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Recent Progress in Bioactive Substance Encapsulation System Based on Electrospinning and Its Application in

Antimicrobial Food Packaging
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Abstract: The contamination of foods by foodborne pathogenic and spoilage microorganisms is one of the major causes of
foodborne diseases. Therefore, ensuring food quality and extending its shelf life are urgent concerns for researchers. The
application of electrospinning technology to encapsulate bioactive substances in antimicrobial food packaging is an effective
method to ensure food safety. First, this article reviews the basic principle of electrospinning, the types of electrospinning
used for antimicrobial food packaging, the factors influencing electrospinning, and the electrospinning materials used in
antimicrobial food packaging. Next, the bioactive substances encapsulated in electrospun nanofibers and the co-encapsulation
systems for bioactive substances based on electrospinning are summarized systematically. Finally, we examine recent
progress in the application of electrospun nanofibers encapsulating bioactive substances in antimicrobial packaging for meat,
dairy products, fruits and vegetables, and we also discuss the challenges and future trends for antimicrobial food packaging
based on electrospinning. The aim of this study is to provide theoretical support and a basis for the application of electrospun
nanofibers encapsulating bioactive substances to effectively inhibit foodborne pathogens and spoilage microorganisms in the
food industry.
Keywords: electrospinning; bioactive substance; encapsulation; antimicrobial food packaging
DOI:10.7506/spkx1002-6630-20240611-071
& 7r 265 TS206.4 SCHERbRERG: A SCEHS: 1002-6630 (2025) 03-0246-11
G130k K
FEVE, S, HT 5, & JETHF i 9 22 (K0 AR Wi PR o df A R B AR B 40 T 0 2 v O B F R (. Rk,
2025, 46(3): 246-256. DOI:10.7506/spkx 1002-6630-20240611-071.  http://www.spkx.net.cn
Yok I 9T: 2024-06-11
HETH: BXARPAREHEERAREEIH (32202062)
BAEEEA: AT (1999—)  (ORCID: 0009-0004-7981-103X) , %, FLWFFLA, BEFETT N SR .
E-mail: renjie0627@163.com
SEEFEER AN SER (1993—)  (ORCID: 0000-0001-6375-756X) , 2, M, 4, WF9EH A a iR,
E-mail: jiage_ma@neau.edu.cn
fERM (1975—)  (ORCID: 0000-0003-2943-3398) , %, #d%Z, H1:, HIFI7 ek,
E-mail: jchou@neau.edu.cn




R B85

| =

2025, Vol.46, No.03 247

REN lJie, TAN Zhongmei, TIAN Zihao, et al. Recent progress in bioactive substance encapsulation system based on

electrospinning and its application in antimicrobial food packaging[J]. Food Science, 2025, 46(3): 246-256. (in Chinese with

English abstract) DOI:10.7506/spkx1002-6630-20240611-071.

ISR, EH R SO R AR WO AR 0 B g
RN E 22 A 1) AV R A, 2 N AR RE T SR T LR
o HTEMPEEEENERMIR, 1£—EREM
AR 5 5% B A PR B B AR MO AR S g, b
HASEIARRR, R, B &R A E.
TF I 22 A0 S0 A ot 0, 2 SR S 7 A DR £l 22 4 g T AR 4
BREBIMEH. RGBS 28R AW YR
il & K LT PK A 4R B RGBT, vIG S8R
b WA G, K S PR AR,  f R
Mgz PR, 8“7 RIS R, B9k 4R
AR AT B R A R A% SR B TS R B RS, N
LU H AR 1B SR TR, 752013 —
20234 ], Web of Science$(# i Ll “# 447 Al
CREE” OB I R SCEERD I N . [FIRE, LY
22 FR N T8 S ALSE I b 2054 BT B
Web of Science H##iE, iz HVOSviewer kT =2 K
A 50 7 P77 22 £ o A T L 2B A 1Y) SCHR O B R EAT T
B RO EER LI (E2) , EAS B R EoR R
BRI R . 2B T AR F YT 22 8 i AR R 2R 4
BRSCHER, FEAAFES DML, ol LT 22 ]
HaRAYE GREXIR)  AWY0E T R ) S 28 R %
(FAEXE) « BERHIMEEE (EAXE) . gt
M (aeXig) MmafhisEalks (ReXE) o Ay
TNAHTEMEEMNFHIGTZMERREE, 2k #
Wl DA 2% AR B, 2R 40 e 4 3 B AE WL A K £ 4 i 1 22 o
A VB U P ) AR DT I P O B R T R LT L B AR DT
P IS R R, B R R AR R I ) 5 ) L g
PRA GRS R T RINE BTN HER, IFairi
FHL & 22 £ b 100 B B0 B E B o 2 7 T TR I ) Bk s A
KKK e

