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Effects of Tea Polyphenols on Properties and Fish Preservation Performance

of Chitosan/Cinnamaldehyde Composite Films
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(School of Food Science and Technology, State Key Laboratory of Food Science and Resources, Jiangnan University,

Wuxi 214122, China)

Abstract: The effects of various concentrations of tea polyphenols on the grass carp (Ctenopharyngodon idella)
preservation capabilities of chitosan cross-linked by Maillard reaction/alginate dialdehyde-cinnamaldehyde/chitosan-tea
polyphenol (CMR/ADA-CA/CS-TP) trilayer composite films were investigated. The cross-linked CS layer was first prepared
using the Maillard reaction. ADA-CA and CS-TP layers were then formed by layer-by-layer casting, followed by drying. With
increasing TP concentration, the film color intensified and its transmittance reduced. The tensile strength of film with a TP
mass fraction of 0.04% increased to 31.22 MPa, whereas elongation at film break point was 19.59%~22.44%. In contrast, the

barrier performances of the film against water vapor and oxygen declined. As the TP mass fraction reached 0.08%, the DPPH
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scavenging ability of the film increased to 98.12%. Compared with the control, total viable counts of Staphylococcus aureus

and Escherichia coli decreased by 56.44% and 56.29% after 24 h of culture. Furthermore, on day 8 of storage, total volatile

basic nitrogen, thiobarbituric acid-reactive substances, and total viable counts in fish wrapped with active film decreased

by 45.7%, 50.7%, and 2.33 log-CFU/g, respectively, compared with the control group. In conclusion, a TP mass fraction of

0.06% yielded the best overall performance of the film. This film additive could prolong the shelf life of fish and offers strong

potential to be used as active packaging to preserve perishable food.

Key words: tea polyphenols; chitosan multilayer films; alginate dialdehyde; cinnamaldehyde; grass carp

(Ctenopharyngodon idella) preservation

FIEME (Chitosan, CS) K R Uf Rl it ]
6511 NG X/ S RS R S PR e e X e TR A o
iSRRI AU TR KPR
GO B R EE . SR, 4l CS IR LML BELRG
TR 7 49 B R 7 S8 T A A e 5 B A 7 R 1) G o
FTE .

BT, 5ot Cnsg Bt B3R
o TREY. ZMAKGNE) N2 EEERET
EA R DLOGE 41 CS R 25 MR e FERS RE 1/
EVEMESE . Hh, 228G R KRR
b= CRIEFHFRANFRIREDE, KR AR
AW B IETETEYI B R AN B R A D TETE
& (BT NPT S s D AR 2
CRIFE NS T PR TBOE 2 55 E D .

TfF 90 32 B i 5 SRS B AR L R Tk
ARSI M E RS ALKy (BFmE
o, EAeH RV R IR B S B R
B B IO BRI S E . ARk, 4R MR
FK VPSR B DR 22 4. R ORI 1 vy 55 4 0%
N N, Xue ZUHGE T 2 Wy 5 R i BCH Bl

7SR FOK I A S L PERR . PvESsE
I APTEA I RE . AR (Cinnamaldehyde, CA)
FZEZ Wy (Tea Polyphenol, TP) 435l A& A RE AN B -
M EERS, CRHTK™ B RERFIHLRE ]
P A D AT, CA AT TP B AR E I
Me e B D REVE 1, AH AR 6 A, 2 o )i PRORE
23 HI 55 AR EFE R

T, Rkt 2 R EE, B
FEROMRHE IR A2, PISEIL R . B,
Zhang " BRSNS 4R IRIR A U T )2
FEERMERI R, TSR 7RSI AR . T TP
AL, RN E B | AR K
FEAMEE VR U oAb, TP R B o i At 1) 5
BOR, WK /N R BUGVE R B T 00 B Kt

90

AR s HORE T KSR E B B R AZBRA
FaE o MEAh, BETUHISEE 1K R J A W R &
5y 65 B b IR ORAEE RS AR U 9 2 1

AT B 5 35 B e P A A B i T 4l CS R FH
B HUBAR K PERE! . ST IR % (Alginate
Dialdehyde, ADA) 5 CS &R 1 0ol S B Al i
FE A HAE 1) 45 195 8 wt.% CANE )36 F 28 5%
RWE VTR T - WEERE / R PE (CMR/ADA-
CA/CS) =EBEABIF MLt BT, #
— B WF 7 7 TP K % CMR/ADA-CA/CS-TP fifi £
RE P 52 10 S 360 11 JHC7E AR 6 L £ A (R R BE 2GR, DA
WIR % J2 BRI ) £ B9 5 T2 JE R AU AR 2 18 &
(PR EERE RS L AR SR
1 MR5EE
1.1 FEMBRA

