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Abstract: The antibacterial effect of the combined use of thymol and cinnamaldehyde against Salmonella was examined in this study, and
the preservation effects of their combinations on salt-baked chickens were also evaluated. The minimum inhibitory concentrations (MICs) and
the combined anti-bacterial effect of thymol and cinnamaldehyde against Salmonella were determined by the microdilution method. The results
showed that the MICs and minimum bactericidal concentrations (MBCs) of thymol and cinnamaldehyde against Salmonella were 0.25 mg/mL
and 0.5 mg/mL, respectively. In addition, the fractional inhibitory concentration index (FICI) of thymol and cinnamaldehyde in combination
against Salmonella was 0.75, indicating that the combination of thymol and cinnamaldehyde exhibited a significant synergistic antibacterial
effect. The above results were further confirmed by the time-kill curves, SEM analysis and PI staining experiments. That the combined use of
thymol and cinnamaldehyde could destroy the integrity of the cell membranes of Sal/monella and alter its morphology, causing the leakage of the
cell contents and eventually cell lysis and death. These results indicated the potential of the combination as an antiseptic agent and preservative.
Therefore, salt-baked chicken was used a model food to examine the antiseptic and preservation effects of thymol and
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cinnamaldehyde in combination from two aspects, microorganisms and lipid oxidation. The results showed that the combination of thymol and
cinnamaldehyde could significantly inhibit the proliferation of bacteria and lipid oxidation in salt-baked chicken. Accordingly, thymol and

cinnamaldehyde in combination can be used as a natural compound antibacterial agent for preserving salt-baked chicken and other cooked meat

products.

Key words: thymol; cinnamaldehyde; antibacterial effect; salt-baked chicken; preservation

AR, BRTAH B e B A 3L AR 22 4k
P A B, WK = R w, &8t
10~42 C {345 FAEAF, 100 'C R RFEE 20~30 min 77
BERIE, XS BRI Z —. T TIRR IR 6
5 RMUNAE 7B REEGW, ENE R SR
FETM, 2019 SFEEERA T 5215 4K SAHSIIVD ]
B 1134 61, 56T SR B RIS IR IS 15
KKERE, WHFERN, YR AT LA R E06 @
AR, BUDREYIR BRI R AL, AT T LE
K I SR AR BRIICT, g, Bl S i
HEEORYES, S, TLAFHEIEDIE A
BN T R FE IR A R

HEAN Q-FHHE-5-FEER) &—MRARN
sy, BAPE. PUEEtE, 42k, 5R
FRET L A AR 0 By 2 1,
FERE 2 — M R BRI RER A VLAY, 2R
My RS PSR R EEESr 2 —, BRI
PUEL . BRSO, T R IR AR X AR TG
BLH, OHSEEBOTZMERR (FDA) #tHEHT
i LR s it BRI (R e E S AR
A IS FARAE) Pt F BLA T AN AR AL 1 9
AR R AR E T RTOS T AR A
HEAR B, W, EEN, s
B, BRI I S T T H S ORI, sp—{f
FH PR 7 B A 350 ol AR L A B R, it
AR TR B E R Ty A PRV S 1 A S LA B S8R AT DR
b, B, AEFRES T BEEH S RS A
YD1 QTR BB R, FHok R T SR xS PR o
DAFRFUAH L PREF R, DA 1 B A T A R A B
U S T I SRR B A -

1 MRERE

L1 A#

1.1.1 A5 KA

UREENS: TV A MR B AR AR T
KOEE GriraD . a8 A& (OfrailD. R (4
Mraf): WTRR T (Rl ARRAA].
112 3EHREB A

JERR K SRR 538 (TSB). M K & kI g
BFEE (TSA), WT T AR RHA R A A
i %7 1T KRB CCTCC AB 94018 ( Salmonella
enteritidis ) ARG FEYL 1T ICE ATCC 14028(Salmonella
typhimurium), HEFEE TR 2 A 51| S0 =
Fefit.

FEMITE TSB HiEtk, 37 °C, 180 r/min #EPRES
77 24 h, AR RIIKEN 6 1g(CFU/MmL) 5+ H .
113 2B ERE

DM IRB B5G(E B RiEE, 8E Leica (X#5HA
FRw]: En Spire Mg, S Perkinelmer A¥];
S-3700N FA## T AR, BE %R AF); KDC-40
TEIRIETRAE, BRI A R AR RS A A
SHZ-88A Ak KR, YL KRGS ®) .

