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Table 1 The bacteriostatic effects of commonly used
plant essential oils

WO EEMERS MM @ % BER
i TEm. KIGFFE
TERN e TEm ameawsme Y
ke stk O PR
TREW
. TOEE ROEEE. I
el Dol REEW . KBAFE [13-14]
AT sl
I g wwmm mewmiE )
e W
R RS . AREW SRR AR [16]
o HREM. R
ARFHN g oz O
o i
TR oe k. Frigme DT RIRER .
H &[5

A T o A B0 43 (8 0 B ML 45 R A [ 1
FEMEHLE A Y FR. W T E e LS AN A
JRUL, FEM —FRMR (tricarboxylic acid, TCA ) fF¥Hh
B% 32 I & B ( succinate dehydrogenase, SDH) |
ST R G U (isocitrate dehydrogenase, IDH )
SEAHOCIL R ek, MR IR R B A&
b AV 20 R RSt AL, e SO S 440 L P 2 A

L RS TR 22 EH A A A A A R A A
It 5 BSR4 W A i %) 2 0 ORI, 5 e A
5 4 B 3 BE AR s A R T 0 A
AR e SN RGeSO A A b i B AR A% B A R
( deoxyribonucleic acid, DNA FIZ B ribonucleic
acid, RNA) &raas/d, RhRgg Y.

ks P T T BRI R AR,
I T AR g M e O . AR R, G IR
P IER 1,1- 30 22— w50k (1,1-diphenyl-2-
picryl-hydrazy, DPPH) H i3, 2,2'- B - — (3-
KL - RIFWEME —6— Tl ) —EkEh (2,2'-azinobis-(3-
ethylbenzthiazoline-6-sulphonate), ABTS) H Hi %t i

FRAEE T FIERIAJRRE Ty, X e o2 SR T G B R B o)
K. P P BT T I FAE (litsea cubeba
essential oil, LCEO )X 5 KA 25 BT TG M KL
ZERRWT, MRy a8 & YRR LCEO Jox 5t vk B2 i 3 fin
MK, 20 MRS N A R RE R S PR IR, 15 A
Wi, ERAFEUMET. LCEO Al A% iF5x
SELEAAE B KRN B B A 22 KR 2R & Y

'\‘j‘m\‘ i MR

s
J T T i

v

.

. »
.:'.
v,

Son e, g o

‘//// T
Sl RS
ﬁ et

.o' . ‘.,-

N ” 5
FHAHE P e
WA B BRAR

1 EYEHNE N
Fig.1 The diagram of antibacterial mechanisms of

plant essential oils
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Fig. 3 Structure and morphology of plant essential oil

microcapsules
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Table 2 Preparation method of microcapsules
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Fig.4 Schematic diagram of spray drying process
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Fig.5 The process diagram of forming microcapsules by compound condensation method

243 EBEBRM¥E

J2 )2 19 2 2 1 T A U A S A W T A AT S v A
HRER PR B s A B ) (sl . fha
HERIFRR G ) ) SRR, RIS LRG3 2
T 50 22 AR TR A U e B i AR
KfE], FEAEDA: . MRS ) .

SIS I, RGN,
PERESERE | SEHPRIAE R 140 nmo Y JRAEIR 6 53
AR I AR, OGRS TR IREL
2 RE R, SR TA BRI EE S
kER Y DU B MK A IO S, i

AR R, W R R R A T E B
FAF MU B IR 91.35%, 77% K 84.79%, #
I 0.056 pL/mL; (RS A I TR Bl TR e e
JEYEIMIG R, Xof 4 ¥ €0 A 28 R T (Vo 1 FH s ok
WakF . Zhang Z. 55 ' LT SR 22 W 50 SMH N6 355 12
B RER 2 T B RS IR 2, U B A 3
FHN 91.35%, TE pH=4~10 JLH A B IFH pH U
o WAL, FERIR R EER SRR R, AR S
BRI ES G 159 T R TR 5 R LA
e, NIt E BRI R R R R
[ERB ) e N

- 60 -



DEM@%%
10 T L A A RS S 7E R ARG 0 35 v B 2 R

3 MREALEYRSHBRRRE
I2EITRE

RN, MUREEYRTME ) 2 TR
B2y, A2y, 9581, Hb RS AR LA, mife
S O B S Y R R R, AR A L
EI B, WA RANSY, LUE RO & R
FH TS5 DR800 1) T S T A e 2 T AB N i 7= i o
AT, EAEVH R YR I 50 RS
Sh5 A 3B R P R R R |
i T Ve 2 2 G R B 0 2B TN o Rl 3 T B
NI
3.1 FHNEBRERHAIERARK

i e 20 O B 0] 42 R A 2 S K TS S Vil
TREE ATCYi A /NS, FFCE AR LB AL B b
22 TR] I e PR BT rp BY B S o) ) A R PR
GNP RIE T, DI 240 R PR A A5 R
F =Sy W e Y ) WA 3 i S e SRS B e i)
E R, TE SR S R ARSE S SR PR R G
IS RS TR 2 .

