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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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Streptococcus mutans2} Streptococcus sobrinuss= X|OFA15-0] A Q1 ltolH, E5] S

E
|

z3|
mutans+= A/ AARFES @Adste] A4S AGAIZ C 24 2o &3] fi W X[oleA] T5
AZIEH3,4]. 1231 2523 U 0 7= A0 2= Porphyromonas gingivalis, Aggregatibacter
actinomycetemcomitans 2 Fusobacterium nucleatum “5-°] €214 JTH5,6]. :rL A% ot %]
=5 fote] 2F7H] A, EATFA 2 22 23X H(chlorohexidine) 5= ©]-87t A7
0| L= JARH7,8], U -t xjopRA 5] ZAlH S0l dra ol what ]% LRt Thedet
H2kg0 2 HE QP dAiA & T ot g2 IS a1 QITH9,10].

FEluEtellA A8t ofg0 & Aol HALS: Zltro] &5, thi R Ret APt Rol
Folt}. gt Ato] Holuhal 21 g4, oIS 5ol ©dhs, T, 214, 7714 9 el
Shal Qlo] A1 A== G/gollA] FE5] o] 85 o] Siri{11]. @A7EA] AT Al o] o
FA0] hitel &, SolHAle] I Bofl 2, TaHALS] HASA B AllEo|H 419
2/ 5 ThgR Al o] el o] e wet 248 57 3 7154 AlEel tigh Ha
Ao o B4 = QJrH11-13]. A2|HA(Ramaria botrytis Fr. Rick)= Ap2H Al
(Ramariceae)24], =2 ‘FotAlof, f-4, Br] 12|31 S-ejuzte] de] Eish, Fuprt 2 2o
HE Z7F7HA] ool A digo = A7k HAloltl 14-16]. A=A c =5 E o7l 529 of
o]l RO o ATEIRLE AJAH|Q W S| AEH Fo]1, -§-7]ARS 2= 2 A K succinic acid)©] 7}
7 o] gtrlof ¢) 0w Wikmalic acid) ¥ 7 K citric acid) 50 AR}, fEldS T2 X
F(glucose) Tt AP (sucrose)©] AFA|StH, 7 |&E HE FoF A A}, IS4 Foll ZEel 7H
WAl Z=go] Gt AlEa} Hlwsto] mj-e- 2Zo] SRIE Itk 17]. AAIA] Hare A2 sle] e
For=mEE 258 OﬂE]O]"‘ﬂEﬂ |E 28= 01]/\1 57l =AHo] A afet HT29 2%
OW]E A A 2 18], Mgt FEEClA S Atet 2/ AtekA ai S7t= IRk RE

&4 B aiH19] & U]'O A5 S & A 3374'9} 7+ 543 dlssh] 218t cytochrome
P450 1A1 isozyme THE O] ZH4[16] 5o LA et ot A HAl0] AFQ F-2 A4l
(Ramaria formosa Fr.)oA= et 28 Foll T2 A2l 4-hexyl-2,5-dihydro-2,5-dioxo-3-
furanacetic acid 4720 &4 J11 152] ¥y &5}t G 5o S EHATH15].
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E 5 37HA] 8H 2 ARRH A 0 2 7 -gHiS-Esto] X|oke- 2S5t XFdeh A%t Srreprococcus,
Actinomyces Y Aggregatibacter ‘5 & 1052 774 ol thet &t EHE BRI o 2K ot T
A ARl 482 FH HALA=H 0] 7HsAdS FAlIsk A} ji.

LEEE
1. A2|HAe| 8ol 8 A=

ARRfEALE e gt 2410 At vtk el A W AR Ak elste] ARgstelet A
A Azslo] BRI AL 50.00 gofl G971 8TNOHIE, o ZobAElo]E B ofekLy) 400 mIS 2t
7k d7keto] Ag2ollM 39 1t FESHT. A2e] FE9e 39 79Il PHADVANTEC No. 2
Advantec MFS, Inc., Tokyo, Japan) ¢ &, 51317185 (rotary evaporator, EYELA A-10008,
Tokyo Rikakikai Co, Tokyo, Japan) & 551} F58:& Shastel ov), FE 8l 99.50% of
AIRE, 99.50% oflgta 2 99.00% o 2ot |E| o] E(Daejung Chemicals & Metals, Siheung, Korea)
o= ARSI Z2Fe] FEE-2 200.00 mg/ml 2] ‘512 DMSOO] £-5l14] 7 4°Cof| Haatgle
B, I gof| w2} s}k A Aol Aottt

