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Abstract: Zein/chitosan (CS) composite film with high content of zein was prepared via casting
method, and characterized by SEM, FTIR and DSC. The effects of composite additive [m(glycerol) :

m(PEG 400)=1 : 1] additive amount (based on the mass of total solution, the same below) on the
mechanical, optical and thermal properties of Zein/CS composite film were then investigated. The results
showed that the composite additives achieved the plasticizing effect by weakening the intermolecular force
between zein and CS, and improved the comprehensive mechanical properties of Zein/CS composite film.
Moreover, with additive amount of composite additive increased, Zein/CS composite film exhibited a trend
of gradual increase in the elongation at break, first decrease then increase in tensile strength, gradual
increase in the water vapor permeability (WVP), gradual decrease in water contact angle, and enhancement
in hydrophilicity. Compared with the film without composite additives (ZC-0), the tensile strength of
Zein/CS composite film (ZC-1.5) with 1.5% composite additives decreased by 27.47%, the elongation at
break increased by 24.61%, and the WVP increased by 29.18%. Meanwhile, the prepared Zein/CS
composite film displayed much smoother surface. In addition, a certain amount of curcumin added to
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ZC-1.5 composite film could effectively increase the antioxidant property of Zein/CS composite film to

55.18% = 0.16%.

Key words: zein; chitosan; glycerol; PEG 400; composite films; curcumin; functional materials
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FARBEHEMA (Zein) FEFEE, HEKKRE
EE R 50%~60%, &4 F & BBk kR R
%, AT TR ECN 60%~90%IK) 2. B K K™, 78
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PR A &, SESRIELIIREME . XIAS B3 AP & T
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B AORE BALEA FRA T 3 DSC 3 25 m AU,
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S HCR 10%K Zein W LVRBUMECH 75%0 (L) 32450 (2) IR BB KR,
CBHFHOTHAL, VK 15 min, 60 °C ). K Zein i Elo="Lx100 (2)
W CS WU L 1 2 RGBSR, AR I

JE I E AR (m CHIM) : m (PEG 400) =1 :
1) Fi Zein/CS B (A58 G U IR Fint i 8o,
T ) Bkt 0.5%FRnk i 80, 411+ 30 min, HX
20 g IRATEMA BB A HAZHR 12 cm )— R PEH
BREILA, AR, T 30 °CHEFE T8 24 he
Hop, AT G IE 4330 0, 0.5% ., 1.0%.,
1.5%. 2.0% ( LA Zein/CS i Fi&it, FH), ik
B HRBINA—am5m 1.5% Hil. 1.5% PEG 400 fY
IR, Rk A 44l 2C-0, ZC-0.5, ZC-1.0, ZC-1.5,
ZC-2.0, ZC-G. ZC-P, MU, Jf & TR E R
A4 25 °C, 50%RH “F-ffi 48 h,

Zein/CS/Cur & A B il £ : BC il 30 mL i &)
BN 10%HY Zein TR ( MARLECR 75%09 L BEE
WO, K3 15 min, 60 °C), RHIFMA—E
Y Cur (10, 30 mg) @8R 2 h, IFREGIR .
FHECH 60 mL 4380 2% CS IR ( LR E43 41
R 2% STRIKES AT o B Zein TS CS TR
REYSE, HIMAL Zein/CS T 1.5%E &
wmF Cm CHYM) m (REZZEE 400) =1: 1] F0
i Zein/CS PRI i 0.5% A9 80, % S1 15 FF 30 min,
B 20 g {RASEMUAI IR EAE R 12 cm — bk
SR, FAEANF, IR 30 °CHEAH N T8 24 h,
HIRAT 44 Zein/CS/Cur 1.0, Zein/CS/Cur 3.0,