B S U B8R p- WIREAE N BE R, X T
Fa AT e Ak, 38 2L 225 4% M R 1 R %
YERT, e T o il AR a7, I LA E 28
5 AT B AR RIS, B S 2 /NS X R
TR IR OREE . DFIE RN, S0 4 ) R 1 R g 2R
PR T2 A, RBARGER IS 2 d. Tian Y. Q.
G VOB AR AL BT R - R AR, JF
W LR FHAE S OR B A D) 8 1 SRR, %
o [ ARG Tl DR 590 R A 28/ 8 R B A A Ok
HREMS G HAR O 2 4 d. 30RR%E VY LUK N B
PREEAr, WA T TS T A AR —p- IR
OB , 3 3 ) R ) DRI 2 B, A BT X A
6% T HELH Wi AR I RS SR A S T 39.73%, BRI AL
FEAR T 61.39%, 12 UK % AT A Sy i 8 R S I (R 6
PR = o ik A 8 AR [ R85 e 20t )
WEAEM . 2 2 R 5T BRI S 2 4 ) B T e A v
2546 B 2N (polycaprolactone, PCL) / % A Jie L
fig (poly-L-lactic acid, PLLA ) {2y B 4 4 51 7
PRI IEAE 1 °C. 90% RH AYFREE T HEA T
WFFEFI, 3 FIORG I IR 8 1 T A0 o i 2 2 g
TR P A, DR 4 RS R AT 18R T AT A
AT P.J. P. Espitia 55 U FZ AL IR 611 4= 2

P ORI A A RERE i 45 1 3 PRl g, Iy
FETCYi A /NS LI AL 17, 7EAMueAs Bk
PR R G TR . 2500, &R
{18 ST 2H A IR B TR RN B TR S 5 0L, P ke R 4GE
YR FHZCR A R B I

32 BhNRESARHERAR

i TR 58 5 B DR ik T IR 48 SR FH — 2 L BB 1Y)
R R e 5 A0 b, R BT il | e
BB 2N Ve 0 A 7 2 W TR 3R 1 4 T AR I A
G AR BN, 22 G DR AL 2 i O R AT R A
LB N IR, TR A i A . R,
R TEH TG 30 A O i R S 2B T e 8 1 s A% R/
AT,

Cai C. C. 55 " il 1 & BA RS i i 38 1 e
Ky, IR T AT 2 SR A B R B S5 A
M 4 L A R T R W, A AR
JECE VA TN o TR AR | RE A L K
Wil < b hr s fE ; (REFSCIG R, SAEH
5 K T4 DE Ry L AT AT R % 1 AR ) LR L,
USRI FR R %, [ R X SR S 2 T 1 J WAL 1 = e —
ERANHER . Li L. % 7 s Rm, madniss T
e RS SESY LRI E TNV TES LI Y-
A MR B IR FE S, X BT I PRI R B R
LR TRE, B4R CO, MR ER AT O, R .
RO U il T AR I, IR RN
F 3 3 M — A2 2N T e s M A e . SR
W, O RS IR ) R A T B A BE
B R Tk 2R R S o 0 A S T R A, A Y
TR, RS RS SR, R
I E LT, Sy UK B SRR /T LA
IR ABNE AR, I4% 5 G RN T 7 ik R 52
AOPREE . BFFT R, AR I 2 S B T A
A M 76 2 A B I RS BRI, fR D T B I Y
IKPEFNZ) FE & Il
33 HihERRTTRMREAR

A A 2R S K £ R T AE A R R
PR VR B A DR B ) )V R B G AE B R
T, RS R — RS ORI E, AT PR
4 0, K5y, [AIBTHLREAE — 2 PR R b A0l SRk i
ARG U, R RIBE H A .

g 2% TPV SR S 7 B I 4 T A A T S RN
KRR HE, FHN T B R, PR WA RS0

-61 -



DE €1 %= = f PACKAGING JOURNAL
2024 £ £ 16 & F 2 B Vol. 16 No. 2 Mar. 2024

BWtE bR A, A5 R, MURFEIRIEAFEZE G S
CIC7HE AT AR AT Hb A W A LA 90 M o ) 5 i
FEGE R SARAL, BEARR E BRI, M TP AR
Ko12d 24 Bl " RAGEENIE T g WK -
A FRM IR HE , SRIFHE A ST 3 ST TR |
Vi R M LT ) RS B9 ] 5 D7) 5 9 L P R A
FEXFAN I U B A L F et AR AR B | RERE | ATV AR
VAT RTEY) & B BRI & BURIIE T 2R 554G
FRuEA TR AT . G5 REH, SRR BRI
FEREShZRIE, HIRZRMEBI T R PR AL
JEZZ I ZHEAS , BB B TR SR Ak BT g L L 2
i 24 h 5, PEHAREIETRME. EEsE ©Y A
TR B PR BORE i, RN 3 —p- PRRIRG (38 51
FERG I B 4, PR SR 6 3 T n] B PR
SEILFRE, TSR RS T B e A Ak B T A A
GERSCR G ERGERE , DA E =Y g A A i
FErp b 15 d B A TP AL T o i S R 4 )
HAE VAL 3.6 f5 A 1.5 4% e v B TR R4 B VR A 4K
FER TR A SORIE T 4 RE SR S SR (EL A T

