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ABSTRACT: The work aims to improve the stability of Zein modified by Gallic Acid (GA) at the interfaces of Pickering
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emulsion, endow it with antioxidant activity, and study the preservation effects of chitosan coating film on postharvest
mangoes. The covalent compound (Zein-g-GA) of Zein and GA was prepared by alkaline treatment method. Zein-g-GA
was used as an emulsifier to prepare Cinnamon Essential Oil (CEO) Pickering emulsion, and then the emulsion and
chistosan solution were compounded and coated on the mango surface to study the effect of the composite film on the
physiological and biochemical indicators of postharvest mangoes during room temperature storage and evaluate the
preservation effect of the composite film. The particle size of CEO Pickering emulsion prepared with Zein-g-GA covalent
as an emulsifier was uniform, about 3.618 um. The chitosan/Zein-based Pickering emulsion coating film formed a film
with good gas barrier on the surface of mango, reduced the water loss during storage, downgraded the weight loss rate of
fruit, and prevented the drastic changes in hardness, pH and Total Soluble Solids (TSS). Meanwhile, the film inhibited the
accumulation of MAD in mango, reduced the membrane lipid oxidation damage, and enhanced the antioxidant enzyme
activity in the fruit, thereby maintaining the quality of mango during storage. The gallic acid modified Zein has the ability
to stabilize essential oil, and chitosan/Zein-based Pickering emulsion film can be utilized as a coating packaging material

to improve the preservation effects of postharvest mango and extend its shelf life. The chitosan coating film has broad

development prospects in fruit preservation.

KEY WORDS: chitosan; Zein; cinnamon essential oil; Pickering emulsion; coating film packaging
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KRR FAEMREY, ReE H 4R8Ok Bk,
FAfERRE B KM B R 2k . (B Zein B— B3
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AN R EE (EVOS XL Core ), ZEEFEEL KR
B AT Hef M AT (Lauda Scientific LSA100 ),
5 LAUDA Scientific 2> ] ; S FFIINE X ( GH10 ),
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1.3  Zein-g-GA M HEIH1 &

PG it Zein BT 28 10K, BCH B0 BE R 2% 1)
Zein SPEC, SRJEfH A NaOH %3 (1 mmol/L ) #5
Zein S HOR P pH AT 2 1.0 4R 0.4%1) GA
R WA AGE R Zein &P, TR G W pH (H
W R 1.0, fEEREE RS R 24 ho &5,
B S VA TRCE T 8~14 kDa (B HT4S BT 48 h,
PLEBRAR I GA, @ TH)5 BTG Zein-g-GA 3k
Wy o X B R AEANI I GA PTG IR T #e B8 Eak
HATR A B 154 Zein (iE4 C-Zein ).

1.4 Zein-g-GA M ¥IHIRAE
1.4.1 BEMTHELIIMEE (FTIR)

it P8 B 2L ARG TE A, IV B R R ik s
B AE 20 48563 ( Fourier Transform Infrared
Spectrometer, FTIR ), BFE SIRALETLL 12100 Y
Jor i LA B T B b e miE S O, TR ALK
BUHE R, DAS FHRAL A Xt B, S BOE T -
FEEA R 4 000~400 cm ™', AHERN 4 emt, HEH
WHCH 32 Ko
1.4.2 X§+&475F (XRD)

HE TR I B I b BB ISOR R, DG A R
AFEGHE, MBI BRRIEFRER N X S
& ( X-ray Diffraction, XRD ) {{ A7, S 805
BUAF: HHfARE N 5°~50°, HHHE RN 4°/min,
1.43 E—fif

FRIU— 2 SRR S A R T 70% £ BE /K VA W, T i A
WEESN 0.2 mg/mL BYRESL AW, SRS (0TI — 3% )
BrlliE Zein 5 GA 45 R E ARSI, S50k
AR . N 190~260 nm, SR 10 mm,
WM 1 nm,

144 +2IREFGERWN-F RSB R ERB X
( SDS-PAGE )

£:7% Morais 55U 5 %6 8 FURE ST e
T T2 9 - 5 TN s T i € S FR UK ( Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis, SDS-PAGE ),
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A PRAR IR 4 1 1 RRRLGIR G, WK E 5 min,
i 10 pL EFEEHE THIk, 2R 60 V HLUK 25 IR
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AR 120V, MK AR R UK sh 200 85T il

29 1.5 em B IR HTK . ARG % S22 5 R250
XTEEC YL ta 12 h, PR FRGGETR (VKESIR . L. 7%
WRKAIRFLLE g 122 0 7) STEEIR L 12 h, FeJe il
Iz A2 K AR 22 G806 8 A 40 BT o 2R
AR X 43 & 25 P S bR vfE i ( 10~180 kDa ) PEAl A
s PR AFDR 20 F i
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RSB Pickering FLIRAK R, FAX R FENG H1E
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G T 5T 3 min, 3F B4 TR S 30 min,
DI B 67 48 P HE A Wil Pickering FLIR S SOMHE PRI
e W U e ¥ TR R 7E 45 °CF T4 12 h )5,
BRSNS 25 °C HIXHRIE R 50%M9 N TS 546
sk 5y 48 h, LAiAT & —2 MK % Rk gk AR ik
TR I Pickering FLIR 176 SRMEIE M LR 540 3 A
%4 CZ0, CZ5, CZ7.5. CZ10 1 CZ15,
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4R AR B SR AE
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VSR 3 min, HUH HARIET . Sk EERS I Pickering
AT TG YER A (CZ ). B AT R
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S EBTYIHLTE 5 000 r/min FYHEE TR 3 min, #E
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1.7.4 WEMERY (TSS)
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687 SR 5 IO R 300 5 S0 R 1 SR U 30 i) %) IO
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1.7.6 AZE (MDA) &£