1.2 o7k

12.1 B E2AEBARNERRDWERE. &
FRAREBILASITA IR0 M2

R A FE R RIS ) B Iy FH R X0 1)
KW M & /3 W ¥k JZ ( minimuminhibitory
concentration, MIC) HEATIME . F 50% LB2F H HA&
P AU AR BSTRC 19 128 mg/mL FOGE 9, SR J5 I E
IKMRE L — FRBIVRUEIRERREE, IO 100 pL £ FH B
W, FRARAT, AF AN 32 mg/mL. 16 mg/mL.
8 mg/mL. 4 mg/mL. 2 mg/mL. 1 mg/mL. 0.5 mg/mL.
0.25 mg/mL. 0.125 mg/mL. 0.0625 mg/mL, JIAZ(%
AL TSB IIFLABAVEXTIE, DAAS I &R LB
SR K 96 FLHCE T 37 CHEsFRAM RS 24 he L 96
FUAR PRI IRAS AT DLV 1 B ARIAR P R Ay MIC

HY 100 puL JE& BT 20 mL TSB Rg3dtd, &
F37°C, 180 r/min $EJRHEFE 24 h J5, HL 100 pL VRA
T TSA $5IH, B5)ikAn, BT 37 CHiR 24
h, TEBARA K A B AR IR B e/ N R B (minimal
bactericidal concentration, MBC)-

R Fratini 25V 5200 52 EF LA Mo A AR S 1)
SRV EFEEL (fractional inhibitory concentration
index, FICD. & Nz\iT# FICI fH.

SlMIC, HEMIC, (1)

Frct= HAMIC, i HMMIC,

113



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

KF:

Fd MIC,——%—2%45 A ) MIC;

Fh MIC,——%—204 B ) MIC,

BB MIC,——A 46T 698 BORE;

5Bt MICs——B 2406 69 2URE..

SERHERRIE: 24 0.5<FICI0.75 IFf, #R A 5
B Z [A7EAEEA/E - oA EER s 4 0.75<FICI<1.0,
Fon A 5 B ZIRAEEAIER]: 24 I<FICI<2 I, %
A5 B ZAHEMEAEH ARG 2 FICI>2 B,
Fon A5 B ZAEMEAE R R
122 B 25 Fo R ARBRIR AL TR 7Y 1] K A
BT 18] -3¢ ) ol £, 49 ) 2

W E BA R RAERS NN B, i Zak
&N 1/4 MIC F BL&m+1/4 MIC ARERE, 1/2 MIC H
HRE+1/2 MIC PIEERE, =5 4NN EAT 0.85%4E
FEE/K, SRJEE T 37 C. 180 r/min $ERESFE. 7E 0.
0.5, 1. 2. 4. 6. 8. 12. 24 h HUREIFRAPAGTHEL
EMEREFRE L. AR TR REAL PR, T5 PR AR RT3
(BN AAARL il o 1] B HH 28
123 J 25 AR EEA QAT TR E
I M A
12.3.1 VDI TR s B 5%

RS I aE LR se, BT IR
WL FR EXEO % - S2I6 4 0 1/4 MIC 1 AT +1/4
MIC R, 1/2 MIC [ B & MH+1/2 MIC W, =
IR AR A S AR AR B 2K, PETE RS R4 A T
H (37°C, 4h) J5E.0 (8000 r/min, 25 °C, 3 min).
WA Z S I\ 100 uL PT 4480 iEiE 2] 30 s. 7E %
IRIBEGE 15 min J5 250 (8000 r/min, 25 °C, 3 min).
LGB, TN PBS W ER 5 30 s HEL 5 ul
BB I T s
1232 YIRS AR e B 7 B

BT TR R R TR 20 A B 1 mL %
FHBWES L (8000 r/min, 25 °C, 3min), WHEREIE,
FEH PBS 2P 3 UG FFEE T 1 mL & 1/4 MIC
HHEAEH+1/4 MIC WHEREE, 12 MIC H 2 &FBH+1/2
MIC WIFERERT PBS Z2tifirh, == A4 NS4 PBS
2P, 37 CHFAE 8 ho #AJ5 &0 (8000 r/min, 25 C,
3 min) S EFREM. H PBS Zilvksk 3 a7
HET 1 mL PBS 2, JFIA 60 uL 1 mg/mL PI
gk, ETHEERFRFEHEDEIFE (37 °C, 10 min)
JE 50y (8000 r/min, 25 °C, 3 min). PBS ZEMiRikik
3 R JE FH SRRSO D LR B
124 B 25 MARBREEAL AT IR E
) CRIZASERPY RS

