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Abstract: Essential oils are natural antimicrobial agents; however, their high volatility and poor stability limit practical
applications in food systems. To identify essential oils with strong antimicrobial activity against foodborne pathogens and to improve
their stability, the minimum inhibitory concentrations (MICs) of several essential oils against Staphylococcus aureus, Acinetobacter
baumannii, and Escherichia coli were determined. Based on the screening results, a mustard-cinnamon-garlic composite essential oil

(MCGEO) was formulated and encapsulated using lactose-glycosylated whey protein isolate and chitosan (gWPI-CS) to construct
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a Pickering emulsion. The results indicated that cinnamon, mustard, and garlic essential oils exhibited low MIC values against

all three tested pathogens. The freshly prepared gWPI-CS-EO Pickering emulsion had an average particle size of approximately

348.10 nm and an encapsulation efficiency of 99.85%. The retention rate of MCGEO remained above 83.00% after storage at room

temperature for 7 days, indicating good stability. Electron microscopy observations revealed uniformly spherical droplets with a

relatively homogenous distribution within the emulsion system. Antimicrobial assays demonstrated that gWPI-CS-EO effectively

inhibited the growth of E. coli, S. aureus, and A. baumannii over a 7-day period. Gas chromatography—mass spectrometry analysis

identified cinnamaldehyde, diallyl sulfide, and allyl isothiocyanate as the major active components of MCGEO. Overall, the gWPI-

CS-EO Pickering emulsion exhibited enhanced stability and sustained antimicrobial activity. These findings provide a theoretical

basis and technical reference for the application of Pickering emulsions to improve the stability, controlled release, and antimicrobial

efficacy of essential oils in food preservation systems.
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Table 1 MIC and MBC of five essential oils against three pathogens

Acinetobacter
baumannii (G-)

Staphylococcus
aureus (G+)

Escherichia
coli (G-)

MIC MBC MIC MBC MIC MBC

J A 031 1000 031 250 125 10.00
AARAEH 125 250 250 5.00 250 10.00
X##Hd  10.00 10.00  10.00 10.00 500  5.00
Yoot 2500 1000 500 20.00 — 20.00
EEMH  — - - — - -

VE: MIC : JDAPERE, pLmL™; MBC : &/ F# KA,

pLmL'; G+: F2RAMHME; G-: FLKAMESE.
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Fig.1 GC-MS and structural formulas of different essential oils
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Table 2 GC-MS Composition of composite essential oil MCGEO

5 i #% 8 i 4] /min CAS TR REHEHK ATEE /%
1 = R AR 438 592-88-1 CeH,oS 849 1.62
2 SRR A 7 B 4.64 1957-6-7  C,H,NS 0 1.00
3 F AR A 7 B 5.00 1957-6-7  C,H,NS 0 8.55
4 KAy B 9.49 1990-2-8 C,H0, 1203 0.32
5 ENa 10.23 98-86-2 C4H,O 1029 0.02
6 =M R 10.73 2179-57-9  C¢H,,S, 1099 12.37
7 K LB 11.68 1960-12-8  CgH,;,0 1136 0.38
8 2- 9 3R Sk v 12.68 4265-25-2 C,H;0 1107 0.04
9 7 HEBE 12.83 104-54-1 C,H,,0 1243 0.04
10 3-RAEE 13.24 104-53-0  C,H,,0 1181 0.86
11 LA 13.36 464-45-9  C,H,,0 1138 0.16
12 3-ethenyl-3,6-dihydrodithiine 13.64 62488-52-2 C¢H,S, 1134 0.23
13 a-Aih R 14.01 98-55-5 CoH,50 1143 0.02
14 3-vinyl-4H-1,2-dithiin 14.12 62488-53-3  C4H;S, 1134 0.66
15 P AR B 14.76 104-55-2 C,H;0 1189 0.56
16 3- KRB 14.99 122-97-4 C,H,,0 1235 0.09
17 AR R R AR T B 15.31 135-02-4  C.H,0, 1171 0.16
18 LB R TS 15.69 103-45-7  C,,H,0, 1259 0.08
19 AR ES 16.12 104-55-2 C,H;0 1189 53.65