PR ff v o2 55 1 B R A %) 1N AT BB A AR TR TE
Bk, AEE AR oA R R TR R AR B A R
B, DRI S FH A AP Fe R i SRk

4 RE

BEH L2 2 U R AT 2 e R A 4R
o, AR ST A I SR A MR
PR (ERER PR EE AT . R TERUR RIS
TR S D A0 e SUS R AR . SR, H
BT TR 0 PR R I 2R R B 2 00l ) 1oz P
FAAERR R DR A EE SR 1) FERf PR 22 4 P fR i
PERERIRUER T, TRAR BT . KIRAIEN T 5 LA BE
FBEIR, ScBsg ik, Tkl ™ 2) Hirmsr
FERGATIRZ IR, FEPAR I U P AL PR EE B IE RN
BRI ARGERNSE, NARSL RIFFEA RGN ;
3 ) MPAHYPRT I R AT ST A TR L MEE RALE,
b — 25 X MR i Gl T A4 R B0 7 5 DA R AR S AL
P T IR ARIIRIE; 4) $ETH)7 fh AR 3 iy ¢
FRTRTAR - B ARR ol 28 ol 5 AR RN T T A MERE , fif
FLRE S 7E AR fof Lk PR BT S i s 5) Sl e
SRR PRHT . PARSETR RSN | RGN LR e 2
O3S T 10 TR B AL B ALK i R A T RSB0
S, LABTAR L A A EIER s 6 ) 7ER A

SV AY AN L, PRI S B SO B AL R I
FRRSTL, s hsg. MyRE, Ui
UERAR B HA R A A G, W% TE %
IR ) ol 8 A A S o 7 SR 0 R B ) 2 40358 ]
MR, FERAOu S, TR HPERE 4T
il A A R AL . A RO R U A A R I
PREEAIE

Sk

[1] DELSHADI R, BAHRAMI A, ASSADPOUR E, et
al. Nano/Microencapsulated Natural Antimicrobials to
Control the Spoilage Microorganisms and Pathogens in
Different Food Products[J]. Food Control, 2021, 128:
108180.

[2] UD-DAULA AF M S, DEMIRCI F, ABU SALIM
K, et al. Chemical Composition, Antioxidant and
Antimicrobial Activities of Essential Oils from Leaves,
Aerial Stems, Basal Stems, and Rhizomes of Etlingera
Fimbriobracteata (K.Schum.) R.M.SM[J]. Industrial
Crops and Products, 2016, 84: 189-198.

[3] EBRAHIMI L, JALALI H, ETEBARIAN H R, et al.
Evaluation of Antifungal Activity of some Plant Essential
Oils Against Tomato Grey Mould Disease[J]. Journal of
Plant Pathology, 2022, 104(2): 641-650.

[4] XIAO Z B, LIUH Q, ZHAO Q X, et al. Application
of Microencapsulation Technology in Silk Fibers[J].
Journal of Applied Polymer Science, 2022, 139(25):
52351.

[5] “REEF5, MUMEE:, FEafk, 5. PR o aE Ry
P K AR 2R B R i 3 (0], B S PLRE, 2022,
38(5): 226-233, 240.

RONG Peixiu, HE Xiaoqin, WANG Jinqiu, et al.
Research Progress on Functional Properties of Plant
Essential Oils and Their Applications in Fresh Keeping
of Fruits and Vegetables[J]. Food & Machinery, 2022,
38(5): 226-233, 240.

[6] KANT R, KUMAR A. Review on Essential Oil
Extraction from Aromatic and Medicinal Plants:
Techniques, Performance and Economic Analysis[J].
Sustainable Chemistry and Pharmacy, 2022, 30:
100829.

(7] Zpfobk, PVEEBH, ) #E, 5. BT - TR
2T B T i PR B A B ORI ST [D]. AU di, 2023,
15(6): 24-33.

LI Linlin, SUN Jianming, LIU Hui, et al. Study on
the Effect of Tomato Preservation Packaging Based on

- 62 -



DE FNGEPRR,
10 T L A A RS S 7E R ARG 0 35 v B 2 R

Compounding of Mugwort-Clove Essential Oils[J].
Packaging Journal, 2023, 15(6): 24-33.

(8] EA, FeilgEl, WA, 55 . AR AR AL
) B A B ity DR 02 v (R I T S (0], Bl Tk A
H, 2022, 43(7): 439-444.

WANG Mengru, QIAO Haiyan, KE Mengyu, et al.
The Antibacterial Effect of Plant-Originated Essential Oils
on Food Preservation and Its Application on Packaging[J].
Science and Technology of Food Industry, 2022,
43(7): 439-444.

[9] MEENU M, PADHAN B, PATEL M, et al.
Antibacterial Activity of Essential Oils from Different
Parts of Plants Against Salmonella and Listeria Spp[J].
Food Chemistry, 2023, 404(PtB): 134723.

[10] da SILVAB D, do ROSARIO D KA, WEITZD A, et
al. Essential Oil Nanoemulsions: Properties, Development,
and Application in Meat and Meat Products[J]. Trends in
Food Science & Technology, 2022, 121: 1-13.

(117w J5, E4, RIE, 5. TRy & a
7] BR AT D ) 2 A BRI BT FR A A FI IS 0], e 52k
PITHE, 2023, 40(4): 48-52.