114

s E R G e S WINPT NS
o BT TRE R R EXEOHE . 31 mL
TEEEET | mL & 1/4 MIC H B &M+1/4 MIC A
HEEE, 12 MIC 71 BLA& W +1/2 MIC WEEREI TSB H59%
e, 37 CHFAE 4 ho SRFRCHFE AP (8000 r/min,
25 °C, 3 min) FHULE, A 2.5%K ), 4 C
IR 7 o [ 5 J 7 16 2502 (8000 r/min, 25 °C , 3 min),
% 30%-+ 50%-+ 70%-. 80%- 90%- 100% I 1
7K o T e B B i 4 R B
1.2.5 B 2ABFo i AEERER R A2 2h 05 %0 o 64 2
JH

YIRS T2 ek bl h - h)
SRR T - AT R R,

B AL . KB H S SRS E T 0125
mg/mL 71 B 5 0.125 mg/mL AIAERS & B 750
12 10 min, PL6.25% (VW) TEREEIAE N A4

KA AR E T 37 CoE, MHHRERE 3 AN E
2, o RIEAIRG 0. 2. 4. 6. 9. 15 d#HATLAT R
AN DL
1251 BESEWNE

Z GB 4789.2-2016 (£ b 224 [H FARE & il
ARG IO T TR BN E ) BV EHEAT XS PR S R A
VRSB,

1252 AEHZEERNY) (TBARS) HIllE

B AR 2 B2 R B A 5 22 SR, g /R 1E
M. B 10 g XSRS BTRE, N 50 mL 7.5% 1) =& L
TRAW(E 0.1% EDTA), #&%E 30 min, AUZIEAULIE
PR, HUSmL B3SO 5 mL 0.02 M TBA ¥,
90 ‘C/KIB i 40 min, HUHAH 1 h J5E5.0 5 min,
EIEWIN 5 mL SRS, #E S E R SRS
BIAE 532 nm both, IDROBME, T TBA fH.

1.3 BS54

WTCRFRTL ], TR RS S BRI 3 AN, Frask
WEE 3 RHOLFHE. K SPSS 19.0 Al Origin Pro
2017 FRAEXT S EE TR TG T IR, B A
I EdR G, 2HIE 2 R S-N-K UV,
BEMEKF p<0.05.

2 HR51He
21 EEEFBAA BRI TIKE B W

i
A AR o AR R R 1 L A A T PR A ) 410



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

FIETE, WK 1 PR, B EEA ARV IR
PIFNBE SR EON R, =3 MIC ¥J5 0.25 mg/mL,
MBC #°4 0.5 mg/mL, i% 5 Ozogul "l Wang 258!
BT 25 SAHAh . o HLA oy A A b 1] IR TR 1)
FICI 154N 0.75, Ut —#F B AR, HMHER
B RCERA 2 . 24 0.09 mg/mL 7 A 0.09 mg/mL
PIREREV FE F O AT AR S 0.25 mg/mL H 2%
M. 0.25 mg/mL PRIERE B FH I AR ARL o
B 1 9 BUA TR ARG PRI R] - R B i 42
T RTVE R, H 12 MIC H B &B+1/2 MIC A
FERE . 1/4 MIC T BLA&M+1/4 MIC PIEEEE AL FEYD ]I
B, RVEE LS B 5 > T 1.51 1g(CFU/mL).
0.75 1g(CFU/mL). 1fi 0.5h &, 1/2MIC B 2&E+1/2
MIC WHEREALBEAH Ve Huis> 22 05 1/4 MIC H B4
M+1/4 MIC RIFEREACBRZHTE P2 E 2218, E25E 8 h
Bz e T fow, MyJGEMELEEm T 1.08
Ig(CFU/mL), 7E 24 h W5 AHEZHR KN 4.2
1g(CFU/mL). #R#% Fratini 25" }% Jacqueline £ {13 F
57715, 1/2 MIC H B A&M+1/2 MIC RIE:RERCF X
ITIRE 2P H R RS . 2R, AFEE
YIRS oT LRI B U EH, & (0.28
mg/mL) 5AKERE (0.28 mg/mL) I I K AT i
UL B R VR PR 3522 -5 POAERS e IBCFH X410
i 4 B Co R A R B A K B A A
1 BEEMMPIEREXPIIRERIMIC, MBC FIFIC
Table 1 The MICs, MBCs and FICI of thymol and
cinnamaldehyde against Salmonella

