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Abstract: Given the outstanding antimicrobial activity of plant essential oils and the need to overcome the limitations
of single essential oils in food preservation, this study evaluated the antibacterial potential of ten essential oils and explored
the synergistic effects of their combinations. The disc—diffusion method and checkerboard dilution method were employed to
screen for synergistic pairs, and their antimicrobial stability was further assessed under different temperatures and ultraviolet
(UV) irradiation durations. The underlying mechanisms were investigated using Escherichia coli and Staphylococcus aureus
as test organisms. The results showed that cinnamon essential oil exhibited minimum inhibitory concentrations ( MICs) of
4.0 pL/mL, 8.0 puL/mL, 4. 0 pL/mL against E. coli, S.
7 B A . 2024-12-06 aureus and Aspergillus niger, respectively, whereas Litsea
YEE B Iv: B (2000-) , 2, #1HE 3B L AF 5 A, AR5 5 [l cubeba essential oil showed MICs of 32.0 pL/mL, 16.0

NRBRI T PO 5B B EE, (E-mail) hongweiTao0718 pL/mL and 32. 0 wL/mL, respectively. A mixture of cin-
@ 163.com
EIRES 2764, (E-mail ) louzaixiang@ 126.com

namon and L. cubeba oils with the volume ratio of 4 : 6 ex-

hibited a prominent synergistic antibacterial effect, and the
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inhibitory circle measured more than 26. 00 mm in diameter. The composite essential oil retained good antibacterial stability

after heat treatment and UV exposure. Compared with the single essential oil, the composite formulation displayed better in-

hibition of E. coli and S. aureus. Compared with L. cubeba essential oil treatment, the leakage of nucleic acids and proteins

of E. coli under composite formulation treatment increased by 3.11 times and 2.03 times, respectively. These results indica-

ted that the composite essential oil can disrupt bacterial membranes and affect their permeability. The findings provide a

theoretical basis and scientific support for the application of composite plant essential oils in the food industry.
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1.1 #RENEE

FEROREIM ARG T SRR T AR R
K A4 R0 A 28R AR TR L TR
AN TR R AR E I QL A N R Y R €1
BRZSF], W 3K I T = iR R T A, Sk A
(OrFT4R) i - 80 (k22 B ) [ 24 S Al k2
TR BRA ] 5 356 7K 4K

KB AFH ( Escherichia coli, ATCC 25922) . 4: #%
O 2 BRI ( Staphylococcus aureus , ATCC 6538) 4T
JARA W AR O s RIS (Aspergillus ni-
ger ,ATCC 16404 ) T G E AL ARRAF],
1.2 REHE
1.2.1 HARHE& S IEBIICE" 1 )k 6 %
LT, JFRAEIE 2, 430 KB i 4 v
R AGER A T 0P 2126 W B B 45 % 2k (EMB) R H &2
P AN IR R R 3L P EA T 1 (37 °C [24~28 h)
TR E T A A A PSR B R I P R TR A
(28 C 3~5d), PRECRIHFFIE | 4 B 670 %) 2R 1A
F14) BILTR TR Y 42 TG A 1) I 0 2 R VR IR (MHL A
) Bk O IR HR (BHI) Hi 3R dErh B T 37 C
PR 218 ~24 h, B R A 3 K, il &My
G REHIN E B T 600 nm AL AW OGIE (0D, ) |
0Dy, =1.0020. 05 I & B A2 K 1x10° CFU/mL, #%
PRIV A 5 35 A LA B 2 1< 10° CFU/mL 4%
. BREFRIENTRIN S mL CEK BRI RS
RA),EE 3, FIHICH .08 W T w2 A it
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U 0 SR A R VR, R T BRI A
1 mL 1x10°~2x10°4> BT 4 CHRMA I,

1.2.2 A ERG R E WA Y
AR T AT 0 TR 6 PR, 3 R R RO A
UGN, AR BITE 2 25 mlL Y [ A8 3R 3
o LI 1 J feft FH R A A 1) 45 P A TR R VR A0 U A
FE AR IR FL SR 3 5 L FRRS T A 4R R
BT ARSI R I, DA A TO i A B K 1 U8
R hEs IR R T o A 4 v (0 A R PR T T
37 CFHi5% 24 h, BE T 28 C T 555 48 h, #5
FREE T R B A0 B P AR A T i,
3 YR,