A3 i SR N SR ER 2% vhii (pH {E R 7.8)
FREY), KIGWFEEAL IR , 7€ 4 °C4 T 12 000 r/min
B0 10 min, SRJFHCEEW, HEBIN [ (MDA)
A& (RIS ELR AR BRA R ) Ay S8k
M E I AR A B MDA &

1.7.7 BEUAYEILE (SOD) FH

Ba e T SR N S iR th o2 vhi (pH {EM 7.8)
FIREY), vKINWFEEALFE S , 7€ 4 °C44F 12 000 r/min
B0 10 min, SRJFEETER, 5 IGE Sk Y AL R

(SOD) kF & (MM B E AR AA R AT ) /Y
S E T SRR A R SOD T
1.7.8 TEASHE (CAT) &

Bapd T SR N S iR th 2 vhi (pH {EM 7.8)
REY), VKIS, £E 4 °CEFF 12 000 r/min
B0 10 min, ARG HL R, 2RI A AL S (CAT)
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1.8 HiEALE

K H IBM SPSS S it#k 4 22.0( SPSS Inc., USA )
Xt T SEIR AT AT oM o B DL 3 A ek 3 AL B
SLELES WS YRR EZE (SD) Foon, £ () HFilF]
—51 (17) PR R R B EE LR, FRERR
FoRnERBZE (P<0.05),

2 #R5HE

2.1 Zein-g-GA MBI RAE
211 Zein-g-GA %44 FTIR

W 1 iR, Zein 7E 3 427 .2 958 .1 632 1 1 541 cm™!
S B R, 4315 O—H Madesh . I 5L | ik
JETHE LA S BB PR B OG0 Y Zein 5 GA KA
Mas A TE, HAE3 427, 1632, 1 541 cm ' ALK
W23 55753 3 408, 1 655 cm™'. 1 535 ecm ',
DL EARRIREE MR B E R, Zein 5 GA 4y
A a5IE Zein 5L, HA e BERE T AN
T iz 04 () 28 AL T i 2 Zein 5 GA Z A HTE i C—N
TR, 7E Liu 2 A A AR S LR
F-GA St B TR E ML, kb, C-Zein
FHES T Zein, LW 3 427 em ™ #5845 3 315 em
1 541 em " ¥R 3 1 535 cm™!, XA S AT RE 0 AL
PR Zein o T-55 b 48 MR 25 P N4 AR e
S5, X5 Zhang FHFIT LS R —E
2.1.2 Zein-g-GA £%M# XRD

XRD 731 1] 73 B bRk e 1 i i) et A 45 4
FE, AT X BHZ AR f BE B SR P oS,
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14°~30° A ZARELAT ST 16, 0 GA B —MF
FFHEY B EA S BEAS I E5H . Zein WUIFE 1001 21°42
AR 2 NETERAT G, R SR AR S AT S ;
{H7E Zein-g-GA ) XRD FElEH, GA [HFFIFIEIEATH
&, T GA Ll iib S FKBEAE A Zein KEAS
e HL AL 2 A T AR Ak T S B T A TR A
HEAER T, IF GA #5748 TLE RS .
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Fig.1 FTIR spectra of Zein, C-Zein, GA and
Zein-g-GA covalent compound
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Fig.2 XRD patterns of Zein, C-Zein, GA and
Zein-g-GA covalent compound

2.1.3 Zein-g-GA £MHrE &L

NE—EHIIE Zein-g-GA I 4> T 18] YA
e, FUHE 63087 Zein 5 GA JLHE5 & i

o e ARk, WiE 3 TR, Zein Fl1 C-Zein )
ik M I AR —, FKAAL AT &AL Zein — 2
Sk B AR AL, [RIE P T 208 nm Fl 223 nm 4b
HF B B %) R AT, R R L R I RS R L o
12E R E . Zein 5 GA Z5A )5, MR 6
R LA Ak, R Zein 5 GA HMMEES 4T
A Zein “HLEMNAE L, IR o MR ESS R
B AR ) T g B AN, KB Zein LA
AT RE DL a- BRI LE Ay

