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ABSTRACT 
The effectiveness of plastic packaging in protecting food is quite appreciable, but its non-biodegradable 
characteristic raises concerns about environmental impacts. This has drawn attention to the development of 
alternative materials for food packaging from bio-based polymers. Chitosan, a polysaccharide with 
biodegradable, biocompatible, and non-toxic properties, is widely used in the formulation of food films. The 
objective of this work was to create a biodegradable and sustainable chitosan-based film whose active and 
intelligent action is obtained from red cabbage anthocyanins and the addition of propolis. The edible film’s 
thickness and total polyphenol content were 61.0 ±0.1μm and 20.08 ±0.5 mgAG g-1, respectively. The content 
of phenolic compounds and the biodegradation showed significant results (p <0.05), besides the good thermal 
stability to 200 °C and transparency. The proposed formulation developed an edible, biodegradable, and active 
(antioxidant) film with interesting heat-sealing resistance, moisture barrier and gas transfer, which contributes 
to increasing food shelf life. 
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INTRODUCTION 
 Bio-sourced packaging materials are an interesting alternative to conventional polymers [1], [2], [3]. Bio-based 
polyesters are economically competing with conventional ones due to their biodegradability, availability, 
compostable nature, barrier properties and good mechanical [4], [5]. Chitosan is a polysaccharide obtained by 
partial deacetylation of chitin found in insect exoskeletons, fungi, and crustacean shells [6], and is the second 
most abundant natural polysaccharide after cellulose [7]. The excellent properties, biodegradability, 
biocompatibility and non-toxicity of chitosan allow its potential application in the food industry as packaging or 
coatings that improve the preservation of these products, drawing on its antimicrobial property against a wide 
range of bacteria, moulds and yeasts [8], [9], [10]. Chitosan can interact with the bacterial cell membrane and 
destabilize it, which makes chitosan films powerful vehicles for antimicrobial compounds that have difficulty 
reaching their cellular target due to low solubility or permeability [11]. Among other advantages is observed high 
film-forming ability [12], antioxidant activity [11], [13], gas barrier properties [13], [14], and moisture barrier 
[15], which make it a promising compound for different food products. Propolis is a complex mixture of resinous, 
gummy and balsamic substances of various consistency, texture and colour. It comprises 50% resin and vegetable 
balsam, 30% wax, 10% essential and aromatic oils, 5% pollen, and 5% other substances, including organic 
residues. It presents several antioxidant substances (caffeic acid, feluric acid and caffeic phenyl ester acid) besides 
flavonoids in its ethanolic extracts [16]. Anthocyanins, members of the phenolic family, are responsible for 
different nuclei in flowers, vegetables and fruits [17]. These have been used as active compounds in film 
formulations for food coatings due to their strong antioxidant power and antimicrobial potential [18], [19]. In 
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addition, anthocyanins can change their chemical structures and colours at different pH values, which is suitable 
for use in pH-sensing smart food packaging [20], [21]. Different anthocyanins have been applied in the 
development of smart food packaging, such as anthocyanins extracted from red cabbage [22], [23], [24]. Thus, it 
is observed that both compounds used in this study (chitosan and anthocyanins), present important properties in 
forming material for active and intelligent packaging, with the main objective of increasing the shelf life of foods 
[21]. 
 
Scientific hypothesis 
 Food film, based on chitosan, propolis and red cabbage, with active and biodegradable properties, can increase 
the shelf life of food and replace non-biodegradable plastic materials. 
 
