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Fabrication and antioxidant properties of carvacrol/gelatin/polyvinyl
alcohol fibrous membranes
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Abstract: In order to achieve the sustained-release of carvacrol (CAR) and slow down the oxidative
deterioration process in food, CAR/GEL/PVA fibrous membranes were prepared from gelatin (GEL),
polyvinyl alcohol (PVA) and CAR via electrospinning, and characterized by SEM, FTIR and XRD. The
antioxidant activity, slow-release performance and peroxide value of olive oil were analyzed, while the
effect of CAR addition amount (based on the mass of GEL in spinning solution) on the structure and
properties of the fibrous membranes was further investigated. The results showed that with the increase of
CAR addition amount, the viscosity of the spinning solution increased and the electrical conductivity
decreased, while the morphology of the prepared fibrous membrane changed from a smaller size with
uniform distribution to a larger one with uneven distribution, thus affecting the mechanical properties,
antioxidant activities and slow-release performance of the fibrous membranes. Ritger-peppas and Weibull
models could fit the slow-release process well with a correlation coefficient close to 1, while the release
followed Fickian diffusion mechanism. When 5% CAR was added, CAR/GEL/PVA fibrous membrane

YoFs BEA: 2022-12-04; EFABHA: 2023-03-10; DOI: 10.13550/.jxhg.20221110

ESUIR: 7 ARFEES I EIH (2008085MC84 ) ; LA KFRAEQIH AN INZIHRITH (X202210364581) 5 4l
ZHIIH (KJ2021124)

EE/N: X B (1997—) , B, B+, E-mail: 3494295822@qq.com, BERE A : 47435 (1972—) , Z, BI#d%, E-mail: shuzuju@

ahau.edu.cn,



55 9 1 PUNE &

S AT W IR SR BT A IR 1 A S TR AL PR

* 1911 -

exhibited the best slow-release effect. At 48 h, The 2,2-biphenyl-1-picrylhydrazyl radical scavenging rate of
the fibrous membrane with 20% CAR addition was 82.4%, 50.4% higher than that without CAR addition,

and effectively reduced the peroxide value of olive oil.
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Fig. 1 Schematic diagram of fibrous membrane preparation

13 fEEERR
131 SG2EReFEAdFENE

PSR FE HH 25 2 AR E , A BEE T
SR, IHEEET RS 3¢, IEEE TR,

¥ TSR AG 2R, SR JE B T Ik
20 v/min, FEEERR S, RAAEE.

FHH SRR Y7 22 3w i 5%, i ik
FIEA SR, AR BN 1,108, KL LA BOE T
25 °CHYTEIRA Y B, 8 FL S 28 L 38 b
TE 1.108, B A 12 1R A 5 2 38 P A7 i, FF
B, B
1.3.2 440 SEM Ml &

B LT HEFE Ay B F BT A 3 mmx3 mm AEES
MRS AE S HL I E W54 30 s, SR ] SEM WLEEAE &
FEIEH, HIEMEEALC R T .

1.3.3 44 ATR-FTIR ] &

B LT 4R 30 mmx30 mm 5, 4y
SRR B ot AR 4 2 S TSR U 4 S 3 ( ATR)
HEO 21 4E B 45 B3 ], P - 4E R g o
WHIE FE Hy 4000~500 cm ™', Z3EEER K 4 em ', HHH
WHCH 6 K.

1.3.4 #40 XRD M€

BB LT AR 2.0 cm % 1.0 cm, FCAEAE M
Fea ARG TE X ST SRR i 28 AT 4
HHHE AR, Cu K, 84k, 1=0.154 nm, &
36 kV, FHI 20 mA, HHHEEITE 5°~40°, FHH
N 4 (°)/min,

1.3.5 4F2ERE A S hsem 2

B A RN 70 mmx10 mm K5I, &
HEE 5 A TATIREE, BT 90 RO £F 2 i 5
JESEATI R, BOFIE, MKATE 23 °C, HHXHE
JE 50% 0 TE R TE MR AR P 48 h, FHFLF U7 gl
LA HAR PRI, e HATURBE BN 45 mm, $i
{HH %4 10 mm/min,

1.3.6 #8254 LA b Al ) 2

CAR P25, 24 21 2 JI b (1% B s Pk BB 52 36 2 7 1
TR 95% M BRSO h HE T . B 5E, BRI
100 mg #2013 CAR FULF4ERE, 3 Bk 47 4 i
T 10 mL R ECH 95%0 LEEKER T, 78
25 CHYEIRIRZ s LA 60 r/min JRBNALFE, 75 [F &
R I 1A ) B P B 2.5 mL 3R, I Ah-RT Ik
FCRETH LW R, M58 S TR R R A A S
AIRFRT BN 95%IK) £ BE K IR, FR UG CAR Fifi:
LT BRI T CAR BRI, AR (1)
I CAR B BRBIICR (%) PO,

