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In this work a new biodegradable film was developed, and bioactive compounds from Acca sellowiana were 
incorporated. Film packaging production was carried out from an aqueous filmogenic solution, with a blend of 
Brazilian pine seeds starch, citric pectin, glycerol and aqueous extract from pulp and husk of Acca sellowiana. 
In all the films produced were evaluated the physicochemical and antioxidant properties. The films produced 
presented lower moisture content, and extracts from pulp and husk affect the moisture content and the water 
solubility of the films. Evaluating the light transmittance, films with husk extract addition presented (p<0.05) a 
reduction of luminosity and an increase of opacity. Films produced with husk extract presented a higher 
content of total phenolic and flavonoids compounds, and this fact promoted a high antioxidant activity by 
DPPH, ABTS and FRAP assay. Bioactive and biodegradable films produced with Brazilian pine seed starch, 
citric pectin and Acca sellowiana extracts presented good physicochemical and antioxidant parameters, and 
may be an alternative to packaging in food systems. 

1. Introduction 

The food industry constant needs innovative packages to reduce the use of non-biodegradable plastics in the 
environment (Allen et al., 2004; Arquelau et al., 2019). Although, to maintain the food quality, extensive 
researches have been developing to discover a new natural antioxidant, which promote food benefits (Veeck 
et al., 2013). An active food packaging maintains the food safety by the use of antioxidant compounds, 
because phenolic compounds, flavonoids and carotenoids present a high applicability to increase the shelf life 
of perishable food, as natural additives. In general, bioactive and biodegradable plastics are the future of the 
food industry to maintain the food quality. Several materials can be used to produce biodegradable polymers, 
such as natural polysaccharides (Eça et al., 2015), starch (Fidelis et al., 2017; Takahashi et al., 2017; 
Arquelau et al., 2019), chitosan (Yong et al., 2019), methylcellulose (Nunes et al., 2018) and others. 
Bioplastics properties are determined mainly by the type of the material applied in the production, time of 
heating and the use of plasticizers (Yong et al., 2019). However, the food industry needs a polymer that 
presents satisfactory properties as a low gas barrier, suitable color, good appearance, high mechanical and 
antioxidant properties, because the material applicability in a food matrix depends directly by their properties 
(Arquelau et al., 2019). Antioxidant compounds from plants are a new alternative to create bioactive food 
packaging. Acca sellowiana (O. Berg) Burret (synonym, Feijoa sellowiana), is a native fruit from southern 
Brazil, and presents a high commercialization spread all over the world (Pasquariello et al., 2015). A genetic 
improvement was conducted to increase the production and develop new cultivars (Santos et al., 2017). This 
fruit has a smooth green skin and soft and white flesh. The fruit (feijoa) is sweet and the flavour is very 
aromatic. The skin is sour and bitter but the feijoa skin can be eaten with the pulp, as the skin balances the 
sweetness of the pulp (Weston, 2010; Santos et al., 2017). Studies demonstrate that this fruit presents 
antimicrobial, anticancer, anti-inflammatory and antioxidant properties, but technological studies was not 
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developed with this fruit (Weston, 2010; Pasquariello et al., 2015; Kessin et al., 2018). Thus, the aim of this 
work was to develop a new bioactive and biodegradable film packaging, using Brazilian pine seeds starch, 
citric pectin and antioxidant compounds from Acca sellowiana, and evaluate the physicochemical 
characteristics and antioxidant properties.  

2. Materials and Methods 

2.1 Plant Material 

Samples of Acca sellowiana were collected at the species maturation point in Santa Catarina State, Brazil 
(27°37.12’S; 50°43.12’W; 838 meters of altitude). After the harvest, samples were washed and sanitized using 
NaClO (2 ppm), and the pulp was manually separated from the husk. Extracts from pulp and husk were 
carried out using 1 g of Acca sellowiana and 10 mL of deionized water as solvent (1:10 w/v) (Sganzerla et al., 
2018a). Brazilian pine seeds were collected in Santa Catarina State, Brazil (28°04.34’S; 49°59.77’W; 1,114 
meters of altitude) of Araucaria angustifolia (synonym, Araucaria brasiliensis), and the starch was extracted 
according to Bello-Pérez et al. (2006).  