MATERIAL AND METHODOLOGY 
Samples 
 The edible film is made from biopolymer materials such as chitosan, propolis and red cabbage. 
Chemicals 
 All reagents used in the execution of this research were of analytical grade and obtained from the Food 
Preservation & Innovation Laboratory on Campus 2 of the University of Blumenau, Brazil. The acid acetic p.a. 
was bought from Dinamica Quimica Contemporânea Ltda, and the chitosan (low molecular weight) with a 
deacetylation degree ≥75% was purchased from Sigma-Aldrich. 
Animals, Plants and Biological Materials 
 It was used extract from red cabbage (Brassica oleracea), and propolis produced in the Vale do Itajaí region, 
South Brazil. 
Instruments 
 A sphere spectrophotometer (SP60, Lovibond) was used for colour testing. Scanning electron microscopy 
(SEM) was performed with a VEGA 3 SEM scanning electron microscope, Tescan. A HERMLE universal 
centrifuge, Z300K and UV-1800 spectrophotometer, SHIMADZU were used for total polyphenol content 
analyses. Thermogravimetric (TGA) analysis was performed in a simultaneous DTA-TG and DTG-60 analyzer, 
SHIMADZU. An analytical balance (Ohaus Corp. Pine Brook, N. J. USA) was used and for thickness 
measurements a digital micrometre (0.1 μm resolution) (Mi-tutoyo Co., Kawasaki-Shi, Japan). 
Laboratory Methods 

The project was carried out in the Biochemical Engineering, Chemical Analysis, and Food Preservation & 
Innovation laboratories at the University of Blumenau, in southern Brazil. 
 Film colour was determined [21] with a CIE-Lab colour scale applied at 3 different points on each sample to 
measure L* (clarity), a* (reddish-green) and b* (yellowish-green). Illuminant D65 and an observation angle of 
10° were applied for the measurements.  Scanning electron microscopy (SEM) of the surface and the 
morphology of the cross sections of the films were obtained according to [21]. In this procedure, the samples were 
coated with a thin gold layer prior to observation (Q150R ES, Quorum), and an accelerating voltage of 10 kV was 
applied. Images of the films' top surface and cross section were taken at magnifications of 5000x and 350x. 
 Total polyphenol content was determined by the Folin Ciocalteau method, with results expressed as mg gallic 
acid, 100 g-1 fresh mass (FM). Briefly, samples (10 g) were macerated and mixed with 20 mL of 96% ethanol. 
The solution was centrifuged at 4 °C and 120 rpm for 10 min. The supernatant was collected and submitted to the 
Folin Ciocalteu reagent and sodium carbonate 20% (w/v). The absorbance reading of the samples was performed 
at a wavelength of 756nm and gallic acid was used as a standard solution. 
 The biodegradability test was adapted [25], using film samples (C) cut into squares (11cm2), which were kept 
inserted 1cm below the soil for 14 days. The soil material used was collected from the University of Blumenau 
(Latitude: -26.9333 Longitude: -49.0500). 
 Thermogravimetric analysis (TGA) of the samples was performed according to [21], and the heating rate was 
set to 10 °C min-1 in the range of 30 °C to 600 °C. 
Description of the Experiment 
 Sample preparation: The anthocyanins were extracted from a solution containing 100 g of red cabbage, 
previously crushed, and 200 mL of distilled water with 1% glacial acetic acid. The solution was stored under 
refrigeration (4 °C) for 24 hours and then vacuum filtered with Whatman strip filter paper nº 1. 
 The films were produced following the casting methodology. For this, 4g of chitosan were dissolved in  
3 different solutions: (1) 150 mL of a 1% acetic acid solution (control, C), (2) 150 mL of a 1% acetic acid and  
1.5 mL propolis extract solution (CP) and (3) 150 mL of red cabbage extract and 1.5 mL propolis extract solution 
(CPC).  
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 These solutions were kept under stirring (100 rpm) for 5 hours and then, after adding 1.2 mL of glycerol, 
remained under stirring for another 1 hour. The filmogenic solutions developed were poured into 30 cm x 10 cm 
refractories and kept at 20 °C, without light, for 7 days. After this period, the films were removed from the 
refractories. Thickness measurements were taken at 6 different locations of each film sample using a digital 
micrometre (resolution of 0.1 μm) (Mitutoyo Co., Kawasaki-Shi, Japan).  
Number of samples analyzed: The number of samples analyzed was 3. 
Number of repeated analyses: Three repeated analyzed were performed for each treatment factor. The total 
sample analyzed was 9 samples. 
Number of experiment replication: The number of experiment replication was 3. 
Design of the experiment: The three film samples, developed and analyzed, consisted of the following 
formulations: chitosan-based (C), which represents the control sample, chitosan and propolis (CP), and chitosan, 
propolis and red cabbage (CPC). 
 