. 25) pi +10p;
ZAURRHOR %= 2. x100 (1)
m

Horpre p, WA i HUFERT R P CAR 11 B MR,
g/L; m NEYERE CAR Y, mg.
13.7 #HEAEAFEEM T

100 mg #5227 4E 4 BRI AE 10 mL ¥R



55 9 1 PUNE &

S AT W IR SR BT A IR 1 A S TR AL PR

* 1913 -

7 1x10* mol/L 1) DPPH Z By ( fai#k DPPH ¥
W), TE 25 °CFUE —Em R, DPPH & RAE N
X REZH P2 R -] LAy B I e 4% AV TR
76 517 nm A FIWOGRE , DPPH [ H 35T BR R A =
(2) #HFHE
NN A AO _Ai
DPPH H & B/ % = y: x100  (2)

Hrfr: 4,/ DPPH ¥ RTE 517 nm A MMOGEE(H 5
A LT 4 IR 7E DPPH I WS 7E 517 nm &b 1 IO
FEAE
1.3.8  #HL ey AL (POV ) @2

15 mL BRI ACAARE SO, FEIA 30 mg
B YRR DAASURC A B T AR S 1 S 2s 4L
BIFARERIE T 25 CRYIRE R SR M TP A7 28 do
4 GB/T 5009.227—2016 , >R FH3i# 5 125 0 22 #0471
Wit A AAE . A7 I DR A ff AE 30 mL R FR
Feoh 2 0 3 VKSR A 05 TR G b, SRS A
0.5 mL {RFAIBULHIK AR, KRG YRR D)
3 min; FR¥ 100 mL ZERE/KFI 1.0 mL JE# 8 R 71T
IENEEY T, &5/ 0.01 mol/L fERALH BRI
ERBE O, ICAmARBRM R, I
AN (3) FHERAE A POV, M S8 TERCHE I 1)
AT

(Y =VyxC

POV
2m

Hr. POV & b, mmolkg; V ZikFEHFE
F R ACHR PR A bR M WA TR, mL; Vo 225 FHAAETH
FERBRACHR BR ENARME TR AT, mL; C AR HR IR
EIFREVS WPV EE . mol/L; m R i, g.

2 HR5H®

21 FLBRBRHNREMBSESN

CAR/GEL/PVA %5 22 751 % B Al H 52 53 L[]
2, M 2a %0, B#E CAR WRINE AN, WIREH
BEZ AT, FW CAR 4+ F5 GEL/PVA K& H1¥)
SrFrEE M EAE . — e RE R T PVA 81 £
BEAL LA Bl B, il PVA B LR, i CAR
BB M AL S R AL ey, SRR AR HE T PVA i
LIRALSEA S CAR LBy RRIEMZE A, s 1%
WEERE ; 55— it T CAR W& b fin 71k &
PR R, SERRB RN, M CAR R
0 0. 5%, 10%. 15%F0 20%H}, 25229
TR EEE 228 0.20. 0.29, 0.55. 1.45 Fi1 3.56 Pas;
CAR BINEAK T 15%HT 25 22 95 W I 26 13 3 K R 2%
%, XuHEH T CAR Iz /b, CAR HAYEH
PR GEL (0% 35 7= A M EL A TP UK i CAR
IR PVA 19 b IE A R 454 . 24 CAR

%1000 (3)

SR 15%F0 20% , 25 22 75 00 0 6 5 PR s 16
AIXFFAA NN CAR B 43 F3E N T 1.25 F13.36 Pas;
24 CAR I £}, CAR By#23ES GEL (& 3%
G585, VA KER CAR B2 3E M PVA 1Y 2tk
RS, SRYLHERNFEER K E R0, &
TR R A 3 R

a
3 L
£t
=
e
1 L
°% 5 10 15 20
CARBINE/%
b
14t
g
S12t
£
ool
a0
08— 5 10 15 20
CARTRINE/%

a—FE; b—HFEHE
2 CAR/GEL/PVA %22 75 Wi M
Fig. 2 Properties of CAR/GEL/PVA spinning solutions

