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Characterization and pH-response release of chitosan-polyvinylpyrrolidone hydrogel

films loaded with tea polyphenols

CUI Zhuoyu, LI Yang* , FENG Xin , HU Zexi
(School of Engineering and Technology, Northeast Forestry University, Harbin 150040, China)

Abstract: In order to improve the utilization rate of active substances, chitosan-polyvinylpyrrolidone hydrogel film
loaded with tea polyphenols with pH response was prepared by selecting chitosan, polyvinylpyrrolidone as the sub-
strate, glycerin as plasticizer, glutaraldehyde as crosslinker and tea polyphenol as antioxidant. The microstructure
of the film was characterized by SEM and FTIR, and the water vapor transmittance, mechanical properties, swelling,
gel content and oxidation resistance of the film were tested, and then the release rate of tea polyphenols in hydrogel
films under different pH values was determined, the pH responsiveness was explored, and the release law of tea
polyphenols was determined by constructing a kinetic model. The results show that the interaction between the
crosslinker and chitosan forms a stable hydrogel structure, while the addition of tea polyphenols further improves
the crosslinking strength and more stable structure between the components. The addition of crosslinking agent
and tea polyphenols improves the physical and chemical properties of the film as a whole, the water vapor transmit-

tance of the hydrogel film is (0.159+0.010) g-mm/(m?*-h-kPa), the tensile strength was (40.58+2.11) MPa, the elonga-
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tion at break is 62.32%+3.50%, the swelling ratio at swelling equilibrium is 346.27%+3.16%, and the gel content is

87.94%+0.50%. Compared with traditional films, the antioxidant activity is nearly 5 times higher. The hydrogel film

loaded with tea polyphenols can effectively respond to pH changes, when the pH value is smaller, the cumulative

release rate of tea polyphenols is larger, compared with the Higuchi and Ritger-Peppas model, the release law of tea

polyphenols is consistent with the first-order kinetic model. Chitosan-polyvinylpyrrolidone hydrogel film loaded

with tea polyphenols can effectively realize the pH response release of tea polyphenols and other active substances,

and has the potential to be used in the field of food packaging.

Keywords: hydrogel film; oxidation resistance; pH response; active substance; release the kinetic model
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CS-PVP-GL

CS-PVP-GL-TP
CS— Chitosan; PVP—Polyvinylpyrrolidone; GL—Glutaraldehyde;
TP—Tea polyphenol; GC—Glycerinum

K1 CS-PVP#fi. CS-PVP-GL i#ifiif, CS-PVP-GL-TP Wil & i e
Fig.1 Preparation process of CS-PVP film, CS-PVP-GL film and
CS-PVP-GL-TP film
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Fig.2 SEM images of CS-PVP film (a), CS-PVP-GL film (b) and CS-PVP-GL-TP film (c)
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Fig.3 FTIR spectra of CS-PVP film, CS-PVP-GL film and
CS-PVP-GL-TP film

2.2 HmERNELSE
221 KESBLF

IKZE SB35 VE S VPAG RS BEL B P RE 1 — AR
EEMSE, SEMMIAEEZPAK S TBA XL,
X AR AR, B KRBT
RN TEMRA. & 4k CS-PVP #K . CS-
PVP-GL # IiX . CS-PVP-GL-TP i [l ity 7K 78 < 3% i
R AL, K B Y UK 2% B i R R A S Bk
FI i m A (0.44140.016) g-mm/(m*h-kPa) &k &
(0.251%0.007) g-mm/(m*h-kPa), 3% J& i T 52 B 5
A JG R B 5, BUERE T F 456 B,
Xof 7K A BEL B 1 i L T K 22 T ) K O R A
K %R 1 FAE M (0.159+0.010) gmm/(m*h-kPa),
X — 5 T 2 R T 2% 22 B (AR S A FH B I 4
FLBRE N, XK B IR W RE Ty B R, 8 Y K a3 D
Ay H—Jr L, REZWMIIMAJG, B K

0.50

045
0.40
035

A

0.30
0.25

Ho

0.20

HHo

0.15
0.10
0.05

Water vapor permeability/(g-mm-m>-h"'-kPa™")

CS-PVP CS-PVP-GL CS-PVP-GL-TP
a, b, c—Significant difference (p<0.05)
K4 CS-PVP #ifl, CS-PVP-GL #ilii, CS-PVP-GL-TP il
KRB
Fig.4 Water vapor permeability of CS-PVP film, CS-PVP-GL film and
CS-PVP-GL-TP film
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Fig.5 Tensile strength and elongation at break of CS-PVP film, CS-PVP-
GL film and CS-PVP-GL-TP film
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at different pH values
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Table1 Release kinetic fitting equations of TP in CS-PVP-GL-TP film at different pH values

The fitted equation pH value The expression of the fit R
3 = 8278289( e 017951) 0.99338
. o . 4 =75.18297 (1 —e 01614%) 0.99619
First-order kinetic equation
5 =58.97272(1 - e~012216r) 0.98828
6 =51.00868 (1 —e~00979%r) 0.99636
3 M, = 17.06298¢/2 +7.7254 0.94187
. . . 4 M, = 15.65142¢'/2 + 4.82808 0.95413
Higuchi equation 5 M, =12.11531¢'/2 +0.47913 0.96950
6 M, = 10.18583¢'/2-1.66637 0.98314
3 M, = 27767279362 0.96908
Ritger-Peppas equation * M, =22.52151247 096985
5 M, = 13.24582/047103 0.97085
6 = 8.74408/03971 0.98314

Notes: M,—Cumulative release rate of t; t—Release time; R*— Coefficient of determination.
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