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Antimicrobial Activities of Combined Extract of Aloe vera with
Propolis against Oral Pathogens
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Abstract

Aloe and propolis are extensively used in folk medicine. Ethanol extracts of Aloe vera (AE), ethanol extract
of propolis (PE) and waxfree extract of propolis (PW) were prepared to test antimicrobial activities against five
oral microorganisms (Streptococcus mutans, Enterococcus faecalis, Enterococcus hirae, Escherichia coli, Can~
dida albicans). Antimicrobial activities were tested by serial broth dilution method and expressed by minimal in—
hibitory concentration (MIC). The AE showed relatively weak antimicrobial activities, while both of PE and PW
greatly inhibited all microorganisms tested. To investigate the antimicrobial effects of the combined extracts
of aloe with propolis, the fractional inhibitory concentration index (FICI) was determined by checkerboard assay
for each strain. The combination of AE with PE or PW resulted in synergistic effect against oral microorganisms
tested (FICI=0.375) except Escherichia coli (FICI=1.0 for PE, FICI=0.75 for PW).
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- 7l o] WhAY B}z Abel] o] &l 2| o}o} A 3] A o] EAv 5
= AlAd A ghelvh(1.2). Foh-Ale leld o2 Strep
tococceus, Enterococci, Lactobacilli %] =4, £31, S

tococcus mutans+< X oF-A12] F@ el oz 7hEE 3 gl
th2,3). S. mutanst A £ t}FF2 QA= glucosyl-
transferasedl| 2|8l B]=-8-A glucang A sto] Algo] #|o}
Erio] FAsE®E sy, A3 o g A (plaque)FA Z A
oAl ksl Ao delA 9lvh1-3). mgh A 3o
el A At gitell A7 AA s Azsta QW AT
T o] Fuix WA= ] A (stomatitis) 77 W LA
A, vhola 2, 2 o Ao 3] F2 febdei(4).
webA, o] & 774+ W HATES] JAl= A, x|o}¢-4], 1]
2 7Y 5 kA ste] ol 2 g5 of - F8310G).
FAoFg Rl s 28 AR YUk RRE AlEEo] 2 g2
of = W gttel L3l vhd A 2 EAIE 24 A AH S 2 6000
Zo] &z g]om, 1 & Aloe vera, Aloe arborescens 5
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6~7%0] FH2o = 2ol 3ick6). A}, A, W] F&
T 98 S A3} ole Aoz delAl o] AlEoll= anth-
raquinone X A, flavonoids 5 1001 £2] AJHo] g) o,
2K6,7), A9 24 (8), FA9K9,10), AHA =] §-(11-13), B}
ol#lx(14), 3H(7,15) 59 &%) e AL By 7 gl
tH(16). &Rl Streptococcus pyogenes 5 oie] 2579 &
o] thste] AF &7} 912, acemannan, barbaloin £l ¢
gtod JFAFAr LI = A2 AdwiA 3lek(7,13,15). 53,
U] AT L 5L JAAA AH Aol E =%
g, Al A B A G2l AL A, Wdwe] AL
23] QA= AR BaEgIrk13).

FHof Qe o e 2R ejdl AR EE =
EZe|~(propolis)= EH | A7|wtely} B AH4EHE &
A 24, AkAef| w2} xpo] 7} 9l ot 2] (50~56%), " 7(30%),
A(8~10%). 3#-(5%), ZHF F71A &, g 59 AR o
2 3A=e] gl o] BAL S mutans TFE o] &3 Aoks-
Al A £3K(17) E ratoll A X ob9-A] A EA(18) T
F319~24) 9], Zhale]z] 2(19), 3HF9k(2324), A A H
(25) 58] A3t Qe ALE deA 9oy, FFEHE 3]
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Toll £FH e AN #AFE dsid 2 FHHE =
Roz d=x glvh(2526). 28}, Z2EejAas B it
S} ol don], 23 gt Y| Wzt A=
I 7ol Fete] o] £AtaIA v, Feljk F o <lste
AFA7Ee, 7154 A A 3E F9 ol8-ol 3AlZE ik

2 Aol G2l 2 T Fe|art FEH R AAHA
FrE, e, R 2 Fujolel s o 2 e A
off zekste) Fa & Fide] ok 2 A8 AAE LHY
Ao RSN Mo o]5 EYEAY AT
of & FAEANE ZAbeHACh