1.23 HYpHaRI WAL ZTARDFTASEH
ME R AR RBREE T 1.2.2 H ik G JL AR
A RIS T ORI (EOs ) E— 0, B 7R RS
B0 5 3% S8 HE S I MIC Ko MBC, LI - 80 15N
Fi R, K JLAHORG Wi 2 ) A BE 22 1 280 wL/mL 640
pwl/mL, 320 pL/mL, 160 pL/mL, 80 wlL/mL, 40
pl/mL 20 wL/mL 10 pl/mL, fEJCH &1F T, B
0.5 mL #i B 5 PR IHAE A & 4.5 mL AR SS
FRERRE T RGIR S R TP R 2O & 4y
MM 128 wi/mL .64 wL/mL 32 wl/mL 16 pl/mL.
8 wL/mL 4 uL/mL .2 pL/mL .1 pL/mL, %5 FXf R4H
JIA 0.5 mL - 80, H2r HIMA 100 wL 17 I 7
PR ER Y R T 85 K 4R 37 TR 20 5 1E iR 5
I, Horh KA AT RN 4 3 (ORI A BRTA T 37 °C MR
24 h, BMEE T 28 CFH55E 48 h, R EAIR
TP BRI 7R 5 0 58 A T ROE IR S AR
TR, IR I il s R IR & 5, B,
X ALV TR 35 W 04 10 TR AR PR A T G 57, KIBFT
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=80 M A, e A SR Y 35 5 0 B2 XA T A RIS
B AT Y AR RS TP A 450 mL
FEFEIE IS A W ER I 0. 25 mL B9Ks il A F0. 25 mL

AR B, LA DR 7 B AU ol A RSl B i i
KREEAGERPIRNERE, B REFEMEEG
HIEBRDATE 37 °C & P55 24 h, R A AE 28 C
TREFR 48 h, EFRER)E IR 1.2.3 H R R
SR P BB R A KR T 3 IRE R RS, R
S RAMTE R FEEFREL(FIC) e VPAL 5 BeAG Il 1) D3 ] 4
Bk, A FIC<0. 500, FAELED RN ; £70.500<
FIC<1.000, W & B A AH 250 075 #7 1.000< FIC<
2.000, W] =k HAE RO M EE

HRAEAZ (1) R FIRGSHIB 0 FICT™

MIC . MIC
= + (1)
MIC y MIC,y,

A, MIC RS A SRS B MIC, MIC 0 h
Kb B B I Y MIC, MIC . K5 0 A 56 FH )
MIC ,MIC k5 B BRI 89 MIC
®1 HERELHE

Table 1 Square diagram of the checkerboard dilution method

FIC

T Jrk 2 Tk 3
A,B, A\B, A,B;
A,B, A,B, A,B;
A3Bl ABBZ A3BB

1 1 1 1 1
Al =7MICA;A2 :TMICA;AS :?M[CA;B] =7MICB;BZ :T

MIC, ; B, :%MIC,;O i MIC e/ NI 2 5, MIC, NSl A 2R
FHBFHY MIC ,MIC K5 B B FHBS Y MIC,

1.2.5 A 44mRaa kb an g DIk
Ja RS A KT B o EE R, 2w K s, DL
FIAFF TR 4 o€ 5 20 B 11 0 2 1 8 R e R
1.2.2 R DIE RS A RSl B ARBLEE AT 9,
2:83:74:65:56:47:38:29:1HH
IEE KN, AR R A RMEC
1.2.6 A bAmirgiaz g
1.2.6.1 REEXE SR E R
BAFREE SR T 2 AP E IR A =2
SR R T 40 °C .60 °C .80 °C 100 °C 120
CHYFIEH 30 min, R LA (25 °C) FTRE &K
AT R FE IR 1.2.2 ok, DR 45 RE B I R
Rl AR AR A, DA PP A T 8 X 5 A i 4T B SR 1
AN
1.2.6.2  SRAMER HRGIXT S AR T B RS 1 A 5 T
SR R AN T B Bt T X RS S 0 T 3 M AR
W B ARG T 5 R AN 4 B BE BT 40 min
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1.2.7.1 HERAREA KL mE DK RE M4
AR VR A X A E AR K i &, =
HATE S Wy vk, REVE B R, B 200 mL U7 %
1.2 1 H il 28 T A5 1) T A0, 1) G v i A PRI R i
ARG A S Aok o (R EERGE I LU R I =
46, KR FHZEEN 16.0 wl/mL, LA
T B R R TR A 2 X B FE 37 °C RO IR Y X BT TR
PEATHESE 24 h BYEESR , BERR 2 h BURE 1R, IR e
OD 0 VAT VR AR R, LA OD g 1E R 905, 2%
il I AR AR R Hh 22 R R E T 3 AT
MZE