2.2 Film Packaging Production 

The films were produced from an aqueous filmogenic solution, with Brazilian pine seeds starch (2% w/w), citric 
pectin (3 % w/w) and glycerol as plasticizer (2 % w/v). All the components were heat (85 °C) under magnetic 
stirring until starch gelatinization and subsequent formation of a film forming solution. After this, the filmogenic 
solution was cooled and it was added to a previously prepared aqueous extract (25 % v/v) of pulp and husk of 
Acca sellowiana. In the control packaging deionized water (25 % v/v) was added. Films were transferred to 
petri dish and then oven dried at 35 °C for 48 hours to evaporate water, and were then kept in desiccator for 
subsequent analyses. The films produced were coded as: Film Packaging Control (FPC); Film Packaging with 
Pulp extract (FPPe); and Film Packaging with Husk extract (FPHe). 

2.3 Film Packaging Characterization 

FPC, FPPe and FPHe were characterized by physicochemical and antioxidant parameters. Films thickness 
(mm) was determined using an electronic paquimeter (COSA 111.101 EB), with 5 random sites in 10 different 
films. The moisture (%) and water solubility content (%) of the films was determined according to the 
methodology described by Colla et al. (2016). Films color parameters L* (lightness/brightness), a* 
(redness/greenness), b* (yellowness/blueness), C* (chroma value) and H° (Hue) values were determined 
using a digital colorimeter (Delta Color 71421, Delta Vista, Brazil). The transmittance (%) of each film 
packaging was determined in a spectrophotometer (UV-Vis 752D, Labman, China) using the wavelength in 
UV and Vis (250, 280, 380, 450, 600 and 750 nm). The opacity was calculated according to Wang et al. 
(2013) using a wavelength of 380 nm, and expressed as Absorbance unit per millimeter (A mm-1). Brazilian 
pine seeds starch, citric pectin and the packaging produced were evaluated by Fourier Transform Infrared 
Spectroscopy (FTIR) (Perkin Elmer FTIR/NIR, Waltham, MA, USA) and Differential Scanning Calorimetry 
(DSC) (Multi Cell DSC, TA Instrument). Films extracts were prepared according to Siripatrawan & Harte 
(2010), to quantify the Total Phenolic Compounds (TPC) (Swain & Hillis, 1959), Total Flavonoids Compounds 
(TFC) (Zhishen et al., 1999), and antioxidant activity by DPPH (Brand-Williams et al., 1995), ABTS (Re et al., 
1999) and FRAP assay (Benzie & Strain, 1996). All the methodologies of bioactive compounds and 
antioxidant activity quantification are described in a previously work published by authors (Sganzerla et al., 
2018a). 

2.4 Statistical analysis 

All the data of film packaging characterization was analysed by one-way ANOVA, with Tukey’s multiple 
comparison tests at 95 % confidence level (p<0.05). 

3. Results and Discussion 

Using a blend of Brazilian pine seeds starch and citric pectin was possible to produce a biodegradable 
polymer. Extracts from Acca sellowiana (pulp and husk) promoted antioxidant properties to these films, and 
the appearance of the biopolymer developed in this study can be considered as satisfactory (Figure 1). In 
general, a food packaging needs a lower thickness and water solubility content, to promote an efficacy on the 
gas migration. Acca sellowiana extracts addition, did not change (p>0.05) film thickness (Figure 2a), but 
increased moisture content (Figure 2b) and decreased (p<0.05) water solubility in FPPe and FPHe. The film 
thickness obtained in this work is similar comparing it to other studies (Colla et al., 2006; Eça et al., 2015), and 
can be consider to be as close as possible to the ideal value for application. A further favourable property for 
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industrial application of this packaging is the water solubility lowering effect, especially when using feijoa 
extracts. The solubility decreased from 7.97 % in the FPC, to 4.03 % and 3.55 %, respectively to FPPe and 
FPHe (Figure 2c). This fact can be explained because some antioxidant compounds present an interaction 
with the polymer (blend of starch and pectin), preventing their solubilisation in water, and thus promoting a 
decreasing in the water solubility. However, the addition of the extracts to the blends caused a statistically 
significant increase of film opacity: FPC presented a lower opacity (6.15 ± 0.67 A mm-1), and has increasing 
using pulp (FPPe, 11.31 ± 2.22 A mm-1) and husk extract (FPHe, 27.16 ± 4.11 A mm-1) (Figure 2d).  

 

Figure 1: Film packaging appearance produced with Brazilian pine seeds starch, citric pectin and Acca 
sellowiana extracts; (a) FPC; (b)FPPe; (c) FPHe. 

