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Study on the preparation and antibacterial activity of clove oil microemulsions
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Abstract: In order to improve the stability and water solubility of
clove oil, fully dilutable microemulsions incorporating clove oil were
prepared in this study. By comparing the areas of microemulsion re-
gion in pseudo-ternary phase diagram ( Syg ) and the minimum
dilution ratio (DR), Cremophor EL 30 and anhydrous ethanol were
chosen to prepare clove oil microemulsion at 2:1 (w:w), and the a-
queous phase was neutral. Further, the type of microemulsion were
identified using electric conductivity and rheometer, and the antibac-
terial activity of microemulsion in O/W central zone was also deter-
mined, with mixed surfactant / clove oil / water at 16/4/80 (w/w/
w), Km = 2. The results revealed that the encapsulation showed
little effenct on the antibacterial activity of clove oil. Meanwhile, no

significant changes of microemulsion size were determined when dilu-
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ting and storing, and this might indicate that microemulsion main-
tained a fine dilution and storage stability. Thus, clove oil microe-
mulsions could improve water solubility and storage stability of clove
oil with no effect on their antimicrobial activities.
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1.1 #R5EE

T AW RA MR

B4 207 B RR Il (Cremophor) 28 %71 « 78 [ B 37 J¢ (BASF)

KGHH (E.coli HB2151) : b I 3T 7 4= W B £ A R

//_\\#

Zl

»
I

L WA AR (S, aureus ATCC 25923) . 75 & 5 1 4=
WEARERA A ;

Howilon o et [ 2 48 AL AR A IR A

pH it :EL20 B, LGRS — R Z A WA
B3R FE-30 B, Mg i — 6 R 2 A IR A A
BIA2 4y BT AX : Nano-Zs90 B, 3% [ Malvern 1Y %8 4 [
WAL . AR1000 2, JE[F TA 247

Ak TAE & . SW-CJ-1D AL, 3 Mg fb i & A IR A A 5

E R 5 5 40 HWS-150 B, | 55 e AL 2 A4 1R
NG

e K B4 LDIX-50KBS %, |1 B 22 BEI7 48 )
1.2 TEHEHHMIAM=THENHE

SR KRR = oo M E T, R AR — e B
TRV 1 R 5 e K B (B SRS M RD L3 1 he SR A
—E BT &ML B IR A 5,30 ‘CHEIE 30 min, AW
IMAZREN LB FAOHR G5 HERRZEHER AR K
Az AR L SR M 2 B T KR I . K T AR
B 22 T M T TE G AR A Y B B 4 4L = e M R
T A L X 3 1
1.3 WAMBENHE

(e RAENETRU R Rl & a2 RN 2 T
N MEWARI 12 g IRAREIEER (Km=2) L}k 3¢ T
il IR A Y513 IR 30 min, AR 8 T K. fik &5
S o e L SR B K F A E 70X L L.

[ OR TR AR 0 e R L I G5 SR AT RIE . S T &
AR B K B (1096 ~ 90 %6) A ) Bt 3¢ WL 2k B R ) o AR 4
B A A T U oL i A, e b, By D) Rl
75 s R 40 mm AR IS SR IEE 0.5 mm, Hh
REREEHEN S THEMTEREN 8 2,

L4 THEBMISNNERE(MIC)HNE

T WAL SR /N TR e B I 5 2 B Hammer 25797 ()
L UK R & s A kA R R . W — R
BN T B AT HMMILNARA BRI E 50 CAL
W58 i TSA BEARE:FR 36 b TR A 150 6 BT AR SR B
15 mL. P4k B 5 . 3 A 100 L 10" CFU/mL [ B &
W URAT ST, K HePh 5 (- A B & T 37 CRE M P B AR
24 hy RIPAR 1 JE T 0L B I R Nk B S MIC, 5 A
3W. UKHEKIEH.

