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1 #R5HZE
1.1 #FEHF

4 4085 % BRI (Staphylococcus  aureaus) (10
I'T X T4 (Salmonella) | 1 €4 %5 3K T (Stap hylococ-
cus albus) B ML YE I (Vibrio parahaemolyti-
cus) . KB FFH (Escherichia coli), T-40 CI#-1F,
Sy A AR AL YRS I T ARSI P R O T
PO KB4 AR BRI R [ T &
By, TRy, BRI A R A ek
i — 80, V4 Bz A~ B A A7 BR 2 ]
12 HFE5EE

QP2010 Ultra AR @35 - BTi% B AL, H AR
H Al DDSJ-308A AU HE 3L, b g4 AL B 24X
B A B F) s SpectraMax D3 AR AX , FE4F 43
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AR (L) A PR 7] SW-CJ-1D $ AL T
fEf, WL dnd b Sl A7 FR 2 W] s SPX-250B-7
ARG IR, RS AT BRA 7]

1.3 REHZE

1.3.1 WAEMMH S X EEAmEaRE ., Kp
FEG U0 T IR | R V8 I I T A B 7 4 K T
HEATIEAL, TE 37 CHE % 10~12 h, BRI EE Ny
1x10° CFU/mL,

1.3.2 Kl sesr 2 SR A1 QP2010ULra #Y < AH
o 3% — % 15 H (Gas Chromatography—Mass Spec-
trometry,, GC-MS) ¥, fEiEsc/f U, @kk: Vi-
WAXms £ 4158 (30 mx0.25 mmx0.25 wm) , #FFE
R 250 °C, 433 b 200:1, #8800 AU, H TR
A, R 1 mL/min; A 35 CAEEF 3 min, DL 2
C/min J+#] 150 °C, 48J5 A 4 °C/min J+5) 240 C,
P45 15 min,

1.3.3 K5I A 40 B i P

1.33.1 HEMAOHY BOmE NE AERs T
AR 2 R I B P T 10%0t:
T —80 e il 75 2 ¥k FE A 400 wL/mL RS T 5 WK o
JoH 0.9% NaCl i BRI 2 107, M 10 pL
R A U AT B E IR BUIR B AR AR AR T, W 20
pL KA O 2 H AR 6 mm W C W IE4E A |,
PRI R BIEAE L5 e, DL 10% 0 i -80 Ry Xt
HEA, 37 CEIE RS 12h 5 I E AR
TEAL PRI (1) R R,

R(%) = H=Bex100 (1)

2N, O B B P X T V& B, CUF/mL; Y,
i e 20 17 TR 5, CUF/mL
1.3.3.2 KEUBAHY HOM S AT FLE 72 1]
1.3.3.1 74 et il 5 9 7 R B A 2, B 10 pl
PRB WU AT 275 FR B IR B AR AL 3R M, IR 20 pl
AT WO N 2 HAR R 6 mm 9 15 32 AL
37 CHi R 12 h i o THERRATHR A B v 55, AR A
1.3.3.1 WAKIHHEME R R,
1.3.4 & /DM WS (Minimal Inhibit Concentra-
tion, MIC) I 7 W 2 R AREAS W A BL & kG i\ %
BPREIh  REERE A L AT A B ) MICMY, B 10
YIHHEIRE IS N 1~10, 78 1~9 SR h 4
A1 mL KEWRGIEFRE E 1S P Al

mL W N 256 wWl/mL B9AE I (FH X H 19 10%
i -80 B ) IR A A, IR I mL £ 2 %
WA, DI A5 B 2 8 5 o i b, i Jm 5%
25 1 mL; (A5 W% 128~1 pl/mL, [FIFEAC
il AR T A (R TG TR 2%t 1 -80 ) ¥ ik , 2 I
RN 64~0.5 wl/mL, 7 HL 285 B R 64~
0.5 pg/mL, 7 1~8 X P A 100 pl 1# &
(FE W T 1x10° CFU/mL), Hh 9 S8 h
BF A ek T A2 3 1R T, 10 53548 A b PR A o) R
SUOKS b sk 4843, T 37 CHE 3 12 h, Mg 4
ST, BT 3R,

1.3.5 EXEPIEEENE  KYE 3 Fioksim MIC
SHGLER VE RS TS ARG T 2 R
TTEB . Lhor 2B 45 5 (Fractional Inhibitory
Concentration , FIC )/ Sk J W7 Bip [5] 300 7 A4 4k P11,