Ve (3.020.2) kg/ 5%, JOH T VE I IX RK
) #E 7 s CS (Mw =200 ku, DD=85%), LI % i
RUEFEAEY TRRARAF s TP 1 2,2- BORE -1-
T (DPPHY), LM AEMRE AR A A
CA (=95%), Pl W MAEMMEH AR AT L.
il R 80 MR, 4FE. mREM. 4=
BE. ABEEER. ok, S, WEMEIR. AALEE.
IR . WL, IRHEYSE . Hi. =& 28 (TCA).
2- AR E 2R (TBA) Al 1,1,3,3- P Z A A ke
%, EAERANRFARAR S0 O & B
(CMCC(B)26003). K7 A KB (ATCC25922),
FEEMBHEARAR ;. LHEE. BREE. PR
THEERE . B CFC IR PR 7R 3E . BB a7
5, HREHEMEARERAHR.

12 FENBLEL
LHS-250HC- II 18 i 15 % % . DHG-9070A
o T4 GHP-9050 Pk 57546, bHilg—



MK BERBHL

Modern Food Science and Technology

2024, Vol.40, No.7

JEAY 2T BR A 7] s RCD-1A o B 5 FLALHL, 8N
FCHT A % 3% 4 PR 22 ] 5 JIUPIN-1200E 8 75 31 43 %
ML, T8 AFAER A R A F ; DF-101S £ 84 UE R
INAHE 1R, BRI R A PR A A5
Alpha 1-2 LD plus % /5§41, 4 [ Marin Christ A 7] ;
UltraScan Pro1166 =i 5% 70 Y6l 4%, 5% [ Hunterlab
A F]; UV-1800 840G T, HA Shimadzu A #];
P64 W2 e M ik 1, B =& A\l TA-XT plus ¥
IPHAX, BEE SMS /AT s JC-1086A 4 H hilEbr 20t
6 WARBOUERAIR AT G154TW L H BT
ARKFA, Bl (JEID A ER AR Stab MINI
N EAHIR ARG E A, DR AR A R A
] SW-CJ-1FD i TAE G, M LREARFIRAH;
4K15 = Id A R B0 AL, 5 [E Sigma A 75 FiveEasy
pH it, it Mettler 22 7] ; K9840 2} H Zhdl A & &AL
W AR RER A A PR A A

1.3 R %

13.1 ZBA ARG &

¥ CS L 1% (m/V) T 1% (VIV) LR
W, FEHIN30% (m/m CS THE) MH M, T=iR
N LA 300 r/min 345 HE 4 b, B HL 150 mL {8\
ANEW AR (NN 26 cmx19 cm), TEIR
TEVRAR LA 25 C 50% AR E (Relative Humidity,
RH) 36 h, BEATEEK. HILHET
110 CHIBX A AT 24 he BIEREE T 25 C.
50% RH T “Ffff 48 h, RIf4 %] CMR Z. 4 CA
iR 80 #% IR 1:2 i E LIRS 2 min, 1% 8% (V/V)
TN ZE408 7K J5 LA 300 r/min $iEFE 10 min. 223 5 #.
HLLL 15 000 r/min 2 &% 10 min, #8725 HLHL LA
350 W75 20 min J5, BP79E] 8% PIEEREY K FLIK

=3

KL (TP) FEHHE (CS)
ny
CMRE ADA-CAJZ

(Cinnamaldehyde Nanoemulsion, CANE). 2% Park
SR TTH 4% IFL B 4 mg/mL ADA W, 1% 3:1
EAEL S CANE A, BL 300 r/min $ii# 1 h 50
A 30% (m/m ADA T #) H il IE4i+# 30 min. &
I 75 mL FIREUBSRIE N )=, T 25 ‘CHT 50% RH
T 12h 515 3] ADA-CA . & 05% (m/V)
CS R IR0 0.02%- 004%- 0.06% A1 0.08%
(m/m) 1] TP, & 150 mL 18 & W 4k B2 286 1F N
FZJEIE T 24 he JE, B FTA PR,
43l 44 0.00% TP fE.0.02% TP fi.0.04% TP fi5
0.06 % TP JEEF1 0.08 % TP fiK, “F-f7 48 h 5 &1k,
132 Ae

o FA bR o B L BRORS A v kS B2 4 e A, TRAE
BT AR S S H Lva F b BT A (D

F(2) THEEER) S % (Total Color Difference,
AE) FIEE$E% (Whiteness Index, WD

AE=[(L'-L)*+ (d"~a)*+ (b'~b)* (1
B=100-[(100-L) *+ &’+b’ 2)
E

AE——BIE & & £,
B—— ey & AR (WD), %;
L'—— Ak ame A EE, 96.37;
d——HEAmNLLEE, —027;
b——HEamEEE, 035;
L—— e
a——BIEA s,
b——Ee R &,

133 #A%

Bl (1.0 emx5.0 cm) B E AL, %
FHE AN e 6 BE VLR 200~700 nim T B P 5o BEdE A 7414 .

