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Preparation and Properties of Vanillin/Poly(Vinyl Alcohol)/k-carrageenan
Cross-linked Films

WANG Xiu-chao, LIU Bao-dong, ZHANG Shuai, GUO Chuan-yan, GUO Hong—ge*

(Faculty of Light Industry, Qilu University of Technology, Jinan 250353, China)

ABSTRACT: The work aims to improve the water resistance of polyvinyl alcohol films in a safe and non-toxic manner
and blend the k-carrageenan materials from marine plant with polyvinyl alcohol to partially replace petroleum-based ma-
terials as a new packaging material. Firstly, poly(vinyl alcohol) was used as the base material to determine the blended
film formulation with optimal mechanical properties by blending k-carrageenan with different mass fractions of
poly(vinyl alcohol) (2.5%, 5%, 7.5%, 10%, and 12.5%). Then, the vanillin/polyvinyl alcohol/x-carrageenan films were
prepared based on the optimal blending formulation after added with different mass fractions of (12.5%, 25%, and 37.5%)
vanillin as a cross-linking agent under acidic conditions at pH=2. The chemical structures of the films were investi-
gated by Fourier Transform Infrared Spectroscopy (FTIR) and X-ray Diffraction (XRD), the microscopic morphologies of

the films were characterized by Scanning Electron Microscopy (SEM), the mechanical properties of the films were eva-
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luated based on Tensile Strength (TS) and Elongation at Break (EB), the water resistance of the films was characterized by
the hygroscopicity test, Water Vapor Permeation Coefficient (WVP), and Water Contact Angle, and the antimicrobial
properties of the films were characterized by the agar disc diffusion test. FTIR spectroscopy showed hydroxyaldol con-
densation among the aldehyde group of vanillin and the alcohol hydroxyl group of polyvinyl alcohol and k-carrageenan,
proving that cross-linking reaction occurred. When the mass fraction of polyvinyl alcohol was 4%, k-carrageenan and va-
nillin were 7.5% and 25% of the mass of polyvinyl alcohol, respectively, the tensile strength of the blended film reached
44.02 MPa. Compared with the pure poly(vinyl alcohol) film, the moisture adsorption (100% RH) and water vapor trans-
mission coefficient were improved by 17.91% and 15.18%, respectively. Antimicrobial circle experiments showed that the
addition of vanillin improved the antimicrobial properties of the blended films. In summary, the addition of vanillin im-
proves the water resistance, mechanical properties and antimicrobial properties of the polyvinyl alcohol/

k-carrageenan blended films, overcoming the drawbacks of poor water resistance of polyvinyl alcohol films and expand-

ing their applications.

KEY WORDS: polyvinyl alcohol; k-carrageenan; vanillin; cross-linking; water resistance
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Fig.6 X-ray diffraction patterns
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Fig.8 Water contact angle of films



c42 fl % T O

2023 4E 12 A

2.6 Van/PVA/KC ZEXBRRIFLE T BE 73 17

[ 9 M4l PVA i PVA/KC LR MR PVA/KC
A I T 1 00 B B B0 245 2 . 4l PVA IS PVA/KC
LRI %A W BT R, PRI T Van, CA
) PVA/KC ZCBRHERR o B S i P e, uERA T
Van/PVA/KC AZBR BB A PUEFRE . X2 Van 1)
TR 3o AT A R R RS I P B P 07 A L ik I H
o, T R ARUHY O R T, R S A Y L FEL AT 1l IR
LTSI (—NH,', 407088 R 2L ) ol 40 1 il
REEEE (—SH ) 55 & A EAZ IR, i 20 1) 2%
EEHGES, SRR RS EN, XA EMENH
AIBTS CA B RE AT LA A2 6 S 1o B2 (AL AR R 2R 5
] LI TF Van/PVA/KC 22 BR IR T B T AERH

b E.coli
B9 RS A4 T BT R

Fig.9 Images of inhibitory circles of films

T A A A B R T A T B A B
PVA/KC Tit 7K€, FTIR 5 XRD ZF#HriFS T PVA.
KC 5 Van [0 DA 2FAE I XA T34 4%, TE U SC B 2544 5
PVA 455 T FERSCIE IS AE T HA 1 L
3O LLA AR PVA K. SEM &R

Van/PVA/KC ZHR I W7 i 60 . 2580, 24
KC i+l 7.5% . Van @& KN 25%0f,
Van/PVA/KC A2 5K i 7~ H 5 & i e v o 5 LA R %
RA B2 R HR R B 44.02 MPa, WiZ4
K ZHh 178.9%, Van/PVA/KC A8 5 (1 MRk | 7K
RSB RE R FEAKESMC T4 PVA i,
B K PEREAS BRI, BARE > Van 25 T 8Bk
N, HIFESH Van {ff Van/PVA/KC AZBRIEZHLH B
HPTEMERE. 25 EAFR, KC 5 Van UIMA LSS T
PVA T EAE M T 5 Dy Re e, wIE N —Fh
AR T 2K A R B R 1

S 3k

[1] SATTI S M, SHAH A A. Polyester-Based Biodegradable
Plastics: an Approach Towards Sustainable Develop-
ment[J]. Lett Appl Microbiol, 2020, 70(6): 413-430.

