FRAR ROMRSAR AR
T 25 22 TR TR £E H - I R IR 7K SRR i
1 25 K v R

B8, GE, T2m, 2B
(BEPIRMEL R e Bl 5 TR B, BEPE PH742 710021)

H E.RBRRBEEZE 20%~30%, BAFB T E A DR KR BESFBLE R KRG RY, ZXAHRAH LG L
F A& LA Z k@R & My K 3 R BRIE R 6 - W AR B (zein-cinnamaldehyde , Z-CA ) K R AR SEBE IR 7 B R BL IR %
6 fo AR Z ) 69 ZAE X R, VAR R P ARBR R AT Z-CA B 69 LTE 40\ B HE | ToH SR I b e 20 8 1 69 % v, 3
B Z-CA BEXT B E R R, MTRERAN, ERBEROL ARG ESEEN, H 85 L 2-550CA BLA
HOBAT O LT S TR R R F[(7.73+1.57 ) mg/(mP~h)]. B K M (131.1427.96)° Fo 37 8 ML 46 , 2 45 A 23t K 4
EOR R,

KB EARBER G AAERE M d 45 22 MR I KRR SF IR

Preparation and Application of Electrospun Zein-Cinnamaldehyde Fruit Preservation Film
FAN Xin, YANG Ting, WANG Yiyu, HUANG Junrong
(School of Food Science and Engineering, Shaanxi University of Science and Technology, Xi’an 710021,
Shaanxi, China)

Abstract: The loss rate of fruit in China is as high as 20%—30%. Thus it is urgent to extend the shelf life of
fruit by constructing bio-based fruit preservation film. A bio-based zein-cinnamaldehyde (Z-CA) fruit preserva-
tion film with high specific surface area was prepared by electrospinning, to explore the interaction between
zein and cinnamaldehyde. The effects of different cinnamaldehyde concentrations on the microscopic morphol-
ogy, hydrophobicity, ethylene adsorption, and bacterial inhibition of Z-CA film were also studied. The fresh-
keeping performance of Z-CA film on bananas was evaluated. It was found that there was a hydrogen bonding
between zein and cinnamaldehyde. The electrospun Z-550CA film had good fiber morphology, ethylene adsorp-
tion efficiency [(7.73+1.57) mg/(m*+h)], hydrophobicity (131.14+7.96)°, and antibacterial property, thereby
effectively extending the shelf life of bananas.

Key words: zein; cinnamaldehyde; electrospinning; ethylene adsorption; fruit preservation
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FAN Xin, YANG Ting, WANG Yiyu, et al. Preparation and Application of Electrospun Zein-Cinnamaldehyde Fruit Preser-
vation Film[J]. Food Research and Development,2024,45(5) :1-7.

ACRBIRFE 2 B R TR gt - BRRRDKCR A %= . S0 HLEEL T - (1) AT s
[ SR O 2 R R A 209%0~30%2 35 K RIAERY LR TATRE A4 BRI B, N K 2T HEIOE 22 FL AT RFAETS;
B P LR A5 AR O30 A R A TS e (2) T P BE A Ak R 0 B R B L O,
S ORI KCR G A E AR T IRE Cl0,. H0, S5 3 AR AR Y S8 A A AL 52 BT BR!, TiO, L 43

HETH  HER A RF R AT H (32272380) 5 B VY& #E T M55 1oy € TR H (22JC007) 5 BV & B & 45 A A 628l mi 5
(20230225)
YEHE TR JEFE(1989—) , Lo (BU) , R4 1 WF 98 7 1] - 2R [ SRR EF 4 i et Bt
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JEAE EIAE MR G AL S BRI, BIA 1 2
I B DT VA AR R BT 25 /0N L 5 I G R A A ]
B PRI, AR T A — e AR e 1 LA B AR