1.2.7.2 AR SR A ME AT H SR
M5E S % Diao % (7L, M LMEE, BG4
1.2.1 WP B HE 7550 (5 000 r/min, 10 min) |, Y&
SEVTVEYN G , 1 FH 0 i 53 8O 5% 1) 1 460 RV W T
Ve 3 WK B E R, HE LER R TR
5% FE BRI L AT, BERT R VE R H SR
SRR Ly TE 5% i %G W W b 43 5 i A R A
T L RS T B AR T (REERS I LA TR
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ARG R, A AT SRIE i2 R L, R
BER) 7 0] 4598 Ak B S ) BT 0 I R EE RS
T L RS T B AR T (REERS I A TR
=46, B, HHAEREN 16.0 pl/mL, 1R
AR T 37 CHERPIESE 12 h, 52 h BURE 1 Ifml
AR dh L, wJa, HETIRAE 5% %
BREVES TR DA R I A 2 IR S R4 5 min S iR
PRAHE M o G 0o Ly, HBRA(2) 15
3 B A B PR A L % IR 3 K
*HXU‘EB%%#_?‘ x100% (2)

1.2.7.3 MR B 44 P A% e A A P J5i T O 1 450 1) )
A HL.2.1 R R T E 0 (5000 r/min, 10
min) JF R, MR EE 52 0Pl (pH=7. 2) 1Pk 3
W5 AT HERRER 22 vl . B 100 mL 5B 53 5l
T TR ARG il L Ll 7RG Il B 2 A R Tl (R B RS
MW FAEm=4 6, KR, I HAS R

16. 0 pL/mlL, B AU RS I ) B 28 VAR b 25 1 X
WA MR T 37 CREIRT ISR 4 hy BEJG  HE A
T 4 CF5 000 r/min 0> 10 min, B35 FH %
AT WA S CBE TN R 18 5% OD 6, F1 OD g, , LATH
S I P9 A R R B P S TR IR O, IR A 3 IR,

2 ZER55HT

2.1 EYIE RIS

10 FIAEPRG T X5 R o A AT 4 8 €6 7 2 K 1A
R ER IR E M (P R ) ISR 2 s, 1
DRI, 10 Ffoks i R 8L T R[] A 808 I 1
Horb AR M RS RS A LS R
XS 3 FAEK A R B T BB S, A
BN O K AT TR TR B 410 T B B AR T 56 30. 50
mm , 2 ZOREIIRT 4 18604 2 3K B | R A T B
18 B A2 4y 9T 55 31. 83 mm . 48. 17 mm, AHIX T
X & WO A BRI B PR T, PEERE T T A
THOS A A BT (25 QR B ) 108 400 8 3% e o i, 1
B A2 43 T 3k 30,50 mm . 16. 17 mm; 4 2K
I E BRI LA T T RN S AR i 0 4 9
2R TA e IR A8 v BT R, I P AR 4
31. 83 mm 31. 83 mm 30. 67 mm F1 30. 67 mm, M &%
BREE b T P ph 2 0 0 R T PR A S, I AR
7..00 mm, 3% A] G855 AN [R]AE i1 & 45 400 B 80OR B i 1
FHRR A s AR A 52 R, AR 9T 16 B A REAS
IR RESY (NI S T e i T I T ey R R
THERGIAE NG ST FERT 4