Bf MR MICHmg/mL) MBC/(mg/mL) FICI
3] 1 iR m
’ PRIV
L., ®wERA®H 025 0.09 0.5
WITKE 0.75
KAEES 025  0.09 0.5

3 10k

E *

2 8

S

2 4 )
ﬁ &I_/‘,/i— £ =
= 4r el
" - -
Bl ——1/2 MIC T L F&W}+1/2 MICHI HE:RS
- ——1/4 MICH B & %+1/4 MICH LR
2
o 0 .

(I) 2I Alt 6I 8 10 1|21|4 1|61|8 2|02|2 2|4
BFE) /b
1 B 2B AXDT KB E-RErhZ%
Fig.1 Time-killing curve of Salmonella exposed to combination

of thymol and cinnamaldehyde

22 HEEABAAEBERANDITREER T

BN R

& 2 ZHABEBRES TR B FEFIPEREEE R X0 R E
HREARSTE M RIS
Fig.2 Effect of combination of thymol and cinnamaldehyde on
cell membrane integrity of and Salmonella evaluated by
fluorescence microscopy
E:oar RA4; b TI4; o T240, BF T1ART 1/4
MIC & 248 +1/4 MIC AAEER4R; T2 24T 1/2 MIC B 24
Br+1/2 MIC AAEESA,

25000 | S

20000 -

15000 +

10000

RKICHE (au)

5000

0 = 1 1

TRE i 2L
[ 3 BEEMAEREKAID I REAERTTE AR
Fig.3 Effect of combination of thymol and cinnamaldehyde on
cell membrane integrity of Salmonella

Z: B ¥ T AT 1/4 MIC § Z48+1/4 MIC FARBRA;
T2 2847 1/2 MIC & 248+1/2 MIC MAEER4L; ¥ KR F
BERTHAEEFEIEE (p<0.05).

K 2 PO E SR T PLAYEIGL 5 4.
W AATEIE RS T 7E %, P JerbEikgt A4
M, BTG, AT AR A2 S, Pl
JURLBEAUAR o 7 A B T S 40 ) DNA AH
ghe, WZATGLE. Wk 2 s, FaAP TR,
BRI R . T1 4LACER 5 BB 4 s, Ui
BHAE T LA T AN AR AL B T 5000 oA 1, o000
ITECHE B R, PL#EAGEMI DNA 454, B
WOt T2 HALPL S RGO CER THAEUR, ¥
WA REIEREZ 2. SREY, HERERMA
FEME R TR AR, T IR OB o

N k5 T R A IR AR T K X 4
TERNERBEIAARSE, X AAL L JE b T T IR 5%
JGHRERATINE . Bl 3 FoRANFRE S A ARG,
ANFIRE Az ) 22 e R 2 (p<0.05). HIE 3 ATLLE

115



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.12

Ho BAAMTOEHE N 952.67A.U., T1 45 T2 41
SEFRVST TR R 2 2 25 L4 22.95 f%.
26.18 15 AT LA H, 25 AL 5 B Izt /N T A A
ZAERE AR B BN R, ARER
R PRI A BB D o 40 e S P () B S P B o o
FERIRINTRE R, HAEoR P R

T DA M 1) e B e RIE L 4 BB
A I AR PR S B R R PT ekl gt A
X DNA YLt st R AN s Bt R fE g, |
A5 AR B MDA RS e, e
YRR IEEAREIES, ] TV KB R
Wang 250N, 4 BAEM AR S RCH, ALl
S00F p-A R HEE G K X R A R R S B
M, Amss A IE A K, HIREBER, F
FRZG TR . TR 7o 4 I E S A I i ]
DA 4 3 €0 A R R ZH M ) e v, AT 5 T
YIRS o« 5 R RSP T K I PR RS X KT
YRS B — B BRI, R E AR 3G
TR RCR AR