Tz 9wy
al EEEEIAOI _7'[:_%% x.“_;‘-:_
Bajulol| A A28 Aloe vera(Aloe barbadensis Miller)
Z23 52450 g) o 95% ethanol 1 L& 7}38}¢ 67°Cell
Zot A1e} ¥ of 3 (Whatmann No.2) kit o] <2
rotary vacuum evaporator(Eyela N-1NW, Tokyo, Japan)ell
A1 7Fs), 553} ethanol FEE(AE)S At =3 etha-
nol® F&3}3 ¢ 7‘“}3 FFY 471 E ¥-2A7] round
flaskell ¥ -& F 5 1 L& 7F3haL, 100°Coll A 244 7H5-<k
7+d - A} oA S 7,}%} F55 A FEEAWDE
A9t aly, FAARE ??_ Aloe vera 8% - uhog

FFT 1LE 713t %, A3 24, w538k AW2E 29
tHFig. 1). 2 A 89) soluble solid?) &=k 71 e59 =&
£ 1 mLE #3leod 105°Coll A A3 F 2834 FAE
ZAste] el

AgA ke 3t vl AT 22 Zej g A A}

F 30387 YA (27,000 X g)Fted et AE ol 7hek.

& 5ull 8-8k9] 959% ethanol & 7}l A 20| 4] 124} 752t
€}
%Al # ethanol %2 (PE)-2 %1, 95% ethanolel] t}A] &

off X rlu

‘ Lyophilized A/oe vera—‘

added 95% ethano!
agitated at 67C for 48 h
filtered

Fxltrate {ethanol layer)

evaporated invaccuo

' Ethanol extract (AE)

h_yoohilized Aloe verﬂ

added distilled water
boifed at 100T for 24 h
filtered

Water layer 1 Water layer 2

Evaporated in vaccuo

Water extract (AW1) ’ L\Nater extract (AVBI

Fig. 1. Procedure of the extraction of AE (ethanol extract) and
AW (water extract) from Aloe vera.
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B Aol ALgE 559 FFE BF AT REANE (KC
CM) 23] 2of utgton AL-5 wll %] = Streptococcus mu-
tans ATCC 25175, Enterococcus hirae ATCC 10541, Enter-
ococeus faecalis ATCC 101002) 73-$- Brain Heart Infusion
(BHI, Difco. MA., USA) ¥} 2] -Z A}-8-3}9) 32, Escherichia coli
ATCC 259229] 7-%- Luria Bertani Broth(LB, Difco), 28] 2,
Candida albicans ATCC 102312] 7d-$- Yeast Malt Broth(YM,
Difco)& AH&-3}5ic).

FAXss(MIC) EF

QAo 202 A& 0 & I Mg A2 E J)Ele] 3
2 #5711 x10" cells/mL 7} H =2 243} 37°Col| 4] 244]
7k Fot v ekatolct. T FA = St ® vioFd o] F5
A RE gt - wfofef 100 uLA wAul Al =2 Es,
37°CellA] 244 7H5-<k vl ofgt 3 Jqko 2 o] A 2he] 34
F& #9lsled # 2A &5 = (MIC, minimun inhibitory con-
centration) 2 Z A 3tlth A 29] gvf £ A1-£3} ethanolel] 9
g g ast R A 8E Asta, FU3 59 ethanol
= A viFdE 2T o2 she] Falslgl o, 27 g
(duplicate) & 33] o]4+e] AY& A3}t

Al2el &gt ofst

7} Al ge] E5tel o3 % A
checkerboard assay(27)] W o e} A A slgi ol dhra s
£ A3 421 25258 MIC @139 22 = i3

Propolis

added 95% ethanol
agitated at RT for 24 h
centrifuged

Ethanol layer

evaporated in vaccuo

[ Ethanol extract (PE)

AHg-3ksicH(Fig. 2).

added distilled water
agitated at RT for 4 h

Soluble fraction —‘

evaporated in vaccuo

Wax —free extract (PW)

Fig. 2. Procedure of the extraction of PE (ethanol extract) and
PW (wax-free extract) from propolis.

RT: Room temperature. PE: Ethanol extract of propolis. PW:
Wax-free extract of propolis.
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ol Wt dFAaIE Sk &, wlA 2 MICS] 24
T4 A5H 02 5| H3t 2h7he] A BE vlofodof rlsle] FHE
#5471 1x10" cells/mL7} = = % S

A a}o] 37°Coll A 24417k
Fak wlFalsic), BEEIE MIC 37 A2 5ol 243
Ark 7+ Alge] Etof o3t G Ee] A H et
fractional inhibitory concentration(FIC), ZL8] 3% fractional in-
hibitory concentration index(FICI), isobologram® “Hehi <l
tH(28). 7+ Al & W] MICY 1/4 o1HFICI <05 s X 2
F4 AHasto] HE A IS epd S o Sl o) A aT

7F sl Ao s At o, 74 AlEE ] MICe}
2 22 (FICI>20) o)A+ 322 &3} Al&35)e g8

=] s}

e el e o Bkl o8 Al anb Ao
qeh.