R2 EUMEHPONEHEER

Table 2 Antibacterial circle diameter of essential oils of plants

B BA% (mm)
=Rk Rl
PN LN ] SEWEHERE  BMNE
4 R 29.00+2.76ab 31.83x1.17a  48.17+2.23a
A 30.50+2.88a 24.17+4.49b  45.17+4.58b
TR 16.172.04¢ 12.83£0.98¢c  34.67x1.21c
F AR 28.00+1.67b 31.83+3.54a  44.33+1.86b
AR 14.83+3.97¢ 30.67+0.82a 7.00+1.26d
s F A 15.17+1.47¢ 30.67+3.20a  44.83+2.86b
A ZERE N 6.00£0f 8.17+0.98e 6.50+0.84d
FertAg i 9.67+0.52d 9.33+0.52de  6.50+0.84d
AR I 9.00+0.89de 11.17£1.83cd  6.67+0.82d
VAVl s R 7.50+0.55¢f 8.00£1.55¢ 7.17+1.17d

il —FU B 5 A NS TR R 22 5 B3 (P<0.05)
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22 EYHBHNERNMESENSRNRERE
SR AR B TN E PRI A 20K L
ARG ORI L A i A T FoRsilxd 3 bt
W MIC {8, B A5 R R 3.tk 3 I, kR
R A= ZR A L R AT A R A )
PTG, 764.0~64. 0 pL/mLAYEEAR & i T XT3 Fhlk
TEE (KT B 8 B (0 A 2 B T PR ) AR R B
T R RO RCR . AHECTS , RS X R
P M 2 04 410 1 AE ) B, L MIC {HOh 4.0
P/l LS T X < (2 7 2 ok 1 2 B o i
AIPCREAE 26 16. 0 L/ mL% & 5 F R AT ) 4 8
7 2 R T ) A R BB, LM X SR M T 1 A R it
(AR BE 75255 , MIC (B30 32.0 w/mL, Al
PURPTEREI R TN S O PR ARERENE A
SR 32 Ry, F2 AT A R AR T AR
200 M2 14 7 B P, R R MR 20 R AR A, RO
A0 A0 P AR R RCR 2 A R A DG T
Y A e W T L 5 A A 2 W IR pH (ELR
BELASHAE W IR A2 7, SR A A 0 400 L 1 I 2B A
WIHLAE' . I TRl S A R AR R, SR
SrAE-S Y DNA S 7 A i 454, i A 2K
SR 20, R R TR RE ) Y
R3 EYHEEULEMER/MESE(MIC)
Table 3 Minimum inhibitory concentration ( MIC) of plant essen-

tial oils against test strains of bacteria

MIC( pL/mL)
IREENIEN
KIGHT T SEOAEKE Bl
PRSI 4.0 8.0 4.0
I RS 32.0 16.0 32.0
4= Z A 64.0 64.0 64.0
ZMPAE N 128.0 128.0 128.0
TS 128.0 128.0 128.0
ek 128.0 128.0 128.0

RIS T - ZRE T L BRI A5 ORS T L
TR T F RS 3 AL 89 MBC {funsk
4 i o JURORS i B B MBC {65 MIC {EAH
T B A 22 57 35 S e A TR X s SR il A i 27
PEAAIR , U BH 00 0 i A 400 1 B A P K e BB Ty
T JR B T 4 R R AR
23 EARBBMINEEGE

N T R RS T R AR A i

x4 EWHERMNUXEMARNRESE(MBC)

Table 4 Minimum bactericidal concentration ( MBC) of plant
essential oils against test strains
MBC( pL/mL)
FhhAn
KIGFFH SR OHERkE B

PR A 4.0 8.0 4.0
LA F A 32.0 16.0 32.0
4= R 64.0 64.0 64.0
MR >128.0 >128.0 >128.0
T ARG >128.0 >128.0 >128.0
ELE il >128.0 >128.0 >128.0