FIC 46 % = ﬁig; + 11\\/[4?32 (2)

AP MIC, 2 A Rl B BRI A B9 MIC; MIC,,
A F B B B A9 MIC;MIC, i A Bl i i
MIC;MIC, & B HAf A5 MIC,

FIC & %00 % A5 e . FIC <0.5 B} 2 A Y A 4
FH50.5<FIC< 1 B A MHIMEH ; 1<FIC< 2 B h
BOR TG FICS2 W HA S H/EH
1.3.6  ERCK MM E G MR FIC 48 %,
SE PRI FH 00 2 e T 2l 4 29 A 0 TR I L IR
20 wL B (M R 1x10° CFU/mL) #E47 3 4 IF:
JIA 100 pl & BKS sl 414,37 CHi % 12 h )5
3 3000 0 A P ) AR AT B

e B EHAE <7 mm AU ;7 mm< ) 5 B
HAE <10 mm A EHUE 10 mm< M B 52 <
15 mm A 1 BE B 15 mm< P B8 B8l B 42 <20 mm
7 v PR AR 5 10 T P LA >20 mim A i RO
1.3.7 Xk A KM 5K B R
VS I A AT R R 45 0 ) 4 K P 0 B K Il
PR E N 1x10° CFU/mL, 16 BB i AR
[) A 58 1 PR RE TS | L DA R T R A R, A AU
JEA 1 MIC AFERE 1 MIC A B/ 1 MIC T &
By 172 MIC AAERE+1/2 MIC & By 12 MIC A
FEfE+1/2 MIC T B, LAk -80 a8 (X
W BE 2 h BORE I ZE 12 h 600 nm Ab Y W 5
R
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1.3.8 KA SRMME 25 &0 IR E R
FETRT L B A o B | 4 o 60 7 2 BR A R DOTE ,
TCTA PBS 2% i Uk V% I T B & A AN AV 1Y A
FERE WM T A&BEW T (5 1.3.7 WA,
F 37 °C, 150 v/min $E K55 9 hy A 3 h HURE, B
(6 000 r/min, 10 min) , LA i -80 F1 P& B W AE
S UG BRI 3 R LT ORI [ A
550 h XY L S 3R 2 22 FROR LG OR I
1.3.9  XJRARR R F1 A 1 Bt R s i ARk EE R
1x10° CFU/mL 1Y B A W TP in A [a) e B 1Y) P A
B E R T AW, SRS 1.3.7 A
[], % AR m A S5 AR AL i 3R -80, 37 °C &% 3 150
r/min ¥EPRIGFE , B 3 h BURE, &40 (6 000 r/min,
10 min), W% b3 WCAE 260 nm A1 280 nm Ab f¥ 1
G,
1.4 HEHH

BRI ESE 3 W AR HEREZER
o K Excel 2016 Origin 2018 % 2 6 5 ¥ 1t
TG AT A B L) R 2 T

2 #HERE5HMH
21 AERH. BEEEHEHR. FHBHNIEENE
PR [ s il 5 7 S [ 28 00 0 BT B 4, T
DL 3 PR i 78 SOM RN 2500, AS TR A 0 B A
SRR EEARTR] (WL 1) o Horpr ) RS Il 72 ORE AN
VARSI KT 5 ol 240 BRT A 0 w IO P PR %, FEVROHE A
T, EHEFRXT 5 R0 0 R S TR
R A R, TR AR AR R Tl b S s
Y B35 22 00 16 37 CCH% % PR 55 B 0% 58 & 1%
K RS T EAE R 5SS T R A
Fb, RO 2 S i et K A R I A IR A
T P12 3 A 400 R R v, R R 0 7 A K
P TR ZRAAIG X1 I% T A5 A J SAE RDR A R A
2 T 75 R i 2 B 6T R A T ) A 00 BT 55 1
AN AE R X S A R 25 AL, 275 % 08, 1k
B WA 1 5 2 R AT I S A R 0 T Ak SR e B )
PRI S ARG 2 A TS SR AR
22 HEHEEWMT#HEH GC-MS KLERS
o
22,1 WEEXE MR HEFE S 0 i & GC-MS
Sy HTAS BT RHDRG A S B S A DLIEL 2,
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Fig.1 Antibacterial activities of cinnamon,
thyme and basil essential oils in the gas,