23 BERBAMAEERSAESDITRE

TV S A B R

& 4 BEEMFAERKAXRERMREM RIS
g
Fig.4 Effect of combination of thymol and cinnamaldehyde on

cell microstructure of Salmonella

116

E: oar FEL; b TIZA; ¢ T240. A T1 4%+ 1/4
MIC & ZAE+1/4 MIC WAEESE; T2 484 1/2 MIC B 24
Br+1/2 MIC PAEBSZE

AR T BB EE T A B A AR I
M TTIRETEAR, 258 WK 4. WE 4 7] LLE
t, REALIRRVD T IR LT EEGE, WAL
WA, WIRESIER: & T1 A4, Wik
WHLIRNIE, Y. W% & T2 AH)sE, ¥
TR SRR R E RIS, s i
W R, WA EN™E, FiRgEREH, 5R
AN AN RIS LRG0, V0T T IR B A E g A
BEOR, S B AAR (1 4 RS I B A7, 58 T T A
IEETEA . HUCHEN S BAS . PR R IR
MRS e B, RS, NAEYIEE, A
M FEHARSET . Pasqua ZPTRF 70 & DB I Huds
MEHBEE. THER. WHERSERRMEYRES
IR EEUR R R TR AR, v LB R AR
P2 BIRR, ISR SR .

2 BEEBIAMAEBRGAENERGHE

BB

TR A TSR A2 5| e X P A8 IR ) e S 2 R
#, AT CAHSRAE ST G2 4 2 B . el 5 T
A, 7 AHPIE T S ECN 1.16 1g(CFU/g), HLm T
L PR AIURII T4 B BUN 0.69 1g(CFU/g) . B it
[IFRIAE G, = R 77 A B 2E rh R R VR S SO
WM. GB 2726-2016 #LE , XS - AR 24 5.00
1g(CFU/g). 1E 37 CHEFRAT T, 2 AL 6 d B
BB T ER QM e R (e, WP
TESR 14 d B B VE S U T B 5 A i 2 Ahm itk PR A
A HAEAERES 8d IR VA M AUA H] 6.03 1g(CFU/g)C
T E R S AR HERR A, TSI FIZH R
iR 16 d WA EE0CN 5.74 1g(CFU/g), HtEZE
B EREE. AT 0~8 d N TR S H0Y
Kbk, 52 A4iMtt, SMEmabBy 5 i R
7E 0~12 d B BN KNS, 12~16 d W& MEOE K
THESRWTING, XATRERRN 37 CEARMAEIIHY
Koo B iR (ARG, RS . b
REERR, AR RIS A3 AT DA 240
HICE A K BT, AR REF R . FABBT 7T 45
FRW, A REWS REERETE &5 R R8T Hh
WA A K. 1, Karam 0 R H R AR, &
FrEyXt 4 CARIRIIEH LS A SRS s mT, 45R%
B 0.4%% T 0.4% £ B ATy ml LA e ] A2 X P



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

JEWCR AR, FREKILIA. Anshul 7T %
ISR, AR AR I B PR 2 FTe A i
TSR TR A,  HRARBHERCRER LT .

7r

5 6

E

S5 5

S

% 4

s 3t

5

&

i o=
1 —--1/2 MICH B&B+1/2 MIC A RS
0 1 1 1 1 1 1

6 2 zlt 6 g8 10 12 14 16
fi# 5B 8] / d
[E 5 37°CHEmisH TS EE BTN
Fig.5 Changes of total number of bacterial colonies in
salt-baked chicken under 37 °C storage conditions

25 BHEEBRMAEBERSAESHEKY
TBARS 18 #y % ft. By % v

L -

| 12 MICH 2 A& H+1/2 MICAFERE

TBARS{H / (mg/kg)
o — (3] w £ W N ~

0 2 4 6 8 10 12 14 16
fig g ] / d
[E 6 37 "Cfitiist TENEGH TBARS ET L
Fig.6 Changes of TBARS of bacterial colonies in salt-baked
chicken under 37 °C storage conditions

