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Membrane by Coaxial Electrospinning

ZHU Ya-ting', FAN Xiao-ping', LIU Yuan', DU Bing'?, LI Pan', XIE Lan-hua’

(1. College of Food Science, South China Agricultural University, Guangzhou 510642, China;
2. Dubing Expert Workstation, Yunnan Pu'er 665000, China)

ABSTRACT: The work aims to increase the loading capacity of the Sacha inchi oil in the fibrous membrane and improve
the application potential of the Sacha inchi oil in food active packaging or biomedicine. The polyvinyl alcohol
(PVA)/Sacha inchi oil (SIO) nanofibrous membrane with core-shell structure was prepared by coaxial electrospinning
technology. Effects of spinning conditions such as PVA concentration, applied voltage, receiving distance and shell flow
rate on SIO loading capacity were investigated by single-factor experiment and orthogonal experiment. The morphology
and properties of the nanofiber were characterized by scanning electron microscopy, transmission electron microscopy and
Fourier transform infrared spectroscopy, and the mechanical, hydrophilic and antioxidant activity of the SIO fibrous

membrane after addition of SIO were tested and analyzed. The optimal spinning conditions for the fibrous membrane ob-

KRB 2022-07-07

BEETH:  AAHARKERAT2(210714116891352); =4 K E(F R )TAE3ER B HHAF 5 -F &% (201905F150011 )
TEEE N kM8 (1999—) , &, M4, THAHEEH,

BEESE: £0F (1981—) , ¥, Hd, 8l#4z, TEMR T AR R ML O,



Faa B

AHERSE, S5 [A) A L 205 S R SR 2R AR R K 2T 2 I ) ] 4 S A B 15 -

tained from the orthogonal experiment were as follows: PVA concentration of 12wt.%, applied voltage of 22 kV, receiving dis-

tance of 16 cm, and core-shell flow rate ratio of 0.1 mL/h : 1.4 mL/h. Under these conditions, the nanofibrous membrane having

obvious core-shell structure and uniform diameter distribution was successfully prepared, with SIO as the core layer and PVA as

the shell layer and the SIO loading capacity of 67.79%. The addition of SIO increased the tensile strength by 2.51 times, reduced

the water contact angle by 14.04°, and increased the antioxidant activity by 2.6 times. Core-shell nanofiber and fibrous mem-

branes with high SIO loading capacity are successfully prepared by coaxial electrospinning. The mechanical properties, hydro-

philicity and antioxidant activity of the fibrous membranes are improved after addition of SIO.
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Fig.4 Loading capacity of SIO in fibrous
membranes at different shell flow rates
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Tab.2 Results and analysis of orthogonal experiment

#g% A B ¢ p OSONA

/%

1 1 1 1 1 26.29

2 1 2 2 2 47.85

3 1 3 3 3 26.99

4 2 1 2 3 58.06

5 2 2 3 1 54.87

6 2 3 1 2 41.12

7 3 1 3 2 67.72

8 3 2 1 3 56.56

9 3 3 2 1 26.34

K, 101.13  152.07 123.97 107.50

K, 154.05 15928 13225 156.69

Ks 150.62  94.45  149.58 141.61

ki 3371 50.69 4132  35.83

ks 51.35  53.09  44.08  52.23

ks 5021  31.48  49.86  47.20

R 17.64  21.61 8.54  16.40

x3 HESHMW
Tab.3 Analysis of variance
wx EYmw owy o F o wEm
Ji

A 881.686 2 440.843 30.668  0.000

B 1457838 2 728919 50.708  0.000

C 405.471 2 202736 14.103  0.002

D 803.845 2 401.923 27.960  0.000

R 129.374 9 14.375
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Fig.5 SEM and diameter distribution of nanofiber
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Fig.6 TEM of nanofibers with different ratios of
core-shell flow rate
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Fig.7 Infrared spectrum of
nanofibrous membrane

2.6 N1EiERE

21 2 J5E A PR 55 B R BT 4K R I 3R 4 BT, 4l
PVA JEFI SIO/PVA 45K 2T 4 K i 17 e 56 Ji 43 331 249 Ky
2,12, 5.33 MPa, Wi K E5H24% 53.60% .



- 20 - 1 %% T %

2023 41 A

54.23%. Z5REM, S1O MM 15 £ 2 I i) o7 A 5k
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Tab.4 Mechanical properties of fibrous membranes

LF YA FIPRBREE/MPa TR AR /%
PVA 2.12+0.28 53.60+5.67
SIO/PVA 5.33£0.15 54.23+2.06

2.7 FIKMERE

21 Y B K 3 b A AN FE 5 RS, 2T 4 IR 2 T Y K
e fa &l 8 Frn. 7E PVA Har A KRR, i
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FITHEm B 25K M. 454 FTIR 44 R el /1, 7E
TIMAERERINIG , £FAENE O—H 45 I 2y I i 3 144
K, A A ARKIEIE, H & BRI &S T
TEGKAE R S BRsh T, w7k 3L F AT [ & M 5 3] g%
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Tab.5 Water contact angle of fibrous membranes surface

LYy KAl A1)
PVA 87.69+0.64
SIO/PVA 73.65+0.26

a ZPVAJE

b PVA/SIOHE

P8 2T Ak SR THI Y 7K 4 ok £
Fig.8 Water contact angle of fibrous
membranes surface
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Po A T PR AL R TT LU Rk 2% B o IR AR AR 5 A 1 XL
WA RS AR P T SIO R A EENAE
M. §EE. ZBERAEY, Wik AW &EPE
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Tab.6 Antioxidant activity of fibrous membranes

LY 4y DPPH H 255 B2 /%
PVA 11.24+1.27
SIO/PVA 29.28+0.39
3 Z5iE

SR TRl e L 25 22 R T s S1O- A it
HEE] PVA YERFEM GKEF Y, il o B R 5L
55 FIE 3SR I A WA T A 4R e B e T2
PVA )5 80N 12%, Jitifind &k 22 kv, 2l
BN 16 em, BFEHEL N 0.1 ¢ 1.4, FEMAA T
AR, H SI0 By fi#kiE N 67.79%, 4L
WEL . B ms), FHEAE N 221.50 nm, H
A BB S S5 4 o 3 1 37 G R B UL R el B 21 A
SIS 3 AT IR IE T 9 e SR 7ok T 3 A [ e 7 22 7k
HEFYOREF 2 . STO YN Al 21 2 B 47 e e i 2
T2 2.51 4% AR YE IR 1w SR K PEAS 21, DPPH
H B L BRAE S 29 4l PVA BERY 2.6 fi% .
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