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Abstract: The in vitro antimicrobial activities of ei
tree oil, peppermint oil, rosemary oil, and anise oil) agai stil athogens and probiotics were investigated by measuring the inhibition
zone diameter, minimum inhibitory concentration (MIC), any minimum bactericidal concentration (MBC), and the results were compared with
those of five antibiotics. All eight plant essential oils had an inhibitory effect on the intestinal pathogens and probiotics. Among them, the best
overall antibacterial effect was shown by cinnamon oil and oregano oil, whose inhibitory effects on Aspergillus flavus and probiotics were far

superior to those of the antibiotics.“The combination-of ¢innamon oil with oregano oil resulted in asynergetic effect on the inhibition of the

intestinal pathogens, (fractional itory concentration index [FICI]<0.75), but had no impact on the growth of probiotics (FICI=1). Gas

chromatograp ass »spectrometry sis revealed that the major components of cinnamon oil were cinnamaldehyde (52.17%),
o-methoxy am‘ehyde (15.18%), and coumarin (2.83%). The main components of oregano oil were carvacrol (51.73%), p-cymene (8.50%),
and p-terpinene (7.66%). The mixture of cinnamon oil and oregano oil had an equivalent antibacterial effect with the antibiotics, and had a
unique antifungal effect that the antibiotics did not possess. This study provides an effective theoretical basis for the development of a new, green,
safe, and effective alternative to antibiotics.
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Table 1 In vitro antimicrobial activity of different antibiotics and essential oils against intestinal microorganisms

78 B A 42/mm
AR e . i ot Bi5H i 7F b T P
XIAFE  KWAFE KAHHE

WIRE 30 g/ K 16.3+0.6 17.5+0.7 20.5+0.7 245£0.7  5.0£0.1 5.0+0.1 25.0+0.7
FIEEK 20 ug/A 16.7+0.6 11.0£1.4 10.5+0.7 11.5£0.7  5.00.1 5.0+0.1 13.5+0.7
SHEEB  300IU/K  15.0+0.1 10.5+0.7 8.5+0.7 18.0+0.1 5.0+0.1 5.0+0.1 22.5+0.7
FAEE  30ugh 25.7+0.6 25.0+1.4 22.5+0.7 235+04  5.0+0.1 5.0+0,1 pr12.5£0.7
Bk 2 10 pg/ A 31.3+0.6 34.0+0.1 28.00.1 34.0+0.1 5.0+0.1 5.0+0.1 23.5£0.7
PR 1ouL/sL  27.3+2.1 26.3+4.7 23.0+1.7 35.3+3.0 23.0+1.0

FE2ih 10pL/3L  30.7+3.1 17.0+1.0 243431 33.5+4.4 20.3+0.6

FEAH  10pL/AL 32712 16.0+1.0 25.7+4.0

et 10pL/3L 2274311 10.7+1.5 17.3£1.5 21305 107+ 147415

Rhtib 10pL/3L  13.0+26 10.0+1.0 18325 19.5£1.3 7v 77410 801

i 10pL/3L 11323 13315 10.0£1.0 105413 0, 1074230 /12,7412 22.743.1
H kA 10 uL/3L 16.7+1.5 9.7+0.6 11.3£3.6 22.0+1.4 9.7+0:6 8.7+1.5 12.3+1.5
Ak 10 pL/3L 6.7+1.2 5.00.1 5.740.6 8.3+0.5 9.0£1.0 6.0£0.1 11.3+2.1
FHE K 10 pL/3L 5.0+0.1 5.0+0.1 5.0£0.17 15.040.1 5.0+0.1 5.0+0.1 5.0+0.1
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Table 2 In vitro minimal inhibitory concentrations and minimum bactericidal concentrations of different essential oils against
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enteropathogens
LD RIAF W i o W K AT BB KATE W = e RIAT W E