liquid and solid phases
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(83.67%) & H.% (4.12%) . LTRAERR (3.98% ) (A4
I (1.17%) o FEIXEEREArh | PRIRE I (A T A X
TR, N 83.67%, A5 R NHEREEA &
F RO PR, X R I AT A | < 0 4 2 BR T A A
TR B S A o A 5201 DR O i PR Sy PR R
AR 5y,
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X3RRGSO T AR X ) 60.16%
KR ST (6.22% ) 2R H R R T6 (1.67% ) 1 RG Ti
FEXT 7 1 7.89% ., T AEX EE R/, BLHE
FEBUE LAY, WSRO X 40 T A

AR AR R AR A0 AT A 2 R A i Y
A 7 1 LA A A B AR e BB B I A
Tl B4R 2 23 PR AT I 221

®1 AERBHEELEZEED (=1%)
Table 1 Main chemical components(=1%) of cinnamon essential oil
i P& F B 1A 8t 4 AR e A8 22 /%
1 31.36 RS C.HO 1.17
2 46.04 P A B CoHO 83.67
3 48.42 T B A B CyH,,0 3.98
4 55.73 Hax CoHgO, 4.12
*2 EEERBHEELERS (=1%)
Table 2 Main chemical components(=1%) of thyme essential oil
i P& F B A At 4 AR e A8 22 /%
1 38.24 ki CioHy0 6.22
2 42.47 KTLBE CsH O 11.78
3 46.23 = LB H o B CoH,,04 18.49
4 49.62 7\ 2 CoH 4,0 29.89
5 59.92 K HBR R B C,H,0, 1.67
3.5x107 F 2.0x107
} 46,04 1.8x107 4562
3.0x10" L6x107E
2.5x107 o L4x107f -
3 £ 1ax107f '
2 ut 5 5
£ § 20x10 h E oLox0’f
2 Lsao’f = 8.0x10°F
= Loxo'} SO0
' 4.0x10°F
5.0x10° F — 2.0x10° |
0.0 il [ 0.0
10 20 30 40 50 60 70 0020 0 A0 S0 6070
1452 i) 1 ¥ 1 ]

Retention time/min

B2 miEHHGC-MS 2B FmitE

Fig.2 GC-MS total ion spectra of cinnamon essential oil

223 DR IWARIERE By BT B RS
GC-MS S F ik A 60 4~ @ik, & 351
B R T R AR E R T A I (32.69% ) TR
M (44.04%), X PIE 5 2 80K AR X E A
76.73% , otk B a— A 71 ¥ (3.08%) 22— 2, FE O iR

Retention time/min

B3 BEHFKEMHGC-MS 2B FRE
Fig.3 GC-MS total ion flow diagram of thyme essential oil

I (3.12%) , HoARXS & iR 6.20%, o, T &l
TR 1 T by T B AT S A R, T R
W ULIF R HAG AR A PR, T AR A B
B BRI M A TG R 2 s P, 25 % 0k,
VEFE T A 2 RS I B RRIE2H )

R3 FTHBREIZUEND (=1%)

Table 3 Main chemical components(=1%) of basil essential oil

Vo2 H 8 BT 1] o th 4 AR %2F X 835 A% /%
1 13.32 IR CioHys 44.04
2 33.92 =7 A i CisHay 3.08
3 48.75 T A B CioH 1,0, 32.69
4 50.88 2-T Ik TR BT Ci6H3005 3.12
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4 FTHiEH GC-MS BB FiRE
Fig4 GC-MS total ion flow diagram of basil essential oil

23 AEFH. BEEFHH.TEBH MC UR

BREMBERLRAH
12 4 FT7is , PR S0 R AT i R itk

IREE . VTG BE DA S (8 4 45 3K 1A Y MIC 2 16
pL/mL, X4 8 4 8 45 5K i 1Y MIC 24 8 pl/mL; X
5545 Y S PRI 5 TR R T L8O R T TR R 4
B (0, 49 BR T A 30 B SOCR (MIC 24 6~7 pl/mL) —
o B BRI R A TR RV I A SR Y MIC
16 wL/mL, X 4 B8 (0 8] 4 BRIE 01T IR BL &
F €5 5 28 BR B A9 MIC A 32 wl/mlL, T £ vk A5 R
WF 5% T B 5 T 4 K LK 4 T €0 8 4 1R T 1
il H (MIC 2y 78.1 pL/mL) , [R] PR A A 0 B
LI B MIC B9 1/2 % 1/4 £ 1/8 £ 347 &2 i
S, X R T R R S I A I B b 2 B P R
B L FIC 8803458 0.5, 1 X 4 8 (A 49 Bk i V01
FRPA L Vs i I BT LA B o 4 Kk 7 28 3R A
PIIELT