SECHI TR B 2 Hh Y PR R RS T A R T R 1
KA T 5 S B0, 38 3o AL A8 8 12 % 3k kS Tk
1P R0 1 AT, BRI 5 45 1 2 0L 3R
5.%6.3% 7, WHEKEMS LG M0 E R H
RO S B S o (O O A Y (O (1)
0. 500, [F] B X6 W FF 1T B 45 0 ) 28 B3R 0 359 2 R
P B E T, —F W FIC Y935 ) 1,000,
Xiang %" % BRI RE L 4 SR IR A 68 ORs Tk
I ) o) ot 25 R A P IRl 4 A . 3 RT g
SRR AL S A R RN R AR
IR B 00 TR R I R R R — R A LR R B
14, T J2: Fh 22 R0 B8 ML 3G R4 S RS i )
LE AT 5T 356 426 PR AR A 3ol D L G v 1 45 BB K
M, IE AT IR R AR AR L 1 7 3
24 EARBHNREESRERLIL

8 TR TAEA AT LR, R A HS
S FRE O KA R B | 4 €07 48 Bk A LA B R
Az 3 Pz R R PR AR IS R R, 1
I TR A4 B (0 A A BR P IO 15 3R 3 1 2 A RE RS
W5 I PR AR A4+ 6 B, IER B (40 B
P AR IR BB KAE, 209128 27. 75 mm 5 26. 50 mm,
O RFFE 25 S 3R W R T b ) — S i ot 2
i BRI ER AR, 1T 7 — BB AR R LR 5 441 i) 2 il
B K Miladinovie 257 BF 5T & B, R i (1 £
T ECE B AT ALA T BE SR A BT Y 3 AL
53, X FBH TR R o 0 G E L X
KA T BB, AU T A RS B 2R i 1]
RETINGR T 0 Sufd 1 4 22 8] A AH B A, DA 2 7
THERPIHEBCERY . L, & A i PR
518 TR R e 4 - 6,
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x5 AEBHNFEFHBEDENR/NMIESE(MIC) RHRHR

Table 5 Evaluation of combined minimum inhibitory concentration ( MIC) and combined effect of cinnamon and oregano essential oils

MIC g (pl/mL) MIC .4 (wL/mL)
AL - FIC BrAICR
HH B A 1B H
KIGFF & 4.0 0.5 64.0 32.0 0.625 FEIM
SR ER 8.0 2.0 64.0 32.0 0.750 AT
it 4.0 2.0 64.0 8.0 0.625 AT

FIC AW R BE TR L

R6 AEBEBHALUEFHHHRENHNRMESE(MIC) RIHRZR

Table 6 Evaluation of combined minimum inhibitory concentration ( MIC) and combined effect of cinnamon and Litsea cubeba essential oils

M[C!ﬁlﬁ:( }LL/mL)

MIC 3 ( pL/mL)

i FIC PR
W 15 A 15
KIGFF 4.0 2.0 32.0 16.0 1.000 AN
& B AT BR T 8.0 4.0 16.0 8.0 1.000 AN
B 4.0 1.0 32.0 8.0 0.500 IR

FIC : Sy FAM e e LR R

R7T SEFBRAUEFHHBRAFNR/NMESE(MIC) RIMRZR

Table 7 Evaluation of combined minimum inhibitory concentration ( MIC) and combined effect of oregano and Litsea cubeba essential oils

MIC 5 (pl/mL) MIC 45+ ( pL/mL)
bRl FIC R ES
HH B A I
KIGHFF & 64.0 32.0 32.0 8.0 0.750 AHm
& H AR 64.0 32.0 16.0 2.0 0.625 A
B 64.0 32.0 32.0 8.0 0.750 AHm

FIC : 5y FAN R e BEAR R

x8 AEMEFRILESHEBMNELR
Table 8 Bacteria inhibition effect of composite essential oils with

different volume ratios

WS e P AR (mm)

& 5

H I RIHT U REE e RE
1:9 20.75%3.77b  23.00+5.48abc  90.00+0.00a
2:8 21.75£3.59ab  19.00+2.45¢ 90.00+0.00a
3:7 23.50£1.91ab  24.50£2.64ab  90.00+0.00a
4:6 27.75%2.22a  26.50+2.38a 90.00£0.00a
5:5 25.38+5.19ab  25.50+3.32ab  78.50+13.50a
6:4 24.50£0.58ab  23.25x1.71abc  48.00%3.65hc
7:3 23.00+4.76ab  22.50£1.29abc  51.25+19.62b
8:2 21.75%3.50ab  21.25:2.75bhc  44.75+13.60bc
9:1 21.75:4.35ab  21.00£2.58bc  36.75+4.99¢

Rl —F B 5 A RN FRER IR 2253 35 (P<0.05) .

