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Abstract: In this study, the antibacterial effects of six plant essential oils against four common bacteria in the vapor phase
was investigated by plate fumigation method with the measurement of the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC). The combination of essential oils with better bactericidal effect was studied
and applied to keep fresh of capsicum frutescens. The antibacterial mechanism of cinnamon essential oil against
Escherichia coli (E. coli) was also determined by transmission electron microscopy (TEM) and electric conductivity. The
results showed that citronella essential oil, cinnamon essential oil and basil essential oil had more significant antibacterial

effect, which could inhibit all tested bacteria at the concentration of 0.125 pL/mL. Citronella essential oil and cinnamon
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essential oil had better bactericidal effect, which could kill all the tested bacteria except Pseudomonas aeruginosa at the

concentration of 0.125 puL/mL. Blended essential oils with the ratio of citronella essential oil, cinnamon essential oil and

basil essential oil being 4:1:8, demonstrated the best antibacterial activity. The blended essential oils showed synergistic

effects on E. coli and Salmonella, but antagonistic effect on Staphylococcus aureues. GC-MS indicated that the antibacterial

ability of citronella essential oil mainly came from citronellal, geraniol and citronellol, cinnamon essential oil came from

cinnamaldehyde and basil essential oil came from estragole and linalool. The application of blended essential oil in

modified atmosphere preservation of capsicum frutescens had a better preservative and fresh-keeping effects when the

spatial concentration of blended essential oil was 0.125 pL/mL. TEM showed morphological changes and cell membrane

shrinkage of E. coli after fumigation with cinnamon essential oil. The conductivity test showed that the membrane

permeability of E. coli increased after fumigation, which resulted in electrolyte leakage. In conclusion, the possible

antibacterial mechanism of vapor-phase cinnamon essential oil against E. coli is to change the cell morphology and

membrane permeability.
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DRI A T e B R G, LT B i e G, S T AR IS 2
FAERC Y, SR IE 3RS e ARS TP B 77 A TC B, 3%
JIEREFE ML AR T A A s T ANAE, BB L
B2 A M B U BE S8 —7E 0.0625 pL/mL, Mk EE R 2k
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HER LA 1 RIER 2, —FioRE I ZH A5 X Fh B Y R s
3530 10 J3, XFPURF G OISR S50 40 73
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Table 1 Factor level table of orthogonal test of compound
essential oils
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ATPREISIE B ESSIh L C Bl L
1 1 1 2
2 2 2 4
3 4 4 8
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Table 2 Scoring standards of compound essential oils

AR (%) oy
0 10
1~10 9
11~20 8
21~30 7
31~40 6
41~50 5
51~60 4
61~70 3
71~80 2
81~90 1
91~100 0
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e WH: B RR & B

Sl Wl R RR RER R R
HILEETE  0.0625®  0.125"  0.125"* 0.5 0.5 0.5"
KIGtTi 0.0625%®  0.125%  0.125** 0.5 025" 0.5
WA 0.0625®  0.125"  0.125"* 0.5 0.5 0.5
SWOFMERE 0125 0.0625®  0.125" 0.5 0.5%  0.5%

T [ AR 505 (amd) 32705 R — T BRAE A [ o 22 57 35 (P<0.05);3
1B AS [ 7 (A~B) 0% 7l — K5 T 7S ) b o 2 5 4.3 (P<0.05) o

M 3 AIEH, 6 FAEYKE I EEZE AN X 4 F
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M 4 T, 6 FIAEYRT I EE 75 % 4 SR F L P
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=T 1.0 uL/mL, 11ij 6 FAEYKE THEEZEXT V0T TG B Y
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A TIARIS ASEEUER, VST T EQ R XA 7SRk h 2 B0
SHARXHEUES . R TR SR I R R R e i,
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A B S M At — AP LR, b RS e a
HETEREA 1A KR PR T ARG . ST TR
A T SR ZE ) 4 T (O A BR B 1 R KRB T2 5
TG