[2] SANCHEZ C. Fungal Potential for the Degradation of
Petroleum-Based Polymers: An Overview of Macro- and
Microplastics Biodegradation[J].
vances, 2020, 40: 107501.

[3] CHEN W, DING J, YAN X, et al. Plasticization of Cot-
tonseed Protein/Polyvinyl Alcohol Blend Films[J]. Po-
lymers 2019, 11(12): 2096.

[4] GAUTAM L, WARKAR S G, AHMAD ST, et al. A Re-
view on Carboxylic Acid Cross-Linked Polyvinyl Al-

Biotechnology Ad-

cohol: Properties and Applications[J]. Polymer Engi-
neering & Science, 2021, 62(2): 225-246.

[5] ASADPOUR S, RAEISI VANANI A, KOORAVAND M,
et al. A Review on Zinc Oxide/Poly(Vinyl Alcohol)
Nanocomposites: Synthesis, Characterization and Ap-
plications[J]. J Cleaner Prod, 2022, 362: 132297.

[6] KUMAR A, RYPAROVa P, HOSSEINPOURPIA R, et
al. Hydrophobicity and Resistance Against Microorgan-
isms of Heat and Chemically Crosslinked Poly(Vinyl
Alcohol) Nanofibrous Membranes[J]. Chem Eng J,
2019, 360: 788-796.

[71 GAO H, YANG H. Characteristics of Poly(Vinyl Alco-
hol) Films Crosslinked by Cinnamaldehyde with Im-
proved Transparency and Water Resistance[J]. J Appl
Polym Sci, 2017, 134:37-38.

[8] FIRDAYANTI L, YANTI R, RAHAYU E S, et al. Car-
rageenan Extraction from Red Seaweed (Kappaphycop-
sis Cottonii) Using the Bead Mill Method[J]. Algal Res,
2023, 69: 102906.

[91 SEDAYU B B, CRAN M J, BIGGER S W. Reinforce-
ment of Refined and Semi-Refined Carrageenan Film with
Nanocellulose[J]. Polymers, 2020, 12(5): 1145-1145

[10] WANG X, ZHOU D, GUO Q, et al. Textural and Struc-
tural Properties of a Kappa-Carrageenan-Konjac Gum
Mixed Gel: Effects of Kappa-Carrageenan Concentra-
tion, Mixing Ratio, Sucrose and Ca(2") Concentrations
and Its Application in Milk Pudding[J]. J Sci Food



a4k 23

EHM, e AR LB R BRSNS A REWE ST - 43 -

[11]

[14]

[15]

[17]

(20]

Agric, 2021, 101(7): 3021-3029.

EL-FAWAL G. Preparation, Characterization and Anti-
bacterial Activity of Biodegradable Films Prepared from
Carrageenan[J]. Journal of Food Science and Technolo-
gy, 2014, 51(9): 2234-2239.

CROITORU C, POP M A, BEDO T, et al. Physically
Crosslinked Poly (Vinyl Alcohol)/Kappa-Carrageenan
Hydrogels: Structure and Applications[J]. Polymers,
2020, 12(3):560.

CHEN L, QIANG T, CHEN X, et al. Tough and Biode-
gradable Gelatin-Based Film via the Synergistic Effect
of Multi-Cross-Linking[J]. ACS Appl Polym Mater,
2022, 4(1): 357-368.

KARDAM S K, KADAM A A, DUTT D. Retention of
Cinnamaldehyde in Poly(Vinyl Alcohol) Films Intended
for Preservation of Faba Beans through Vapor-Phase
Antimicrobial Effect[J]. Food Packag Shelf Life, 2021,
29: 100704.

TANPICHAI S, OKSMAN K. Crosslinked Poly(Vinyl
Alcohol) Composite Films with Cellulose Nanocrystals:
Mechanical and Thermal Properties[J]. J Appl Polym
Sci, 2018, 135(3): 1-11.

PARK C, LEI J, SHIN H, et al. Polydopamine-Vanillin
Surface-Modified Thin-Film Composite Membrane to
Mitigate Bacterial Growth[J].
2022, 10(5): 108307.

