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Fig.1 Experimental preparation flow chart
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REA A PERE LR 1~2.

F1 FRABBEHTESROEBAEETNFHEEE
Table 1 The physical-chemical properties and mechanical
properties of composite membrane under
different plasticizers

Rifih LES
SREE MPa  HHE /%
CS-Ca 16.86 +0.22 10.11 £0.08 4298 +5.62 30.77 +3.12
CS-Ca-G  16.88+0.31 24.97+0.11 22.13+2.51 120.50 +5.20
CS-Ca-ChCl 14.71 £0.15 26.98 +0.09 28.79 +4.32 114.37 +4.48
CS-Ca-Dy5 11.48+0.13 25.23£0.21 17.84+2.07 138.92 +15.75
CS-Ca-D,, 11.11+£0.21 25.93 £0.10 22.61 +3.42 149.84 +8.21
CS-Ca-D,5 11.05+0.22 25.65+0.08 32.93 £2.55 142.96 + 18.05
CS-Ca-D,, 11.37+0.15 26.50+0.17 28.68 +2.53 128.71 +38.15

®2 FRA CaCl, RETEARMOEBLIERET N FRE

Table 2 The physical-chemical properties and mechanical

Fedh TR 1% KA 1%

properties of composite membrane under
different CaCl, concentrations
Ffif LES
SRIE MPa R /%
CS-0Ca-D;5 13.05+0.45 29.67 +0.12 19.33 £3.05 107.2+10.50

CS-2Ca-D,5 11.05+0.22 25.65+0.08 32.93 +2.55 142.96 + 18.05
CS-4Ca-D,5 14.71 £0.15 23.60 +0.04 24.32+3.47 83.65+6.18
CS-6Ca-D,5 9.46+0.50 20.67 +£0.13 2932+ 1.84 74.76 +5.69
CS-8Ca-D,5 10.28 £0.25 20.61 +0.24 22.09 £5.01 70.55+13.24
CS-Ca-D,5 11.05+0.22 25.65+0.08 32.93 £2.55 142.96 + 18.05
CS-Ca-D,, 11.37+0.15 26.50+0.17 28.68 +2.53 128.71 +38.15
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Fig. 2 The influences of DES and Ca’* on the chemical structure of chitosan-based composite membranes

- 42 —



D] FEM, F
BB/ RIS Fo IR AR IR I RE RY B R AR EE I

W —OH/—NH, i) i 45 4i sl i ( {2 F 3429 cm™
BT ) FI—NH, 935 4R shig (f2F 1590 cm™ BT )
) T R L AP A et S B R S R . XK 2a HETT AL
MG % B, 4 DES Bt oh 1.5:1.0 A i B HE A f /D
(1.19) , HEAFALT 3300 cm™" FFFIT A 25 S .1 1%
BE R

M 20 7] DL H, 24 Ca™ T 2 BN 0% 1
JNZE 8% i, —NH, F [ X% 17 1) FRAF 16 % BE M 1607
em” B 1591 cm™ 4b, HFERFLAFAENE (3400 cm™)
AR TE, XL LT Ca®t B T R & R A Bk
F A AT LRI, CaCl, X 78 B 2] 7 Be v S A
L I To R gE A ERE . IEAh, BEE Ca™
e BE RO AN, 7E 712, 876, 1425 cm™ [if i PR T
CO; HREhMFRIENE, FIARIF Ca® WM, oT
RETE L T RRERARLTE
3.3 HAMEEIMEILHT

Bl 3 J& &2 A EAE R WL (400~800 nm ) 4L 4)

100
80t
S —
3 6ot
g T
2 = CS-Cas
Z 40 / ~ T e CsCaGs
B / -A— (CS-Ca-ChCl;
—-v— CS-Ca-DUS;
20} ~— CS-Ca-D, ;
i CS-Ca-D, 5
~o- CS-Ca-D, .
1