A “HRRGIL” ROCHE

4E
Z 30001 ; ; - @ 4
b B B: “HHIGILT R “fL” 1800 = 924
= 7000F R 41600 = 22
2 6000k XEE {1400 E Jy
= 11200 X & e
. 5000 ] SRt w
1000 &< 5 z
3 40001 1 w416 =
] 800 G c 1,2
B 3000 4600 = =
# 5 000l 4400 # =12
1 0001 4200 @410
0 & g
o > O oA :
D7 QA QDD QD
DA DA AP

P11 Web of Science(t)in P LA “ilLgi22” Fn “@3” iy
KICHE (2013—2023)
Fig.1  Number of articles in the Web of Science database with
keywords ‘electrospinning’ and ‘packaging’ (2013-2023)

http://www.spkx.net.cn

polysaceharide
hlunanc:ﬁnpcsites‘
e thermal-groperfies
®
polyh-im.alkano:tes o/ e biodegradalile polymers
PhbY migaation ganoc!.posites' “
Y L3
'Y @ water Stimizatior” o
& w
barrier ies. T
@ bartier ijoper

L ]
iclesf@od @
blendlims® . Begiya e Silver nanparticles’®®
blafds’ : 5@
o 4

. | Lindro ©
X “ ™)

polymers g
O efficacy

drug-tlﬂery.

@ntigicrobial feod packaging

antimierobial agents

oregano ~ o

b:ay'ﬂlms o J _‘i_:t‘pun Ritrafine fibers
fish gelatin 9 R R&r{ategmlagy ‘
¥ ; g = : bpr‘in . proeins
elesros.pu.'lar'ﬁbgrs' ’ ,';: -
o sca®@ldy g  hanefiber delilery

. e o
polycap@lactone alginate 9 e .ﬂs.cu °

polfgner o c’)axiﬂ electrospinnipg
@ - ° wihiey
extragtion® mulzmn el@gtrospinning

food pregervation

Vel 2 L o 2 0 G 5 S Sk e bl BL ]
Fig.2  Co-occurrence diagram of literature keywords in the field of
food antimicrobial packaging with electrospinning

1 EHagasARER

L1 EHY I AR

T R 277 22 2 — i 20 HL 50 (1 1) 46 0 K 2T 4 ) AR 2
INTEAR . Pl & (9K 27 4k B A e AL IR R LR i
B, Al R S A A T PR R T AR A e
LA EE A DA, O SR R SRR
M 22 S HL SO ER AR . R4 22 1) R A i TR R v
R B S IR U O SRR MR T Y. R R YT 223
FEr, BRI AR E L B Sk A% H O R
o fEFEEHEIIERITS, R 2 20 A0 7R AT AL 1
T o 24 JEONE FRLAT 1] A 7 PR 0 K T B 3R T 5K A0
Bt Sk K R VR A AL S B S L R S A 5 A st
Mo AW RS, BT HRARE B PERE, F5
AT A, AT 3 [ AL AE 3 ) 3 r e B A 77
FRIS 5 () B R T 4
12 HTRME RN E Y22 )R

MR 2% I B B Sk O S S B e AR i
PIEIASF, 6wl B A HL 27 22 W] 9y O B A o
Ytk "R FLIRE DT LR [F) B L )
219, P G LR IR L LR L LT,
EORE R ERIE AR ST it md A
Bt S AT i LG 22 LA 2 B A0 TR I HE T 9K 2T 4
CEB3AY "o sk i B 5 22 2 B A s PR T RN
RIS SR Bk, SRR 5 RS Wi iUR & AT
AL iz, CLSEEU A0 PR ) 5T A X E R 37 O B e %



248 2025, Vol.46, No.03

E6miltl Z

KRR

FBERUR (E3B)Y M. ALl i 22 Kl ek (W/0)
KA (O/W) FLIBAE YT 223 W & A2 5 LT 4K
AR (E3C) P HT#E g2 — R
MFRIRERE I ELASAR I B P AR AL Ao Ak, [ el e v
5 22 K R b Sk ik AR 5 2 P, BT B
AR R gk e 4 (3D " fEa sy
T, BARZTEE [ i g1 9K 27 4 v] DL S s R 37 A2 )
WETEYIB, R SOE A, DU R AR f REE T H
(7o FEFF T2 IR T AR RUIR, AR
gyt FLURE YT LA A B A L O 22 BT R I S5 R AR
#, W RIE NS EEAI .

4

A~D. 7358 B YT . gk R
MG 22 . FLIE R 22 RV IR A rE 07 42
P30T i e il il g 2253 Jom I

Fig.3  Schematic diagrams of the types of electrospinning used for

antimicrobial food packaging
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Table1 Effects of electrospinning parameters on the morphology and structure of electrospun nanofibers
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