GAO Yuan, WANG Jinhe, PANG Zhaoyue, et al.
Antibacterial Activity of Clove Essential Oil Against
Staphylococcus Aureus and Pseudomonas Aeruginosall].
Chemistry & Bioengineering, 2023, 40(4): 48-52.

[12] BADR M M, BADAWY M E I, TAKTAK N E
M. Preparation, Characterization, and Antimicrobial
Activity of Cinnamon Essential Oil and Cinnamaldehyde
Nanoemulsions[J]. Journal of Essential Oil Research,
2022, 34(6): 544-558.

[13] #O7de, 24 b, 3 5, 5. ESRINBURE K6
& R 0], P EJER S, 2023, 48(1): 191-
195.

ZANG Fangbo, LI Chong, HAN Xue, et al.
Preparation and Characterization Analysis of Citronella
Essential Oil Microcapsules[J]. China Condiment,
2023, 48(1): 191-195.

[14] de OLIVEIRA ALENCAR D D, de SOUZAE L,
da CRUZ ALMEIDA E T, et al. Microencapsulation
of Cymbopogon Citratus D. C. Stapf Essential Oil with
Spray Drying: Development, Characterization, and
Antioxidant and Antibacterial Activities[J]. Foods,
2022, 11(8): 1111.

[15] &uwjy, 43, O, & A Zimib s o
HPr st (0], A FE i, 2021, 48(4): 1121-
1129.

LU Mengmeng, LI Wenru, ZHOU Shaolu, et al.
Chemical Component and Antibacterial Activity of

Ginger(Zingiber Officinale Roscoe) Essential Oil[J].
Microbiology China, 2021, 48(4): 1121-1129.

[16] CHURKLAM W, CHATURONGAKUL S,
NGAMWONGSATIT B, et al. The Mechanisms of Action
of Carvacrol and Its Synergism with Nisin Against
Listeria Monocytogenes on Sliced Bologna Sausage[J].
Food Control, 2020, 108: 106864.

(17] #& ok, R0, X 8L, 55 . A RERIMARILR

F18 T 5 5 S TR 490 3 % G 38R 1 B B 00 TR BOCR 1 5
M [J]. Bk =4, 2022, 13(18): 5861-
5869.
XU Bing, XU Shaoqing, LIU Rui, et al. Preparation
of Thymus Vulgaris Essential Oil Nanoemulsions and the
Effects of Adding Vegetable Oils on Its Physicochemical
and Antibacterial Properties[J]. Journal of Food Safety &
Quality, 2022, 13(18): 5861-5869.

[18] LI X, LI G Y, SHAN Y, et al. Preparation,
Characterization, and Antifungal Property of the Inclusion
Complex of Litsea Cubeba Essential Oil/Hydroxypropyl-
p-Cyclodextrin and Its Application in Preservation of
Shatang Mandarin[J]. Journal of Food Science, 2022,
87(10): 4714-4724.

[19] GARCIA-PEREZ J S, CUELLAR-BERMUDEZ S
P, AREVALO-GALLEGOS A, et al. Influence of
Supercritical CO, Extraction on Fatty Acids Profile,
Volatile Compounds and Bioactivities from Rosmarinus
Officinalis[J]. Waste and Biomass Valorization, 2020,
11(4): 1527-1537.

[20] 5k 2%, BROCA, =80 B, 45 RWRSIMAEARINE b

G P RN [9]. AR AR, 2021, 29(1): 180-
186.
ZHANG Xin, GENG Qinghe, GUO Chao, et al. The
Application of Plant Essential Oil in Antifungal of Grain
and Oil Food[J]. Science and Technology of Cereals, Oils
and Foods, 2021, 29(1): 180-186.

21] £ 5. YRR E S IR rg R (7] B
frih, 2021(8): 51-53.

WANG Xue. Application of Plant Essential Oil in
Bacteriostasis of Grain, Oil and Food[J]. Modern Food,
2021(8): 51-53.

[22] SoksE . T AN IMAUKRILIE RME G R B 4 Box
BESREAM A GREEBETE [D]. S Ak FAOR, 2022,
MA Yongliang. Preparation of Chitosan Composite
Coating with Clove Essential Oil Nanoemulsion and
Study on Fresh Tremella Fuciformis Antimicrobial and
Preservation[D]. Jilin: Jilin University, 2022.

23] #h ¥, 2 W, EARLL, LA TR S
TR 55 BT Pk S AR AL (9], & A,

- 63 -



[]E 2024"25

[24]

(28]

% 3 PACKAGING JOURNAL
£ 16 & % 2 B Vol. 16 No. 2 Mar. 2024

2023, 44(11): 17-25.

SUN Chang, LI Xiang, WANG Yinhong, et al.
Antibacterial Activity and Mechanism of Litsea Cubeba
Essential Oil Against Penicillium Italicum in Citrus
Fruits[J]. Food Science, 2023, 44(11): 17-25.

CAO C, XIE P, ZHOU Y B, et al. Characterization,
Thermal Stability and Antimicrobial Evaluation of the
Inclusion Complex of Litsea Cubeba Essential Oil in
Large-Ring Cyclodextrins (CD9-CD22)[J]. Foods,
2023, 12(10): 2035.