 

Figure 2: Physicochemical properties of the film packaging produced with Acca sellowiana extracts; (a) Film 
thickness; (b)Moisture content; (c) Water solubility; (d) Opacity.  

Another property that imparts pleasant visual aspect to a food packaging material is light transmittance (Table 
1) and its color parameters (Table 2). A statistical difference (p<0.05) was obtained to all analyzed spectral 
wavenumbers. In the UV region, the bio-polymers produced are able to absorb the energy. An absorbance 
increase was obtained with FPPe and FPHe, because the presence of double bonds and the cyclic structures 
of phenolic compounds act as UV light absorbers (Eça et al., 2015). A food packaging that absorb UV light 
presents a high potential in preservation, because the compounds that promote this characteristic have the 
potential to protect both the packaging material and its content against photo-oxidation (Allen et al, 2004; 
Norajit et al., 2010). In the visible region, similar evidence was obtained with regard to UV radiation: packaging 
transmittance decreased upon addition of feijoa extracts. This finding confirms many earlier reports that 
evaluated the properties of films with fruits extracts (Eça et al., 2015). Indeed, the clearer appearance of the 
control packaging (FPC) compared to the packaging with feijoa extract addition (FPPe and FPHe) is easily 
notice (Figure 1). 
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Table 1: Light transmittance of the film packaging produced with Acca sellowiana extracts.  

Parameters  
Light Transmittance (%) 
250 nm 280 nm 380 nm 450 nm 600 nm 750 nm 

FPC 55.88 ± 5.16a 34.41 ± 3.67a 18.85 ± 5.45a 50.92 ± 6.77a 62.81 ± 6.16a 70.30 ± 5.39a 
FPPe 37.36 ± 8.67c 22.50 ± 5.30c 1.16 ± 1.07b 23.47 ± 9.47b 43.26 ± 10.51b 52.12 ± 10.98b 
FPHe 46.23 ± 3.49b 28.13 ± 2.01b 0.10 ± 0.11b 20.22 ± 6.79b 54.46 ± 4.94a 65.48 ± 3.16a 
The results are expressed as mean ± standard deviation (n=10). Different letters in each column after standard deviation 
represent a significant difference by Tukey’s test (p<0.05). 

In the CIELAB system the L * parameter is reported as the sample brightness and ranges from 0 (black) to 
100 (white); a * represents the color variations between the green (-) and red (+); b * represents the color 
variations between (-) blue and (+) yellow; C * is reported as saturation and represents the gray difference; 
and H ° (hue angle) represents the color variations between red (0 °), yellow (90 °), green (180 °) and blue 
(360 °) (Hunter Lab, 2012). The film packaging produced in this work presented (p<0.05) a reduction in 
luminosity using extracts (FPPe and FPHe) (Table 2). Analyzing a * and b * parameters, it was observed an 
increasing of the values when incorporated feijoa extracts, showing a tendency to green and yellow coloration. 
The H ° presented values lower around 90 °, characterizing the films as yellow tonality. 

Table 2: Color parameters of the film packaging produced with Acca sellowiana extracts.  

Parameters 
Color Values 
L * a * b * C * H ° 

FPC 86.88 ± 0.53a 0.15 ± 0.06b 6.77 ± 0.88c 6.77 ± 0.88c 88.74 ± 0.47b 
FPPe 79.31 ± 1.45b -0.45 ± 0.49b 34.92 ± 3.22b 34.92 ± 3.22b 90.79 ± 0.92a 
FPHe 74.96 ± 0.99c 2.68 ± 0.68a 60.14 ± 0.67a 60.21 ± 0.69a 87.44 ± 0.63b 
The results are expressed as mean ± standard deviation (n=5). Different letters in each column after standard deviation 
represent a significant difference by Tukey’s test (p<0.05). 

FPC, FPPe, FPHe, Brazilian pine seeds starch and citric pectin were evaluated by Fourier Transform Infrared 
Spectra (FTIR) (Figure 3a) and Differential Scanning Calorimetry (Figure 3b). In general, there was no 
difference between packaging FTIR spectra, and the starch and pectin presented a standard spectrum, 
reported by other authors (Daudt et al., 2016). There were no chemical structural changes between packaging 
with Acca sellowiana extracts addition. In the analyses of DCS, an endothermic peak was noted (-18 ± 1°C), 
and it is related to the use of glycerol in the formulation of the blends (Nunes et al., 2018). FPC presented an 
endothermic peak at 60 ± 1°C, and none explanations were found to this fact. However, FPPe and FPHe did 
not present this peak, and a possible explanation to this fact is might  be found in the promotion of resistance 
against packaging degradation imported by the bioactive compounds on feijoa extract, since there are no 
additional degradation peaks. 
 

