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Abstract: The composition of peppermint essential oil was analyzed by gas chromatography -mass specrometry (GC-MS). Using
pseudo-ternary phase diagrams, the effedt of various cosurfactants (ethanol, n-propanol, and n-butanol) on the phase behavior of the food-grade
microemulsion system for peppermint essential oil using Tween 80-water was studied. In this study, the density, particle size, and pH value of
the microemulsion, a well as its antimicrobial activity against Saccharomyces cerevisiae in NYDB medium and various drinks, were
determined. The mechanism of the antimicrobial action of the microemulsion against Escherichia coli was primarily evaluated based on a cell
membrane permeability assay. The results showed that the major components of peppermint essential oil were menthol (30.67%), and menthone
(26.89%). Ethanol had the best solubilizingeffect as a cosurfactant. The average particle sizes for two formulations (M EL, oil/ethanol = 1:1 and
ME2, oil/ethanol = 1:3) were 66.57 nm and 55.63 nm, respectively. ME1 had higher antimicrobial activity and a better suppression effect against
S. cerevisiae in clear gpple juice. The minimum bactericidal concentration (MBC) was 64 pL/mL after cultures were grown a 28 ‘C for 48 h.
When culturing with 5-fold diluted ME1 a 37 °C for 75 min, the leakage of E. coli nucleic acids was 51.68%. The microemulsion solution
could kill E. coliby releasingnucleic acids and increasingthe permeability of the E. coli cell membrane.
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%) S.cerevisiae. Z.bailii HIHEINH IREZ A 113
mg/mL, HARARHEREE A 2.25 mg/mL. Tserennadmid
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Fig.1 Chemical composition of peppermint essential oil
analyzed by GC-MS
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Wi (23.38%). fHifmilH (18.31%) ¢ iifui i (8.58%).
FPEN (6.22%). a-JRME (5.95%). FEEZ#R (5.99%).
B-IkNE (3.78%). IR (3.52%). FHrp&EMba

Ynh 68.93%, BEIWN S wEGS 17.81%, AH
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=1 OEEREHNLERS

Table 1 Chemical composition of peppermint essential oil

gy R ot 445 prx YHE
1 28736 I BE CioH200 23.38
2 23518 AT ER CioH1s0 18.31
3 24.354 53 47 R CioH1s0  8.58
4 14.455 FEAE M CioHis  6.22
5 9.069 o- KM CioHis  5.95
6 43.92 P AR CoHgO2 - 5.99
7 11504 B-J& 4 CioHis  3.78
8 27.266 (1(-2‘?252;‘;7}%62@ CioH200  4.47
9 26300 trimetrE)lllsk;?&;E:-l)c}[-j.ﬁl’Bff;eptane CioHis  2.48
10 29.033 7% #7 BR CioH160  2.05
11 31.362 ) AL EF) CioH160  1.47
12/ 26.555 Fr ik T EE CioH10  1.49
13 1467 Aot i BE CioH10  0.90
14 11.848 KoM CwoHis 0.84
15  29.502 ERER C1oH10  0.63
16 13.126 F AE M CioHis 054
17  30.19 o~ il B C1oH10 0.52
18 27.544 1- 6 44 M CisHza  0.48
19 20.344 ot EZ CeH120 0.41
20 25519 FAEER CioH1s0  0.19
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Fig.2 The effectsof differentshort-chainalcohols on the phase
behavior of microemulsionsystem of peppermint essential oil

Note: (a) peppermint essential oil, (b) peppermint essential
oil/ethanol (1:1), (c) peppermint essential oil/fethanol (1:3), (d)
peppermint essential oilfropanol (1:1), (e) peppermint essential
oil/propanol (1:3), (f) peppermint essential oil/butanol (1:1), (f)
pep permint essential oil/butanol (1:3).
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Fig-3 The phase behavior of microemulsion systems when using
ethanol in different ratios as a cosurfactant