1.3 FERMERENIR 5 SR
1.3.1 BEME

Z I8 GB/T 6672—2001 ¥R ISR - R
e AU L ) e . BOEEE . Tomiit HE R
WA R IERE, B 30 mmx10 mm A&, FHE
FU K AR BE , RSN 0.001 mm, B 5 A5k
T, KA.
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M8 GB/T 1040.3—2006 (S8R} Fr ik e ad
FE B3 ARy MR R BRI A 1 ) I A hr
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10 mm WK 5%, SRJ5 3 15798 L [ T A {0 e 4
Wk b, ESH. RNEEN 40 mm, #HEN
100 mm/min . B 5% Hh 8] W 24 5 5256 A 50258,
TESEIR KR Ty VU KA B it , BR3P AT4,
BB AR YE, PifhsiE (TS) 4% (1) 115

F
Ts=E (1)
Aor: TS HPIHGRE, MPa; F WK 2LEt i Khi fy,
N; S HRFERBE A, mm?,
R Hh 0 5 7 e 5 B s 5 R R 7 1 4 S

0

K. E AWK R, %; L MWt K hr
YRS i, em; Lo MIESKAXTIEE , cm,
1.3.3 &4k rn R

2 E e . 72BN R RS
BEBLIESRE 3 DA, W IfFidsk L (SRR ). a*
(Zrfa/skta ), b* (/A ) EM AE H (B6
) P,
1.3.4 #HadZnz

i F2 M3 Y66 BETTHE 600 nm A 5 T K 1Y)
WSERE , I 18 ZHAO ZE2N i 7wk 5 Y A 3 B
B B IR R 30 mmx10 mm /NEs, RIGE
B AN0 1o Y 5- 302 B e o R L DA [ ) S ol R N || R 5 S|
AN, ARIEAL (3) R AEHE (au/mm):

g - 20 (3)

:—th:' Agoo j?ﬂj%if 600 nm ﬂ‘%u&ﬁ[ﬁﬁ, au.; d jﬂﬂ%
FYJEEE, mm,
1.3.5 KRAARFZT RN E

I 5 AT 5 K AR AR R E 75% 1) ¥R 5% T SF i
2 h, BRJEK T A % B B 281K (100%RH,
20 °CIKZESJES 2.337 % 10° Pa ) BYUBEIEARTFAS . 4R
Ja B BE AR 20 CHY TS (1.5%RH, KFES
JE )14 28.044 Pa) H, TETHRIEH A TRER
B% 8 h iR BB AR A AR L, HpEE 3 dPY, KEAR
#EiFH (WVP, gm/(m*s-Pa)) #%: (4) 5.
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AL AR 558 A A ST P SE ae RE E 114) 7K J fik £ T
o K29 10 pL 7K I 2B TAT , 88 3 4 ik A U
TSI B A B
1.3.7 FTIR #X

WE A B — L EARIMFAIN Zein/CS THALAY
FTIR $% & . MK 20 mm*x20 mm K/, BT
T AR R B T R RS TP 48 ho SR ATR %,
LA AN &2 A B0 B R A4 T 7B, or B
N4em, FRKECH 32 Ws, WAL 4000~
400 cm "B,
1.3.8 DSC i

$F 1.5 mg WEERE SN 25 °Chi#Z 350 °C, T+
JHHE R 10 °C/min, ESUH A 20 mL/minl*¥,
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1.3.9 SEM Ml

FHAT BT BAEETE 5 KV s R R s
AR . R AR
1.3.10 #Birqe L3

G L1 P53 9R {5 T Zein/CS/Cur 1.0,
Zein/CS/Cur 3.0 Wi Cur BB ZE . BARKAL 3§
H: ¥ 1.0 g HERESIR A 200 mL ARFLECH 10%
B CBEKIER T, R 37 °C. FEAS[R] A [ [a] b&
TP HE 38t A VT S B R 4 Sy A ) AR A A B R
S A3 G RE T 28 W W AE 428 nm 2L RO RS,
FEARIEWOEE (aw. ) 55 Cur iAW E (mg/L) BFs
HEM £ 7 18 . 1=0.0893x—0.0277 ( R*=0.9992 ) 74 %]
A BRI Cur WA, IFHA (5) iR R
BUBHCR . LA, K2 AR 0 (4 °C, 12000 r/min,
1h) DIAEEIEE R Cur fAZR Cur MR . @it 48
AN IEE TN E B WAE 428 nm AL RETS
B FIEW T iEE A Cur Btk , JFRA (6) A H
230% (EE ),

n—1

Zin+an0

%*ﬂﬁﬁﬁl%/%:lﬁ/]—xloo (5)
0

Ao VORHREIRTR, L Vo MR i w0 iR AR R,
L; n #li ZHWOREREL, i=n-1;5 p Fp, 5351k i A
n WHURE JG VS Cur BRI, mg/L; My AT
A Cur s, mg.