R4 ARBHMEESEHN MC UEKSNER

Table 4 MIC of cinnamon essential oil and thyme essential oil and joint bacteriostatic table

MIC m#ﬁﬁ;xb/ MIC Eié"ﬁ‘ﬂb/

MIC 4 5.0

MIC sss5e/  FIC humuse

A - BA AR
(wL/mL) (wL/mL) (wL/mL) (wL/mL) ETE

X AF 16 16 4 4 0.50 7 4k A

LRERHRY 8 32 2 16 0.75 A8 A A A

W 16 32 8 16 1.00 8w A

8l 5 o PR B 16 16 8 8 0.50 45 R

HENARE 16 32 8 16 1.00 8 e A

M2 5 R, B R I e K B FF B R a2
YUEE (19 MIC 528 32 wl/mL, 78 4 B (0 38 2 BR 1 |
YOI 1 MIC Y28 64 wl/mL, X 11 05 25 2R 14
1) MIC 24 128 wL/mL, 2B 2 ks o 40 1 oK 1+
TR TR 5 0P I A e 8, LR R 4 0 4 Bk

FADTTICH , X455 Dan SFPR BLEE R —2,
FREE P SR L& A MIC 1 172 % 14 45 1/
8 f5HEAT ML IS , 76 KA AT T | 4 i €0 78 2 33K 71 F
T TICE R B PR R I FIC 4650342 0.5,

X5 AREBRNTHFEHE MC URKSINER

Table 5 MIC of cinnamon essential oil and basil essential oil and combined bacteriostatic table

MIC 42 450/ MIC 5 445/

MIC 32 5.0/

MIC 54 50/ FIC wi -y s

H# A ) BA R
(pL/mL) (pL/mlL) (pL/mL) (pL/mL) FiEd

X AT @ 16 32 4 8 0.50 i B AE R

ES SRS 8 64 2 16 0.50 R AE

WITRA 16 64 4 16 0.50 Hi B 4F

@ 7 o MK 16 32 4 16 0.75 A8 a4 T

EEEE:S: 16 128 8 32 1.00 #8 Ak

24 3MBHMBFEAZH MC UEREKSINE
MRS
6 PR 3 T LA G e A 2 R

T A ET HLEY UEAT MIC e (W35 6) 25 SR KM, N
T 7 K W T TR L 4 00 R 4 R TR 1 R R Bk TR LA
KBTI MIC A 2 wL/mL, 7 83 i 9 &
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(1) MIC & 4 pL/mL; 7 5L 76 K AT B A0 Bl ot
PEINE 9 MIC 4 8 pe/mlL, 16 & B (3 A BRI L [
A BRE LU VP TR 9 MIC 4 16 pg/mL; T
Lysett 5PI0F 52 F HL ) 76 95 2= [CFHME 1R 19 MIC K
0.1~0.2 mg/mL, #R4f FIC 551 H1 87 , % B A L

T HEL I DR M AT T R R 8 1t TG R v e B L
[T B RCR, 53 4 b RS Il A LA A
(4 FIC $5 %045 2R — 50, ) AL A1 7T B 74 0l 0
I TR] 00 T 2 PR PR T R P L I O S e o R
Jiga T R BRI 8 ot P T O [ 400 o A = 2

x6 MEEBTMEEBNMC UKKENER
Table 6 MIC of cinnamaldehyde and thymol and combined bacteriostatic table

MIC oE:3:3 im/

MIC 525/ FIC pam vesm

o ) AR
(pL/mL) (pg/ml.) (pL/mL) (pg/ml) FLE e

X W AF 2 8 0.5 4 0.50 Hir ) AE R

eXEHHRHA 2 16 0.5 8 0.75 A6 Aa AE T

PITRA 2 16 1 8 1.00 #8 AR

&) 7 PN 4 8 1 2 0.50 B 4F )