2, e FaTettiA|

w21 Staphylococcus aureus 2| 83} TH-2

A A T F 10508 TRl
A3t Aggregatibacter actinomycetemcomitans 1% 5= "JEAAAIE|(Korean Collection for
Type Cultures, KCTC)ZF ] EF HYo} AL8SIATY. S. aureus, S. anginosus, S. criceti, S. mutans,

S. ratti, S. sanguinis 2 S. sobrinus ‘-2 Brain-Heart Infusion (BHI, Difco, Detroit, MI, USA) Hj#]

oll, A. israelii, A. viscosus X A. actinomycetemcomitans "= 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) Hli#]o]l 34551 24413F 52F 37°C A71/3uIU71(5% CO,)ollA Bl YFSt AT <Table 1>.

3. M2|HA BojxEE0| e &4

A FE 20 R 043 SE olgslel 2alchs). 24 A TATEE 2
Z}e] Z230]| gl A HijZ|of] RF 3 37°CollA] 244171 HliFste] B/dSHA]7141 0.5 McFarland 3
FEE(2F 1.00x10° CFU/ml) 2 95=0] ZkZ}o] 3gut ufj 2] of] Wt HE-S o]-85to] s 2
SHITt. HtE filter paper disc (diameter 6 mm, Whatman AA disc, Whatman International, St.
Louis, MO, USA)oll £&5-230 «1(6.00 mg/disc)s w2 S W HAZA|A HrhulA] 9lo] 22E
£t} 2831 37°C @718 |(incubator) Al 4] 24417 St HHQFAIZIHA A, paper disc 910 A3
A= A gK(inhibition zone) 2] Z7|& vernier caliper (0~150 mm, color world, China)Z =75}
= PHor BE FEE Uikt oS vla-2AskT Aee 30 HhEsto] Bt 22
2F2 YRR © ™, 100.00 £ g/ml ampicilling GFAHNZO 2 ARESHATH24).

4. 2IHSASHESE(MIC) 22

HA= SbH 0 2 B e o2 e/ TRl ATE HIR O & opAE, o[ZoMAlEIo|E H ofehE
FE=E T el 7 = EH olZoMEIo| E FEETE ARESto] ZF Fdatoll High #
2 %ﬂ—a "5 (MIC) 3E2 HAHH2] 5149 (broth dilution method) 02 Z7d5}ATt. 96 well plate

F55710.12 mg/mlolA] 15.00 mg/ml7} B2 Bty S5-E o] gslo] AR 55
XA S EH FEE 60 p1, 2473100 11 B EiA] 40 115 7 FSIAT: 2F =t
GFASIAZ 5, #0] B EE5.00x10° CFU/mI®] H %2 5]45 0] AR&SITh 37°C @71AdulF
ofl A 24417 F2F BIFAIKT £, 600 nmollM 35 57510 79| w0 UEhUA] o= 55
B 55 MICE A5
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THOPEE dSAf=EM
Al gt el 2otAEHo| E 22E 0w 9 AP B8l g ZAKIH o H,
%‘MH At e A s 574 W -5LsH| sttt A2HAl o[ DotAE|o]E &
Z32°|MIC %02 AoJ7115.00 mg/ml, 7.50 mg/ml, 3.75 mg/ml ¥ 1.88 mg/ml, 0.12 mg/ml 5=
B FEES TAER sAsto] 7l 36 A1P71R] Bl gshaAl L}%‘E(o, 2,4,6,10,12,24
2 36 hr) 600 nmolA S FEE Z4s1g or, 58-S 13lelr] e N DMSO HA7HS 84
20 2 AR8519ct

6. 120422 ‘dSAHE 5%

AP S E 0] FAES] AR 1A AR AIS S S Al A FEEL 375 mgml
S FUSKEOw], 919 AP AN S5 A 2SI 37°CoIA 2441
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iRt 5, 600 nmoJA SIS SIS oM, Tha A= AREoTo] AeAsteg A

Inhibitory rate(%) = { 1 - (treatment-treatment blank)/(control-control blank) } x 100