K4 AR I AR Y R R EE (uL/mL)
Table 4 MBC of different essential oils in vapor-phase (uL/mL)

wF A P ORR F W

el I R R T S
I L) >1.0 >10  >10 >1.0 >10 >1.0
NIRRT 0125 0125 >1.0 =>10 >1.0 1.0
VI 0.125  0.125 1.0 0.5 0.5 0.5

SWOMEERE 0125 00625 1.0 05 >10 05
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Fig.1 Total ion flow diagrams of volatile components of
cinnamon essential oil (a), citronella essential oil (b) and
basil essential oil (c)
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R, RS TR R s S S .
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A X PR RS T 0 B S ER, o, S-S
RIS A PR TEAA7, AR B 43 E Bl
i B T BEAFEAEARAK S sl AT BB VA, AT fE
21N iz =X AR (4 FH Bl 40 o A i v o HoAth A
JHHE SR v RS T PB4 . Frafkova il
WFFE T HGTHMZEIRIT va a5 19 MIC, 4558 & I
AR 2 AR N2 ZA5 T A T 17 ) SR 22 53 A R

PUB e S R

222 BRI AEFHEurh IS Es e 57 b
VERMEALG Y, O o f i W P I, AR S Bl
33.8882%, H: ¥k I & it BE ( 20.2956%) . & %
(12.0034%) . ¥R mrp i i 3 Mtk 549,
FHXT A 34.0297%; FLMEE HH 21 Fid IR b G
Yy, KX SN 14.3516%; %5 ) 27 PR EEfl
W, XTSRSl 43.0448%; HAWAL-G4 6 Fl, AHXT
THEN 7.3548% S5HLFRI, A SAE I R I B T
e =7/

PN SEPT BRI K B, B SAE T 31 Ry,
Hp RS 35.81%, MBS N 23.4%, 7
FEEE N 8.37%, HAZFRT M AP . & P mEH
A R EEEH . BRSPS DA RS i i 0 e
VE S HA5 A 1) R R R A 50 L LA
T BN 5 i M S HA R Bl s i B RV AT

P FIHELL A
2.2.3 ZHpET AT kG P e Y 48
YERNMEAL G Y, B 5 e 1 2 s o, AR S
76.5078%, HUR M IS FRIE(14.9571%) o 4 &3k
ResE Y 3 PRI S, ARXT SR 76.565%; KEAE
H 16 FEEERIL &), FEXT S 2R 16.0826%; FE%E
A 19 FFIREAG W), AHXT & B 2.8757%; 2
BoE 4 PIEESAL- B, AEXT & A 1.3936%; Hifth
&Y 6 Fh, FHXTE BN 0.2257%. 4550, B
ST A S SRS S .

iE T Koba 5509 (14387, A SCI 2 ks v &
PP 3 BE BRI - 5 AR I AR, Ak A IR L), s ik A 5 A
152 >k 25 00065 i e 32 219 B 41, Koba 250 iff 5 & 81
PP 35 BEUB Iy -5 At I 75U (14 2 900 Y 300 A A SR A BB
LTI B 0 B R i 2 22, {HAH b SR Y PR
L AR TR R s ik P4 110 DRSO A, D AR XA
3114 R RS- A B R L B 1 0 B VAR ) KT 500 pL/L,
TP P A T XA e T A B B R 4 T 1 4100 P R 3
K F 500 uL/L; Hussain 554 5% T AS [A] 2= 775 145 51
118 25 BAG Th Be L =2 BE PRAR Bl 5 D R T A U0 B 9
TiE BH 2 545 1 ) D5 AR i i LR R O M R A
Ko EHHIRAT LAHEWT, 2 R v ) BB ZE BT R I T T R
5 EES N . O AR AT B T A DA B A T 2 S 1 B
[FIVE ARG
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Table 5 The main chemical composition of cinnamon essential oil, citronella essential oil and basil essential oil