0 1 1 1 1 1
200 300 400 500 600 700 800
wavelength/nm

a) AN[EIE TR LT A2 A AR E

J (200~400 nm ) JE N AT B G RZ. HE 3a
AL, Bk I A G R i O R E A BT T
F%. &4 DES [%# i 7 200~400 nm 4k 1) 75 Ot %
B EREAR, BB IL AT DUTE B S ke i e S5 A
IR, LIRS —Fh R 475, AR,
CS-2Ca-D, s & A R RSN RE T I, X VT B2
[K >4 DES f71 B A X i i 3 K 24007 F 52 4B [l
P, R T LA 3 ek R A i K S TR R ARt B rR A
3b AL, 3 SR JR e E o R Rl PR 4
XICERAT FEMAE R, Al RE . 2 A LR
Br A PRI
3.4 iR B B R R

VRO EE R AR R M L S e R il , B
JL— R 5T 0 5 4TRSS, DT A 1) A R AR B e A
(R E I R DR I Rl S VR B AR ) S e R
. oML, XERTRBEEEFIA CaCl, ¥ E T (158 AL
WA TR, S5 R 4 PR

100
80
-
3 60f
S
g
£
g 4or —m— CS-0Ca-D, ;
—e— CS2Ca-D, ;
2 —a— CS-4Ca-D, ;
—v— CS-6Ca-D, ;
—o— CS-8Ca-D .

0 1 1 1 1 L 1
200 300 400 500 600 700 800
wavelength/nm

b) AK[A] CaCl, ¥ BE T 2 A B iEER

3 DESHCa" MERBESAEELFENHR I

Fig.3 The influences of DES and Ca’* on the transmittance of chitosan-based composite membranes
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Fig. 4 The influences of DES and Ca’* on the viscosity of chitosan-based composite membranes
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Table 3 Effects of membrane coating preservation and

CK group on strawberry hardness, TSS, and
weight loss rate

ﬁﬁz ghEE REREN TSS/% ﬁfim
. R 10.73£0.50  820+020  2.18+0.10
CcK 930+0.10 820+0.10  2.72+0.05

) {78 9.04+0.10 7.81+030 3.28=0.10
CK 812£020 756025 4.97£0.15

{f8f  7.40£0.10 7.73£0.15  4.28x0.20

’ CK 660020 7.43+020  6.65=0.25
{78 690£020 7.65+025 521x0.15

* CK 452+005 720£0.15 8.08+0.25
s Pt 534+0.10  7.56+0.10  6.09+0.10
CK 432005 7.04+020 9.20=0.10

4K ERDN
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Fig. 5 Effects of membrane coating preservation and blank control group on the apparent color of strawberries
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Regulation of Properties and Fresh-Keeping Application of Chitosan

Films via Green Plasticization/Crosslinking

GUO Luzhen, SHI Pu, WANG Xiaonan, DENG Jinming, XIA Shuang, ZHANG Dan

( School of Packaging Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Chitosan-based films exhibit green and biodegradable advantages in food preservation, but the

brittleness and single function limit their practical applications. A multifunctional chitosan composite film and coating

system was constructed using a deep eutectic solvent (DES) composed of glycerol and choline chloride as a plasticizer

and CaCl, as a crosslinker. It was found that when the molar ratio of glycerol to choline chloride was 1.5:1.0 and the

Ca’" concentration was 2%, the fracture elongation of the composite film reached 142.96%, and its light-shielding

ability was significantly enhanced. Through immersion coating for preservation performance testing, the results

showed that the coating treatment could effectively inhibit the weight loss of strawberries. By the 5th day of storage,

the hardness and soluble solids maintained at a better level, and the time of mold spot formation was delayed by

2 days. Ca”* formed a crosslinked network by coordinating with chitosan amino groups, synergistically enhancing

film toughness with the hydrogen bonding effect of DES. Meanwhile, it activated the calcium/calmodulin-dependent

protein kinase (CaM) signaling pathway in fruits, maintaining cell wall integrity. The rational design of chitosan films

provides theoretical support and practical references for the development of green and efficient preservation materials.

Keywords: chitosan; calcium ion; deep eutectic solvent; coating; strawberry
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