7. 482

H ALl FAA 2= SPSS Statistics 23 (SPSS Inc., Chicago, IL, USA)=
(ANOVA) HH.© 2 H] 1519 © ™, Duncan’s multiple range test (a=0.05)°]|
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1. KRl SO 2 20| 48
AP 2 24, OWIE, ok 2 o2l |E 502 SulsEolel St v YR
AL 2§ S AN <Table 2>, 3-8 -2 A RoMIE|E F-580] 893 %2

2 gujFE a3} vwole o 7P S &S HoH, thE 0 =2 opAlE(6.30%) 2} ofleh
(4.01%) <=0 & LFeRgt,

1o
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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. e Bul22 20 312

A e] gl FE 20 s)FaAd e t] AT S0 2 2AK6IT<Fig. 1>, o ET} o]
OMAHIO|E FEE-2 1052 T B5ol tiste] fFetaats Ye 1L, ofle-E 35591 7
$-=S. anginosus, S. mutans X S. sanguinis ‘5= A/ HA] T3t RO 4] ThA oFt &t
AL Bt o E FEZEL2 S criceti?} S, rattioll A 242 8.23 mme} 8.59 mm 502 thE
ZdatrEo] vl =2 S Bl on, o dopH|0|E 52 B dTolA 7S AR &
w22 BRRISIAILY. S. anginosus, S. criceti, S. ratti A A. actinomycetemcomitans 5N~ 22}
8.19 mm, 8.66 mm, 8.98 mm % 9.05 mm 2] A Holi= ZAH th2 GujSZE] el <]
20 2 H55] =2 B S HAthp<0.05). IF-E2] BE oA o[ HotAHo]E > o}
AIE> offeke 3552 w08 e o] Yelt o™, A7 4. israelii?}t A. viscosus ‘SO o2
OPAJE|O]E > o2 > oMl E FEE o0 2 P S Bl o, 7oA 2tol & U= 249k
THp>0.05).
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110 DAcetons
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Diameter of inhibition zone (mm)

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. 2|4 BofxE=2| 2|IA4SARlsE=(MIO)

105-2] F7at=roll tisiA ohe SullFE=oll vlsl et dtd/de 2el oEotHolE
=9 Z| 2SS e s S5 <Table 3>, A2H A o HoMAH|O| E FEE2 S, aureuSQ}S
mutans®IA Z¥2} 15.00 mg/mlo] o s anginosus, S. criceti, S. ratti, S. sanguinis 9 4. viscosus
SNA=ZE2} 7.50 mg/ml ] MICE YERHSITE. B=3ES. sobrinus2t A. actinomycetemcomitans |
A= 7.50 mg/mle} 15.00 mg/ml AF0]2] MIC 41 B0, E3] 4. israeliiol A+ 3.75 mg/ml 2
TV e MICE Si151 9

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. 72042l ESAHE

10% a8 oz 7P A%t 42 vehd A=A o 2otiH|o|E 255 3.75
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mg/ml 5= ARESH] S Aol k= Tt Eri<Fig. 2>. S aureus$t S. sobrinus 2]
B ASASHE] LSRR SIS 244125 VIR 4, Al Ao

O|E FEE0| A7HH T E FEES A7ISHA &2 2 dtiEtoll BIst 4. israeliidt A.
viscosus©l &t AAgAIskeo] 22k 93.70%2} 76.50% AL FOHOR o AnE BTt
(p<0.05). 2L, A. actinomycetemcomitans©ll et AJSA5lE0] 56.80%= A. israelii®t A. viscosus
£ Al v x| 13 et 2 B YEHLCH, S mutans} S. sanguinis©l S 8-
Aol 27} 18.40%2} 26.70% 2 Ad5] RA| el it

100

80

%“ill”[

Tuhibitory effect{%)

1 s
05 f‘Ge & 05 ‘{ﬁf‘
5. a‘i‘gﬂ 5 5 5-3 P»' P}ﬂﬁ’c 0P
“;81
m"@
Oral pathogens B féld'

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)