Statistical Analysis   
 Data were analyzed using Statistica software (version 7.0, StatSoft Inc., Tulsa, USA). All measurements were 
performed in triplicate and reported as the mean ± standard deviation (SD). Significance among mean values was 
determined at 5% level (p ≤0.05) of significance by one-way analysis of variance (ANOVA) with following post-
hoc Tukey’s test. 
 
RESULTS AND DISCUSSION  
Analysis of colour parameters 

Different types of anthocyanins are observed in nature, of which six are the most widespread (cyanidin, 
delphinidin, pelargonidin, peonidin, petunidin, and malvidin). Being polar in nature, anthocyanins are soluble in 
polar solvents such as methanol, ethanol and water. This is the reason why it was extracted with solutinic acetic 
acid. These solvents are being acidified to stabilize the anthocyanins in the flavylium cation [17]. Table 1 shows 
the results obtained for the colour parameters. Chitosan is a light and soft polymer, so the C sample had a lighter 
and translucent colour. On the other hand, the CP sample, because it contains propolis, has a more orange tone 
[26], and the CPC film showed a more intense colouration due to the presence of anthocyanins from red cabbage 
[27], whose initially red tone, over time, due to the acid medium, becomes orange [21].  
 
Table 1 Colour parameters values for chitosan (C), chitosan and propolis (CP), and chitosan, propolis and red 
cabbage (CPC) films according to the CIE-Lab scale. 

Samples L* a* b* CIE-lab 

C 93.5 ±2.1a -3.1 ±0.9b 9.6 ±0.8b 

CP 84.7 ±2.6a -3.5 ±0.6b 40.5 ±1.4a 

CPC 55.7 ±1.5b 25.5 ±2.7a 46.9 ±1.5a 

Note: Different lowercase letters denote significant difference among the films samples (p ≤ 0.05). L* (clarity), 
a* (reddish-green) and b* (yellowish-green). 

 
Figure 1 shows the films developed (chitosan = C, CP = chitosan + propolis) and CPC = chitosan + propolis 

+ red cabbage), demonstrating the different colouration and opacity. 
 

 
Figure 1 Films developed, (a) chitosan (C), (b) chitosan and propolis (CP), and (c) chitosan, propolis and red 
cabbage (CPC). 



Potravinarstvo Slovak Journal of Food Sciences 

Volume 17 151  2023 

Studies have shown the variation in the colouration of materials composed of anthocyanins [23] when 
submitted to different pH environments, highlighting the potential of these materials for application in intelligent 
packaging [27]. Translucent films are desirable for food application, as it makes it possible to better visualization 
of the internal contents of the package. More opaque packaging, in turn, reduces the incidence of light, which is 
interesting for specific products by protecting them against deterioration caused by photooxidative reactions [28]. 

Studies demonstrate the antimicrobial action of films developed and applied to food, using propolis [29], 
antioxidant action [30] and intelligent function [31] when using extracts composed of anthocyanins, resulting in 
a smart material [32]. 

 
Scanning electron microscope (SEM) 

Morphological images of the surface and cross-section of the produced biodegradable films are shown in 
Figure 2. 
 

 
Figure 2 SEM of the surface area (upper image) and cross-section (bottom image) of chitosan film (a), chitosan 
and propolis (b) and chitosan, propolis and red cabbage (c). 
 

Figure 2 shows a compact and homogeneous structure in all films, indicating good compatibility between all 
components of the formulations. The addition of propolis makes the structure less uniform, suggesting that there 
is interaction between the components of chitosan and propolis. However, purple cabbage extract results in a 
continuous and uniform surface [33], identical to the addition of propolis [34]. 

The film samples had a thickness of 59.0 to 62.0 ±0.1 μm, similar to that verified by [33]. The physical 
characteristics of the films are very important for marketing and food quality, including when associated with 
other conservation methods [35], [36]. The biopolymer-based films' thickness, colour, and opacity properties are 
parameters of considerable influence in food packaging and coating applications since they can positively or 
negatively affect both the quality of the applied food and consumer decisions [26]. 
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Total polyphenol content 
 The total polyphenolic content quantified in films C, CP and CPC are presented in Table 2. As cited in other 
studies, propolis [37] and red cabbage [38] have active agents, such as flavonoids and phenolic compounds.   
 