TBARS {H /2 DAt A1 it IR 57 S8 A R T ) B 4
b5, TBARS fEBR AW IR AR RE R, AT 2L
PR B, ERHRRSTE 37 "C %Y TBARS fE 1148
Wl 6 prs. 2 A4 SHE AP TBARS {4
3514 1.42 mg/kg 1.08 mg/kg. B fif kit 8] (R ZE K,
72 AN AL EEZH 1Y) TBARS {3 230 LT+,
(B 3 2 AR o By T B U A PR P A,
T LA AN R RE R S A EE R IR B RS i A AL
FERE, HfIfERYIE TBARS A8 KR, MMk
FIBIFHIREESCR . BRI SR
RS P B R AR IR, W] LT
B SRR A SR TR RE Y. TR A A
PIRERENE B8R AT IR B XS IR i A . EAH
SR FE Hh - R B0 P LA Mgy AP DAY P LA . A PA)

KT AL, Saricaoglu 250 5T RIS A H
ARG (1) £ R 2 LA TS DIk ek PRI 2 0 i 2
WY R BRI BEAF, WS INEN 1.0% 0 BA
BPUEALIEM . Hussain 2P R0 R B ETE 4 °C
FAFAEIL 16 d I, TR0 0.05%PAIAE R2 i TBA fELL
FAMHKT 1.01 mgkg, 3RIPIEER M EA IR
JEAARIER . SRTRBHFUELG, B AT AR
1C FH I 78 o B S B LA e e R

3 g

3.0 ARSCEPET B B A PR RE R AR B )
BT, BRST T EHERHAEL T TIRE AR S8R SR
BEEW . R IR B A B IR BUR,
ST TR ) MIC #7204 0.25 mg/mL. MBC ¥4 0.5
mg/mL; B AR AP VDT IR FICT N 0.75,
RO 1) R B PRV B A i R 2508

3.2 F AT RS A A RS d i
AT FIRFEREICH , IUERBIR 70T IR A B 1)
SEREE, SRR ARSI, (F R ILERRE .
ARG, RELIDT TR EH RS, A
FEHIT,

33 #0.125 mg/mL [ BAHA0.125 mg/mL PIHERE
A S T Sh A O, B ) 1 i) AR K
B, 1E 37 CHEFRSEAT T 22 Mk Shhans s i
YIR A KIFESE T H R PR IR . 2 AR N
UV S AIE RT3 6 d RIS 14 d J5 T
e [ K B 2 A PR AR

34 i, HEREEBAMAERBREADTTREEA R
LI P R ER BN, T RS OREEIA B TR AL
R B BRATY PR VR AR IR E FCHI B RIE R
N NS5 DAY ) ot DR 77 T LA R R AT 5

A AR

(11 BN, Bk s R S5 XS IRTEA B = In TRl ievh b
[ R  AIR DL S R S A [0 R T 15 2754 25,2017,
28(9):718-720
LIAO Xingguang, WANG Fayun, ZHU Haihua, et al
Analysis of Salmonella contamination and serotypes in
broilers during breeding, slaughtering and processing [J].
Henan Journal of preventive Medicine, 2017, 28(9): 718-720

[2] Ha Angelajie-won, Siberio Perez Lurdesg, Kim Tae-jo, et al.
Research Note: Identification and characterization of
Salmonella spp. in mechanically deboned chickens using
pulsed-field gel electrophoresis [J]. Poultry Science, 2021,
100(3): 100961

117



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

(3]

[10]

[11]

[12]

118

Papuc Camelia, Goran Gheorghev, PredescuCorinan, et al.
Plant polyphenols as antioxidant and antibacterial agents for
shelf-life extension of meat and meat products: classification,
structures, sources, and action mechanisms [J].
Comprehensive Reviews in Food Science and Food Safety,
2017, 16(6): 1243-1268

Bouarab Chibanel, Degracve P, Ferhout H, et al. Plant
antimicrobial natural  food

polyphenols as potential

preservatives [J]. Journal of the Scienec of Food and
Agriculture, 2019, 99( 4): 1457-1474

Hernandez-Ochoa L, Aguirre-Prieto  Yb, Nevarez-
MoorillonGv, et al. Use of essential oils and extracts from
spices in meat protection [J]. Journal of Food Science and
Technology, 2014, 51( 5): 957-963

Burt Sara. Essential oils: their antibacterial properties and
potential applications in foods-a review [J]. International
Journal of Food Microbiology, 2004, 94(3): 223-253
Zacharias. The antibacterial

Kachur Karina, Suntres

properties of phenolic isomers, carvacrol and thymol [J].