TH0rd=0| dsAsts

AR AL] o HoAEI0|E FEE-5 H7IRE %, 105 7ol tiste] Bl FAIRK0~36 hr)3}
FE skol teh o] S0l Al E Y= AR 2¥ks tha Eti<Fig. 3> MIC 5425,
A2]Esle] o dotAEo|E FEE2 B FdtollA 3.75~15.00 mg/ml o] MIC gk HoiF
7] W2l o5 B o 2 MICHTH 2 5521 0.12, 1.88, 3.75, 7.50 2 15.00 mg/ml 5-2] 5=
2 AR A o HoAE0|E FE=-2 H7IsHEA 108 ol HiRt A s=54da St
At FEEe A7 ¢ SR 2413 0%, 4~6 ARHA] o] Aol waA St
stlouh, KAl o HoA[E|o| E 555 0.12 mg/ml = 715132 78-Folle= 4AIR7HA] -9
Aol AAEF2ARIHA] o] ehtsA] T4 =210, T o Fofls o] F410] &S] 4l
=0Tt 1.88~7.50 mg/ml 2] ol A= i ERO] JL7kd =0 749, 12471 7kA] 2] A-&0] o
Eom, 12413F o % S/dH| o] Hlsl ] S410] S| Y= . Ao, Srt 7]

|

rO

2

2,
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Fig. 3. Growth inhibition curves using ethyl acetate extract from Ramaria botrytis against oral
pathogens. The results represent the MeantSD of values obtained from three independent
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A45 o) SAlo] A El= Ao ST .0 H, o] 4 St A= AZ DRI 4= U
t}. £31, S. criceti, S. ratti Y S. anginosus ‘5-27.50 mg/ml 2] 73904 24X ZW7A] 2] S410] A
A= AIE HoF9lon, T3t F e 7P =2 15.00 mg/mloA= 1035:9] s 73Awt ol

ik 36 A13F A7 ITFs ST 2] F-4jo] i3] A=l 2 geld &= Ui
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) A Be] Ao 2 774 2700 that BAle] ol oL, AAgel ek Qe
e ool 27410 Gl FAIC T4 elo 2 A, A 2 84 5374
Saclo] BeHo R 2sio] Wil 53, 414 715 4o 0 7 5L Ao} 1S
= Ao} 4123} A7 Sol fharEel 7ol sk T2L vlEe] Alshd] 2
ek e o = tiofet Allto] EAfRt e 24 A7) U Aehs F AT Z]oRAE-2 A HA R U
Alet, 5212 9 ol 59] AFozl-gof| ool B == Al Ao =2 2o 39 o] Alat W
EA o= Aol 7HE 5 Q010 2 A Q) 0, Streptococcus2} Actinomyces <501 Sl
&= =0l Ylutol st AlFdeke 522 9] whjet 545 WA= At aAd

T

Z2%k0 2 Aggregatibacter actinomycetemcomitans2; Porphyromonas gingivalis 0] HQ1t0

Z|oRATH 252 T kS oslal AREe] A= SAlsk ] flsiA 2= d

W -2 A & AESIARE, o S Holof] ot U4 9l Xjofe] 2pAlut e BAkgo] F7}

glol wiet o] & tiAlslr] flet AAetwt-2-dol Thio] WobA|al Qlrt. E2fulEi} Eeti o] B
o

TFT2] A Aok T8 AR SAAE A 2 g4 9L.o, 53] (-)-epigallocatechin gallate

A2 gereke, T, A1, 571 B HER S SRS GYAaE el ole, el
St 9 A T -t AREAE UER e A o® dRiA k. =5 A wAl i Al
et B/ Harent et B 5126] 2 W7 FHA] S, mutans©l HiRt St 8/d-e HAT513
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FZE0|S. aureus, S. sanguinis, A. actinomycetem-
comitans X A. viscosus 5Ol 75t F&AJo] okl B U5 Lien 512712 AA|HA1Q]
95% oNerE, S22 L E U o[HolNE|O|E FEE0]| P. gingivalis2}S. mutans 2] A4S SAgITh
Al HA1so0H.
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S A A Sl e =N AEHA 220 1059 HARES] Agol mlxl= 9= =
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2] BE L7350 1?} QS B3t ofgke 52 8. anginosus, S. mutans A S. sobrinus
SOl B-E HolA] ko, A. viscosusOll TR /ol ARE thE BE F7d=d=ro] HlsH
ﬂ@ﬂﬂm#‘@}ﬂﬂ]-—1 & 5Tl 2 550] SRR A FEEe T

ol tiol] =2 /S Bl AP AT13] oAt FLSHA, & ATl A T A AL ] F73A]
ol et Yt BIE EOl=E 1 oot EZ} 71 ARt vl &1 4= 3U%Iek MIC
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