1P, Zein SUPERTIE R e R
s EIEATHLA M A 8l . Hodr, Zein 19—
REEFITA 35.4% o-BRTE . 19.1%01 B-18RTE | 18.9%
() B-T6 1 LA I 26.6% A9 JC R il , 5 Sun AR 58
W Zein B RS EIEAAFE, L AEE LR
Zein B ZZEEMBSILL a-120E N 32 R, C-Zein
EEE B RS Zein 4050225, JIESERRAL BN
SR Zein A BRI AL, 5 Bk 2 M,
Zein-g-GA LM W45 Hy b o- B2 e B9 He ) T [ 2
24.6%, B-YEHEMSINZ] 28.5%, JCHLNI & EWA
JRHEN , 2B AMERHE S AR TR (4 I R T A5 R I
YER T, A G544 1m) B-UERTitE Ke TC R 4 il 45 25 49 7
fbo L& EPRk, Zein 55 GA 2> FIRIAFAE R I HH 1
ST Zein-g-GA I — R L5 AL

60 —— Zein
—— C-Zein
—— Zein-g-GA

CD/mdeg

190 200 210 220 230 240 250 260
K /nm

¥ 3 Zein, C-Zein K Zein-g-GA Ay 18 — 3% 5]
Fig.3 Circular dichroic spectra of Zein, C-Zein, and
Zein-g-GA covalent compound

£ 1 Zein. C-Zein K Zein-g-GA £ IR —REHMEE
Tab.1 Secondary structure fractions of Zein, C-Zein, and
Zein-g-GA covalent compound

B a-BRNiE/  pRIE p-Fesn/ JCHLAG
% % % %
Zein 35.4 19.1 18.9 26.6
C-Zein 35.1 20.2 18.3 26.4
Zein-g-GA  24.6 28.5 17.4 29.5
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2.1.4 Zein-g-GA M 4#1 SDS-PAGE

SDS-PAGE J&:— 75 1 5 7 s ok e 5 fe b kU1,
X LK SRR AT, ATRIZE A Zein 5 GA X
I HiFJE HARR o 7 B AR f, JEiE— 25 uE P 2
IS N 4 Fias, 3 4URE S F Ik AR O B
VL, Hor Zein Fl C-Zein BY 2470 & 34 I WL X 1],
FWBRAL BN 2 fH Zein KA KA, AT REAR AR Xt
Syl . Zein-g-GA LA P S5l i s T A 2
A, FHALFLEBEW ML Zein 522 ) & E St
Wraha, 15 Zein A F RN, Liv e 2
PR 2R i G B AL BEEE IS Zein SREEFILAAE
WETFRRER LY, HAE SDS-PAGE K&+t 7R
HAE YA A B R B4

C-Zein

Marker Zein

Zein-g-GA
180 kDa s
130 kDa
100 kDa

72kDa |

55 kDa

25kDa |

17kDa

Kl 4 Zein, C-Zein & Zein-g-GA AWK
SDS-PAGE Kl

Fig.4 SDS-PAGE patterns of Zein, C-Zein, GA and
Zein-g-GA covalent compound
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L ENTE 7N 8 1 DN 3 o I E D2 A B 1 ) N
Pickering FLIK 1) Zeta HL O {E N—42.35 mV, Al S&HF
Fifa i, Y4 Pickering FLK LA Z4EXHE>30 mV B, {H
INEH R R B 5b S Pickering FLIR G2 i
sl R, B FLBORRIE A Y A RN ERE , H5e 8%
B, 28 LATIR, Zein-g-GA FL¥n] LIVEFEE A
HERTI A, HA T e Al v

2.3 fHzi AR Pickering ZLiREBHEE
4R IR
231 EEENEKE
B A AR A I AT AT T8 S b ek

5
Particle Size=(3.618 + 0.204) pm
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{ A
1t 4 A
A A
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Kl 5 Pickering FLK I RAF

Fig.5 Characterization of Pickering emulsion
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FEAK B S s B AR B R o S PR Ry R I e SR A B
Oy FHER SR KA RUBR 5 oK & A R KR
MR ERGTN Pickering FLIRBE IR N 2 52 RBHL I,
5 F45 B A TR R 25 R I, R
CZ7.5 RIHEATHMKR , I HEJE Pickering FLIE 1 171
TR T B SO 3 2 A O 4% 2 R (R SRR AR TR
B TRERIE S, MRS T35 RS, e
B rh v R P (AR A, FES CZ15 7
IFE B T R IR R S A A B E S
(P<0.05), HELXFPBLG 0 I R AT RE A B 48 A S
i Pickering FLIR 5 SO I 1 VR M5 o 0 FL IR 25 44 %
A AL A PR VR R, DT AR S ik R i . oA
B R BB AR T (R BT KA 50% B
KIETRAL ) B AR A X B AT 3~4 54T, ]
e S F T 480 5 7 1 00 L R 0 1) 5 R R 5 o
IRIEAMSS A, IR KL AR BRI, SEHS
KAFHIGE AR L, AR,
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Fig.6 Swelling ratios of different emulsion based chitosan
active films in food simulants

232 EBEHKEMR

P& 7 SRS Ti) 57 OB A S A K 2 Ml o 722k £
JE VPP JHE R 2 0 S AP R K M A SRR b, Mk
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different coating treatments

ISR/ (mg(CO,) kg h!)

85
cz 75
65
cs 55
45
CK 35
25
0 2 4 6 8 10

TR T /d
Bl 14 7 [R] s Ak 33X 1 SR IR WG 5 JBE ) 32 Wi
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