Y] 2 16 0.5 8 0.75 #8 a5 R

5 RS R IE 4 43 T A T L MIC A, 45
RIWFER T, TEBIERGAT A 48 % 3K L
KB B A9 MIC A 8 wl/mL, 7EVD ]
1A 63 45 BR 1 MIC 43508 16,32 pl/mL, 1R
P FIC $8 8RO bR, RSN T 5 i &2 e 78 KW
FETE L 4 v 0 7 3K TR Hh (W] RE 3R B0 1 I 400
LFIC #°8 0.5, 5 Lu SFBIWF 58 AR RS T & M

ARG E R, 00 X KM D R 4 8 0 3] 28 BR 1A
) FIC 43518 1.00 F1 0.625, A3 56 B[] 91 B 2%
R, 53R 5 G5 RM I, WEERES T HMAEDT]
QR H R IAR M AR, BF 5% R IR X b 1]
QTR R AT IR | 4 3 €0 7 4 33K D A 4100 o 7 67,
e PR 5 R R R R G R RE XS VD 1T EG R ™ A= Fh 1)
PR AER

R7 AEBANTERN MC UREKEMNER

Table 7 MIC of cinnamaldehyde and eugenol and combined bacteriostatic table

- MIC 440/ MIC + 50/ MIC e 55/ MIC +smus/  FIC m;}g!q%,Tfrgﬂ} P
(pl/mL) (pl/mlL) (pl/mL) (pl/mL) EiE 3

X AT @ 2 8 0.5 2 0.50 i) VE A

ERERNAKRAD 2 8 0.5 2 0.50 B 45

WITRA 2 16 0.5 8 0.75 A8 40 A A

&) 7 o P IR 4 8 2 4 0.75 #8 A AE )

R AKA 2 32 1 16 1.00 Fa Ak R

25 TEHERMEFMEAN ERMERR

251 WH-E BRI R EERE - E B AR
AR AR FIC $5 5, PR B ARG Tl R A
2 — 7 FEL T A2 I X A g TR I I IR 1 4
RN EaE R 8, LA, W0 B HH
THUFN A5 AL 535 2 i 4 TR 7 0 R AR B A T B —
i 1 R 2 G 7 A TR AR 5 R R — T LA R b A 7 K
Ji FF TR RN I I M OB A B BB AR 4 o
(29.25+1.09)mm £ (26.23+0.89)mm, 5 F F #ij

SEOL IELAT P R B ORG T  TR A T A2
il KW FF B, AW B B B A2 4 (26.00+£1.70)mm AH
Pl , A 32000 52 C J5 X6 R A TR 41 T 8OR B4, IR
T — T L ot A M T R AL T 0 R
BLAR 29 4 (22.00£1.56 )mm i1 (19.08+1.04)mm
25 PRRE RN L LEORG T TP AR X X L R
IR PR I — 7 L1 X K AT R ol v TR Y
PITEAE 5 PR — 8 FEA RS T 0 400 B 1 R R, 3
W PR — T L AR i ) I (R PR R R -
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IR G VE T8, X S5HOREP LR M AER-T
B BA R ESCR S R T8, Bk
HH T 5 1 B0 o o SR T A2 4K TR A0 i S 1Y) 5 B
PE R P9 ST 1, S BOR AR SE T
2.5.2 RS EORG i B A RE R - T A I A A B
BOR R HAEE-B RIS R - T FHE
C Ji R A A R R 4 €, 7 2 R R 1) 490 T P AR
W, [FRERT LUt R -2 SR Tih S 4 4
il SR T BT R 4 0 ] 4 K B ) 1 R T AR Y R
TR TH RN A3 A 0 TR R A 5 R RS
ST A 1) A o T TR R 4 B € 7 2 BR AT A 41 TR P L
124394 (28.75+1.14 )mm F1(28.10£0.66)mm, A
1 — T A T A2 T A 00 AT B AR 4300 (19.25+
0.55)mm F1(19.35£1.51)mm, 5 T &8 5 2 ks
TR X B i 1/3 RN PR RERE o RS T Y 4/5 A L,
2 BYLAX TR A IO A 1 TR R FHI ) R P A
— 3, 5 Pei SEH0K BT W — A R I B XK
FFREBA BRI ROR | 5 AN g0 45 R, BF5Y
P PR 5 T I 0 PR R FH 0T R R PR TR
oA 52 TR 0 A0 BRLRSE TR I AR B i 4 i
5 8 R A AW,
26 ERASMNABHE.BIALMENEMNEE
BEEKENERKHLZNIIE