BT, IR, IR, A AN R RO
RS RSB EALHEREPTE (], Bk T, 2023,
44(17): 8-14.

SU Xiangyu, HE Jianbo, GUO Shenglan,
Vitro Evaluation of the Antioxidant Activity of Essential
Oils[J]. Feed Industry, 2023, 44(17): 8-14.

Jeo fE, WISC, AITE, SF L YR IS

PE R A SR O e E i) 1 T FE R (0], it Tl A
H, 2019, 40(23): 343-348.

LONG Ya, HU Wenzhong, LI Yuanzheng, et al.
Research Progress on Antioxidant Activity of Plant

et al. In

Essential Oil and Its Application in Fresh-Keeping of
Fruits and Vegetables[J]. Science and Technology of Food
Industry, 2019, 40(23): 343-348.

PRICHE, FEAE, $SUR, SF . BEERIMIE . 5t
A Kw B AR YRR ST (0], B e T RHE, 2024,
45(7): 44-50.

CHEN Wendan, BAI Yuying, GUO Chenghu, et al.
Study on Antibacterial, Antioxidant and Toxicological
Properties of Artemisi Aannua Essential Oil[J]. Science
and Technology of Food Industry, 2024, 45(7): 44-50.
NEMATI LAFMEJANI Z, JAFARIAA, MORADIP,
et al. Impact of Foliar Application of Iron-Chelate and
Iron Nano Particles on Some Morpho-Physiological Traits
and Rssential Oil Composition of Peppermint (Mentha
Piperita L.)[J]. Journal of Essential Oil Bearing Plants,

2018, 21(5): 1374-1384.
[29] MWK, 2 . HMYAR ISR AR B BT 2

(30]

[31]

[7]. fPRE T, 2017, 38(2): 40-45.

WEN Pengfei, PENG Yan. Research Advances on
Antioxidant Mechanism of Plant Essential Oil[J]. Feed
Industry, 2017, 38(2): 40-45.

BISF, ZHU GQ, WU, etal. Chemical Composition
and Antioxidant Activities of the Essential Oil from
Nandina Domestica Fruits[J]. Natural Product Research,
2016, 30(3): 362-365.

UDEMA I 1. Directly and Indirectly Determinable Rate
Constants in Michaelian Enzyme-Catalyzed Reactions[J].

(32]

(33]

[34] =

[35] SAMANTA I,

[36]

Asian Journal of Biochemistry, Genetics and Molecular
Biology, 2023, 15(1): 41-55.

XHa, = B, SO, S AR RSN
AN BBCRIETE [J]. HER A=, 2018, 18(11):
246-252.

LIU Yancan, YUAN Yang, WENG Aihui,

Studies on Anti-Oxidative in Vitro and Anti-Microbico

et al.

Effect of Allium Cepa var. Proliferum[J]. Journal of
Chinese Institute of Food Science and Technology,
2018, 18(11): 246-252.

JONUSAITE K, VENSKUTONIS P R, MARTINEZ-
HERNANDEZ G B, et al. Antioxidant and Antimicrobial
Effect of Plant Essential Oils and Sambucus Nigra Extract

in Salmon Burgers[J]. Foods, 2021, 10(4): 776.

SR, WS EEAE I 4°CTR SRS
FRR IR [J]. & a5 L mE Tk, 2021, 47(22): 191-

198.

JIN Siyuan, XIE Jing. Effect of Fennel Essential Oil on
Storage Quality of Fresh-Cut Amaranth at 4 °C [J]. Food
47(22): 191-198.
ROY P C, DAS E, Plant
Peroxisomal Polyamine Oxidase: A Ubiquitous Enzyme
Involved in Abiotic Stress Tolerance[J]. Plants, 2023,

and Fermentation Industries, 2021,

et al.

12(3): 652.
skpat, BUBESL . SCIRMHINGE I A LR EE XU
JHE A BT A2 I D], B SRS R Tk, 2019, 45(22):
228-232.

ZHANG Yibin, JIA Xiaoyu. Effects of Chitosan Coating
Enriched with Ginger Oil on Qualitative Properties of
Sweet Pepper[J]. Food and Fermentation Industries,
2019, 45(22): 228-232.

[37] KRASNIEWSKA K, GNIEWOSZ M, KOSAKOWSKA

[38]

[39]

O, et al. Preservation of Brussels Sprouts by Pullulan
Coating Containing Oregano Essential Oil[J]. Journal of
Food Protection, 2016, 79(3): 493-500.

DRI . =0 R K e e 208 1 i o R G
[D]. )7 AR R, 2016.

CHEN Minjie. Study on the Facile Fabrication and

Characterization of Essential Oil-Loaded Antibacterial

JFIE

Microcapsules[D]. Guangzhou: South China Agricultural
University, 2016.

YIN C, HUANG C X, WANG J, et al. Effect of
Chitosan- and Alginate-Based Coatings Enriched with
Cinnamon Essential Oil Microcapsules to Improve the
Postharvest Quality of Mangoes[J]. Materials, 2019,
12(13): 2039.