Hi L 2 22 R —Fh O TR B AT R Aok
SR Al £ ik FL A HUBE D L R T S R AR
JHR B BRI, IR R R4 A, e 208 U K £F
4t HET, © )2 W T A B 245020 RE IR R
A ARSI, ORI (zein) J2 4277 FOKTE R Y
R, DR ke i R (0 R S 0 i R R R 1T S BUH:
B EAE HINMEAL . FORBEAE & A K s
PEEREH, AT/ B O s e kL, JF HHEAT R
U ) BBV R K A o SR, zein JBE PR B B RE1E 5
ZRNMAER G, R BOLReVE T R, 8 ] A o i 4 .
PR R R U5 T rh 2 R R RN PR |, 2 — R A 28 B
AHALED , R T AR B A FEBIRAR , © b oE
WIEAPURAEN , HAM BRI E Ik R AFs),

BT BRSO & A ORI E A
PRVEEREAE Sy i HL 2 22 P9 T, 1 2 ik EL R 0 04 T
P AT B A Y T K RV 2R - P RE S (zein-cinnamalde-
hyde, Z-CA) 7K SR AREFFE 38 32 2 T4 A L i1
LT AN ETEAL A i £ D A R A PR A L
Tl AN SRR A 25 3R A Z-CA B TERE , %% Z-CA
FEEAE 7K AR 7 ] v 68 1 T, LA A JF & 7K SR 41D
T DR B AR AT 10 S B

1 R 5F*
11 EEM RS

T PN AL FORBEE R A R
1 (95%) : B LE MR A BRA W] 5 Tok Sl R
S TR A AR RER R AR
A RS A 5 e R AR 44 (sodium dodecyl sul-
fate ,SDS) : Bt R AW TRA RTALEAF; 5,5- 26t
R (2-Al F 78 2 )[5.5" -dithiobis (2- nitrobenzoic acid),
DTNB]: A2 sER A AR AT BR A 7] 5 B A2 )
ORI
1.2 FEAES HiRE

TL-Pro & & HL 25 22 41 - v [ 3 g 48 908 7
Fluoro Max-4 % Y6566 31 . H A Horiba 23 7 ; TA.
Plus ¥1E23 W14 : P2 SMS A 5] ; Verios 460 &= 70 HE%R
AR T W5 - 518 FEL A A] 5 TGA Q500 #VH 43 #Hr
A% : & [ TA 23 w5 VERTET0 8 B A5 3 217 S5 .
T8 PE 22 ;NDJ- 88 B it b ifggk 52HF Rl 14X
a1 PR T 5 DSA 100 BUAIHE fid £ ) 54X - 1% ] KRUSS
2 E] s VOC SR INAY - 56 FEl 4R Bq L 14T
1.3 ik
1.3.1  Z-CA Bl &

¥ 5 g zein T 20 mL 80% £ B, iHEE £ 2K

PS5 AR 1 S8 AV A, T 9 R R S n AN ) 5 1 TR A
1 | feT AR MR 2 43501 R 0.450.500,550.,600 mg/mlL,
H AR A H 5 YR FH 8 P 97 22 LT 28 ROR 1 2, o
YiBHONERL 20 5 ik 2 mL/h TR 16 kV 25221}
30 min JZWHEES 10 cm. LR FHSLFLERE AR 444 Z-0CA
JEE \Z-450CA . Z-500CA & . Z-550CA & . Z-600CA &,
Hrh £ R R 0.12 mm.

1.3.2  Z-CA BWPE A 2RAE

1.3.2.1 PRSI

SHAT B IR DI E ik, ] 80% %
RIRFRE Z-CA TR E 0.4 mg/mL, 8 DG C R
FIRES BB OR WK N 370 nm, B 5K R 450 nm,
R BREEDE 3.0 nm, & S EETE 3.0 nm.,
1.3.2.2  ZhEEE

ot Y8 A 2 ) T R S R O R
FHEE VTG T 5 AR = 1] 7= A ¢ B UTRIBE g 2 8] A 56
RN FEE . 2EH 2 SH T (HAE=18.7 mm)#1T
FHEEIN5E , 3K e 1 M 30 r/min.

