 ) Aehs FHIAIRITE Z]oh-A15-2 X HAEE U]
Alet, 5212 2 Efl Fo] Ao abgof| ofol WA wl= Al Aeto g Zjof FHO| Al Ui
Aok ARl 7V FE A/l o= AR QLO™, Srreprococcus®t Actinomyces <501 Sl
Tl wEo] Ylutell s e, A|FA%ke 2|F22] 9] nhijel 245 WA= At A

=

Z2rO 7 Aggregatibacter actinomycetemcomitans2} Porphyromonas gingivalis “5°] 1]
Aok A5} NG5 FARRL At TN 4 oISk Sl 2R
T} 2 P 5 ARG, 27 Sole] OJ7 Y B Hofe] 2} -2 Hakgo] Z71
gholl w2t o2 tiAIs ] flet A2 2ol o] BorA|aL Al Elaat SRt ol =e

TFat5-2] A4S Aok 9 A=A 2 g4 210, £5] (-)-epigallocatechin gallate

pu
Q! . T AL S, mutans©l] thet 24
o, 3H5{13] 2 EUHA 2] o[ HotAE|O|E FZ-E0] S. aureus, S. sanguinis, A. actinomycetem-
comitans X A. viscosus 50l ¢ FEAJo] Ikl B USFALE Lien 5271 AA|HAL9]
95% ofgkE, S22 IE Y o[ HoAH|O|E F=EE9| P. gingivalis®}S. mutans 2] A4S ATt
A B sk

ol 2 Aollxl= Z|oke-AEat AFEeh AAQlutol et A Alo] et de FotH At
HEHALS otM|E, ofekg d ofHotAH|o|E 5 3E0] fulE FESIFOW, S, mutans, S
sobrinus, S. aureus, S. sanguinis, S criceti, S. ratti, S. anginosus, A. actinomycetemcomitans, A.
viscosus B A. israelii ‘5 1052 F73A ] tiet 258 Ha Al s 5 S5 &
o, AR Ae gl =4 AR Al F=EE0] 1052 A Aol miAl= dFe =
Ateteint. A Al 0] o[ HotAlE|o E 552 10F At RFollA e dS LEISL,

OMlE FE=2 olHoMHIO|E FEE2] bl BIsH thax oFSHAINE S, mutansE A 1R
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2| BLE 7Aoo A et avks Bt ofehs 5528, anginosus, S. mutans 9 S. sobrinus
SolA B3-S HolA] QO 4. viscosusOll TiRE /ol ARt thE K F7datof vl tha =
I Q1= o HotAH|o| EE o]- 83t HATH A FEE0] oMAlE BAIHA FEZH T A
of tholl =& /g2 B A AH13] o MLE-5LSHA, 2 Aol AT A Al o] 734
of et et a VS Eol=H| oldoEIo|EZ} 7H Aol -guliels &ld 4= JIgIHh MIC
g2}, AR AL o HOMH|O|E FEE2 4. israelii® 78T, 3.75 mg/mlQ] A= A5kl
L] = dto] tishAl 7.50~15.00 mg/ml 9] &2 MIC gt YR SIT A= 419 o
HoAHIo|E FEEa 7SS 4, B FxolA 12ARWA] 1] B2 Alstl o,
EoF 1050 ol thated 15.00 mg/ml o] FEE&5 A7 IRt A-oll= o] A4 71751t +
o FAlo] TS| L AFEEIQIE. AvfA o=, & Aol e AR A FEE01 S, aureus, S.
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