MCurii & — i 5 Cur i &

o/ _—
EE/% = S Carii b x100  (6)

AN, HHES . —9L. Higuchi Ml Peppas i
RSB T AR S b Cur ORI, DI T
fif RECHIL] o ASERLADLAAE BE i i R R 1EA o
1.3.11 AR X

I 1,1- A2 JERE [ i B ( DPPH) VE BR
SCEGPFAN WA P AL TR o 2 20 mg S BRE
RUAE 10 mL /K SEE, IFAE 25 °CTF BAmE i
B 24 h Bf)E ,F 1 mL #BEAREUA W S 4 mL DPPH-
LEEVRW ( DPPH W E R 0.1 mmol/L) RA. %RJa,
VIR BRI 2R S AR AEE RS AL 7 30 min, FH %€
SN G EETETE 517 nm AW S VA R I W O BE
DPPH HERRF LA (7) 5

. —A
DPPHIERRZE /% = AOAO %100 (7)

Kb Ao |l (K) OGRS, au; 4 HEE
BB, au..
14 HELIE

FIr A SE g AT 3 CPAT, ] SPSS17.0 X4t
PEATALBR, i F SPSS H1AY Duncan 0817 7 22 504
MZH L, P<0.05 Bf2=RMER 2, JHEH Origin
2019 fEK .

2 RS

2.1 BERAFHEEES
P — R A RN Zein/CS VoS BE 1Y 5200
FLIJ%%IO

F 1 AR A TN Zein/CS WhRIRE L 1) 5 1)
Table 1 Effects of single and composite additives on thickness of Zein/CS films

ZC-0 ZC-0.5

ZC-1.0

ZC-1.5 7C-2.0 7C-G ZC-P

- 349 JEL i /mm 0.079+0.004%  0.085+0.007¢

0.093+0.008°

0.103+£0.006°  0.112+0.009°  0.105+0.002%°  0.102+0.002°

T a~d AR FEERR 2 SR FE (P<0.05), T

FH 1 AT RIS N A I 1) ZC-0 B,
AN A T R R . BEE = A IR
inae B TR RS JE B W FOS I, #E 0.085~0.112 mm
Z ), X AT RE S I S A R . R
TN — TR ARG ZC-G. ZC-P ()R 5 I AH [
HEASHRMAIN 2zC-1.5 LR FEWHEES (P>0.05),

For A5 355 2R e 5 2 JE A R 1 T A S A
PEFEAR ., B— R GIINFIXT Zein/CS I FLfHi5R
JEE R 2R AR, L 1

FH 1 AL, RIS S A ZC-0 B 14
Bk, HABEMHARGEREE (9.90 MPa), {HFZ{Hh
K (1.62% ) fk, X REREH T4 Zein/CS B &
JEE EL A Ao 1 SRV E RS = i 4 . TR R B
FOMARGEINAG, ERINE <1.0%8, 24585

(1) 12 AR 5 AR M Z A M FI AL, X A e
R AR 2 A O &, (A5 B I 35 A 75 31
SRR AL . M E AW NG s B 1.5%
(ZC-1.5), W EAT RIFAY 124 TERE, X UEH 70
e 2 A A 1 2E R RERY & & ds ) it
IKF 2.0%0, R B BN B AR, X AT
AEE R TE ARl sy, (5 A 2 2 Fn
Pt E R M E AT INFA T 2.0%
W, WA RULMEREAS 2, MELUH T LR

FH & 1 AT, Zein/CS AR LA BE bl 25 52 5 I
Pl B SR | ol A o = O R WA S
ZC-0.5 P i K, o 11.762 MPa; 48l
RV R 2.0% ), 52 A B Fr s B s b 7o
ZC-0.5 R PP L, mIgee i bamE A
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AR AW R, BERSHT B Zein 55 CS Z[H]
TR £ i 2V DY, SRS AR AR, AT
TR PLARGREE o (H S G U A 2.0%
B, TR SR BE PR g, X AT RER A D i Y
ARG R i S Ok, AR CS 5 Zein Z W
WG, T TR