Critical Reviews in Food Science and Nutrition, 2020, 60(18):

3042-3053

FRARFKIEDE, Bk KL A ARy AR
PR A TR R 3 B2 R P 0], o [ RO L 22,2011,44(9):
1888-1897

ZHANG Youlin, ZHANG Runguang, ZHONG Yu. Chemical
component, antimicrobial effect, antioxidation activity and
toxicological character of thyme essential oil [J]. Scientia
Agricultura Sinica, 2011, 44(9): 1888-1897

Ravishankar S, Zhu L, Reyna-Granados J, et al. Carvacrol
and  cinnamaldehyde  inactivate  antibiotic-resistant
Salmonella entericain buffer and on celery and oysters [J].
Journal of Food Protection, 2010, 73(2): 234-240

Shreaz Sheikh, Wani Waseema, Behbehani Jawadm, et al.
Cinnamaldehyde and its derivatives, a novel class of
antifungal agents [J]. Fitoterapia, 2016, 112: 116-131
Vasconcelos Ng, Croda J, Simionatto S. Antibacterial
mechanisms of cinnamon and its constituents: a review [J].
Microbial Pathogenesis, 2018, 120: 198-203

GB 2760-2014, 1% it % 4= [ ZARME £2 S A INFAE I v
[S]

GB 2760-2014, National Standard for Food Safety, Standard
for Use of Food Additives [S]

Fratini Filippo, Mancini Simone, Turchi Barbara, et al. A
novel interpretation of the fractional inhibitory concentration

index: the case Origanum vulgare L. and Leptospermum

[14]

[17]

[19]

[20]

[21]

scoparium J. R. et G Forst essential oils against
Staphylococcus aureus strains [J]. Microbiological Research,
2017, 195: 11-17

FEIETHER SR T HRTEEA. RN LINEHL
PR FE[ D] IS L FEITE K 22,2017

LI Jianfei. Antioxidant activity, antibacterial activity and
mechanism of action of the eugenol and isoeugenol [D].
Linfen: Shanxi Normal University, 2017

GB 4789.2-2010, & i & A S briE it EN) A0 50 T4
S HE(S]

GB 4789.2-2010, National Standard for Food Safety, Food
Microbiological Inspection-Determination of Total Number
of Colonies [S]

Hossein Haghighi, Anna Maria Belmonte, Francesca Masino,
et al. Effect of time and temperature on physicochemical and
microbiological properties of sous vide chicken breast fillets
[J]. Applied Sciences, 2021, 111(3189): 3189

Ozogul Yesim, Kuley Boga Esmeray, Akyol Ismail, et al.
Antimicrobial activity of thyme essential oil nanoemulsions
on spoilage bacteria of fish and food-borne pathogens [J].
Food Bioscience, 2020, 36: 100635

WANG Xingwei, CHENG Fangyuan, WANG Xuejiao, et al.
Chitosan decoration improves the rapid and long-term
antibacterial activities of cinnamaldehyde-loaded liposomes
[J]. International Journal of Biological Macromolecules, 2021,
168(31): 59-66

Jacqueline Cédric, Navas Dominique, Batard Eric, et al. In
vitro and in vivo synergistic activities of linezolid combined
with subinhibitory concentrations of imipenem against
methicillin-resistant Staphylococcus aureus [J]. Antimicrobial
Agents and Chemotherapy, 2005, 49(1): 45-51

Requena Raquel, Vargas Maria, Chiralt Amparo. Study of the
potential synergistic antibacterial activity of essential oil
components using the thiazolyl blue tetrazolium bromide
(MTT) assay [J]. LWT, 2019, 101: 183-190

RN PRI, 53 = 55 2R 2 - R RS I 2 TR
ST S AT A 0], 8 b oL RH,2017,38(22):226-
230

YU Xiaoliang, CHEN Shunsheng, YUAN Sanyue, et al.
Antioxidant activity and antimicrobial effect of tea
polyphenols-cinnamon essential oil compound preservatives
[J]. Science and Technology of Food Industry, 2017, 38(22):
226-230

Beales N. Adaptation of microorganisms to cold temperatures,

weak acid preservatives, low pH, and osmotic stress: a review



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.12

(23]

[25]

[27]

[J]. Comprehensive Reviews in Food Science and Food
Safety, 2004, 3(1): 1-20

WANG Langhong, WANG Mansheng, ZENG Xinan, et al.
An in vitro investigation of the inhibitory mechanism of
[-galactosidase by cinnamaldehyde alone and in combination
with carvacrol and thymol [J]. Biochimica et Biophysica Acta
(BBA) - General Subjects, 2017, 1861(1, Part A): 3189-3198