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

) A% 250 250 250 500 500 500 250 500 125 500

EER ] 250 500 500 500 500 700 250 500 250 500

G EA 500 500 500 700 500 700 250 500 500 700
Axrt i 1500 3000 1500 >3000 1500 2500 1000 3000 1500  >3000
Fhtid 2000  >3000 1500 2500 1000 1500 700 1000 2000 >3000
AT 700 >3000 1000 >3000 3000 >3000 700 700 w >3000
X ik A 3000  >3000 3000 >3000 2000 >3000 0 3000 >300 >3000
EER 500 >3000 1000 >3000 2500 >3000 50 >300! 25 >3000
TR TBE >3000 >3000 >3000 >3000 >3000  >3000 v 53000 >3000 000  >3000
R 3 B EAE R BN R R INERE MR N RE PSR, AHSEX I i A B RO 1) S SR A S vl

RE VEARTHIX 5 A0 B ) B0 1 RO BL RIS B I ) BT 1 2K

Table 3 In vitro minimal inhibitory concentrations and
minimum bactericidal concentrations of different essential oils

against intestinal probiotics

S/ E BRI E P AT
MIC MBC MIC MBC

aF s 500 700 500 700

ERER 500 1000 500

RS 500 1000 700

Agewtid 2000 3000 2500

Kt 1000 2000 2000

HATih 1500 >3000 2500

Kk A 1500 >3000 2000

HE 700 500 1500 2500

R TEE >3000 0 >3000  >3000

H1 2 A3 AL, RS e 7 AL

(A KA A RIFR FE R E AR 3 B SR T
a@%%m AT BB, % S5 ORI
MIC {81500 plyL, WF2 2825 B MIC {2 44<700
uL/L; X —RAEAI R AR TR, et
Y3 S50 B A T A A P P ] B S5 fi i A B AR
ERGRAIFIER, mAF RS mAE A, W
RIS 24 T 2R 7B S OBUS A B PP T R I 2
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s PUREIT KT B ARG ERFLAF B ) MBC {E 34 LL
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—FE, #5918 500 uL/L A1 700 uL/L. 74k, K-
PHAR G, gy il e S5O 1 A o B
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5 A TNEAHEMZES: HAH AT A
IC
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%y BEH MBC A#R S, SRk, 42/H 5
ST TR R SR AT E A BRI 220
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URRGR . ) \PRERE JHh 0T T S0 B PR e DRV
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LAY X iE s A R BT RS K AMK IR IR
A= 23> B> T > A > IR R A>T A > A

2.3 R i B2 E ORI R

R 400 5 P A% DA % MILC A (052 435 5, SR P AR
BRI I T S0 1 10 B ORI RS (Y
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FH- LA FICTEBHTRORE o A AR e A PR AR L
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HHR 4 A1, WRERSRE, P-4 23 S A
AR L, XTS5 FhfigiE S0wE s &8 B A A E A,
FICI {H34<1, Thixt iz o A b AR N E FHAS sk £05
B ()5 PRV ) LA R L2 & 5 7= W B 3 KA
ot T FEVER, FICI M8 0.5, Stz kK
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Table 4 FIC indices (FICI) of essential oil combinations against the tested microorganisms

- X MAE-4 2 MAE-E2A 2 HEE
YK PEESLE S ot 2 ' ° TEHEE
SpEDia) EER Sp ezl \EAY FZh | EAY
MIC s 250 250 250 500
n MIC s 125 3125 125 250
KA .
FIC 0.5 0.125 0.5 0.5
FICI 0.625(A) 1(A)
MIC s 250 500 250 500 500 = 500
N MIC s 125 125 250 250 250 62.5
B s ok K AAATE
FIC 0.5 0.25 1 0.5 0.5 0.125
FICI 0.75(A) 1.5(1) 0.6
MIC s 500 500 500 00
_ N MIC s 250 62.5 250 62.5 50 62.5
BB RKIATHE . 1
FIC 0.5 0.125 0.5 0.125 7 oo0s 0.125
FICI 0.625(A) 0.625(A) 7 0.625(A)
MIC s 250 250 250 250 250 250
) . MIC x4 31.25 125 62.5 62.5 125 31.25
iy 7F Bt K IAAT /
FIC 0.125 0.5 0.25 0.25 0.5 0.125
FICI 0.625(A) o.x 0.625(A)
MIC s 125 250 125 00 250 500
- MIC 5 62.5 31.25 62:5 62.5 125 125
HhE
FIC 0.5 0125 0.5 0.125 0.5 0.25
FICI 0.625( 0.625(A) 0.75(A)
MIC s 500 500 500 500 500
e MIC 5 250 5 250 250 250 250
EERIATE
FIC 0.5 o5 0.5 0.5 0.5 0.5
FICI 1(A) 1(A) 1(A)
MIC s 500 500
Tk AT | (OFN 250 250 ) )
0.5 0.5
ICI 1(A)