7E 10° CFU/mL #Y B & & # i A Cremophor EL 30 &}
TooK CE AL F B LM B 5y B 3% 1.5%,37 CRG R
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L h, M EER PG WR AT . 37 C R S 24 h, AT FARIHEL. DA
TF 8 AW L v 3% T80 V3% P 500 R B 3K T8O P R0 X 0 B 4 5
L5 HMEMENNE

& ] Malvern Nano-Zs 90 742 43 8 300 %2 3l FL 19 kL 42
AN,
2 RS0
2.1 REBAEFGTHFHBANZ W

FENE LA HLDB (A 23 52 i 2L i Pk B 2 2L i
fE ST s BRI 2 e B AN [A] 5 4K 1) Cremophor F1 Tween £ %]
FLALK E LT HLBE X T HF Il m . EaFL =
JCAH & AL X T R (S ) 5 R KN LT T 2R
DL R LR M 2 U0 A G g /N T R R LE (DR e il £ T
B ML AT 3% 100 I PR ) A9 SR A F R B AR U DABRC S B
DR g 48 5, 5 3 dw A 09 T 3 0 2L AR R 00 2 T T M R 3%
B EERILER 1.

®1 FREEMEH HLBEXMIANZWE

Table 1 Effect of surfactants HLB on
microemulsion (Km=2)
BRI HLBEL Swe/% N S/0
(Pt )
Cremophor EL 30 12.0 44.45 8.2 2.67 01
Cremophor EL 35 13.0 48.29 9:1 6.1
Cremophor HR 40 14.0 42.79 8.2 2.67 01
Tween 80 15.0 42.27 9:1 6:1
Tween 40 15.6 39.23 9:1 6:1
Tween 20 16.9 35.35 9:1 6:1

T S/O FIRAE DR T 8% PERI AT Al i it LE

B 72 1 7 A1, % F Cremophor % %1 32 3% ¥4 7, B 4
Cremophor EL 35 J& Ui FL XX 181 FR de K (A2 Hfw /) T 6 B
A9 1.S/0 % &5 1 Cremophor EL 30 fI Cremophor
HR 40 i/l B R 8 0 2.S/0 K 2.67 & 1, i /p
THERWE M. g2 v, 78 6 15 & T 2 0l i g 5L
F ,Cremophor EL 30 1 Cremophor HR 40 7 il #& 7] % B ik
LA T R TS PR R R D . X T Tween R 41 3R 1
F, FTB B L DX T AR . HLBE B B K B R R R
HLB B3 K o 8 A F T 3rL 19T B, 33 45 4 S 10 g i
FER—3. L5625 AL X 1 BUR R /N BT R ORE LG, R
Cremophor EL 30 15k T 7 il i 7L /Y 2 1 135 £ 57
2.2 KmEXTEBBEHIN

Trotta 55 AN K m {H % 7L X 160 AR i) S 28, PR it
R 0 ook < Sy By 3508 35 PR XA [R]) Cremophor
EL 30 576K Z BEA R it b (K m) A5 % 48, 098 Km R4
1,301,201, 0 1A 20 1, %3 sl X m BLURT DR (52
ZRE 2.

M#E2AA, Y Km<2 i, fi#HF Km 81 FEEHALKX
T AR B S8 80/, BT B A 2L 0 T il 2 B AIG L O B S/0 B
Koo (B Y 980 /0N 17 38 R BT 5 38 T80 9 1 59 ) B e 5 s 2 Km=
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Table 2 Effect of different Km on phase diagrams

of microemulsion

Km Swme/% DR (Jii it S/0

1/2 29.51 9:1 3.1
1 34.82 8.5 1 1.5 2.83:1
2 44.45 8.2 2.67 1
3 44.04 8.2 301
4 38.88 8.2 301

2 B R A 3L X B R K (44,45 %0) L BEBF S/O /N, Lk
FEUE Km=2 It & 77 8 B T 4 il 3L o v 199 2 T 0 1 57 ot
i Km=3 i, gL X i AR AR KL H S/O A7 P
I K om AR 2k 2 4% 0 2 4 I EL DX T BROT B 8L R R
2.3 FRREKIFEEXT & il f 2L B 50