1.323  RFA AN

S RSO S AR S S O E D, DTNB
LU A 7R 0 7 TR B B R BB Y B i AN TR
PR T Mk B2 1 Z-CA W W] 80% & i W W B &2
0.2 mg/mL, # 0.5 mL FBEAE L 55 2 mL JR K -SDS K
IRATE A 50 pl 100 nmol/L DTNB ¥ ¥ , 15) % I
WEE RV 15 min, M4 412 nm ZRTR GV R AIWOGRE
IR DL AR 2-CA IR0 M L& i

X=(AxD)/(£xC)

X N EFHZEE B nmol/mg; A SN 412 nm AL
IR G TR PIMOGEE s € NEi L /RTH G R4, 13 600 L/
(mol-cm) ; D N BEALEL ; € 85 1 BT R o it vk
mg/mL,

1.3.3  Z-CA JEVERERIE
1.3.3.1 & L AR e 27 Zh 6% (Fourier transform infra-
red spectroscopy, FTIR)M5E

FERE 5 T TR AL B He B i LR 1:100 RA D
HEATHIFES (L 0 RN R 7, F9E Y L R 4 000~400 em™, 43
BEEN 4 em™
1.3.32 FaEiiE

FI T A A A Z-CA 5 A4 AR 8 M R P43
fPE | YR LA 20~600 °C, FHESHEE K 10 “C/min, S,
GAMEERNZU(N)  FHE T 2N T T
1.3.3.3  FH A o G

i FF 0 43 W R i L i B S L 2 Z-CA i
MRS . FESE LA R AT 4 30 s, LA &
LM S A LB T R AT ULSE B TR 2 KV, R &
10 000 f5WEE Z-CA BEAITES . 9K EF 4RI B AR K
/N Nano Measurer #4537 o
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1.3.3.4  ZJ@WE B eI

27 Fan SN J71E B Z-CA PEBTHIAL 5 cmx5 cm
HIE T TE IR AR A48T, FEA 0.255~0.271 mg/LL
CE M AT LR R REIR G . S h e, AR &b
AL A RS T ) 5 4 P 0 % B R R A A
4 0.008~1.620 mg/L 5 T bR 15 19 +3%
1.3.3.5 Bk E

Z-CA BB K M i 2 0 /R IEAL . T
T R VR WO TR TE) A 3 s, MBS 25 °C.
1.3.3.6 MR PEREI &

S 25 A e S O B B 2 R Tkt 5
A AR PR Z-CA JEXF s 2% FG B R AT i
(Escherichia.coli) FIEE 2% [K BH‘I@%E\;@%%}*%(SMPhT
lococcus. aureus) TN . SRR F- il BIKE BT i) 28 AN )
REERS VR Z-CA BEBT A2 10 mm B 7, If7E484h
ST B EUINS G 25 o RSB ER 50 WL VRS 510
AETE TSA SEAR_E (R EEZ) A 108 CFU/mL) , FRK A gy
T EPEL4C R BT A L, T 37 “CHEFE 24 h )5, T 0 pd
Rl B AR RN
1.3.4  Z-CA B 7 AR fef 1L 55

W i) —HE B BEAE 5 R R RS R B 1Y) Z-CA i
A TR P R BE (25 °C A XTIREE 50% ) H i
68 FH H &5 e RO SRS 4G 1 4 g o BEGRG: e SR A R
TACIEOL, YR — A FRER L E 2 AR A AT
18 BP0 20 BT £S5 4 R B R0 SR PR 3 Sk
FIAT P JE RN 1 mm/s,
1.4 Gitorir

IRIGHHE K F] IBM SPSS Statistics $4E#E17 77 2 43
MT, Duncan 2 5 HLHBAS 502054 7 5 250 0B (P A 1
4 0.05) BRI E 2= E RN 3 Uk, IR T Eidi L
B bR EZE IR T Origin 2021 AT AL

2 HBRE5SR
2.1 zein A RAERE Z 0] A AR H
Z-CA JRRZOOGIE e 1 s
70 000
60 000
50 000
40 000
30000

PENIREE/ (cpes)

20000 [

10000

350 400 450 500 550 600 650 700
WA /mm
Bl 1 Z-CA FRHTE Ak
Fig.1 Fluorescence spectra of zein-cinnamaldehyde fruit preser-
vation film (Z-CA film)