i SKREMEMEAS, FICIK0.5), A KEARAEA(A, 0.5<FICIK]), [HREFEEA (1, 1<FIC<2), AN KREFZEHAMA (AN,
Flczzj{‘-”f« 5 ARG AT KB HOT T A KR K R3] 99.9%.
§ x5 BEWERD I

Table 5 Analysis of the chemical components of cinnamon oil

s5 PR A ia) o4 2T SFE AARTEE/%
1 1.581 LG C3HsO 58 0.53
2 1.854 ETE CeH,0 100 0.03
3 2.008 2-TmEE CeH,00 98 0.04
4 2.111 EX& CgHg 104 0.36
5 2.201 a-7KFF M CioHi6 136 0.21
6 2247 o=k M CioHys 136 0.78
7 2336 3 CioHp6 136 0.31
TR
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LR
8 2457 K B AT B C7Hy0, 258 1.92
9 2.600 oI CioHyg 136 0.01
10 2.661 o-kxih CyoHyg 136
11 2.720 XFATENE CioHy4 134
12 2.833 AgrtihBR CyoH 50 154
13 2.949 y-iih CyoHyg 136
14 3.051 3-BARTR C;H0, 122
15 3.248 X THA CsHO 120
16 3.359 e CoH;50 154
17 3.803 PR LB CsH,0 122
18 3.868 ARF AR TR CoH,0 134
19 4.039 2-F Kok CoHgO 2
20 4252 ETS CoH,0 13
21 4.599 AR EE CioHis0 LY
22 5.167 LENAEE:S CoHgO 132
23 5.305 PHAESFAE CyH,0 164 0.16
Bk
24 5.634 IKApEE T Bk CsHz0, 136 0.39
25 7.010 EE S CoHO \ 132 52.17
26 7.772 o CsHy, 204 1.11
27 8.407 AR B K A R C{oH 50, 164 1.00
28 o-H AN C sHy 204 0.14
29 C sy, 204 0.85
30 CysHy, 204 0.15
31 CsHy, 204 0.05
32 5 CsHy, 204 0.11
33 LA BS C;H,0, 176 0.96
34 Fa2E CoH0, 146 2.83
35 ST A CisHys 204 1.15
PR CisHy, 204 0.26
O-HAN CysHyy 204 0.52
a-4L% ¥ CysHyy 204 0.28
12.659 AR B A AREE C1oH 00, 162 15.18
13.299 FAbs 4k CsH,,0 220 0.89
4 13.533 SIER7S C14Hy0 212 0.30

91.05

24 WAEAE AR EAE W AUE AT

24.1 WAEHHE GC/MS 2 H7

FHAHE et TS e OO ARG AT 0 A, 15
BS B FIREIREIR 47 Mg, il 1, R bR
FERE R, S 2 15 o ol T W F AR AH OGSk T 48 5
EExT EE ARG AN, K 41 Fk G, H
B R S H VARG 4 = 91.05%, WK S

AT R (IR 5) w51, MPIEERS
TR B R h 41 FHER IS, £ T EE I
WA, FrE i m e RUERE, ABX & /0N 52.17%.
WHEEG PR DIS RS AR 'R AR K
0L B T PIRERS(52.17%)4h,  ARRT & B A8
AR A FE RS (15.18%) B . % (2.83%) X1t
F2(2.00%)~ 2R AT IE(1.92%) p-FATHIE(1.69%)-
KINWE(1.69%) 7 T BFM(1.15%) o-IRNA(1.11%),
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Fig.1 Total ion chromatogram of chemical components of

cinnamon oil

242 #ZHihe) GC/MS 97

AR E R R YA GC-MS S4B 7t &L I
2, OB 30 Mg, ZBE AR S bR L
F6 FEMULEHS I

X R RIEETE 10T 25 AN, o5 (il SR IR0

PEELT 98.05%, FHAL BRI & BRI A — 1k
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Table 6 Analysis of the chemical components of oregano oil