FA TR, 77 LA U ZE ) % S B RCR A LR 72 [ D). 5K
DUARRRARE,2015

SHEN Lili. Preparation of thyme oil microencapsulation and
its antibacterial activity and mechanism study [D]. Wuhan:
Huazhong Agricultural University, 2015

AT IR R PRV EERERS KA i 0 A LB K2 55 ke v 37 W ) 2K
P RCRBTFE D] H AR B TR 42,2019

HE Tianfu. Study on sterilization mechanism of
cinnamaldehyde to Escherichia coli and its synergistic effect
with pulsed electric field [D]. Guangzhou: South China
University of Technology, 2019

Di Pasqua Rosangela, Hoskins Nikki, Betts Gail, et al.
Changes in membrane fatty acids composition of microbial
cells induced by addiction of thymol, carvacrol, limonene,
cinnamaldehyde, and eugenol in the growing media [J].
Journal of Agricultural and Food Chemistry, 2006, 54(7):
2745-2749

Karam Layal, Roustom Rayan, Abiad Mohamadg, et al.

[28]

Combined effects of thymol, carvacrol and packaging on the
shelf-life of marinated chicken [J]. International Journal of
Food Microbiology, 2019, 291: 42-47

Khare Anshulkumar, Abraham Robinsonjj, Rao Vappa, et al.
Utilization of carrageenan, citric acid and cinnamon oil as an
edible coating of chicken fillets to prolong its shelf life under
refrigeration conditions [J]. Veterinary World, 2016, 9(2):
166-175

Tl XS AFRARER I L R 5T S8 S BT BR 3R T 7E (D).
R U R RO R2,2019

WANG Ting. Study on intramuscular lipid oxidation and
influencing factors in chicken after heat treatment [D].
Nanjing: Nanjing Normal University, 2019

ZREE, TR R, SN . A A RBE T S E P SR
L PUE A PERERIWETE )] o A 524%,2007,3:107-111

LI Jia, ZHANG Fuxin, ZHANG Yongjun. Studies on the
antibiotic and antioxidant properties of thymus extraction
applied in Chinese sausage [J]. Journal of Chinese Institute of
Food Science and Technology, 2007, 3: 107-111

Saricaoglu Furkanturker, Turhan Sadettin. Performance of
mechanically deboned chicken meat protein coatings
containing thyme or clove essential oil for storage quality
improvement of beef sucuks [J]. Meat Science, 2019, 158:

107912.1-107912.8

(E3EE 186 TD)

[24]

[25]

0V, AR S SRR AR A EA 2 e 245 B T 7T
BERE[I] IR ,2018,7:53-56

WANG Liu, XU Yiming, MOU He, et al. Research progress
on the efficacy and medicinal
melanocarpa Elliot [J]. Modern Food, 2018, 7: 53-56

Tl R AT SR BRI, 5514 FiT B SR UGG R L
AT [I] A s Tk,2013,34(10):178-181

CHU Dake, HUANG Yingsi, CHEN Guanlin, et al

edibility of Aronia

Comparison of antioxidant activities of 14 kinds of
commercial juices [J]. Food Industry, 2013, 34(10): 178-181

Gao B Y, Lu Y J, Sheng Y. Differentiating organic and
conventional sage by chromatographic and mass
spectrometry flow injection fingerprints combined with

principal component analysis [J]. Journal of Agricultural and

[27]

(28]

Food Chemistry, 2013, 61(12): 957-2963

i B BRI VA A AN R R AT 8 IR O A B
PRI i A1£,2014,35(1):34-38

WANG Yimin, ZHANG Ke, XU Feihua, et al. Chemical
analysis and nutritional evaluation of different varieties of
goji berries (Lycium barbarum L.) [J]. Food Science, 2014,
35(1): 34-38

X L B — L, 5K e, 55 2 T E R 5 R A AL
FR RN 54V ] IR, 2018,37(2): 111-116
ZHAO Guoqun, ZHAO Yifan, ZHANG Xiaoteng, et al.
Quality analysis and comprehensive evaluation of pear wine
based on principal components and cluster analysis [J]. China

Brewing, 2018, 37(2): 111-116

119