F L 1T TR, OR AR AR B 1) zein 2¢O 56 S e
R, AN PRI =2 J5 9 o0 JEE 1 vy, (L Rt A ARk
JEE B3 DR, R i VA WO I i B T I AR, I B AT
B, U i vk BE RVRERE X zein A DI RAEM . Lk
MG IE R T WEERE S zein fETEAHEAE N, S BUEE A2
T, 5 AN ) 04 A (L PR AR 23, DL B T
B AR HE S, S Rl AH A T 4 ot , S 30008
o KE AR . X AR BLG T REJE th T S AR
KA ELAE s VS Byl

AW FEAE B ZL AP 1 ik — 20 BB A R E FD zein
Z B AR EAE IS AL R[] Z-CA 5 ff BL AR 4 21
SMETEUNE 2 B

7-600CA

T M
7-550CA M
A

Z-500CA
7-450CA

Z-0CA, : : : : :
40003 5003 0002 5002 00015001000 500
W B em™!
B2 Z-CA [REyEEM TR
Fig.2 FT-IR spectra of zein-cinnamaldehyde fruit preservation
film (Z-CA film)

2 AT, Z-CA 5410 zein I FRFAEIEAHL,
WA BURT R AN B IN A EEE JS Z-CA R AY Tt
JE 1 BERE 147 (1 450 em™) FRAEWE & 4 W | 3 Al
feJe At S5 TR L FEE . 454G RSt
SERIINT ,zein 5 NEERE Z W] DL ESEAH BAE IS5 .

) FH 4 HE 43 BT (thermogravimetry analysis, TGA )
I3 BTN E AN R] Z-CA JREAY FES E PR ER I i, an 15T 3
B

100 ¢
! ——7-600CA
—v—7-550CA
801 —a—7-500CA
< / —o—7-450CA
& _] 00 —u—7-0CA
8 60 ‘
59\:3: 90
i L
[ic$ 4050 150 200 250
201

070 1;10 21IO 25;0 330 4éO 4‘90 5I60 6I30
R/ C
3 Z-CAERHEMLE
Fig.3 Thermogravimetry (TG) curves of zein-cinnamaldehyde
fruit preservation film (Z-CA film)
I 3 REEF M, Z-CA AR F I R0 AN B
B BB — AN Bery R EBETE 70~110 °C, 204 Z-CA
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I M R B B Y NG 5 K B 28 K, 7 A T A
0558 T BERY S FR AR 125~320 'C. Bfi#E CA ¥
FE B, A0 R IS, AR e M 2 X R T
PRI IR IO FoE M T, A PR i i 2 | AR
FEPEMZE

2.2 Z-CA ERPERERAE
B A LGB A SOULIE S50 % HL 20 W B e L
AEZEEAR, Z-CA BB E R Z-CA WRE:
£ LI 4.
W 4a iR, RESINPAAERER) Z-0CA i S 30

0351 4 020f €
0.30}
025 0.15
S S <
¥ 020f * )
= %CS = 0.10
' 0I5f [ =
= ES =
=
0.10f
0.05
0.05F
0 0 - ] 0
0.05 0.15 0.25 0.35 0.45 0.5 0.65 0.75 0.85 01 03 05 07 09 11 13 15 0.15 0.25 0.35 0.45 0.55 0.65 0.75 0.85 0.95 1.05 1.15
L4 AR /mm L4k A2 /mm L4 A2 /mm
£ 350
300 . b 2 3
2s0p 4
>
5 200}
=
< 150}
=
® oo}
0.25p
035 e S0t
030f 0.20}
Z-0CA  Z-450CA Z-500CA Z-550CA Z-600CA
025t .
S < oasf
020} ¥*
= 015f = o.10f
= =
0.10F
0.05F
0.05f

0
0.1 03 05 07 09 1.1 1.3 15 1.7
R4 HA%/mm

0
0.050.15 0.25 035 0.45 0.55 0.65 0.75 0.85 0.95 1.05
P4 AR /mm

RN E/ING PR R 225 5.3 (P<0.05) . a, .a,. Z-0CA I ;b \b,. Z-450CA I ;¢, \c,. Z-500CA JE;d, .dy. Z-550CA I ;e \e,. Z-600CA JI5;
£ Z-CA B .
E 4 Z-CAERMPAMBERNFE