2.5 E&EmpREY
PR AT T L 4 B (0 4 2 BR 1 0 28 il 4 Sy il

R, B0 T 2 A M AE Z T B AU [R]85 [i] 58
AR RS T I P B AR AL VEMN I E AR AR
AR T R E e, B 1A AL E A KT
X KA BP0 B 16 PEAEAR T 100 C BHECh R E
TEMINE 80 CJFFFIA T %, 100 °C I 5 18 E448
AN BT R R B SR AN RE Sy, 5 EIR(25 C)
ZAF X HERE A 0 10 B R A E, 420t 40 °C L 60
C .80 °C 100 C HZE 120 CHALILE 5 Ak
Xof 4 B 00 7 R R 2Rl A R B TR O T R A
EAAE(P>0.05) , ULIA S G AT 3 A B 14
WACRE A B AR e, BB R, 5k&
S AN IR G A B A 2 1 X R AL G T R SCR AR L, 22
1 40 min .80 min 120 min 160 min X 200 min %5
HMEIBGTALBEE  B2 ARG I KT B L 4 (4
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Fig.1 Variation of antibacterial activity of composite essential oils at different temperatures (A) and different ultraviolet irradiation times (B)
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Fig.2 Impact of cinnamon oil, Litsea cubeba oil and blended essential oil on the growth curves of Escherichia coli (A) and Staphylococcus

aureus (B)

262 Aot XA AR TR M
Xof FEL 5 338 P 725 A 2 A R RS Vi 0T 200 R 40 L 53 3 A
B —AHESg bR, WE 3 i, 78 12 h X
ZH A FL S R AR R 2 20 A E 4 L SR T, 4
T A T AL A 20 B, ARG R R S B, O HLX
Tl o s S it 2 Ak BB BSF ) P S RO B S, 2Rt

12 h ARG T A B, SRR AT TR R 4 T 0 4 Bk TR
AR RERT FE, S 238 0 T 2 B A P L 5 TR T A P 1Y

1.56 {5 A1 1. 53 A%, DA S b i FH PR A A vk Ak B S
19 1. 13 A5 1. 29 £%, 2% WK Wil BE A% 15 I 240 7 40 i
7o TR 1 e 1 O A R B o
e PR 0 o, M Rl AR R SR T

2,63 H A AT AR E B AR AR AR G
oL Fre ORI ARV E AL HI 2 —
T TR 1) 440 e 40, 0 7 5 | 400 e PN A 1 )
o K s A BT s o SRRt B T 4 AR Y



1436 AR N S o 14

2025 4F 5 41 & 5 7 W)

ANAL 57, 20 TR A A AN 3l 5|
LT, B TR FEE M BT 7E 260 nm Fl 280
nm &b 43 5 2 A B K 58 A i, DRI R R
OD 50 1 OD 0 K TEA 20 LR 9 1 DK 2 38 2 200 b P 2%
YRR, 3£ 9 BoR, SR —KEmM L, 25K
TMABAE B E IR T R A E A R S, B

100
~ 80f
&
360
o
40t
E
= 20t
0 1 1 1 1

PRRUL, 510G TR AR L, AR AL PR K AT
PR PR IR AR 1 5 A it U o S T 3. 10 A
2.03 %, Xt T TR B A AR T4 2R
— B, AN I A S A U0 R A ) S B T
A48 U ) 38 25 P, T 5 | 0 L R g R L R
HUSE D) B S

100 B

80

60 [

AR LT % (%)
&

[
(=]
T

B3 pEfs IBETRERESHENKETE(A) MEEBFHHKE (B) B R SEHHM

Fig.3 Effects of cinnamon essential oil, Litsea cubeba essential oil and compound essential oil on the relative conductivity of Escherichia coli

(A) and Staphylococcus aureus (B)
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Table 9 Effects of cinnamon essential oil, Litsea cubeba essential oil

and compound essential oil on nucleic acid and protein

leakage in Escherichia coli and Staphylococcus aureus
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