TESE bR LT A AN R K BR35E AT BE 2 % T & i 3L ™ A —
TEW R W, . 78 8 € T FL AL A O Cremophor EL 30,
Km=2 ByFERl £ DF58 T K AR b o fi 5T 2 A0 pH{E X 3
FUIE BUBE Ty RS20 . 25 2R L3R 3, RfE B AR 5T A 2 9 38 m . 34
U DCTET AR BB/ » 3 2 TR S v WL 3 R T AR T 2 T R
A ER AT {2 18T T R 194 3% K BB I B AIG L BT LA BURCEL 1Y
REI A TR, B pH (il b PR AR B A /N AT W
HEAR K AL AR T 7 i o L DX TRD BRAS B9/ AT TE R
WL BRI A PR A BT R AN R 1 KRR B R SR A R TR
WL R

£ 3 FEKBEFHE X ELEE R

Table 3 Effect of different aqueous phase environments on
phase diagrams of microemulsions
KA PR 55 £ S8 Swie/ % DR (JFi it H)

Xt B8 44.45 8:2

0.5 mol/L 42.47 8.2

FL i S 7R JEE 1.0 mol/L 41.44 8:2
2.0 mol/L 33.04 9:

pH 3.0 33.63 8.2

12958 pH 5.0 37.79 8:2

pH 7.0 43.92 8.2

2.4 WAHBEOHE

T WS B B R AR AT OO AE Rl E T LA
AL K m DR A 25 0 0 il b 0 — 25 R T Rk
R %8 S LA B R A7 R 4% . AR B 5B BR T L R
FAREXFLI A AT TR B 1) TR B K gy
(o) M3 BLFL S RN WAL L 2 o <TS4 V0 L LR
Bl @ RN N 2 5400 <<e<T67 )0, FL 3 A3 TT 4 ik
D524 =67 VoI, AL G R TF AR B AR, DU Xk B i L A 2 43
By W/0 # B.CRL.O/W #il,

THCFL 280 5 L v 5 g 85 D AR G DR B R A R
HEX A BIIEAT TR IE. B 1Ch) AT T 4 L 3 B2 B

KA B R IS T AR L 2K A & R AE 5026 ~60 Y0 B L L
B AR A AL T AR 2238 sl ok o 3 &L L B
BEGRGHE R R . PR, DR R A AR 1 25 S ] L A B 3 Sl
MF W/O B B.C BURT O/W A1, L4 55 SRk A5 1
gk

HR 4 L R AR W 45 S BIR A SR R/ T A/
K (Km=2) WL =M E 4028 O/W.B.C il W/O B fi
FLX I 25 R R 2, Hofopl X AR i 33506, 13,4404,
27.66% .
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Figure 1  The electrical conductivity and viscosity of clove

oil microemulsions with different water contents
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Figure 2 Phase diagrams of clove oil microemulsion
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2.5 TEBEIANSNMIERE

AR Al-Adham %55 3 7L 76 AR B v i 7 & 5 AL Bt
PTG M Z B 56 JR B S8 45 SR T 1, O/ W AL 3L X i o ] X
B B BRI B . AR T H Al e
S5 AR T X T B R R AR R L RS S R 2 i A X
GER IER/NRREIL g 8 12 9 T TURE ) b2 Bl FE
AR O/W TG o D307 B8 1 T 7 st 80 A7 410 74 33
ENE, W — A RAFEEHER C TEM D k=16
40 80(REI) Km=2; T ~ N RAREEER @ TH
WooK=27:3:70(FHENK . Km=2,

SR JHT ARG B T T B il B T A i A EL A K A T
R4 B €038 7] IR T A e /NI BT R B L S5 R LR 4. T A& Ilixd K
J KT TR R 4 B €4 R 2 BR DA 0 3w /N 0T Mk BBE 43 5 oA 0,625,
1.250 pL/mL, M5 R 5 0Bk 23 45 A & . 5 T & Wl AH
Eb s HH LT — il & 0 T B I AL I A 4 B ) MIC {H 5 46T
A AR o T TC 5 A A L X BT A Al B 1 MIIC A{F 43301
2.500,5.000 pL/mL, Fb 40T 751 /& 400 8 6 A B T R

F4 THEARERIAGRMXERK MIC '
Table 4 MIC values of clove oil and its microemulsion sys-

tem against microorganisms

/NS /(pL » mL— D)