&5 Al SR RRLE AR L, AR T L |
T B S A S KRR TR LRI I A
4 o (0 A BR A AR KRB A P IAE . A
(2 H NS U R L R D O e S W )
7 R Y L A R S L AT A A

®8 ME-BEFHMEGRIXETEMEIRMIE
MEMEEERR
Table 8 Cinnamon—thyme essential oil complex paired

with E. coli and V.P bacteriostatic circle diameter table

G KHAHE/mm 37 IR E /mm

] ARy o 17.67 + 0.63 18.42 + 1.38

w2 A 14.83 + 1.04 12.77 £ 2.00

P AE-8 2 5w 29.25 + 1.09 26.23 +0.89

) AR B 16.52 + 0.63 15.47 +0.45

ERA 11.40 = 1.03 12.78 + 0.30

M AR -F 2B 22.00 = 1.56 19.08 = 1.04
vt 5 -80 — —

T — R

RO AE-FHYKHERNKEMENEEBHGRE
MEBEERER
Table 9 Cinnamon-basil essential oil complex paired
with E. coli and Staphylococcus aureus inhibition circle

diameter table

G XA mm 4% & H £ 3R E /mm

P ARy ol 17.67 £ 0.63 15.75£0.75

AR 14.35 + 1.39 12.70 £ 0.39

WA —F EhAfh 28.75+1.14 28.10 + 0.66

e 16.52 £ 0.63 14.67 +0.76

T A 13.51 £ 0.68 12.13 £ 1.03

P AR BT & B 21.25 +£0.90 19.35 £ 1.51
vt /% -80 — _

IE—RR I

I E 3 B R 2 5 ) 32 KT Y 400 ) 4 P A B i
PR S L T A WIS R G A e A

0.6; —=— FIHERE 0500 e i -
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Studies on the Antibacterial Activity of Cinnamon, Thyme, Basil Essential Oils

Xu Haixing, Zhou Liusha, Hu Xianglian, Yu Yuyuan, Shi Yongqing"
(College of Food and Biological Engineering, Zhejiang Gongshang University, Hangzhou 310018)

Abstract Purpose: To study the inhibitory effects of cinnamon, thyme and basil essential oils on pathogenic bacteria.
Methods: Five common pathogenic bacteria were selected as test bacteria; Plant essential oils with synergistic antibacterial
effects were selected by checkerboard dilution method and bacteriostatic circle method and et al. Then, the composition
of 3 essential oils was analyzed by Gas Chromatography—Mass Spectrometry (GC-MS), and the cell membrane permeability
of Escherichia coli, Vibrio parahaemolyticus and Staphylococcus aureus were explored. Results: GC-MS analysis showed
that cinnamaldehyde, thymol and eugenol were the main antibacterial components in cinnamon essential oil, thyme essen-
tial oil and basil essential oil, respectively. Cinnamon and thyme essential oils were combined with E. coli and Vibrio
parahaemolyticus with a FIC of 0.5, and cinnamon with basil essential oil was combined with E. coli and Staphylococcus
aureus with a FIC of 0.5. The ODyy,, of Escherichia coli and Vibrio parahaemolyticus treated with cinnamaldehyde—thymol
was 6.13% and 4.42% higher than that of single-component treatment, respectively, and 12.44% and 12.53% higher than
that of single thymol, respectively. Similarly, the ODyy,, of Escherichia coli and Staphylococcus aureus in the treatment
of cinnamaldehyde—eugenol was 8.97% and 7.38%, respectively, and 17.02% and 24.69% higher than that of eugenol,
respectively. Conclusion: Cinnamon and thyme essential oils have synergistic antibacterial effects on Escherichia coli and
Vibrio parahaemolyticus, the main antibacterial components in cinnamon, thyme, and basil essential oils were cin-
namaldehyde, thymol, and eugenol; The synergistic antibacterial effects of cinnamon-thyme essential oil and cinnamon—
basil essential oil were due to the combined function of cinnamaldehyde—thymol and cinnamaldehyde—eugenol, respective-
ly. The two compound components destroyed the cell membrane integrity of the bacteria, increasing the permeability of
the bacterial cell membrane, a large number of nucleic acids, proteins and other cellular contents were leaked, resulting
in the death of the bacteria.

Keywords plant essential oils; feature components; synergistic bacteriostasis; cell membrane permeability