[40] TIAN Y Q, ZHOU L, LIU J P, et al. Effect of

- 64 -

Sustained-Release Tea Tree Essential Oil Solid



Is

[42

[44

]

—

—
N
W

—_

[46

[47

]

]

—_

[

INEERR, %=
B TR (AR RS e 7E R FR R BE B 35 TR RO R A

Preservative on Fresh-Cut Pineapple Storage Quality in
Modified Atmospheres Packaging[J]. Food Chemistry,
2023, 417: 135898.

T, THm, 4 gk, % LJET TN /B-CD
e 9 PLA/PVA BRI D] S HPEREDTIE [0]. 6L
Heed, 2018, 10(3): 1-7.

LI Ding, DING Zhexu, LI Wei, et al. Study on
Preparation and Properties of PLA/PVA Antibacterial
Film Based on Clove Essential Qil/f-CD Microcapsule[J].
Packaging Journal, 2018, 10(3): 1-7.

TONTUL I, TOPUZ A. Mixture Design Approach in
Wall Material Selection and Evaluation of Ultrasonic
Emulsification in Flaxseed Oil Microencapsulation[J].
Drying Technology, 2013, 31(12): 1362-1373.
WHELEHAN M, MARISON I W. Microencapsulation
Using Vibrating Technology[J]. Journal of
Microencapsulation, 2011, 28(8): 669-688.

AR A AR I R B A ) A B AR E PERIEST (D).
Kb WiRA, 2019.

PENG Yingyun. Preparation and Stability of Grapefruit
Essential Oil Microcapsules[D].Changsha: Hunan
University, 2019.

BRI, FEW, £ 2. HYRE e S O e 4
S0 1% R BF 5 I R B (D). £ AR S OF R, 2018,
39(23): 204-208.

HAN Xuxu, WANG Yuhan, WANG Xin. Research
and Prospect of the Application of Plant Essential Oil in
the Field of Fruit and Vegetable Preservation[J]. Food
Research and Development, 2018, 39(23): 204-208.
AHN J H, KIMY P, SEO E M, et al. Antioxidant
Effect of Natural Plant Extracts on the Microencapsulated
High Oleic Sunflower Oil[J]. Journal of Food
Engineering, 2008, 84(2): 327-334.

WANGHH, LIMY, DONG Z Y, et al. Preparation
and Characterization of Ginger Essential Oil Microcapsule
Composite Films[J]. Foods, 2021, 10(10): 2268.
X, BRHEBL, BREET, 45 . SORAUR MUK 2 aE
FHAORITTE LR [J]. B hn T RHE, 2022, 43(2): 405-
410.

LIU Yixuan, CHEN Yaqi, CHEN Weining, et al.
Research Progress on Wall Materials for Sustained
Release Microcapsules of Essential Oils[J]. Science and
Technology of Food Industry, 2022, 43(2): 405-410.
ALVARENGA BOTREL D, VILELA BORGES S,
VICTORIA DE BARROS FERNANDES R, et al.
Evaluation of Spray Drying Conditions on Properties of
Microencapsulated Oregano Essential Oil[J]. International
Journal of Food Science & Technology, 2012, 47(11):

[50]

2289-2296.

EEX, K B, MIRA, 5. S BERL G AR
FEMBURHER) T A0 S HR L (7], B 5 R R,
2021, 57(5): 28-35.

WANG Qianwen, ZHANG Zhen, HAO Xudong,
et al. Preparation and Release of Cumin Essential Oil
Microcapsules by Inverse Gelation Method[J]. Food and
Fermentation Sciences & Technology, 2021, 57(5):
28-35.

[51] JU J, CHEN X Q, XIE Y F, et al. Simple

[52]

[53]

Microencapsulation of Plant Essential Oil in Porous
Starch Granules: Adsorption Kinetics and Antibacterial
Activity Evaluation[J]. Journal of Food Processing and
Preservation, 2019, 43(10): 14156.

£, EEE, EEE, FOERRE ZALER
B NG U A A (9] Bk TR, 2016,
37(9): 224-227, 234.

WANG Nan, WANG Jianqing, WANG Yufeng, et al.
Preparation of Sodium Alginate / Porous Starch Oregano
Essential Oil Microcapsules[J]. Science and Technology
of Food Industry, 2016, 37(9): 224-227, 234.
HSIEH W C, CHANG C P, GAO Y L. Controlled
Release Properties of Chitosan Encapsulated Volatile
Citronella Oil Microcapsules by Thermal Treatments[J].
Colloids and Surfaces B: Biointerfaces, 2006, 53(2):
209-214.

[54] REN X L, YUE S L, XIANG H, et al. Inclusion

[55]

[56]

[57]

(58]

- 65 -

Complexes of Eucalyptus Essential Oil with S-Cyclodextrin:
Preparation, Characterization and Controlled Release[J].
Journal of Porous Materials, 2018, 25(6): 1577-1586.
BAH M G, BILAL H M, WANG J T. Fabrication and
Application of Complex Microcapsules: A Review[J].
Soft Matter, 2020, 16(3): 570-590.

oWk, JBEEE, BOEE, 5. 9ORBIE T RILH &
B i AR TS TR B OB BE T ST 0 7], £k 5 R T
Wk, 2024, 50(1): 318-325.