) &% B 8] /min ot R aFE AEE%

1 1.515 L) C3HO 58 0.56

2 4.489 oAt 1oHi6 136 1.38
3 4.600 o-JR M CioHyg 136 3.97
4 5.014 Fhe CioHys 136 1.08
5 5.570 : CioHy 140 0.03

6 5.663 CioHys 136 1.01
7 5.817 W CioHyg 136 0.20
8 6.004 A CioHyg 136 3.95
9 6.422 PR CioHyg 136 0.19
10 6.639 Ferih CioHyg 136 1.93
11 6.785 .« < 2+t Ci4Hag 194 0.17
12 6.963 18] 7 AR CioHyy 134 8.50
13 7.330 Heetih B CoH;50 154 0.20
14 7512 Af-F AR CioHyy 134 0.06
,{ 7.822 y-ih CioHyg 136 7.66
16 9.083 3R CoH;40 152 0.10
17 9.327 A EE CoH;50 154 6.26
18 13.526 H R T A C;H,0 164 0.58
19 14.751 2-FEARATER CoH;0, 180 0.13
20 15311 G AR CyoH,0 150 1.89
21 16.181 B CyoH,0 150 51.73
22 16.694 a- SRR e CsHy 204 0.19
23 17.914 T At CysHyy 204 3.81
24 20.274 1-F 3 4-(1- F 3 -5-F h4-TH IR TH CisHyy 204 0.09
25 22282 A A CsH,0 220 2.38
Bt 98.05
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M 6 TLLE H, WA gL B 25
FHE R EY), B 2 M5 (53.62%). 14 FléE
(28.01%)~ 2 FIR(8.56%) 2 FhEE(6.46%) 2 Fhf
(0.66%)~ 1 FHE(0.58%)F1 1 FHZ(0.13%). FHerkExt2
TR A B BT (51.73%)  [A]-J R R
(8.50%)~ y-FATME(7.66%) B-FATHEE(6.26%) a-TR)
(3.97%). p-HEEME(3.95%) ATTIH(3.81%). EALA
P H5(2.38%) SERATII(1.93%) LA KBS 75 513 (1.89%)
b B R BRI 92.08%.

HH# 5 AR 6 v L, AN[FIAEAVR B4 A iR 4t
FEEMER A, 2RIV AR EM, W
FEIM AN 2230 (1) B S 0 o AR R AN A &
Y. KREMARGREYN, WA ERS
SR P AR GRS R & GC-MS
I AT E PR B R R R (52.17%), B2
R R B TIN5 1.73%). ARG H AT RiE ]
I, PR AT B A A A LB AT g 2 B e 2 —
ANSRIKIEA], 5 Wl A P BRI TR 2R 1T 110 235 7 S B 1 2
NAHAREE, AT AN T B TR (1) 4 P B 22 W 5 ) R
FEHAMR R R &y o] L 5 R e )
NEWTRREE, B4 hI4uM R AN RIS A, T4
5 o R T LR 4 AR AE TS B AR AL
A FRIAN [R] 2 H I AN R R I R SR R =2 PR A
A2y dAT SRR, BN, S0
IR i & B A B 8CR, IX AT REE ;
Fobt A RO RS EL T R4 P A2 SRS, X
WP S B EGIE o

3 g
TR R 7 FiRGaE A — e R
BEVERD, Lo & 1% T Rt 1 2 T 2 1 A R A

[iENIE S U RN A . RfE 4R
&, ERIK = PUE I e A PR A B A 4
H1E L, (R RATE o i1 S50 T A 40 1= Y i

Tt B A AT s k. ARk,
FriH . OERML AR E OPUE SR,
X5 B R B AN E I RAVIA . R SR A
UFIIPIRE . 2R A AN B LA kAT R, R
AR R R WA R GRS, HAE S0 E
(PN E 43R AR A E FH (FICI<0.75), TMiX iz 18 a5
AR KENE EIFICI=]), NP RETRGE, %
2 ERIPUE R BRI AR .
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