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Fig.1 SEM images of fiber films (a) and distribution of fiber diameter (b)

2.2 TP/ZG £ 4t# FTIR #1 XRD 4 #7

& 2a N 4% 21 4E Y FTIR 3 &, ZG 2T 4k 5 (1)
FEAE 3% 035 3 326 em™ Ab %% TE AR Wi (O-H
FIN=H i sh ) Al 3 066 em™ kb C—H {4 iz
e, Horp 1658 em™ (BEHE 1,C=0 ByHifhIRsh)
1 541 em™" (B Mz 11, C—-N F7f A1 N-H 25 ) A
1 244 em™ (BEME T, C—n F7AH AT N-H 25 il ) /& B
JIE A OK BB YRR AR U720 TP1/ZG ' TP2/ZG
FTP3/ZG 21 2 fi Al 3 13k ZG () e ik 04 i
Wy, W& TP & 3, 7€ 3 200~3 500 cm™
0 B N W A AR B, X AT REE T TP W N, 1
Iy O-H fgry A &2, e H A7 i R I A
W E A, £W TP E T TPUZG . TP2/ZG F1
TP3/ZG £F4E v, A6 T8 S8R i) Ak 27

’ 2b “k ZG TP1/ZG TP2/ZG F1 TP3/ZG £F 4k
1 XRD &, ZG % 35 22 R AE A7 5 i 4 T
8.47°11 20.7°, FZE & i T I B A EOR B 2 v
1) a—BR eSS 2, TP & —Fh DL 2 W 28 1o 32 1Y

REY, G 0y XRD {7 i, X, TP /Y 8
ANEIHEIN ZG Wb AT, TP WIS 8.47°F T Y
AT 5 W B F TP A ZG B [ il o YR i 0 55, fi
20.7°4k 1T S0 R A W AR AR S ZG SRR
XRD EIAHIT , 2B TP Ml ZG 1699 K 45 4 i B AT
RAFBIAR A 3% 5 20461 o B 25 SR — 3
2.3 TP/ZG #F4RE#y DSC #1 WCA 53 #f

FIH DSC X TP/ZG £F 4 B i # Pk gE 47 T
SR, WK 3a 7R, ZG BEAE 65 °C Ab H B—
P 3k nT e 5 A YR BRI AR A 56 E A
TP J& iz WIS, X AT RE T T ERERI A 455
JIU8/N db A DN AR S BT B, Ik, 26
LR YERFAE 130 CAEFE B 2 1 R % | Deng 55174
Y ZG 94K 2T 2 5 BLAR AL ) W PR AR L ZG 1 I
A B 2 B Y Jie 55 R K P 2 Y 481 A Ak T AR
. TP/IZG 7E 130 CHIEA — 2 Z2G 1y ik
U B A TP W BE A 38 I, W Ik AR 22 B B, 3R B
TP AR T ZG HGaE Tk,



524 % 461 REB/ERERE

G /PRI ) 4 45 22 IR0 ) & A AR SR AR

207

— S ~ii L_~ 26
At /2958 /5‘5\”\‘2‘““
3326 | bk 1658 ‘1541
N "\3066,5 LI rpyG
D P i i
T :
o= o TP2/ZG
% £ {
=
g
5 i TP3/ZG
\%’v"\f/‘/\\—’
\/ g

4000 3500 3000 2500 2000 1500 1000
SN
Wave number/cm™

(a)

500

2
Fig2 FTIR (a)

K K H2 fish #1355 7535 53 W7 TPIZG 45 4R iy
fif K, 25 AN & 3b Fin ZG B WCA i i,
TE1s F1 60 s B 5351 A (141.16+4.47)°F1(136.53+
5.57)°, F I H A 8 m KM X 5 Deng 45>
HIF 5T 45 AR Wil A 55 7K B2 i B[] 79 S 4, 54>
JIES B 7K 422 fih Ff Y ARG . TP1/ZG Fll TP2/ZG TP3/ZG
B2 il 43 3 (133.34 + 5.21)°, (124.28 +
3.93)°, (122.79 + 3.16)°[4% = (105.89 + 5.14)°,
(91.32 £5.11)°, (73.36 = 4.20)°, [alAF, 7] LLWLEE

ZG

’-\—\\ 4
Ne—"

TP1/ZG
TP2/ZG
TP3/ZG

s
50

Kz figh £y
Water contact angle/®

1‘50 2(‘)0

iy
Temperature/C
(a)

L
100

&3

R

Intensity

20
2 theta/®
(b)

FYER FTIR(a)5 XRD(b)i&E
and XRD (b) spectrum patterns of fiber films

#| TP1/ZG H1 TP2/ZG TP3/ZG 1 ¥ fih /1 i) WCA
HIZ WA, RIS TP 80 BN, 2G B i
i AR 2 3k S RN SR KPR TP ZE TR 51 AT
T B R F T AR T R AR K P, — B, 24
Ffih 1 KT 9008, FUIMBHEAT R A4F Ay i KM
FEH K F I TP3/ZG £ 5K M 60 s J5 E A
H & R K P 1 TP1/ZG A1 TP2/ZG 3 BA
Ry i A

160 [ 1 s
60's
of a A
120
100
80 |
60 [
40
20 F
0
7G TP1/ZG TP2/2G TP3/ZG

(b)