RAN Huan, XIA Xiaoxia, ZHAO Jichun, et al.
Preparation of Food Bioactive Ingredient Nanocapsules by
Nano Spray Drying: A Review[J]. Food and Fermentation
Industries, 2024, 50(1): 318-325.

IXTAINA VY, HOFFMAN E, COPADO C N, et al.
Microencapsulation of Chia Seed Oil by Spray-Drying:
Influence of the Antioxidant Addition[J]. European
Journal of Lipid Science and Technology, 2023,
125(1): 2200134.

YANG Y H, LI X Z, ZHANG S. Preparation Methods
and Release Kinetics of Litsea Cubeba Essential Oil

Microcapsules[J]. RSC Advances, 2018, 8(52):



Is

£ % % § PACKAGING JOURNAL
2024 FE 5516 % £ 2 Hi Vol. 16 No. 2 Mar. 2024

29980-29987.

SAH, F W, MK, F ORI
e HRRE MO TE (9], BRI 224, 2022, 37(4):
141-146.

JIA Youqing, LI Zhe, DAI Lan, et al. Preparation
and Stability of Acer Truncatum Microcapsules by
Spray Drying[J]. Journal of the Chinese Cereals and Oils
Association, 2022, 37(4): 141-146.

[60] CONSTANTINO A B T, GARCIA-ROJAS E E.

[62]

[63]

Microencapsulation of Beta-Carotene by Complex
Coacervation Using Amaranth Carboxymethyl Starch and
Lactoferrin for Application in Gummy Candies[J]. Food
Hydrocolloids, 2023, 139: 108488.
skoOBE, L, x| gk, %L HBERLAG ST
W R T2 (] B A BE R R, 2013,
13(4): 631-635, 665.
ZHANG Rui, LIHongyan, LIU Wei, et al. Preparation
of Clove Oil Microcapsules Process of Composite
Coacervation[J]. Progress in Modern Biomedicine,
2013, 13(4): 631-635, 665.
ACH D, BRIANCON S, BROZE G, et al. Formation
of Microcapsules by Complex Coacervation[J]. The
Canadian Journal of Chemical Engineering, 2015,
93(2): 183-191.

TU Q B, WANG P Y, SHENG S,
Microencapsulation and Antimicrobial Activity of Plant

et al.

Essential Oil Against Ralstonia Solanacearum[J]. Waste
and Biomass Valorization, 2020, 11(10): 5273-5282.

[64] YUANY, GENG X, WUH, etal. Chemical Composition,

[66]

[67]

Antimicrobial Activities, and Microencapsulation by Complex
Coacervation of Tea Tree Essential Oils[J]. Journal of Food
Processing and Preservation, 2022, 46(7): 16585.
B, SRKEE, EEE, %22 AR MK
il 2% 55 0 T B 9 E R [J]. Ak 0B BB kL, 2017,
45(10): 33-36.

ZHAO Zhiqi, LI Qiujin, DONG Zhongwang, et al.
Progress in Microcapsule Prepared Through Layer-by-
Layer Self-Assembly[J]. New Chemical Materials,
2017, 45(10): 33-36.

BAH M G, BILAL HM, WANG J. Fabrication and
Application of Complex Microcapsules: A Review[J].
Soft Matter, 2020, 16(3): 570-590.

SKRIMI . FLIAEAR - 22 A A% A A R R T A
LRI TR AR 85T [D]. s el K2,
2018.

ZHANG Shanshan. Preparation of Thyme Microcapsule
with Emulsion Templates by Layer-by-Layer Self-
Assembly Method and Its Controlled Release and
Antibacterial Effect Research[D]. Wuhan: Huazhong

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

- 66 —

Agricultural University, 2018.
iKW R A AR ELIRZE ) A AR U R
TER SRR P T DRV [D]. DL ARl R,
2019.

ZHANG Zhao. Application on Antiseptic Preservation of
Starch Films with Thyme Essential Oil Microemulsion
and Layer-by-Layer Self-Assembly Microcapsule[D].
Wuhan: Huazhong Agricultural University, 2019.
ZHANG Z, ZHANG S S, SU R R, et al. Controlled
Release Mechanism and Antibacterial Effect of Layer-by-
Layer Self-Assembly Thyme Oil Microcapsule[J]. Journal
of Food Science, 2019, 84(6): 1427-1438.

ROUE, PocE, HEA, TR
2 SR R IR EFRCR BRI [J]. B 5 R T,
2021, 47(21): 191-196.

LI Hanqing, LUO Wenhan, XIAO Gengsheng,
et al. Preparation of Microcapsule of Clove Essential
Oil and Preservation Effect on Strawberry[J]. Food and
Fermentation Industries, 2021, 47(21): 191-196.
WO, BRI, kM, 5. ERSESmESW
TR TR 0 14 ) o S HExo i g ) PR 1 [J/OL). £
5 % W Tl . [2023-12-22]. https://doi.org/10.13995/
j.cnki.11-1802/ts.035532.

DAI Yao, CHEN Yueyan , ZHANG Xiang, et al.

Preparation of Composite Antibacterial Microcapsules
with Nonanal and Carvacrol and Its Application in
Blueberry Preservation [J/OL]. Food and Fermentation
Industries. [2023-12-22]. https://doi.org/10.13995/
j.cnki.11-1802/ts.035532.