H & 2b AJ 1, W% CAR IRINEAIE I, 254
VSR R R T [ o P R R 1 25 2 VS WO
BB S BT 52 B R L A R, SR T LAz B R
FfrA T, i S R EATR Y 25 22 B A2 B B T
HN, Gy AR el L7 A 4 2 BB £F 428
BtiE CAR S I A3E NN, 2 22 550 0T FEL HEL 4o 55
BAG, 13X — 7 T 52 CAR H 51035 8 M A AR )
fop 25 FE (R0, 55— J7 T PR CAR BT INCAE 1
2LV pH, CAR W EAMMEMEEE, ME
CAR WRINE MBI, 2522550 pH FEAE™", i
T pH B VA TR b T S S A R R,
Y, BE&E CAR WS INE RGN, 252205 W TR H
TR
22 HAHEFREMHAFEIRS N

& 3 J2A[A CAR IS ) CAR/GEL/PVA £ 4k
JE ) SEM A,

H & 3a. b Al RIFI CAR [T 4 i 2 3L
ARAE LR, IR L R/INAS), AR 100~200 nm,
OB N WA AL, SR m, #ag



* 1914 -

M 4m 4 T FINE CHEMICALS

540 &

AT AT 34 v MR 7 22 5 T SR 5 W o3 4 22 1) B A BLAE
F1, SRR, N AR . KN
BT B K 2T 450 &) e~ 7] %1, 5% CAR il 10%
CAR HREF 4 K/NE ), {HAIXTT 0 CAR, 274
B AL, XN CAR IRINEH 5%F1 10%H 25
LRGN, A AN, L 3 O R e il
Y P R AW FREZ I BIVE I, T BELAS
T YRR

Q_-,'—- PN

b

E > A ~ md

/
@G TN
W w;,g}e.

W Tk

W ee s,
Bl
Gz
ﬁh\ y X /_‘ é: l ZQQ_.nm
LTSS e

Erarasi @2
R A

) o ‘li ‘

2o st
.. .@\&gt % ‘4;;4 i

S NP : ¥
s ‘*%;ftg@iﬁ&- 5
! A, iy, S

\/ =

a,b—0 CAR; c.d—5% CAR; e.f—10% CAR; g. h—15% CAR;
i, j—20% CAR

K13 CAR/GEL/PVA £F 4 SEM [£]
Fig.3 SEM images of CAR/GEL/PVA fibrous membranes

& 3g. h AJ W, 15% CAR 1 £f- 4 142 0t 43
K, HR/PMEAYE], W KENYEA, HAD
TR ER Y, O TS 2R TS
SEGTMATRE, H R EME s IR YT 22
REWHFREZ MM EAER T, SEEF4ERYAH
Behidd; FRAE T /D m W R E AR R A,

Kl 31, j AT UL, 20% CAR J&f4 i iz ik— 1K,
KIVIIRAL, LFAEFhGE ), K& L 225 W Eh
FEMR, LSRG, H CAR 58 T R AW/ T5%
ZBMHEAER T, REGHRYTE R G
Iy FHEZ T AOVE I 7, (75 £ 2 0 2 4 7 o st B i
P ML LA L A AR e v HLGERRL, R
CAR Bf Mo A fE LR i
2.3 HHREM FTIR R

IR CAR s it 47 4E B0 FTIR 3% & an el 4
JT7R o

20% CAR
M
N
1092 0 CAR
1632 PVA
329 %4

204 42271092 GEL
329 1633 551 CAR

1620 A
38 %2960 . 145971252 866 i3

4000 3500 3000 2500 2000 1500 1000 500
#/cm™

Kl 4 CAR/GEL/PVA £F4EfEnY FTIR %K
Fig. 4 FTIR spectra of CAR/GEL/PVA fibrous membranes

& 4 8] W, 1551 em™' (P 119 N—H 25
Al C—H BYPLff ) kbR 1633 cm™ (FEE T ) Ab2R
& GEL MYRHAE I ; PVA 7E 1092 (C—0—C
BERRAEIRSD ) | 1422 (C—O HERYM4ETRSh ) | 2947
(C—H #RMgEdRsh ) M 3296 cm™' (—OH Y
AidRzh ) Ab S BRFAE A B T A R IR L
g ELAE 3383 (—OH M4 IR3h ) . 2960 cm™
(C—H MMkl ) 5 1620, 1459 cm™ (5%
C=C B 4E PR3N ); 1252 cm™'( C—O BERYFIN );
866 1 813 cm ' ( F5 ¥R C=C M4 HR 5N ). 0 CAR
f) 5 I I 43 ) #E 3293 . 2947 . 1632, 1423 Ail
1092 cm™', 5 PVA F1 GEL RYHFAEIE AT o [H] i
KFL, CAR BIASINIF A4 B g, B
Jn CAR i /5 1 GEL/PVA ZF4ER (% FTIR 3% & HEA
L, XEHT CAR Wi/, HAHS CAR
FELTHEEVRAL , R RIS 2] CAR MRRIEIE
XA R A AR SRR AR A T AT RERY
24 SFHERER XRD 54