.
B
CK PE CS AF

CS-TPZ FAE

B 1 A REARHELE
Fig.1 The technical route of this study

91



MR B SERBHY Modern Food Science and Technology 2024, Vol.40, No.7
ENE > M 2k my—m
134 Ej—fifﬂ‘#ﬂffﬁ%ﬁﬂb ‘ 0- O 100% 7
FI R hE et (0.001 mm) BEALINE R L Mo
AMLE, HHFITE. KB (60 mmx10 mm) Sk

& TWVES B A EWI96 = 2 D 40 mm (1) 79 > ke g
], KH 0.5 mm/s B FENNR. RIEA (3D A
(4) THE R 5 (Tensile Strength, TS) KT Z
£#* (Elongation at Break, EB).

F
=5 (3)
Xt
C—— 834232 (TS), MPa;
F——# e A 23R R4 h, N;
S—— AR DA, mm’,
L-L,
D= I 4
BN

D—— e Ak FE (EB), %;
Ly— — kAt644n46 B 3E, mm ;
L—— 5w Zlat L AHe9 HI9E, mm.

135 KEAFRAALTE

Iy HIFREL 25 g BER (0% RH) A1 3.0 g it 557
G JEEHky - S 3R = 0.5 2:1.5 g1.0g) T
50 mL SZAEOE T, HIREE S B T3 24 mK
(100% RH) HJF#dsh, & 24 h P, ELE 7 do
K 7% i1t % (Water Vapor Permeability, WVP) #lI
HAIEILZE (Oxygen Permeability, OP) 115 514
WA (HPF (6)P,

AmXxe
G= x100 (5)
t<XAXAP
Amxe
H= x100 (6)
x4

Kb
G—— B KERAETE (WVP), g/(m'sPa);
H——# B aAiEEE (OP), g/(ms);
Am——%034E, ¢;
e—— BB R E, m;
1—— I E T, s
A——RFE TRy B AEBGEEBR, m’;
AP—— B ER MG KA AR £, Pa.
13.6 Kbt E
MERE R EEET 105 CHAEFTE2EE,
IR E. K& & (Water Content, WC) [+ 5
WA (7

92

O——EEHKN»EE (WC), %;

my—— G R E, mg;

m—— B RARE, mg.
13.7 WAL

FREL 50 g W MEFE T & 0B N, M 4.0 mL
0.1 mmol/L DPPH ¢=50% CE## K, #EEALHE 30 min,
ATEK O E, A EEARAXAE 517 nm A WL
J6iE 4,. DPPH H HETEFRRRHE AN (8) -

Ay4,

§= x100% (8)

0
EWE
S——7BJE4 DPPH A B A ARE, %;
Ay— — 3 BB ;
A —— AR B

138 7%

50 mg [ EREE T 25 mL & A 10° CFU/mL 4
T B R AR R A IRE B =R, IR
NIERIRZ I FRFE T, DRGE A 200 r/min, 1
FRIRE R 30 CHEFF 24 ho B0 3 h HUH 0.5 mL #£ 5,
FH PR T B0 VRN RS 5 B S . AN I )
B IR R ZE F AERAE A R4 .

139 # & RHFmae

fioF 7 B R R BRI SRR, R P
MG WK S, T 20 min J5IE2 B E . K
A (4 cmx3 cmx4 cm) L A . A5 (CK
O, mlk PE fREFIREAEE (PE 4. 1% (m/V) 7
FEHEFEAE (CS41). C110/ADA-CA/CS-0.06% TP
mHEAE (AF4D, 2 JEET 4 CikFd,
2d BUFFE £ 5 8 RIFMIR.

1.3.10 pH{&

FREL 2.5 g IRF P, 0 10 mL 9 4 C 14
EBETK, 3 HAEUKHE T EL 10 000 r/min #4551 min
HI#E 20 min, 7E 8 000 g 4 C R0 10 min,
5E IE T pH E.