SRELHG . AEML/ A ZA i UK 2 B0 o s B LR Al 2 T
FCT BTSN [D]. FEFITEAE: NSRS, 2022.
ZHANG Hongmei. Preparation of Pepper/Oregano
Essential Oil Microcapsules and Their Effect on the
Storage Quality of Grapes[D]. Hohhot: Inner Mongolia
Agricultural University, 2022.

ESPITIA P J P, de FATIMA FERREIRA SOARES N,
BOTTI L C M, et al. Assessment of the Efficiency of
Essential Oils in the Preservation of Postharvest Papaya in
an Antimicrobial Packaging System[J]. Brazilian Journal
of Food Technology, 2012, 15(4): 333-342.

CAICC, MARJ, DUANMW, etal. Effect of Starch
Film Containing Thyme Essential Oil Microcapsules on
Physicochemical Activity of Mango[J]. LWT, 2020,

131: 109700.

LIL, SONGWL, SHENCH, etal. Active Packaging
Film Containing Oregano Essential Oil Microcapsules
and Their Application for Strawberry Preservation[J].
Journal of Food Processing and Preservation, 2020,
44(10): 14799.



Is

[76]

[78]

[79]

INEERR, %=
B TR (AR RS e 7E R FR R BE B 35 TR RO R A

KIC, VN, ShiEH, 4 A S R 2
11 2 X B E DR B SR RO SE ) (] B 5 R T,
2020, 46(8): 142-148.

SONG Wenlong, LI Yangyang, GAO Haiyan,
et al. Effect of Ginger Essential Oil Microcapsule
Film Packaging on Okra Preservation[J]. Food and
Fermentation Industries, 2020, 46(8): 142-148.
SJTT . A UK 0 S HR A R o S AR
B Ak DR A B FIBEST [D]. KA AR, 2023,
LI Fangyu. The Preparation of Cross-Linked Composite
Films Based on Thymol Microcapsules and Its
Application in the Preservation of Cherry Tomato[J].
Changchun: Jilin University, 2023.

AZIZ M, KARBOUNE S. Natural Antimicrobial/
Antioxidant Agents in Meat and Poultry Products as Well
as Fruits and Vegetables: A Review[J]. Critical Reviews
in Food Science and Nutrition, 2018, 58(3): 486-511.
ik 2 TSR R B R B S AT A
PREEHE T [D]. P92 BRPGTRHERY:, 2021.
ZHANG Lan. Study on Clove Essential Oil Chitosan
Nano-Microcapsules and Itsapplication in Blueberry
Pressrvation[D]. Xi’ an: Shaanxi University of Science

[80]

(81]

(82]

and Technology, 2021.

B W AT R RUR R Z R BT S D) 5 R L
PREFSCRIGBEFE [D]. BT J7PERE, 2019.

YIN Cheng. Design of Edible Coating Containing
Microcapsules and its Study in Preserving Fresh-Cut
Purple Yam[D]. Nanning: Guangxi University, 2019.
FATE TSR BRI A B ) B R A T A
H FIBIESY [D]. AR : AR, 2023.

WANG Yihe. Study on Preparation of Fingered Citron
Peel Essential Oil Microcapsule and its Application in
Edible Film[D]. Chengdu: Chengdu University, 2023.
EHERS, B, K fl, SF . AW CRE AT R R G
O fif 0 R 1O 1) 25 B 0], A2 2 i, 2023,
15(1): 1-11.

WANG Haisong, ZHAO Yali, DU Jian, et al.
Preparation and Application of Biomass-Based
Biodegradable Fruit and Vegetable Preservation
Packaging Materials[J]. Packaging Journal, 2023,
15(1): 1-11.

(TiEHEE. FE24L)

Application of Microencapsulated Plant Essential Oil in Fruit and Vegetable

Preservation Packaging

SUN Jianming"*, ZHAO Chenhui', LIU Hui"’

( 1. Department of Packaging Engineering, School of Art & Design, Henan University of Science and Technology,

Luoyang Henan 471000, China; 2. Henan Intelligent and Protective Packaging Design Engineering Research Center,
Luoyang Henan 471000, China )

Abstract: The natural antibacterial and antioxidant activity of plant essential oil make it have a wide application

prospect in the field of fruit and vegetable preservation. However, plant essential oil has some disadvantages such as

strong odor and volatility, and the application effect is not good. Microcapsule technology can cover the strong smell

of essential oils, maintain the chemical stability, and have a slow-release effect, which can better play the excellent

role of plant essential oils in the preservation and packaging of fruits and vegetables. The antibacterial and antioxidant

activities of plant essential oils were introduced, as well as the core materials, wall materials and common preparation

methods of plant essential oil microcapsules. The research status of plant essential oil microcapsule fresh-keeping agent

controlled-release packaging, composite fresh-keeping film packaging and edible film packaging in fruit and vegetable

preservation packaging was reviewed and analyzed, in order to provide reference for further research and application of

microencapsulated plant essential oil in fruit and vegetable preservation packaging.

Keywords: plant essential oils; microcapsule technology; core material; wall material; preservation

packaging
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