FYfER DSC(a)5 WCA fE (b)

Fig.3 DSC (a) and WCA (b) of fiber films

24 TP/ZG AEENREAMRENIER

5 2 A RE0T 8 A U G P A K A s2 e AN 1] 4a
Fimm . #5 4L S A PUIR TR I 7E 12 h 247 itE A&
W, EAAEMA LR R RERE AR
FH2ES, ZG A PR S Ay BTG BA Y AR K 5 0 IR 2H
TR EER  RUHASEGVEEM, TPIZG,

TP2/7G [ TP3/ZG ¥ b 2 4 il A FC LG8 W & 1 2B
Ko, 0T WA BU ES TR 7E X RO A AR K R B
K7 Hf KA K& JERIUE TP FIER M, s
TP W B A v SR B S 3. TP Bt 1A T 1 &2
SR AR M IR AN R I S 454, 51 A Al e i 473
BUEFOEEIEA, THLEAR DNA /Y IEH Dihg, BH



208 hoE

M

2024 455 6 W]

i TR 2 10 IO ) 5 R 2R 3k 46 2 T 5 L0 7T ) 4
FHESI 2k B3 W [R) il il 25 TP/ZG £F 2 B TP T
T LR Y I R AT PR

AN 7] £F 4 9 e S A 1 PR T 45 2R n &1 4b
s, 572G AL, W TP1/ZG . TP2/ZG i1 TP3/
7G RERPTE AL RE ) 1 2 $2 5, U B DPPH H H %
(IRE 120 72G A 3~5 fi5, FW TP Ay m Al

121 (== AT

*— 7G
—a— TP1/ZG .
O | TP2ZG| ,_ ———
—e— TP3/ZG /o
= 08 | -
v. .
=
Q £ A/
e QES 0.6
) -/ —_
R 04} / ./ .
X . ——
%
02 | e
'40/
=
0.0 L L 1 i i
0 s 0 15 20 25
s [7]
Time/h

(a)

B4 SFHEBETERE

7G FEEA RIF P A LPERE X Rl TR 2 E 2
— A E R RARBUAAT], EMKE T EA R
AP A AL PERER, AZE 22 W3 /K 5 W Ry o0 1 1) 4 1Y)
W] A i L 27 22 FEATS DR B8 T 2 Z2 B i Bt SR Ak Pk e
ZE A B TP1/ZG TP2/ZG Fl TP3/ZG % 1) i /K
P B PR E | BB TP2/ZG 1T 5 24
o AR 0 B 5E

0.496
0.5
0.405
E 04
R3S 0325
@3
, £ %
& £
45
2 2 02L 0177
= -
i - 0.1
z o
0.0 L
G TPI/ZG ~ TPYZG  TP3/ZG

(b)

H(a)RmEMLBEN (D)
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Preparation and Preservation Properties of Tea Polyphenol/ Zein/
Gelatin Coaxial Electrospinning Film

Li Qiuying'?, Liu Zheng'?, Yu Xinrui'?, Sun Tong'?, Wang Mingli®, Li Jianrong'?
('College of Food Science and Engineering, Bohai University, Jinzhou 121013, Liaoning
*National & Local Joint Engineering Research Center of Storage, Processing and Safety Control Technology
for Fresh Agricultural and Aquatic Products, Jinzhou 121013, Liaoning
‘Penglai Jinglu Fishery Co., Ltd., Yantai 265600, Shandong)

Abstract Objective: Protein fiber films loaded with tea polyphenols were obtained as the active packaging films for tu-
na, and the characteristics and preservation properties of the packaging film were explored. Method: Zein/ gelatin (ZG)
fiber films loaded with different concentration core materials of tea polyphenols (10, 20, 30 mg/mL) was prepared by
coaxial electrospun technology. The morphology and characteristics of the fiber film were analyzed by scanning electron
microscopy, infrared spectroscopy, X-ray diffraction, differential scanning calorimetry, hydrophilicity and hydrophobicity,
antibacterial and antioxidant tests, and preservation properties for tuna was analyzed. Results: The average fiber diame-
ters of ZG, TP1/ZG, TP2/ZG and TP3/ZG films were (810+240), (930+270), (880+150) and (850+610) nm, respec-
tively. TP in TP/ZG coaxial nanofibers did not significantly change the chemical structure and crystal structure of the ZG
film. Each TP/ZG film has a ZG-like heat absorption peak near less than 130 °C. The 60 s contact angles of TP1/ZG,
TP2/ZG and TP3/ZG are (105.89+5.14)°, (91.32+5.11)° and (73.3624.20)°, respectively. The thermal properties and
water contact angles of TP/ZG films decreased with increasing TP concentration. TP endowed TP/ZG membrane with good
antibacterial and antioxidant properties, and has a significant inhibitory effect on Shewanella putrefaciens in aquatic
products. TP/ZG can effectively inhibit the total viable counts, pH value, volatile base nitrogen, fat oxidation and texture
deterioration of tuna fillets stored at 4 C, and can prolong the shelf life of tuna for 3 days. Conclusion: ZG coaxial
fiber film loaded with appropriate TP possessed good morphology, water resistance, antibacterial, antioxidant and preser-
vation properties, which can be used as a new type of antibacterial and antioxidant food packaging material.

Keywords electrospun; tuna; packaging film; antibacterial; tea polyphenol