AT 43K CAR BRI X CAR/GEL/PVA £F 4 ik
45 A ZE RGBSR, X 4% AL AT E B AT T XRD RAE S
oM, HERIE S,

H & 5 AT, 20=20.7°KE BT GEL AYHRE
1§, 20=193°KiT I T PVA BYERAENE, 144
CAR/GEL/PVA £FAERITE 20=19.3°F Tt 2L T 47



55 9 1 PUNE &

S AT W IR SR BT A IR 1 A S TR AL PR

* 1915 -

fiElg, HLARKE CAR B8 AR fb i A%, ik aT LA
K, A YERERR AR G 7 B B BOR T PVA, T
S T Y 2 R TT T PVA AR50k 80%. Hy &
SRR, Zad ERE Y22 )5, 0 CAR £F 4k 5 Y 06 i
JEFRAIG, EN4h i BE AR D). 7 20=8.9° /I8 X1 CAR
HHRE AT 5T 7E. CAR/GEL/PVA £F 4 JiEE rp o H 9E
VLA T 45 S AL T AR M A, XERFIE
EnfER, TEEH T2 R, Y LR R
Yyrp Gl Rr A, 95 2235 N R 2 B AR P 4 48
VA % PO B2 CAR VRNt 114, 26=19.3°
BAF 30T R I 0 P 5 B 6 A T A4k, AT REJR IR INAY CAR
FIRA e % 4% 1 Wb RIE FH o CAR FOUS N33 i 25 22
B, WA 2R, HiER W
CAR/GEL/PVA £ 4 N 2514 i AL AE FR B 5 £F 4 IR 45
PR, 45 BB, 20=19.3 °RHiT AR A s 5
FERRE R ; CAR WINEMKHT, FiE CAR W
HIOIN, SFYERELE AL, S5 E, T CAR RN
RN, PR AT IR, R T R S AR —
ERRIE IR, ek pg T

193° f
! 20% CAR
W 15% CAR
, . ! 10% CAR
wﬂ 5% CAR
M 0 CAR

«8.1°

2070 GEL

11.3° ‘
' PVA
89° CAR

10 20 30 40
26/(°)

%5 CAR/GEL/PVA ZF4i i) XRD 1% 4]
Fig. 5 XRD patterns of CAR/GEL/PVA fibrous membranes

25 HFHEMHFEEST

AT 43 CAR Ui % CAR/GEL/PVA £ 4k i
JI2AERE RN, A5 ALEF YRR HEAT T R b P R
R, Z5RLE 1.

%1 CAR/GEL/PVA ZF4E Ry J127PERE

Table 1 Mechanical properties of CAR/GEL/PVA fibrous
membranes
CAR %M, . . e
o, TCRSRIEMP R LR E/MPa
H/70
0 2.77+0.38 37.70+£9.00 9.88+2.61
5 2.38+0.38 39.27+9.11 5.22+1.71
10 2.10+0.30 42.7144.34 2.75+0.45
15 1.794+0.31 39.29+9.14 3.42+0.69
20 1.84+0.28 40.70+£12.70 4.05+1.48

mZE 1R, B CAR WERIN, 254 B fif

G N ey AN STl N T Y (R S S5/ B 2
CAR WK 5%, 10%. 15%H1 20%FH}, £F 4k Ay
FIMSRE B 0 CAR LF4EEFEMR T 14.08%.
24.19%. 35.38%F1 33.57%. CAR YIS Eer 4
FEE P A5 B I, T REZ R T CAR B#{X T GEL
I PVA BYAZ M, W59 T GEL Fl PVA 2 [b] i &5
ERT; teAh, IR 3 LA B, BE#E CAR BN
WK, NPT gEERR K, 450 T %,
XA BT AR AR R RN T R e, TR AR T
LR APPSR . XS F 0 CAR R4, 414F
ARG SRR A A AR T 47.17% . 72.17%
65.38%F1 59.01%; #% 2H 2T 24 [ 1) Wiy 24 3 il 42
THT 4.16%. 13.29%. 4.22%FH1 7.96%, W CAR
LR RS TIGB R e, F— R L1
BT OREF AR R . B BLPT AL, CAR XT£F4E
Y 122 MR BB AT —E 152, O Pt A AL £ 4
Y FH i
26 HFYfED CAR WIBRMIMEEEDHT

J T WARAER T CAR DT 4 [ OBk Y
U, 2 5PREASTR] CAR BRI 1Y £ 4 B A AR AR 43
R 95%I1) L BEK AW, AEAS [R] B B i) I
CAR W R, 98] RBUR £, 458 WK 6.