14

EmRERE A 180

12 —b 2 b—%%%ﬁﬂﬁ% 170

C I

glo LT ) 160
8L {50 B
i C N
o 140 &
e 6L &=
£ 130 &
&4l =

20

27 10

olLLE L L 0
7ZC-0 ZC-0.5 ZC-1.0 ZC-1.5 ZC-2.0 ZC-G ZC-P
WA R

a~f Ml A~E R FHRFRR 2R B E (P<0.05), TH
BlL o B— R AR IR Zein/CS AR 56 FE 1 54
(RN
Fig. 1 Effects of single and composite additives on tensile
strength and elongation at break of Zein/CS films

HE 1 BT E W, M2 AR LT
1.5%HT, BRI R LR R AR S, RGN
BABIGREA Y M2 GBRINRR NS =1.5%)5,
FEA W R I i 5 . X5 KHAZAEIA 4507
g R —8, FERRME GumRameE T,
R T 2R K R A LA K, HEEAWINF AR —
FE TR, BRI T SR A S8 2 A U n 2 ) 38 i
fe, R R U B R R R, X TREE T
Zein/CS FEF A —E & PEG 400 1R, PEG 400
SRS Zein, CS ZETER T H0EA
M, PHAS T Zein 5 CS 454, BUR THEPEAME
L WA TIRORA S 5K, S5 RE IR, HIES T
Zein, CS 7T RIMESEAER, ZF R A EAER )
W, BRAR T T EEZ A EEE A E AR, BT
BEBLTERE R, [ AP UBRER B AR, Prfiigsmieol
SR, TR LA PR BE AR 5 A A B — R
T i AL AR I RE AR R — 2, B SO
T, PARSREEREAL, X ATREEE A E AR
[ LA —E W ERROR , TERL T — 2 IR )4k
i35 F M REREA B A2 8N, A —& A AR
J1, X 5T HERIT g R —5, 5 CHEN 4E1%)
BIBFFE4E AL, AT B B WLEEE) 78 A0 75 BE % (5 75
JEEH A BEREAR, Ir i e Ty, S R

ZRA IR ERETHN A USIRIE IR 1.5%1%)
ZC-1.5 B VEReBedd, Ut hrifdsE R 7.18 MPa,
Wi AR A 41.49%, S5O A U NG A4 A

t, ZC-1.5 B &P MR ERAR T 27.47%, Wizl
RRIER T 24.61%,

TRIMBA— RN 09 ZC-G AN ZC-P B i 2411
bt ZC-0 AR AT B st (R 5 U R R) 4 25 T
R ZC-1.5 BEAHLL, ZRaHREmIt, ZC-G BmHr
SREE R ZC-1.5 Y 25.03%, Wi Sug w5 T
ZC-1.5 i, J& ZC-1.5 HAY 148.50%; ZC-P BEH7
SR EE Ky ZC-1.5 FEAY 58.30%, W 24K R & Z2C-1.5
B 61.56%. SUN ZE30 g T & sa—as s (H
i, PEG 400 ) [¥) Zein/CS Wi (I Zein &5
9 50% ), HE—ESINFIE NS 45% (5T CS Al
Zein {5 ) B, US0H I A AR R R N 16.71
MPa, Wiz %K 61.77%, S PEG 400 [
PIFGEE A 19.94 MPa, Wi MK RN 63.31%, &
ST i B 1 B — S I SR TS 1 ) A PR R A T 3
B EL PEG 400 RO, X Al BESE i T
R BTN Zein FmANE, ALK F Zein B
i (71.4%, W) Zein Fif 5 Zein/CS i M H 7348 )
T, K Zein WERBEIR T #iME b A9 BB 250, M
ML A PERE T %
2.2 BREHYWVP o1