- P AR B (%) - A AR (%)
WEERSI AR DR ARSI AR DR

1 1,3,5,7-3R3 DU 0.1456 - - 46 it A - 0.0605 -

2 a- RN 0.0838 - 0.0574 47 J5 R - 0.9121 14.9571

3 B 0.0584 - - 48 S B - 1.1018 -

4 I 0.8129 - - 49 i - 33.8882 -

5 2-FRHOR F 0.2103 - - 50 o-FATHEE - 0.0575 0.1437

6 R TE 0.5357 - - 51 BEME - 0.0912 -

7 RN 0.6285 - - 52 R AR - 0.0552 -

8 A 0.1195 - - 53 =g - 12.0034 -

9 PR 0.6355 - - 54 (2)-3,7-HIHL-2,6-5E IS - 0.2657 -
10 Sk AR 0.1061 - - 55 A - 20.2956 -
11 2- PP BN 0.6368 - - 56 (E)-3,7-F3k-2,6-9F IREE - 0.386 -
12 eI 25T g 0.094 - - 57 o - 0.2334 -
13 S R 78.967 - - 58 LR - 3.2635 -
14 [ 0.0817 - - 59 T - 0.875 0.0665
15 S22 - PR 0.1395 - - 60 ZIRA R - 3.9202 -
16 W& 0.0518 - - 61 SR - 23627 -
17 4B R AR LR N R 0.4609 - - 62 oA TTHE - 0.1506 0.274
18 EAMUE 0.6679 - - 63 D-KARE MM - 2.8593 -
19 FaKur 0.2263 0.1259 0.503 64 M - 0.0726 -
20 S -a- A H 0.072 - 0.6387 65 EEV St - 0.2031 -
21 HFHE 0.8237 - - 66 o2 TG - 0.6621 -
22 1R -2 B P M 0.968 - - 67 a-FIANG - 0.1414 -
23 =T 0.1933 0.2816 - 68 A - 3.3795 -
24 a-F M 0.1535 - - 69 (ZEgy?:“gﬁg:%ﬁg L 0.6484 -
25 (+)-BI Uz 0.0922 - - 70 G AR - 0.1735 -
26 oA 4TI 0.1534 - - 71 FEEEVE 31 TR Tt - 0.0707 -
27 B-EH I 0.1597 - 0.1036 72 Y- - 0.3886 -
28 NRARIN 0.1038 0.6534 73 AL R - 0.322 -
29 LR AR /N 0.3324 2.4786 0.0548 74 FAERE - 0.1111 -
30 A A L R 8.8692 - - 75 PRI B - 0.3506 -
31 AR ol 0.063 - - 76 o-FEI T - 0.3425 -
32 REAEA 0.1794 - - 77 BRI - 0.0724 -
33 e Sliipai 0.1655 - - 78 [ wliif i - - 0.1162
34 ANE 0.1315 - - 79 BB - - 0.155
35 TR T 0.0962 - - 80 AL R - - 0.1063
36 TR > B 0.068 0.438 - 81 AT g - - 0.3273
37 o-EeRE iR 0.0525 0.8111 - 82 L - - 76.5078
38 o212 0.0607 - - 83 ZHATRERE - - 0.3821
39 R R TR 0.0803 - - 84 Pt - - 0.5954
40 AR R-2-4 L 0.0521 - - 85 TR T F iy - - 0.1055
41 IE 2 0.0689 - - 86 Z-B-G AW - - 0.289
Y} FH 35 B - 0.0913 0.0957 87 B-EEVE TG - - 0.3479
43 p-REER - 0.0739 - 88 E-B-4 AW - - 0.0779
44 Frigi - 3.6393 0.1066 89 ol PP A L P R TR - - 0.3868
45 FH 0.0503 - 90 AAATIE - - 0.0728

TE: RPN & R T0.05% KAy =" ARFRA & a5 1N T0.05% 4T

2.3 EEREHIERZRESHT HH % 7 45 31 F A8 5106 SHE 09 BT LR

TR 1.2.5, BEEPT R PR IT i A kS il L F(C)>F o, B Z P05 HORS i i B2 30
PN T A 2 SRS T 3 PR R A T = L, 1EAS PR A R RN Fy o >F(A)>F o5, DL NG
I A IR 6. VI X 52 TCAR Vi 0% BB 28 3 B SORAG  E SE Fy 05>



544 5 o)

BeEIR , 4 MR A TS P S HA LR - 141 -

#* 6 EBCAEIIESS RS,

Table 6 Orthogonal test results of compound essential oils

e K i
PV TAmEEW B MR cEmEwm
1 1 1 1 29.0
2 1 2 2 25.7
3 1 3 3 31.0
4 2 1 2 26.7
5 2 2 3 35.7
6 2 3 1 32.7
7 3 1 3 38.0
8 3 2 1 27.7
9 3 3 2 33.7
k1 28.6 31.2 29.8
kz 31.7 29.7 28.7
k, 33.1 324 349
R 4.6 2.8 6.2