&
ﬁ
%
& 20 —=—5% CAR
B —e—10% CAR
10} —A—15% CAR
—¥—20% CAR

08— S0 100 150 200 250 300
At /h

S
M
g
B
=
B
—e10% CAR
109 —4-15% CAR
! ——20% CAR
2 0 12

6
fiffE]/h

Kl 6 CAR/GEL/PVA £F 4 fif SRR i h 2%
Fig. 6 Cumulative release profiles of CAR/GEL/PVA fibrous
membranes

M 6a TTLLE H, LY CAR HIRIL
HORAE A —3, & 6b AIHl, CAR FHi 1 h
RAGERE, X T L 2 22 ] B T 9 K 2 2 A
TR Y e R R, R K 41 4 5 T ) CAR &bl



* 1916 ¢

A% 4m 4 T FINE CHEMICALS

540 &

FERL. 2 h BF, CAR WIREBGEARENL, FFingzie e
W, XS T CAR TEAK LT 4 56, 75 52 M GEL/
PVA FEJi iz A0 B, i i A3 CAR A9 R s [i) ZE
£, GEL/PVA H:JFE*%F CAR R[] B 2 17 %
BRVER o I, 15% CAR £F 4 i EFURHCR A
X, 4 30.75% (2h) . 4 hif, 5% CAR 74k
5 1) SR FRURE S 8 A MR R

1 & 6a AT %1,300 h i, CAR S 43 51 0 5% .
10% . 15%F1 20% B9 £F 4 5 1) B BB ICR AR IR
50.28% . 46.67%. 36.14% . 45.54%, H:H1, 15% CAR
A BRBBCR AL, BT 2 h B BERBHCE
HHE 5.39%; 1 5% CAR 41 () Z2RUB MR
18.09%. 1 SEM 1, 15% CAR £F4EfE v A K
1 WS AR AR 22 (R A/ NEF A, DRI 1 L CAR R
BB RCA CAR B EFEK. £ BATAHl, CAR %N
TN 5%l 2T 4 R 1) 28 B RO e o

T W CAR TE44 K 2 2k [l rp () B HL R, 36k
JH 6 Fhzs ey B gl ) 2= AL ( Ritger-peppas
Zero-order . First-order. Higuchi. Hixson-Crowell #
Weibull ) XPREBCEIE A TILA, S5 R WL 2,

F 2 BN CAR BRI R RIAR 2 250
Table 2 Release models and related parameters of CAR in
each group of fiber membrane
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Fig. 7 Scavenging rates of CAR/GEL/PVA fibrous membranes
for DPPH free radical

DPPH {4 i 515 B %%
5 3 8

[\
S

48

HE 7 AT, 24 CAR WK 20%0HT, 4 h i)
YRR DPPH H HHIEEEBRF N 37.2%, LLAREIN
CAR Y 2.7%3RT1 34.5%; Fl&E R A Y SE K,
KLY R) DPPH [ HIETERR R IN; 248 h
AP LT 4ERE ) DPPH [ HHIEIEBR RN 82.4%, HoK
WIN CAR BYLF4ERERY 32.0%3E TF 50.4% 45 %01,
B CAR IR, - 4R DPPH H i 5L
BRAFZ WK, HFfE B ] AR, 3 h R
BT HORZ 1 CAR, Ui B H 25 22 9 K41 dE i n]
DIESEE CAR, fiEASSPITEIIEER CAR
Fr B EAEH