20 — M AR = R 16.83 2050-87-5  CgH,S; 1350 6.63
21 3- KA 17.48 501-52-0  CoH,,0, 1349 0.03
22 T A By 18.26 97-53-0  C,H,,0, 1392 0.04
23 (+) - REEWH 19.01 22469-52-9  C,sHy, 1125 0.01
24 AT AR R R 19.33 5211-62-1  C,H,,0, 1318 0.07
25 (=) -0t 19.42 3856-25-5 CysHy 1221 0.38
26 BB W 19.87 5208-59-3 CysHay 1339 0.02
27 B-HEA W 20.02 515-13-9 CsHy, 1398 0.02
28 2-F# I W ARR 21.27 614-60-8 CyH;0; 1577 1.64

317




MR @i

Modern Food Science and Technology

2026, Vol.42, No.5

E%k2

55 5 %% 1 1] /min CAS ST REH/E AATEE /%
29 LERAL S 21.41 103-54-8  C,H,,0, 1367 3.27
30 A B 21.99 25246-27-9  CysH,, 1386 0.08
31 y- B W 22.43 30021-74-0  C,5Ha, 1435 0.13
32 o-E M 22.56 644-30-4 CsH,, 1524 0.06
33 e 22.68 87-44-5 CysHa, 1494 0.02
34 p-Z At 22.80 17066-67-0  C,sH,, 1469 0.01
35 (=) -o-RBHa 23.19 10208-80-7  CysH,, 1 440 0.07
36 B-LIE B 23.42 495-61-4 CysHa, 1500 0.16
37 - B W 23.69 30021-74-0  Cy5Ha, 1435 0.09
38 A-AEANH 23.99 483-76-1 CysH, 1469 0.18
39 AR AL A 24.20 1504-74-1  C,H,40, 1378 2.00
40 R R v 24.64 2444-49-7  CgHyoSs 1601 1.79
41 N YL 25.45 40716-66-3  C,sH,0 1564 0.28
42 e i M B 26.21 6750-60-3  C,sH,,0 1536 0.12
43 T E 26.47 1139-30-6  C,sH,0 1507 0.15
44 + w9 g B 27.30 124-25-4  C,H,0 1601 0.03
45 FF 8L F B 31.06 120-51-4  CH,,0, 1733 0.04
46 A4 B 32.36 502-69-2  CH;0 1754 0.02
47 R T BRR T BS 32.61 94-47-3  CyH,,0, 1833 0.02
48 RS 33.82 1686-67-5  CyHy, 1926 0.05
49 PR B —AF AR BR B 33.97 28474-90-0  CyHgO4 4765 0.15

2.3 AiEeH & 5N
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E BT RN, A5 B R LR R EOE,
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2 R SE MR IR I 3L [RIRFAE B 5 L35 B R0 78 S0
FOURLAZ A0 T B, L DR YRR 9 E 8 5 LR &R
o A A0 P I . B S AR I A A IE K, LR AR
SEMETRE, WA AR ERENES. HILZT,
LA gWPI-CS & & Wil & 1) J s AR AL AE TR AT 14 RS
SRARFE T FLAGTR R I 3 SRy B (B 200, A
BRI FET ) AR I AL S5 M RE W E AU RN
WU BT R AR RO AR E . Liv @
il £ 50 TEME — BRI 3R B AW R e R T AT
ARG, 45 F IR 0.50% FURLAS I & (¥ S Fa e
A, I HARBLH T X KA E S 4o 5 4 3K R
0 2 35 A0 AE o B o R L VB R i 7 1 A R
A2 BTz M AT R .
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TEM, SRRl 2E, PEEAILIE  B RO AEsE
TR PRI AZ T A2 gWPT [ 4 245 ] 57 BEL SR T i 1) B850 2%
T ZAEGARY . A A AR IR, R NRE
e I, Li 200 4% 58 FMRE I s AR FLIBO TR,
RURL T AN 1.00% S5 I0E] 2.00% B, ER AN SR
(R85 R e MRFLIBR IR R G, (2 BUE%
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