Fig.4 Scanning electron microscope (SEM) images of zein-cinnamaldehyde fruit preservation film (Z-CA film) and viscosity of Z-CA

solution

KA A HRERR ; AN AR RS Y Z-CA BE S BRI 35 50 Y
YIS (JE] 4b~[&] de) ; B2 PRV B A3 0, Z-CA
JBE L7 2 AR I o 3R T R OK B R S R
J 2 [) A VR S B, 3 TV T B 86 B, DA o 47 4
TE S N5 5) AT 4 HARGEWIE R, WG AR VR
B3NN, Z-CA V5 B B i ke Kk, Hodh Z-0CA 1 Eh
BEF A%, F(244.50+3.21 )mPa-s; Z-600CA 75 1k 6 B
&, K (300.6744.27 )mPa-s.

FORBER T SR 2 5 C ek & A AT 3
FL, B a5 B g DT 4t g 2 P %) 2 0 T R

BB, Z-CA WM EHE S WK 5 iR,

WNEL S IR, Bt PR JE e A 388 o, 8 b s i
SR, X R T RS EOREAE AT
e AR (R S5 AT R R L TG
PEEBER] . Hih, Z-600CA VAR M B 5L o i, h
(25.4+0.22 )nmol/mg

Z-CA A G W B RE an el 6 iR

WE 6 Frs, IS INRNEERE 2 5 Z-CA B 20
B30T R AR N RS Z-0CA i, X T kR
AT zein Z5AET S , 2268 0 2T M RE T, $2 T H 0
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S 3 A 4/ (nmol/mg)

Z-0CA  Z-450CA Z-500CA Z-550CA Z-600CA
AFRNG TR FIR 28 57 135 (P<0.05)
Bl5 Z-CARRMERESE
Fig.5 Total sulthydryl content of zein-cinnamaldehyde solution

107 .
ab

WL I35 Tmg/ (mP+h) ]

7-0CA  Z-450CA Z-500CA Z-550CA Z-600CA
AFNE TR 22 57 1 (P<0.05)
Bl 6 Z-CA FRE)Z KW
Fig.6 Ethylene adsorption of zein-cinnamaldehyde fruit preserva-
tion film (Z-CA film)

W R RE . [RIEE, B AARREJS L Z-CA BRI 08 W A
BRSNS FEAR A S, o, Z-550CA - 2%
R B e, N [(7.73+1.57) mg/(mP-h)], X EH T I
FEWERR T zein 25 M0 67 e , (L& FEOR B EER N .
B, % A REEE W N 600 mg/mL IS, HA, 25 7% B 3 14
I, S BN K L 2 BRI, AR 2 T RE T R
FEAIR T Z-CA PGP EE 208 W B
IR AR RS LA — i 14 B0 7K R 2 R L
AR EVE BRI . Z-CA BEAER KPR 7 7 .
160
140 ab
120
100
80
60
40F
201

ab a

KISl

Z-0CA  Z-450CA Z-500CA Z-550CA Z-600CA
AR NG AR 22 57 .5 (P<0.05)
El7 Z-CA FEHyKiEffA
Fig.7 Water contact angle of zein-cinnamaldehyde fruit preserva-
tion film (Z-CA film)

WE 7 fros, B PURERE R FE BN, Z-CA B
IR AR, KPR . o, Z-0CA JIE ) 7K 42 file
£ 4(121.63+8.22)°,Z-600CA Bk A2l fA F (134.45+
0.85)°. XA AESE fH T PRREFE Al oK B 2 A0 M
AR, WA IR G 7 AR DR RIVE 35 2T 4B iy
KM

Z-CA R HERe AN & 8 Pivs .

[ S.qureus a
| I E.coli

B8 H A em

8
7
6
5
4t
3
2
1
0

Z-0CA  Z-450CA Z-500CA Z-550CA Z-600CA
AN TR 22 57 .35 (P<0.05)

8 Z-CABEXMEHRBHEHKAMAGTANNTEEER

Fig. 8 Inhibition zone diameter of zein-cinnamaldehyde fruit

preservation film (Z-CA film) against Staphylococcus aureus and

Escherichia coli
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3 g
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Fig.9 Appearance photos, skin hardness, and flesh hardness of bananas before and after 10 days of storage
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