55 9 i X

B, %5 BT/ SRR YRR ) A b A A P RE

* 1917 «

2.8 WHIHMESRLES

A SRR T LUE i H B POV Sk
HATVEAL, POV K/INAT DL SR 340 0 £ FH vl 1) J8 D1
#, POV BEK, & HIMIE W™, & HmAEE L
WIS K St A /8 AL
X 25 CA AR i POV 152, fh & 8 1]
DIE Y, BE OB 38 n, MO A POV 3
K ;37~28 d, % 15% CAR F1 20% CAR HH#AG i POV
FHXT 25 A 2 I REAIE (p<0.05) , Tid
0 CAR BYHIHITH POV AHXS T2 1 2 ARG T oA 1B IR 4%
KBZESR (p>0.05) ; %5 7 d B, =5 MY
POV 4(3.500+0.411) mmol/kg, 7 20% CAR I
M POV (¥ 5(2.61140.566) mmol/kg; 45 14 d i, #
HE e E Ak, a5 4l POVl (11.240+0.622)
mmol/kg, &% 20% CAR MM 1Y POV 47(9.310+0.898)
mmol/kg; 55 28 d i, 25 HZH ) POV K(21.452+1.532)
mmol/kg, & 20% CAR MMM POV Sh(17.579+1.123)
mmol/kg. F ik 1 i e AR Th AR N B B AL
TSR IR RS 21, 7E55 5 d i), il POV
ik#| 29.22 mmol/kg. P& KA 4ERET CAR &
S, RO e A Sk A A 7 A A R R
HilAEHT, X J2 T A4 P Y CAR HA s P
foisPE H A GRS, o UM AoRs vl o & 4R
= A

25 —
C=H 3,4

10 CAR F‘ b
il :frf}

[\
(=

-15% CAR
[110% CAR
| C115% CAR
[120% CAR

—
W

aa
bbb b

i adab b
daaaaada
0 T

0 7 14 28
BfEl/d

¥ 8 CAR/GEL/PVA £-4ifiii) POV
Fig. 8 POV of CAR/GEL/PVA fibrous membranes

i MAE/ (mmol/kg)
S

W

3 #it

(1) LA GEL 1 PVA N, CAR NHrAH],
i ) i 2 229 i) il % CAR/GEL/PVA £F 4
%21 CAR/GEL/PVA £F 451 7325 K RN 25 i 2544
JEARZE] CAR IRINE AR, {1 CAR I H %
A RS AR O ISR P INT (13-4 S B4 i dEpiA
P, M CAR AN = 15%)5, LF 4 b 4 4k AR
KHEAMHAE],

(2)iat 5 Y 6 R sh 1B R4 CAR

FEARFRT AL 95% 1) BRI T BT, KM
Ritger-peppas il Weibull %! ({ 4156 R B A 5300 T
1, HiEfE Fickian BHOGRAE, 4 CAR IRINEHR 5%
Fish £ 24 J5E 1) 2% R AU e

(3) Bfi#E CAR WG IN, £F 24 AP
GG R, HARZE BRI ; CAR BN 20%Y
LFYEREAE 48 h BP9 DPPH [ FH JE35 6% L AR U in
CAR MY LF4E 42T 50.4%; [RIE, CAR [IERIIAE
SR RT3 AP, B RS Tl ) B 2R

S 30k :

[1]  WANG F (£J5), SUN X H (FMBLL), TAO G C (FoGhll). Progress
in risk ranking for food safety in China[J]. Food Science (£ fiE}2%),
2021, 42(21): 271-277.

2] LIU R D, PIENIAK Z, VERBEKE W. Consumers' attitudes and
behaviour towards safe food in China: A review[J]. Food Control,
2013, 33(1): 93-104.

[3] LANM Y (#f8t8), LI H R (ZE24), HU L X (BI5280), et al. A
review of the environmental pollution of food plastic packaging
materials[J]. Asian Journal of Ecotoxicology (“f FRFEHIZ44R), 2021,
16(5): 186-210.

[4]  ZHU Q M CAKif#), CHEN X Q (BiFBy), LI D Z (FRARE%), et al.
Research progress on transparent and high barrier PVA coatings for
flexible food packaging[J]. Fine Chemicals (f§£l{L T"), 2022, 39(9):
1729-1738.

[5] ZHANG Q L (GKEEF]), LUO H (¥i#), CUI L L (BEHH), et al.
Preparation and performance of fish scale gelatin/chitosan/lavender
essential oil antibacterial composite film[J]. Fine Chemicals (}&4iifk
T),2022, 39(11): 2259-2267.

[6] WANG Z (FAT), WANG Y (J£#), LIU Y (X#5), et al. Preparation
and property of PVA /gelatin blends[J]. Plastics (¥1#}), 2017, 46(6):
17-19.

[7] SUN M W, WANG Y J, YAO L H, et al. Fabrication and
characterization of felatin/polyvinyl alcohol composite scaffold[J].
Polymers, 2022, 14(7): 14.