Note: (h) peppermint essential oil/ethanol (1:1); (i)
peppermint essential oil/ethanol (1:3).
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Table 2 Average densities of oil-Tween 80-ethanol

microemulsion systems

£8.5(m/m) 34 % B /(g/mL)
EMM R TR
MEL 1= 80: K=1:124 0.90
EMAE R TR
ME2 8
et /5 80: /K=3:984 0.85
Kl - 0.88
Tz - 0.80
ki3 80 - 1.10

H 2 2 A% MEL R ME2 1955 543 324 0.90 g/imL



M EmBHL

Modern Food Science and Technology

2014, Vol .30, No.11
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Fig:4 pHvalues for the microemulsion system of peppermint
essential oil

2,6 FrrAr AL R AT EIR Z (MIC)

< 3 HEEEHMELIR NYDB, FERE+. TRLRMA T XS S.cerevisiae B RARHNEIKRE
Table 3 Minimum inhibitory concentration (ul/mL) of peppermint essential oil microemulsions to S. cerevisiae inNYDB medium, clear

apple juice, lemon tea, and milk

NYDB FRFT AR )
24h/ 48h 24h 48h 24h 48h 24h 48h
ME1/(uL /mL). 64 64 64 64 64 64 >128 >128
ME2/(uL/mL) 128 64 128 128 >128 >128 >128 >128
HEE 3 R TG TERGR ) MEL 7F 24-h A1 48 h 1) U, 75 min A% B i 26 50 1 51.68%75 47 .

MIC ¥4 64 uL/mL, T MEL H {8 fapk i b B8R {;2; o Tl
TS ME2 AR 39T MEL. MEL £ 3.5 mp —+—1
IR NYDBSE 7RSI, (ERTAREL R4 £ 40 /
475 o A RS AN UTHI s Tserennadmid R 5581 i lff —* g
UM AERBIZE A5 it MIC 12075 T ol S okt 36 Z 20 e
GEVS AU SRR o 43 b RS ER] Eh T4 R i
H AR AR T A K B, FEASTEAR ELAER, A f.{ . " ——
RORFEAR 7 ARG B4 B R . DRI I 228 FH A B 0 1 300 10 30 30 40 30 60 70 90
MEL Bt 5 147 )5 225256 . 35989 (6] / min

2.7 4R

Fi MEL b K F 1 20 fe il s FL o P2
T W], 10 R B LI A LR V)5 (1) MR 7E 15 min
PRI KZE 10.98%, [HER 5 TR, 75 min
IR A 30.05%. BH 2 5 5 R FLIBR B SR 1%

5 SEfIE MM LG KT R AR RSB M A2
Fig.5 Effect of microemulsions of peppermint essential oil on
the cell membrane permeability of E. coli

Note: Error bars are calculated from the standard error of the
dataset (n=3).

Zhang Hui 08V 5 10 £ B 7 LR . H S

143


app:ds:cerevisiae
app:ds:cerevisiae

M EmBHL

Modern Food Science and Technology

2014, Vol .30, No.11

WAL R RAZBR B ZAE 15 min BT 45%
KA, 60 min A F] 100%, SAGEREBAME. B0
VAT R AL VBOR TR BT 2 4 TR A RS (A
VEH SEUES R DR PR AYE R, S EElF R
MAET . Teixeira 2 (2007) 415 B LB AT K kT 1
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3 g
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0.85 g/mL, “F-¥3ki4243 74 66.57 nm (MEL) #1 55.63
nm (ME2). MEL Fl ME2 i#3/in%] NYDB #5773, 3
Rt FrEA AR e BT R X S.cerevisiae L AT
B IEE, MEL FHIEE G s, 28 CHEF: 48 h J&
MEL 7£_EiR 77 %R ) MIC iy 64~128 uL/mL. fl
LT EERN By DN 7L A A1 N8 iR O N7 B |
T RIS FBOET .

3.3 AURHUE AL ERE AT T LA R, R T RS T
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