2o %

& 2ol Streptococcus pyogenes taplwlococcus aure-

s 5 o8] TF2 Tl dated FFaArt ols AR o
Zﬂ WUTH13,15). ¥ Aol AR 2oy A5 e
2 3 4 2] ethanol FZE(AE)S 718lo] -7 Wi+
o gt HAaAN s FH3 A, BE FTFE] sy
300 ng/mLe FAA s Bt Al4ske] 200~300 ug/
mlL ¥ FreA] HaANrrE S A 479 F
Froll whet k7o) Apolr|viehg ot a3k, 1A
2 AR5 TF7el ek g Aole AR A Wk
2 S mutans, C albicans, E. colidll P84 250 pg/mL,
E. faecalzs 270 ng/mL, E. hirae= 300 ng/mL«] A8
2 wolth(Fig. 3). 221} ethanol® F& 383 ¢ 2HA}b
4 FAAEY A2 FRHENE FE3 d-FEEAW]
D AW2)S A8 S A YA G A og v Fof
Hol(data A=F) G 2ol Fof| EAFI= ch¥-Fo] A ¥

o__l_
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Fig. 3. MICs of ethanol extract of Aloe vera (AE) aganist oral
pathogens.

Antimicrobial activity was tested in vitro against five micro
organisms by serial broth dilution method and the activity was
expressed by minimal inhibitory concentration (MIC).

AE: Ethanol extract of Aloe vera.
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AL ethanol FEF Foll &A= AS 4 4 gl
z2 e e B U3 S =) g don, B £3

st 39 Hoje|r} A E T fHo] FASER] F3jud
et A A ol IAVL ek ot B AFelX e 22 E
2] ethanol $%5(PE) ¥ PEd| S92 2/, 7lslo ¢
2] Qg E-& R0 2 A A% B8 (PW)E Alzste 3
8L SAF A AA ] 2ufpy d&HH 0w 34
FARE 7}6}04 HZE F47 1x10" cells/mL7} 5 =8 24
ahod 24| 7k vk F, T A el A o] AHF-8} L, 24X 7H-E3E oA
wioF & 7o) 3o Ao Flslglch 22 el etha-
nol 3ZE(PE)9 17t vl 3 a8 e AT 2
I g, AT 4 ARl ¥ -2 20 ng/
mL ¥ 21, E faecalis ¢ dl& 572 Apol= 73
=7 ekkeH(Fig. 4A). S. mutansell H3F & 424 3 5%, 20 ng/
mL+& Kim $-¢] 2.323817) S. mutansell ¥ propolis etha-
nol %59 #2485 =(125~1000 ng/mL) Bo} "A 2
Fro|n, o]l A8 2HY 5o A2 3 AR
25} =3 E hirae, C albicans, E. colidl] thak 2 24 3%
EE 20 ug/mlelg o, E faecalis o A3 AxA N =2
40 pg/mLE ohE FFE) v]Ete] o} 2 AFEAS
el ] g S FEH 0 Z AAT £H(PW)E
S. mutans, E. hirae, C. albicans, E. coli¥] 73-% #2A 5%

45
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Fig. 4. MICs of PE (A) and PW (B) against oral pathogens.
Antimicrobial activity was tested by serial broth dilution method,
and the antimicrobial activity was expressed by minimal inhib-
itory concentration (MIC).

PE: Ethanol extract of propolis. PW: Wax~free extract of propolis.
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7+ 70 ng/mLE, W& AASA] 932 PE £ v b2 3
gAe wodnh aelv E faecalis®) 7 -$-o= 18 ug/mlLE 2
‘)'% NABIA] 32 PE B8 o} 52 84S Halrh(Fig.