 

Figure 3: (a) FTIR and (b) DSC analyses of the food packaging produced with Acca sellowiana extracts. 

The presence of plant secondary metabolites in a biofilm suggests its classification into a new category of 
packaging materials, which is ‘bioactive food packaging’. These compounds present a biological importance to 
the human health, promoting the inhibition of reactive species in the metabolism (Liu, 2004). However, once 
incorporated in a bio-polymer these natural compounds can acts as potential food preservative. In this study, 
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FPHe presented a higher content of total phenolic (10.92 ± 0.29 mg GAE g-1) and total flavonoid compounds 
(9.73 ± 0.21 mg QE g-1) comparing to the control film and to the film with pulp extract addition (Table 3). In 
general, this fact can be explained because the aqueous extract of feijoa husk presented higher content of 
phenolic compounds (0.87 ± 0.02 mg GAE mL-1) and flavonoids (0.78 ± 0.02 mg QE mL-1). In general, the fruit 
husk contains more metabolites comparing to the edible part, because the plant needs a protection against 
ultraviolet radiations, bacteria, insects and viruses (Thilakarathna & Rupasinghe, 2012; Heleno et al., 2015; 
Sganzerla et al., 2018b). The presence of polyphenol is correlated with a high antioxidant action, being 
effective against reactive oxygen species, and control the damage caused by free radicals. Besides, many 
studies have been isolated and quantified these compounds and related with antifungal, antiviral and 
antibacterial activity (Thilakarathna & Rupasinghe, 2012; Oladeji and Adelowo, 2017). In the current work, the 
bioactive food packaging produced presented a high antioxidant activity, tested by DPPH, ABTS and FRAP 
assay. The packaging with husk extracts (FPHe) presented more antioxidant activity in both methods, and the 
Ferric Reduction Antioxidant Power (FRAP) was the method that better expressed the antioxidant activity. 

Table 3: Bioactive compounds (TPC and TFC) and antioxidant activity (DPPH, ABTS and FRAP) of the food 
packaging produced with Acca sellowiana extracts.  

Parameters 
Bioactive Compounds Antioxidant Activity 
TPC1 TFC2 DPPH3 ABTS3 FRAP3 

FPC (mg g-1) 2.24 ± 0.29c 0.82 ± 0.16c 0.72 ± 0.52c 3.26 ± 0.34c 12.38 ± 6.30c 
FPPe (mg g-1) 4.91 ± 0.36b 2.57 ± 0.14b 8.14 ± 0.62b 14.46 ± 2.76b 49.25 ± 11.60b 
FPHe (mg g-1) 10.92 ± 0.29a 9.73 ± 0.21a 30.55 ± 2.63a 53.61 ± 2.40a 274.29 ± 21.09a 
Fejoa pulp extract 1:10 (mg mL-1) 0.38 ± 0.01B 0.25 ± 0.01B 1.08 ± 0.03B 3.04 ± 0.02B 6.32 ± 1.43B 
Feijoa husk extract 1:10 (mg mL-1) 0.87 ± 0.02A 0.78 ± 0.02A 3.42 ± 0.20A 6.15 ± 0.21A 22.29 ± 0.92A 
The results are expressed as mean ± standard deviation (n=3). Different letters in each column after standard deviation 
represent a significant difference by Tukey’s test (p<0.05). Lowercase compare the packaging and capital letter compare 
the extracts. 1 mg Galic Acid Equivalent (GAE) g-1 film or mL-1 extract; 2 mg Quercetin Equivalent (QE) g-1 film or mL-1 extract; 
3 mg Trolox Equivalent Antioxidant Capacity (TEAC) g-1 film or mL-1 extract. 

4. Conclusion 

A new bioactive and biodegradable food packaging was developed in this work, using a blend of Brazilian pine 
seeds starch, citric pectin and Acca sellowiana extracts. The food packaging produced presented satisfactory 
appearance, thin thickness, lower water solubility, UV protection, good color parameters, presence of 
bioactive compounds and high antioxidant activity. Based on these evidences, this novel film packaging 
material can be proposed as an effective alternative to packaging materials in common use in food processing 
systems. 
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