F(B), Ut W] PRS0 52 BORS Tl B0 410 B 8 R 2 i A
B BN R HER FERVN F(CO>F(A)>F(B)
AT LA Y, s S BORS T B 400 R RCR B9 PR 2R RN A
IR > T SRS > PR Tl . DY AR T B2
AR, VPR D IR 1, Rk, 386 54 T Y
BAEFEICN AB | Cy, RIS . RIS 2 i)
FEMBVATILE S 4:1: 8, I HTas IR -5 950 20 e 43
RPN HY eI —2L, S I753 S 38,

RT IR
Table 7 The table of variance analysis
SES SS df MS F W
A 32.51851852 16.25925926  4.479591837 *

2

B 11.62962963 2 5.814814815

C 66.07407407 2 33.03703704
9

e  32.66666667 3.62962963
T Fpp5(2,9)=4.26, Fy ,(2,9)=8.02; *F/R 2257 [ 3 (P<0.05), ** TR 2
S (P<0.01) .
2.4 ERCHEHITESREEME S
Z )51 1.2.2 MISE e fd: 52 Boks il BB 78 %) 4 Fh

1.602040816
9.102040816 oK

B0 B AR AP PR, SRR a IR LR 8. XA il
A T B A B AV RO AT PR, SERE SR 1.2.6 U7
W, VHRAHR Y FICT B I TP, 55 UL 9.
P& 8 nI I, & FCRS T X K g AT B Anvb 1) EG B
AP R RS B i, MIC {ER 0.0313 pl/mL; X4 ZAE
FAPIE Y MIC {H°A 0.125 uL/mL; i X 4 85 (055 45
BREE AN EERCRAR N 4522, MIC {EsE T 0.5 pl/mL.
th2e 9 hIHEAS A9 FICI A8 AT %1, 52 oA i
2 PP AR IAFF T . V0T TEGER) #RZEIH PRI R
VEFH, X a3 2O TR S B0 HE JC A, x4 6
AER PRI ISP E . BP9, IR Z Ak
YIRS T XT AR TR L 25 0 55 5 PR IR s/ A 2,
T B FH AT (O v e FH e PR AR i AR O T s 3]
TNERRCR, FESEBRNH ] 15 29804, SCRRYR R il
PN O R i) T R B R . XN A5 AR T
Fr . ARG A HIR ARSI 11 BRE i L5 YL i
PIHRIVE FH, 53R H, RS TS8P X T LRh 41 B 11
THIE 2R HET, ARSI ok THIDE G X 4 v (7]
ZIBRE R BLH FEPTVE A, UEIHIX I LR RS e & A
BI85 T HUBEAE -, SEBRRH N B X 3 R T EX
AT 4 o (O A BR B A B = S
2.5 AEEBRMNABATRAIENE
2.5.1  [RAERKEHIXT AT At aisenm - aniEl 2A
B, IEH KGR M CH, BRI SIL5T, 4iies
540 MRSt A Se B H R B AHS, 4 N 4 5] 4y
o £ PIHERE T ZEZE 1 KB AF B S sl A an & 2B
Fe 2C FisRN, AN IR B i IRVERS WAL B S, KB FT
PRI 2 A AR R B LAY o il PR AR T e 1
e, FIGFT PR AN MRS 40 R iAo S R BE AT R, M
YT 53 A B AN A &), TR MY A, Al
KA . XFBSE A ARG PRI AL B S 17
IG5, 25 R NA AT PR 21 AL 5T Ve 4 S 2, 4
MRS MEASTE EL S 0l R . AT, Zeaek PR Vil

#* 8 e PRI A R A B B2 (pL/mlL)

Table 8 MIC of optimal compound essential oil (uL/mL)