[8] PARIN F N, TERZIOGLU P, SICAK Y, ef al. Pine honey-loaded
electrospun poly(vinyl alcohol)/gelatin nanofibers with antioxidant
properties[J]. Journal of the Textile Institute, 2021, 112(4): 628-635.

[9] ZHANG Y Y (3KZ£5%). Electrospinning preparation of nanofiber
material and its application in sea bass storage and preservation[D].
Shanghai: Shanghai Ocean University (- fFFEE R 24), 2022.

[10] KAMIMURATJ A, SANTOS E H, HILL L E, et al. Antimicrobial and
antioxidant activities of carvacrol microencapsulated in hydroxypropyl-
beta-cyclodextrin[J]. LWT-Food Science and Technology, 2014,
57(2): 701-709.

[11] HUSSEIN J, EI-BANNA M, MAHMOUD K F, et al. The therapeutic
effect of nano-encapsulated and nano-emulsion forms of carvacrol on
experimental liver fibrosis[J]. Biomedicine & Pharmacotherapy,
2017, 90: 880-887.

[12] ORDONEZ R, ATARES L, CHIRALT A. Properties of PLA films
with cinnamic acid: Effect of the processing method[J]. Food and
Bioproducts Processing, 2022, 133: 25-33.

[13] KUAILY, LIUF, CHIOU B R, et al. Controlled release of antioxidants
from active food packaging: A review[J]. Food Hydrocolloids, 2021,
120: 106992.

[14] LAI W F. Design of polymeric films for antioxidant active food
packaging[J]. International Journal of Molecular Sciences, 2022,
23(1): 12.

[15] ALTAN A, AYTAC Z, UYAR T. Carvacrol loaded electrospun fibrous



* 1918 ¢

A% 4m 4 T FINE CHEMICALS

540 &

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

films from zein and poly(lactic acid) for active food packaging[J].
Food Hydrocolloids, 2018, 81: 48-59.

FONSECA LM, CRUXEN CE D S, BRUNI G P, ef al. Development
of antimicrobial and antioxidant electrospun soluble potato starch
nanofibers loaded with carvacrol[J]. International Journal of Biological
Macromolecules, 2019, 139: 1182-1190.

WANG S, XIA P, WANG S Z, et al. Packaging films formulated
with gelatin and anthocyanins nanocomplexes: Physical properties,
antioxidant activity and its application for olive oil protection[J].
Food Hydrocolloids, 2019, 96: 617-624.

IVANA L, VULIC J, JASNA 1. Antioxidant activity of PLA/PCL
films loaded with thymol and/or carvacrol using scCO, for active
food packaging[J]. Food Packaging and Shelf Life, 2020, 26(1):
100578.

ZHOU Y (J#5%). Preparation of gelatin/essential oil nanofiber and its
application in food packaging[D]. Guangzhou: Guangdong University
of Technology (7 4 Tl K2#), 2020.

TAMPAU A, GONZALEZ-MARTINEZ C, CHIRALT A. Polyvinyl
alcohol-based materials encapsulating carvacrol obtained by solvent
casting and electrospinning[J]. Reactive & Functional Polymers,
2020, 153: 104603.

HEI S R, JIANG L, LIU J, et al. Electrospun PVA/gelatin based
nanofiber membranes with synergistic antibacterial performance[J].
Colloids and Surfaces A-Physicochemical and Engineering Aspects,
2022, 637: 128196.

LAN X Z, LIUY R, WANG Y Q, et al. Coaxial electrospun PVA/PCL
nanofibers with dual release of tea polyphenols and e-poly(L-lysine)
as antioxidant and antibacterial wound dressing materials[J].
International Journal of Pharmaceutics, 2021, 601: 120525.
WISNIEWAKA M, BOGATYROV V, OSTOLSKA I, ef al. Impact of
poly(vinyl alcohol) adsorption on the surface characteristics of mixed
oxide Mn,0O,-SiO,[J]. Adsorption, 2016, 22(4): 417-423.
SANCHEZ-GONZALEZ L, VARGAS M, GONZALEZ-
MARTINEZ C, et al. Characterization of edible films based on
hydroxypropylmethylcellulose and tea tree essential oil[J]. Food
Hydrocolloids, 2009, 23(8): 2102-2109.

LIU Y Y, ZHANG Y F, ZHEN M Y, et al. Effect of catechin and
tannins on the structural and functional properties of sodium alginate/
gelatin/poly(vinylalcohol) blend films[J]. Food Hydrocolloids, 2023,
135: 108141.