(LA -
K AT i G WA R R T
T 0.625 1.250
e 7 — 0.625 1.250
Be o — 2.500 5.000

T T AWMLY MIC LA S8 UL i 92 BR T & ol 09 5 n 4k

Ivi) sF %ok 2% 167 33 2 50 R0 B 2L Ak R 0 AT T 9 o 40 7 A K B
TR 25 R UL AR 5. 78 B R E O 3 00 3T 1 R B B
B 15% K ZFEAEEE 1 h )5 N MTE IS R A — &
BEM B A I A B, 368] Cremopor EL 30 FMIFE/K Z B H
BT AR AR S . DR, T T A L O 0 O 3 Bk
FTHEMASOPURE TG FE HE T & sl v f i 7
0B A 22 B T RE R 32 3 0 R Mk RE A B ), 3 T IS
P T b T TR S T P AR O L T A o AR, 1T g
T ER R M T
2.6 TEHEHRMIANNERERE EHEEH

b — 25 X6 0T T R A T A AR (T —) kAT K

% 5 £ Cremophor EL 30 S{FL 7k Z Bz 4b 38 /5 A & Y 1718 &L
Table 5 Viability of bacteria treated with Cremophor

EL 30 and ethanol (n=3)

HEAEE S/ (g CFU « mL—1)

A1 B 2 i 7] / min
Cremophor EL 30 ToK L
i 1 8.74-+0.01 8.73+0.01
K FF 1A
60 8.30-+0.03 8.69+0.04
4 TG A 1 8.72-0.02 8.74+0.01
G BR TR 60 8.3440.04 8.594-0.09
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A A 28 B HEL A B ) o K 8 25 5 6 A B A 8 A3 5 10 748 A 1
Blo HIZ 6 P T A il CEL M WD AR KL AR O 16.84 nm, 7E 4
g 10,20, 100 A5 KA H B Jm » FLRLAR AR (AR R X R W T
T I L 7R A B AR PR AR RE A PR 1 L 0 LT A i AR
FLA BEHI G A9 PDI 398/ S W IE J5 — 1 4 B9 AL B A
LIRR TR S i

R6 BRMBEIETPRAMENEL

Changes in particle size of microemulsions in the

Table 6

process of diluting and storage (n=3)

FE ¥ il 25 WAKLFE d/nm PDI

SRR T FL — 16.8440.04  0.26540.062
10 13.6540.11  0.246-+0.004
i e A Ak 20 14.0140.23  0.20140.017
100 17.99+1.87  0.27340.063
30 d 17.46-£0.49  0.204-+0.009
60 d 18.39+0.11  0.229+40.004

i JEC B ]
90 d 18.39-£0.22  0.228-+0.009
120 d 19.83-+0.20  0.217+0.015

T T AL B i R A R B o e L 0 Y B S A
2R I6 00 1 I R Tk AR A R ] AR AR AR A B0k FAE . h
%6 WA, BELBARERAE 120 d I 25 5 R AR AV 1
J 2,99 nm, PDI {f 7£ fif J8 it 2 o o JC W) Wt A2 4k 2 BT+ 4%
0 T A T AL T A R RN R PR R R R E M 5 AR
I T R B g 4 R — B
3 Hik

AR BB X T b AL 0 T A R0 B P B HEAT T A AT
e T AR I L B = e AR e L AR T 2 T
FIF2E K m B DL ROK AR BT CGB 73R BE A pHD . Lk, I A
HL 5 28 3 1 A TR 0 LR T R R TR S SR T R/ T
Fl /K =16/4/80(JFH ) . Km=2(H Jy —) KL K& 27/3/70
(it B Km=2(F 5 ZO M T F ML il » %
WM. X R A A 4 B 6 R A BRI MIC 25 3R
B T 7 — i 4 1 A 7L 0 B0 BRI kS Al T AR L 43 A
0.625,1.250 pL/mL, g 7 — il & M BUZL i 40 B W B T
R, dbAh a8 3 10 3 R 58 # W Cremophor EL 30 FIJE/K 2
FEM D BV A5 Ik, T & ML s os v £ b T
A B YU P, 3R I e N v R AL
T 45 R B BOR T A e L ZE R &R T B B T T R
Rt 3A0 e i T & i L B A R AR R L LA R[]
P RE RS BT PR M . B T 4 0 T T L B A AR
F5 T A0 B O T A e A L LA A A K R R
M HLAT )2 N R R
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