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Effects of Ethyl Alcohol Concentrations on Properties of Zein
Films Produced by Casting under Electric Field

Xu Hui'®>  Chen Ye'?

(1. College of Food Engineering and Biotechnology, Tianjin University of Science and Technology, Tianjin 300457, China
2. Key Laboratory of Food Nutrition and Safety, Ministry of Education,
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract; Coupled with the paralleled uniform electric field, the soft zein films with complete shape were
obtained by casting. Effect of the electric field force on mechanical properties of zein film prepared for
different alcohol concentrations was studied. As the tertiary structure of zein molecules was destroyed by
electric field force, charged polar residues ( amino groups and carboxyl groups, etc) exposed and
directionally moved along the electric field lines. The stable state of micelle-like structured zein molecules
was seesawed until the molecules found some new levels of equilibrium. It was demonstrated that at the
initial phase, tensile strength, breaking elongation and contact angle of films were increased with the
increase of the concentrations of ethanol solution, and reached the maximum value (73.41 MPa, 9. 54%
and 62. 46°, respectively) ; water vapour permeability ( WVP) reached the minimum value of 2. 54 x
10 * g-m/(m’-h-Pa). The changes of C =0 and B-sheet vibrating peaks of Raman analysis indicated
denaturation of protein partly. Observations under scanning electron microscope ( SEM) of surface and
cross section revealed that the presence of uniform electric field helped to improve the properties of zein

films. In conclusion, the findings of the synergistic effect of ethanol and the paralleled uniform electric
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field on zein films may contribute to develop edible food packaging material with ideal surface morphology

and hydrophobicity.

Key words: Zein Electric field Ethyl alcohol
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Mechanical property Casting

1 #R57F*E

L1 FE

FORBEW E O, IL o e B A 2 AR IR A
A JCOK SR at) |, RE A7 ialn — ) B3
Mz (PLA) HE Wy [ fide b1 ORL , 2 58 T v U 958 G D H A BR
28]

1.2 U#5E&EH

WDW —20H HY gL 42 i 12007 se il 3 AL, oF
A B I L s A PR\ Y — 82 A A A 4
St 7 0 AN, A Ak e 3 ML T R A AR D
Quanta200 745 4 ff 1 & 3 8% , 1 ¢ FEI /2 \]; HR —
800 Y I f i 06 B = Ot 1% X, 2 [E HORIBA Jobin
Yvon /A H] .

1.3 XLWHE
13,1 SRRy & &

HAR T R RS L B . 43 5 T A TR) AR R
B (80% 85% 90% 95% ) Vi it E K I
M, EE R 0.15 ¢/mL, /K% 60°C 10 min 5 B
15 mL % AE| A PP £ H (20 cm x20 ecm x 0.1 ¢cm)
o E R (20°C) 8 AR TR SR, W RE T A R
JE50% T Mg b oA 7 d & . HEId A
“Nature” ,

15 L3 5 S ik 8% ITO T WL 32 5 (30 em x
30 em) R A LB (1) HRHE N 3 A/m’, ¥
PP B LB AE A7 H9 1TO 5B B B8 A o (8] 7 B, i
TRV 3 VA WRCOT- 18 5 TTO 3 B e 1, Ak B[]
30 min, 5 TR R BE 509% -1k b Pl 7 d
# Mo FERIEA“EF”,

ITOS 378
B S5 AT B s A
Fig.1 Schematic diagram of paralleled uniform electric field
1.3.2 JERYHLARAE BT
B 301 Ay Hr il 25 i A T em x 10 em
a5, oK FH T RE X SR AL I s JHG Az e 5 188 0 DBy 22 i 4G 58



300 & Ml

W 20154

FLAR B 10 mm/min, 22 9 I 5 PO 35 (E .
1.3.3  JRA/KZESE S RN E

W B3 A 1 e I 8 L %8 3t A AR L, A AU
XN @30 mm 18, &SRR 10 g JEK
CaCl, SR J5 B T HH X8 B2 90% i B2 25°C 1Y ¥R 53
o, BERE 24 b IR R T . K ZERGE A B
NS

_ AmL
TAAp
X W—k R iELH g m/(m’-h-Pa)
Am——4ETE G N i, g
L—— i S , m
T—— 4B [a]  h
A— 5 B I 1T AL, m
Ap——E AR K FE S K2, Pa
1.3.4 50 2R 18 g K M

SR FH 2 42 fi £ 0 4SO 58 6 K 2V 2 1 RS 1Y
A fol R o R N A kA 22 U ROT- 2y
B, ¥ 285 2 fih 7 190 7 32 A Yo7 JE 9 2 T it 7K 1
1.3.5  FOKREEWH A SEM 43047

SR A 8 HL - S A B O K R i 2 1 2 T R
W TRT , BT A B LA AR 43 8 90% L WEAE i ) .
1.3.6  FOKMEV 8 F B DSC @

PRI PRI ) K st 2 6K 3 ~ 5 mg il 7E
b R B B s 25 RGN TR
TR 125 ~200°C , T 8y 10°C/min,

1.3.7 KRV A Raman &%

KR E HR — 800 #Y & Sl 3 0% Hi 2 ok ik Y,
1 4% 2% 3 Bl 200 ~ 3 800 em '\ J% K 632. 8 nm, %
R

2 HR5WR

2.1 EXREAZBERIMMER

K 2.3 7352 AN [ A BL53 % £ B8 Nature \EF £
oK T 5 2 1 I8 A L iR 32 BT SRR I R B L
PRAR 3 B 3E In, F oK i o 2 1 IR o i 2 R0 By 2
R AR I 1 K, 78 £ B A TR 70 B 90% Ab A e K AH
(HLAH5RPE 73. 41 MPa Wi 2K R 9. 54% ) ;24 L
RT3 B0k 52 18 10 28 95 % I, oL A 38 B 1 b 224 1
RN K. EF 2 TR B 8 1 0I5 ok 2 B A
T Nature 41, H8 37 %5 F A [F] ok B 2 12 ] 45 114 6K B
EE AL EA B R, X2 h TR
D IETE , TR B 8 R R s K — R
A B RORR A2 25 F BT B, IR B AR /)N, U SR T
FREURIHG R A B T8 BJ5 3t 24 2 Y v JE 5 BB v
i LR BB R 3 ) T ) R RS AR TR R A

25 PO 245 R 5 A P A, R e R S AL S D
W PP G B X o o H 3 ) BRI RE R A 6 IH
W 2R T BRI 80, (0 R R R e A A R O A
AW AR AL

80 # Nature WEF

<
g e
i}
bt
£ 40
:E!
00 85 90
LR HU%

B2 0 AN [ (R R B 2 B 4 1) K B
SN EVRCEY SR AL
Fig.2  Effect of electric treatment on tensile strength of

films formulated with different concentrations of ethanol
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of films formulated with different concentrations of ethanol
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Tab.2 Property comparison between zein films and other food packaging materials
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