KAVOOSI G, BORDBAR Z, DADFAR S M. Preparation and
characterization of a novel gelatin-poly(vinyl alcohol)hydrogel film
loaded with zataria multiflora essential oil for antibacterial-antioxidant
wound-dressing applications[J]. Journal of Applied Polymer Science,
2017, 134(39): 45351.

HOMAYOUNI H, KAVOOSI G, NASSIRI S M. Physicochemical,
antioxidant and antibacterial properties of dispersion made from
tapioca and gelatinized tapioca starch incorporated with carvacrol[J].
LWT-Food Science and Technology, 2017, 77: 503-509.

KUTZLI 1, GIBIS M, BAIER S K, et al. Electrospinning of whey
and soy protein mixed with maltodextrin-influence of protein type
and ratio on the production and morphology of fibers[J]. Food
Hydrocolloids, 2019, 93: 206-214.

[29]

[30]

311

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

NITA L E, CHIRIAC A P, NEAMTU 1. Study of a binary interpenetrated
polymeric complex by correlation of rheological parameters with
zeta potential and conductivity[J]. Colloids and Surfaces
B-Biointerfaces, 2010, 76(1): 70-75.

HAO Z Q (#*Pi%), WANG M T (- 21#), ZHANG C G (3KUkE),
et al. Preparation and performance of core-shell structure fiber
membrances loaded with active components[J]. Fine Chemicals (}§
4k T0), 2021, 38(12): 2465-2470, 2545.

ZHAOY L (X LL#)), SHEN C Y (JL#E1R), WU M L (88%F %), et al.
Preparation of THY/HPS-CD-loaded nanofiber membranes and its
application in freshness preservation[J]. Packaging Engineering (£
TR, 2023, 44(1): 175-184.

LIU F, SARICAOGLU T S, AVENA-BUSTILLOS R J, et al
Antimicrobial carvacrol in solution blow-spun fish-skin gelatin
nanofibers[J]. Journal of Food Science, 2018, 83(4): 984-991.
PARIN F N, ULLAH A, YESILYURT A, et al. Development of
PVA-psyllium husk meshes via emulsion electrospinning: Preparation,
characterization, and antibacterial activity[J]. Polymers, 2022, 14(7): 16.
ALTAN A, CAYIR O. Encapsulation of carvacrol into ultrafine
fibrous zein films via electrospinning for active packaging[J]. Food
Packaging and Shelf Life, 2020, 26: 100581.

OLIVERIRA J E, MATTOSE L H C, ORTS W J, et al. Structural and
morphological characterization of micro and nanofibers produced by
electrospinning and solution blow spinning: A comparative study[J].
Advances in Materials Science and Engineering, 2013, 2013: 409572.
WEN Y (ii)fff). Study on preparation and properties of electrospun
aquila extract nanofiber membrane[D]. Guangzhou: South China
University of Technology ({ERFFE T K2#), 2021.

SARHAN W A, AZZAZY H, EI-SHERBINY I M. The effect of
increasing honey concentration on the properties of the honey/polyvinyl
alcohol/chitosan nanofibers[J]. Materials Science and Engineering:
C, 2016, 67: 276-284.

KI C S, BAEK D H, GANG K D, et al. Characterization of gelatin
nanofiber prepared from gelatin-formic acid solution[J]. Polymer,
2005, 46(14): 5094-5102.

CHENG Z L, QIN X X, LIU Z, et al. Electrospinning preparation
and mechanical properties of PVA/HNTs composite nanofibers[J].
Polymers for Advanced Technology, 2017, 28(6): 768-774.

LV I P LI X Z, YIN H J, et al. Controlled release of vancomycin
hydrochloride from a composite structure of polymeric films and
porous fibers on implants[J]. Chemical Engineering Journal, 2017,
325:601-610.

AYTAC Z, KUSKU S L, DURGUN E, et al. Encapsulation of gallic
acid/cyclodextrin inclusion complex in electrospun polylactic acid
nanofibers: Release behavior and antioxidant activity of gallic
acid[J]. Materials Science and Engineering, 2016, 63: 231-239.
STOLL L, SILVA A A S, IAHNKE A, et al. Active biodegradable
film with encapsulated anthocyanins: Effect on the quality attributes
of extra-virgin olive oil during storage[J]. Journal of Food Processing
and Preservation, 2017, 41(6): 8.

SUN D (f)k), ZHANG S K (3k-L:FR), ZHU Y T (CRERE), er al.
Study on antioxidant activity of lipid-soluble tea polyphenol in
lipid[J]. Cereals & Oils (B 5illlg), 2014, 27(1): 42-45.