DAS S, VISHAKHA K, BANERJEE S, et al. Antibac-
terial and Antibiofilm Effectiveness of Bioactive Pack-

J Environ Chem Eng,

aging Materials from Edible Sodium Alginate and Va-
nillin: Assessment on Lettuce[J]. J Food Process Pre-
serv, 2021, 45(9): 15668.

KUNDU A. Vanillin Biosynthetic Pathways in Plants[J].
Planta, 2017, 245(6): 1069-1078.

ZHANG Z H, HAN Z, ZENG X A, et al. Enhancing
Mechanical Properties of Chitosan Films Via Modifica-
tion with Vanillin[J]. Int J Biol Macromol, 2015, 81:
638-643.

VANJERI V N, GOUDAR N, KASAI D, et al. Thermal
and Tensile Properties Study of 4-Hydroxycoumarin
Doped Polyvinyl Alcohol/Chitosan Blend Films[J].
Chem Data Collect, 2019, 23: 100257.

GB/T 1034—2008, FHRLIE /K4 i I 5E [S].

GB/T 1034-2008, Plastics—Determination of Water
Absorption[S].

GB/T 1037—2021, HURLHIR 5 Rk 28305 i M fE
ME PR S (S

GB/T 1037-2021,Test Method for Water Vapor Trans-
mission of Plastic Film and sheet—Desiccant Method
and Water Method[S].

EN ISO 20645—2004, %2404 4018 I M 1 2 3¢
P HOR i 5[ S].

[24]

[29]

[30]

EN ISO 20645-2004, Textile Fabrics-Determination of
Antibacterial Activity-Agar Diffusion Plate Test[S].
ZEE, SRR, EME, S XUETEM ACHE R G /R
QRS A R i 4 D OS5 F R AE[T]. FFFFIR R K
S IRBRE ), 2023, 39(4): 52-55.

LI Ang, GUO Jian-hua, WANG Yan, et al. Preparation
and Microstructure Characterization of SPI/PVA Com-
Crosslinked with  Dialdehyde
Starch[J]. Journal of Qiqihar University (Natural Science
Edition), 2023, 39(4): 52-55.

CHAN M K, TANG T H. The Properties of Starch/Cellulose/
Polyvinyl Alcohol Composite as Hydrodegradable Film[J].
Polym Polym Compos, 2022, 30: 1-8.

tRp, Aot XIE ], AR PRI H I AR SR
UE By 1 A KPR BT ST (D], DR 2 4, 2012,
27(1): 38-42.

XU Kun, LI Wen-ting, LIU Qing-ming, et al. The Prep-
aration and Nature of Citric Acid/Glycerine Blending

posite  Membrane

Thermoplastic Glutinous Rice Starch[J]. Journal of the
Chinese Cereals and Oils Association, 2012, 27(1):
38-42.

RONG L, ZHANG T, MA Y, et al. An Intelligent Label
Using Sodium Carboxymethyl Cellulose and Carragee-
nan for Monitoring the Freshness of Fresh-Cut Pa-
paya[J]. Food Control, 2023, 145: 109420.

TIAN H, YAN J, RAJULU AV, et al. Fabrication and
Properties of Polyvinyl Alcohol/Starch Blend Films:
Effect of Composition and Humidity[J]. Int J Biol Ma-
cromol, 2017, 96: 518-23.

e, LA, a3, 5. AR R PVA It
TR IE H Jpk 22 R I 0 ol 2 S PR RE (D] Lkl R
2, 2015, 37(12): 116-121.

REN Shi-xue, NI Hai-yue, TIAN Jin-ling, et al. Prepa-
ration and Performance of Alkali Lignin-PVA Cros-
slinked Blend Slow-Release Acetaniprid Film[J]. Jour-
nal of Beijing Forestry University, 2015, 37(12):
116-121.

AR, AR R, BEEF. JER/PVA FER R KM
RERIWFFE()]. BRIRHE, 2008, 36(2): 54-58.

Z0U Guo-xiang, ZOU Xin-liang, QU Jin-ping. Study on
Water Resistance of Starch/PVA Biodegradable Plas-
tics[J]. Plastics Science and Technology, 2008, 36(2):
54-58.

MATEI A, PUSCAS C, PATRASCU 1, et al. On the
Stability of Glutaraldehyde in Biocide Compositions[J].
International Journal of Molecular Sciences, 2020,
21(9): 3372.

VERDEGUER P, GIL J, PUNSET M, et al. Citric Acid
in the Passivation of Titanium Dental Implants: Corro-
sion Resistance and Bactericide Behavior[J]. Materials,
2022, 15(2): 545.

SRS . 1R