Table 2 Total polyphenol content in chitosan (C), chitosan and propolis (CP), and chitosan, propolis and red 
cabbage (CPC) films. 

Samples Total polyphenol content mgAG g-1 

C 00.0 ±0.0c

CP 12.4 ±0.5b

CPC 20.1 ±0.5a

Note: Different lowercase letters denote significant difference among the films samples (p ≤ 0.05). All values 
are expressed as the mean ±SD (standard deviation). 
 
 The results demonstrate that propolis and red cabbage extract present interesting amounts of phenolic 
compounds [39], responsible for the antioxidant activity of the films [40]. The antioxidant property of the films 
contributes to the prevention of food oxidation and, therefore, extends the shelf life of food products [41]. Studies 
show increased antioxidant activity with the addition of propolis [42]. The total phenolic content and DPPH in 
chitosan films increased significantly (p <0.05) when propolis was added, demonstrating the increase proportional 
to the concentration of propolis [43]. Chitosan has also been reported to have intrinsic antimicrobial activities [44] 
against Gram-negative and Gram-positive bacteria [45]. 
 
Biodegradability test 
 It was observed that after 2 weeks, the C film inside the soil degraded. Figure 3 shows the film's images on 
day 0 (a) and after 14 days submerged in soil (b). The film has a high potential for degradability [46], which can 
be explained by its natural composition (biopolymers and chitosan), which facilitates its degradation in a moist, 
nutrient-rich environment such as soil [47]. The films developed with chitosan in this study are non-toxic, are 
biodegradable and mechanically stable. Thus, they could be used as food packaging material capable of protecting 
the food content and the environment [48]. The presence of propolis in the films did not alter the degradation 
properties of the soil. Thus, the chitosan-propolis composite films can be considered rapidly degrading materials 
when discarded in nature [26]. 
 

 
Figure 3 Biodegradability test of C-film (chitosan), (a) day 0 and (b) after 14 days submerged in soil. 

Thermogravimetric analysis (TGA) 
 The thermal property of film reflects its ability to resist decomposition at high temperatures. TGA is frequently 
used to investigate the thermal stability of film [49]. The thermal degradation results of the C, CP and CPC films 
are shown in Figure 4.  
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Figure 4 Thermogravimetric analysis of chitosan (C), chitosan and propolis (CP), and chitosan, propolis and red 
cabbage (CPC) films. 
 

All films showed mass loss due to thermal degradation up to 400 °C. The C film showed a gradual mass 
reduction of 32%, the CP film of 37% and the CPC of 38% until reaching the temperature of 400 °C [50]. This is 
due to the loss of moisture from the film and from the glycerol. The three films obtained good thermal stability 
up to 200 °C, which can be attributed to the more compact structure formed by the components, making it difficult 
for the samples to lose moisture [51]. The results were similar to those [26] that used chitosan and bio-waste 
enriched with propolis extract, which showed the first mass loss between 30 and 100 °C, due to the evaporation 
of water and ethanol in their structures, and the second mass loss (46.0% and 66.9%), between 100 and 700 °C, 
due to the decomposition of their structure. Studies proved that increased natural extracts such as banana peels 
extract [52], and purple-fleshed sweet potato extract [53], can reduce chitosan film's weight loss. Films with heat-
sealing properties show resistance to thermal degradation and potential application for food packaging [54]. 
 
CONCLUSION 
 The colouration of the films showed a significant difference (p <0.05), demonstrating the influence of propolis 
and red cabbage extract (anthocyanins) on the colouration and transparency of the material. It is observed that the 
interaction of the formulation components contributed to obtaining a film with uniform texture and homogeneous 
colouration, becoming stable at temperatures close to 200 °C, which also indicates the possibility of being heat-
sealed. The three compounds used in the development of the film have excellent properties (active, intelligent, 
edible and biodegradable) that contribute to increasing the shelf life of foods. In addition, the film produced 
showed good degradability in soil (within 14 days), demonstrating potential as a substitute for petroleum-based 
plastics. 
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