1.3.11 F#

b (1.5 emx1.5 cmx1.5 cm) B Y047
R &, B PS PR AR L EE T
BN SER 5, LL 2 mm/s [T 3.0 g 1977
E4ifa N, BHEHLKRE 30% B,



MK BERBHL

Modern Food Science and Technology

2024, Vol.40, No.7

1312 #R M HERR

FREX 2.0 g VIFF N, 2% [H bk GB 5009.228-
2016 P4 e B L H B 3 gl 20E F A E
(1) e 7 1 #h & & (Total Volatile Basic Nitrogen,
TVB-N), H.£7 mg/100 g F£ .
13.13 AR EZRA

FREC2.0 g UIFFF A, @10 10 mL (9 4 C T4
1 10% (m/V) TCA % ¥, & &J5 LA 10 000 r/min
PIFE 1 min, ZJ5F 8000g. 4 C K& 10 min.
WA 5 mL B3GR T ELE S, A 0.02 mol/L TBA
W5 mL, 95 CZMF N M 20 min, FHEAH)E
7E 532 nm B0 2 WG H . @ 1,1,3,3-P0 24 3
P JGE A 7 B 26 1T B AR 2 LU 2 B2 {H (Thiobarbituric
Acid-reactive Substances, TBARS) Jf 3% /7~ &N mg A
TS kg FEALEY
13.14 #AD

PR 5.0 g AT I 3 48, RN K B A
HER/K 45 mL J5%E, 147 2 min 5 RICR GRIE
SERERE 10 £, 3 3 ANAIE IR RS BRI A T AT
TR B e (B CRC g 3 14 1% 77 S AN 2k 2
feseadt b, ZJEET 30 CHFRMT, 3d 0 H%
MEL BURBEE . 7 HS B RN log CFU/g.
13.15 SBRHELE L5040

JELRE S HUBE RE AL s A A R A 6 IRBL L,
HAR R E S 3k, diRKRA CPIHME £ bRk

w27, {# ] SPSS 19.0 #4777 Z 73 # (ANOVA),
#id Duncan Z HE LLEE B EEE R (P<0.05).

2 FER58

2.1 BE

WP EE . BEMEEENE 1. AR TP
(TR AT B /N ab A AE B, A B ORHT L AT WI{H .
bE 5 TP i & 4> 20t &= & 0.08%, a. b #l AE {5 73
AR T = 2 9.81. 75.67 A1 84.79 (P<<0.05), IX
UL TP [ th o P RO E R B (e A8 21, 23 H
o 2 BT R A L AN WA 5 51 32 5 PRI
% 61.68 Al 14.61% (P<<0.05), X ARt S5yl
WxF 6 I RN A 5 . T et o T v b R
iz Z o niR K.

22 HARHHAN

——0.00% TP
80  —0.02%TP
——0.04% TP
o 60F  ——006%TP
= ——0.08% TP
40
EL]
%
20
0
200 300 400 500 600 700
WA/ nm
2 A UV-vis it

Fig.2 UV-vis spectra of the films
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Table 1 Color, color change, and whiteness index of the films

JE L a b AE WI/%
0.00% TP 85.69 +0.65" —5.21+0.07° 3933+£0.41°  41.74+0.28° 57.82 £0.28°
0.02% TP 72.34 £3.59 4.03£0.69° 43.00+ 123" 50.65 +2.66" 48.66 +2.70°
0.04% TP 70.08 +1.50" 5.36 +0.83° 5779 +1.33° 6471+ 1.36° 34.69 +1.37°
0.06% TP 67.14 *3.56° 7.88 +0.83 65.70+2.87°  73.36+221° 26.05+2.21°
0.08% TP 61.68 +0.38° 9.81 +0.33" 75.67£0.87° 8479 £0.98° 14.61 +0.98"

E AR YL REET FEEATEFMER (P<0.05). FTAFR.
xR2 ERERE. HMEAEFNREFR AL

Table 2 Thickness, mechanical, and resistance properties of the films

i3 T/mm TS/MPa EB/% WVP/[107" g/(m-s-Pa)]  OP/[107 g/(m's)]
0.00% TP  0.15+0.01° 24.61+1.12° 2221=+0.14" 1.59 +0.39" 334+1.7'
0.02% TP  0.19+0.04° 26.41+0.85 22.24+0.19" 2.36 £0.61° 4.88+£2.52°
0.04% TP  0.15+0.03" 3122+197" 22.44+031° 2.60 +1.38" 5.01 +1.53°
0.06% TP 0.15+0.02" 24.60+2.06° 21.16*0.95" 3.54+0.89" 5.63+2.57
0.08% TP  0.15+0.01° 19.25+0.03° 19.59 282" 433 +1.78° 8.11+2.12°
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Fig.4 Antioxidant activity of the films
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Fig.5 Antimicrobial activity of the films
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Fig.7 Effect of different treatments on the pH value of
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Fig.8 Effect of different treatments on hardness of fish fillets
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