HORTE =H 0.00781 0.0156 0.0313 0.0625 0.125 0.25 0.5 1
BER Tl ++ + ++ + + - - -
KIGtri + ++ + - - - - -
WITIRE + ++ + - - - - -
AR A BR TR + ++ + ++ + + - -
R R 7 FORTE R RS - IR A K
#9  EECR B G RERCR PEAN
Table 9 Evaluation of combined antibacterial effect of compound essential oil
FRARA VR AL (uL/mL)
PRl B PG T % ik FICI BRARCR
B A ] s R B
AR TR 0.0625 0.0385 0.125 0.00962 0.125 0.0769 1.31 TFERAFHI
NIRRT 0.0625 0.00963 0.125 0.00241 0.125 0.0193 0.328 IpEIAEH
VI 0.0625 0.00963 0.125 0.00241 0.125 0.0193 0.328 IpEIAEH
S AT ER T 0.125 0.154 0.0625 0.0385 0.125 0.308 431 HEPUEM
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Fig.2 TEM microgragh of E. coli
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Fig.3 Effect of different cinnamon essential oil concentration (a)
and different time (b) on electric conductivity of suspension of
E. coli

Fh &1 3a AT, Bt PRRR RS T BB ZE T (i S,
Fi A R S Pl B9 i s S0 B AT P T v B S P
%, HTSR ARSI A, AT BE R S P
TEEZE PR B AR MRS A P E R i, i T i
P o B4, ] i8R R AR R T e SRS T
Wi 325 6 S PR 3R AR ER P A TG ) RS Tl vk
FEFE 0~0.125 pL/mL B PN, TR B SR E T, U
A 2ok RN T BE 2% I B AR 0 A RIS e S 4 e,

PR i, ISR AR AR R 1 R A AR, B A
PRI IR TR A8 I SR R 4 v, F S s B T s E AR
FEUhHR I 0.125~0.25 pnL/mL 75N, B HB-SRE
T RERRAIC, 33X 7T BE 2 P A Bl A P AERAS TR 9 4
1o, (SR AAR R A A ARk, BRI T W Eh Y B 21 T,
DAL B i L A RS AZ BB AR, Fi SR R A R
AETRHR AR LT i B — e R BE T, IS B PRI . fi
BERGINEOL, bRk 2 R RS AT e S B BERLAG, HO PN
BT RED T B, SR R T . TERER
A 0.5 pL/mL ML EHeBEANERS , KAAFT BA BT
L SR H AR AN TR, A e T BE s il ol ™ SR
T AN A SR, AR ™ i, U PN SR
AN, B YR — D FRE M. HE 3b n[EH L,
Fifi 5 PR AR ik Ak LS TR] P 356 0, BRIV 1) Pl 3 SRR 1
Jine Hoh 0~3 h PN PR L S B I R i, B
WRURZE . ULAAFESCIG R a] Py, R EE 28 S B B el
TR S FE AR [A] S TR AR SG, BT, FESEBRR
RN 1S IVATER S 2 E TINE [ eats (D[S PS |

Kang 557 W92 2R W, RIS T AT 38 20 5 i 24 fifg
Jisii i e S R A T R, PR R TR A R
A FIEAET . PRIk, PO EE 28 B AT HSE
T T A Ry F A B ) el B R, — T AT R A
SR T 2T T S AN AR BB A AR
2.6 ECHEBITEREAREE(ER

MNIEL 4 TT LR HY, 7N KA B 2 i 25 T s (1]
FOZER S FE I B, JC HR b Fhad e, eI A A 2
10 d BHREFRIRE] 9.46%, et 2 Hok A5 /Y
IINAARIG FE 3R AL AR BE AR, B K i 2 TR B 4
K, RFEFRRARE TR, Bl s A i 2B,
Ko FEZH )/ AU 3 T B, 7E27 10 d A, X A
A RARALIEF] 26.67%, ARG THALFHL] ISR R =S
Ma] ¥ B2 | /s B R 43 5 2 40%. 60%. 66.67%.
66.67%. 73.33%, BH & = TXTHALH . 7F 40 °C (I
R, TR R EE N 0.0625 1 0.125 pl/mL A4bF
A, /NI 8 5 1l v T X BB, i 10 d B, =
[A] 3 5 0.0625., 0.125 pL/mL 14 5 ik v &b B JS i
ZINKAARXS T REZA AT 2 351455 37.52% . 33.68%
AR TH A B et v, P IR B S BB X/ IN AU SR i
AR, [l R K
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Fig.4 Effect of different compound essential oil concentration
treatment on weight loss (a), fine fruit rate (b) and firmness (c)
of capsicum frutescens during storage
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