BHKPERE B MR e —, 2R
TSI Z RKE SRR R, A— KA
BBINFIXT Zein/CS I WVP B2, WLIE 2,

40
51 =
30+
25+
20
15 d od c
; ’—g—‘ ﬁ ’—x—‘ ﬂ ﬂ
Z(IJ-O ZCI-O.S ZCI-I.O ZCI-1.5 ZCI-2.0 Z(IJ-G Z(IJ-P
HRZ R
B2 BA—REAWMFIX Zein/CS MK WVP A5

Fig. 2 Effects of single and composite additives on WVP
of Zein/CS films

WVP/[x1071 g-m/(m?s-Pa)]

S W

H I 2 AT, ZC-0 Y ZC-0.5 i) WVP {H
TR EMZER (P<0.05), HFEESHEMFIGM
HW I, WVP HE EF-EH, N 2C-0.5 B
8.47x10"" g:m/(m*s-Pa) T} & ZC-2.0 LAY 1.280x
107" g:m/(m*-s-Pa), X F W & & 4 7 & 15
Zein/CS JEHBH/KPERE TR, X 0TREZA N, EA
e et s B BN AR RSB H B I, S5 A
ARG FEIG I, BT R X R R, HES T
ST AR AR A, A s bE PR, Wt
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TE PRI S TR EHES, I T KT
W AN, BEABMRCRES T, BA KM, 2R
AAEREE WVP (R X (P<0.05), Ji2#1ERER
i) ZC-1.5 A WVP (B K 1.160x107'° g-m/(m?s-Pa),
I ZC-0 R WVP (8.98x107"" g-m/(m*-s-Pa) ) T}
T 29.18%.,

5 7C-1.5 M, W —imile 2C-G
Ml ZC-P M WVP {H 2% = T & A 0 055 i
(P<0.05), BHPHHERETE 22, ZC-G WY WVP {H 2
ZC-1.5 Ry 2.95 f%, ZC-P XA WVP {H& ZC-1.5
R 2.13 . X AT RRSE T2 &N L —asn
FIXT Zein/CS #HBLZ [ AE R J1 B 5%, RS T S 3
%, DA 52 A 145 I 7] e ) oL B 1 g T £
23 BERXFEMERES T

R L BRI R —, A A
G RENSIE 1T 2 IR R I B S Y
B R A RIS Zein/CS WEESG2- HERE R 52,
R 2,

F2 R REEHEMFIXS Zein/CS WA= M RERY 52 1A
Table 2 Effects of single and composite additives on optical
properties of Zein/CS films

A R L* a* b* AE
7C-0 79.82+0.82° 10.95+0.03" 48.86+0.13° 51.36+0.35°

ZC-0.5  79.10+£0.06° 11.68+0.22" 56.27+0.40" 58.75+0.43"

ZC-1.0 79.82+0.25° 9.84+0.21° 51.924+0.31° 53.18+0.64°

ZC-1.5  80.27+0.08"  7.95+0.22" 46.26+0.14° 47.26+0.50°

ZC-2.0 78.38+0.08° 8.41x0.07° 47.83+0.32% 49.85+0.44°

ZC-G  78.99+0.10° 9.08+0.24 46.03+0.23° 48.20+0.18°

ZC-P 78.59+0.09°  9.10+0.19% 46.26+0.37° 48.42+0.39°

Zein/CS B A WX A IRIRINE A, X & Zein
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Table 3 Fitting data of Cur release obtained by different
mathematical models

AR BE Zein/CS/Cur 1.0 Zein/CS/Cur 3.0

FEH IR O=kt+n k 0.0810 0.1746
n 58.6686 46.1786
R? 0.8872 0.9493
R O=n(l-) k 0.1552 0.0467
n 67.1245 69.6528
R? 0.3117 0.5222
Higuchi  QO=kt'*+n & 1.6019 3.3694
e n 51.8282 32.1683
R? 0.9699 0.9885
Peppas O=kt" k 43.3385 23.2097
Jike n 0.0995 0.2298
R? 0.9709 0.9718
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Table 4 Clearance rate of DPPH by ZC-1.5, Zein/CS/Cur 1.0
and Zein/CS/Cur 3.0 composite films
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