B). wtetA] E faecalisE A dFEol el = 225

A FEEF T P RE G T EAHE Ao
A, E faecalis®] A5l $44 £ H7R4E
gol o EAlsks Ao FEdd)

220 A Eiialwl Egtol| olst SR
= OP
dE AR %eaxa alidr, B A} o Rol 220
Ao 2 vehgr)
o 334
g &35 7k
gis
t;_i

Lheckerboard assay(27)«] Hol we} A A shed ovd, S
}Z Felgh zH7te] FEE8 MIC ©|3+8] FE2 -]
Zhgol| gt st astg SAssdvh 4 A 25 e MIC
9] 1/4 °)3HFICI<05)9] s 52 £, AH8slo] Jraxes
vebdl & o) Etell 2 H5 i) e A om FA e

U2 o'k FFE(AE) Y Z2EE 2 B F2E
(PE)9| EE2| st asE 243 2, S. mutans, E. fae-
calis, E. hirae, C. albicans®l| t3}e] = 45 & ¥HFICI=0.375)
7} el 7o 2 vepgrh Table 1). Fig. 5AE S mutansel] 9 &F
AE % PE9| &§829] 87 & 7o) o3} isobolograme] ], AE
2 PE®] zbzhe] MICY] 1/2 ¢)31e] BE 9ol A4E
IHFICI<05)7} eldch. =3}, E. faecalis, E. hirae, C. albic-

Table 1. FICs and FICIs of ethanol extract of Aloe vera (AE)
with ethanol extract of propolis (PE)

. FIC” -
Strains AE PE FICI
Streptociccus mutans ATCC 25175 0.13 025 038
Enterococcus faecalis ATCC 10100 0.13 025 038
Enterococcus hirae ATCC 10541 013 025 038
Escherichia coli ATCC 25922 0.50 0.50 1.00
Candida albicans ATCC 10231 0.13 0.25 0.38

'I)Fractional inhibitory concentration.
“Fractional inhibitory concentration index.

Table 2. FICs and FICIs of ethanol extract of Aloe vera (AE)
with wax-free extract of propolis (PW)

Stra B A
trains AE W
Streptociccus mutans ATCC 25175 0.13 0.25 0.38
Enterococcus faecalis ATCC 10100 0.13 025 038
Enterococcus hirae ATCC 10541 0.13 025 038
Escherichia coli ATCC 25922 0.25 0.50 0.75
Candida albicans ATCC 10231 0.13

})’Fractional inhibitory concentration.
?Fractional inhibitory concentration index.

ColFa R - A - A

ansoll Al A = F-U3lA AE 9 PES] Z+7}ke] MICe] 1/2 ¢]3}
9 2 E ey o] A5EIHFICI<05)E Bdch 2y A
). 28 E colioll 3l = AE 4 PES] &30l 93 A
£ oA &3 U HFICI=1.0) (Table 1). 28 ot 2o o
g FZE(AR) ¥ Us AARY 2 Ee 2~ FEE(PW)
o E31E0 sHFadE &4 A3}, AE 9 PE) E§te] A%
o} vk 7FR £ S mutans, E. faecalis, E. hirae, C. albicans®
thahe] 1= A4 & 3HFICI=0.375)F ®9l o E colid] tisle]
= Agayst Ae AFICI=0.75) 2.2 et Table 2).
Fig. 5B+ S. mutansel] tigk AE 2 PW2] 3359 3)Fa =}
ol] ei3} isobolograme] ™, AE 2 PW2] Z}z}2] MICY] 1/2 o] 5}
9] =& Fxg)ely 452 NFICI<05)7} dsich. =3k E
Jaecalis, E. hirae, C. albicans®) ﬁH?‘fﬂHE Fd3}A4 AE 2 PE
o] zkzke] MICH] 1/2 ©13ke] R&E w9 oA Asax)

(FICI<05)% Hﬁu} Z, A8 %Lﬂ WAETF FolA E coli
5 A Q)3 2 E FFE0 tislo] PE % PW AESF 34}

A RIS ek,

2le} e A3 ES wElsE B u] AE ¥ PES] 2d 2
AE ¥ PW9] _E'_-cl—xﬂ% 27l A vt oS 7}H 3 &2 9
TR o) 2 Az aE B3 5 gloe] AlgH,
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Fig. 5. Isobolograms of antimicrobial combination of AE with
PE (A) or PW (B) aganist S. mutans.

AE: Ethanol extract of Aloe vera. PE: Ethanol extract of propolis.
PW: Wax-free extract of propolis.
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mutans, C. albicans, E. coli*l EHoHH
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2}~ ethanol & E(PE)2] A%l S mutansell dlsiA+=
20ug/mL, E. hirae, C. albicans, E. coli*ll ™8]+ 20 ug/ml.,
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