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Abstract

This work aimed to develop biodegradable films utilizing a new source of gelatin derived from the nutraceutical capsule 
manufacture waste of coconut with safflower oil, coconut oil and safflower oil. The mechanical, physicochemical, 
barrier, optical, biodegradation, thermal and morphological properties were evaluated. All films showed low water vapor 
permeability, intermediate water solubility and high elongation at break. In addition, the films exhibited excellent barrier 
ability to ultraviolet light. After 15 days of soil burial degradation, the films lost over 68% of initial weight. Scanning 
electron microscopy showed an appearance free of pores, cracks or bubbles. Furthermore the films showed similar 
characteristics independent of the waste utilized. The results demonstrated that all the biodegradable films prepared 
presented appropriate characteristics to be used as substitute to synthetic packaging.

Keywords: gelatin films, food packaging, nutraceutical capsules waste, environmental impact.

1. Introduction

The development of biodegradable film is an 
environmentally friendly technology that would permit a 
reduction in the impact and costs associated with polymers 
from non-renewable sources. There is growing interest, 
mainly from industry, regard to the preparation of packages 
that promote a greater product shelf life and having an 
environmental appeal, and there is reciprocal consumer 
interest in purchasing this type of product[1].

One of the alternatives for the biodegradable films 
production is the use of new materials. Polymers obtained 
from renewable resources or valorization of industrial 
wastes and by-products are considered a good alternative to 
reduce environmental impacts and costs[2]. The wastes may 
contain many substances of high value and if appropriate 
technology is employed, these materials can be converted 
into commercial products or raw materials for secondary 
processes. Numerous substances related to the food production 
process are suitable for separation and reuse[3], such as 
chitosan (derived from marine wastes) and soy by-products 
from soy oil industry[4].

An interesting waste to produce biodegradable films is 
obtained from the manufacture of nutraceutical capsules. 
These wastes present a good source for the preparation of 
biodegradable films with desirable characteristics due to its 
composition (glycerol, gelatin and water). The production of 
nutraceutical capsules generates a large amount of waste that 
cannot be reused for the industry and is disposed of into the 
environment. Its use in other applications is of great interest 
to the nutraceutical industry because it would significantly 
reduce environmental problems as well as costs generated 
to its treatment. The gelatin waste from the manufacture of 

nutraceutical capsules can be considered a new source of 
protein and has a high glycerol content naturally present in 
its composition. The glycerol provides better mechanical 
properties, forming films more stretchable and flexible[4], 
due to the reduction of intermolecular forces and increase 
on the mobility of polymeric chains. Vanin et al.[5] observed 
that glycerol was compatible with gelatin, and exhibited the 
highest plasticizing effect on the mechanical properties, 
producing a flexible film without phase separation.

Considering the possibility of use gelatin capsule waste 
as a promising material to produce biodegradable films and 
as an alternative for the reuse of this waste, the study aimed 
to develop a novel biodegradable film formulated from 
nutraceutical capsule manufacture waste of coconut with 
safflower oil, coconut oil and safflower oil and to characterize 
mechanical, physicochemical, barrier, optical, biodegradation, 
thermal and morphological properties, to develop a more 
sustainable material, adding value to this waste.

2. Materials and Methods

The material used in this work was gelatin nutraceutical 
capsules waste provided by the Laboratory Chemical 
Pharmaceutical Tiaraju, located in Santo Angelo – RS. 
The gelatin used to produce the capsules was from bovine 
source. The wastes are basically composed of water (30%), 
glycerin (21.8%) and gelatin (48.2%). For the film preparation, 
the waste derived from the production of coconut with 
safflower oil, coconut and safflower nutraceutical capsules 
were utilized.
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 2.1 Film preparation

Gelatin films were prepared by casting. For the preparation 
of the filmogenic solution, 50 g of waste was dissolved 
in 70 mL of distilled water (conditions defined according 
to preliminary tests) in a water bath (Model 752A, Mark 
Fisatom) under constant stirring to melt the network at 60 °C 
for 30 minutes. The filmogenic solution was then placed in 
a vacuum desiccator for 2 minutes to remove air bubbles. 
Then, 0.13 g/cm2 (corresponding to 20 g of the filmogenic 
solution), was weighed, placed in polystyrene Petri plates 
and dried in an oven with air circulation (Model B5AFD, 
Mark DeLeo) at 35 °C for 18 hours.

2.2 Film characterization

The films were conditioned in desiccators under a 
controlled relative humidity of 58% at 25 °C, containing a 
saturated solution of sodium bromide (NaBr) for 48 h until 
their characterization[6].

2.2.1 Film thickness measurement

The film thickness was determined using a digital 
micrometer (Model MDC-25, Mitutoyo Corp. Tokyo, Japan) 
with a range of 0 to 25 mm and a precision of 0.001 mm. 
The values represent the average of five measurements 
made randomly along each sample evaluated and the final 
thickness is the arithmetic average of five points of each 
random sample.

2.2.2 Mechanical properties

The mechanical properties of films were evaluated by 
tensile strength (TS) [MPa], elongation at break (E) [%] 
using a Texture analyzer (Model TA.XT2i, Mark Stable 
Micro Systems, UK) with a load cell of 5 kg, using the 
A/TGT self-tightening roller grips fixture, according to 
ASTM[7]. Film specimen strips (80-25 mm) were cut and 
their thickness was measured using a micrometer at three 
random positions along each strip. Ten strips were cutted, 
and each one was held between the grips of the equipment 
for testing with the initial distance between the grip and test 
speed set to 50 mm and 0.8 mm s-1, respectively.

2.2.3 Moisture content

Moisture content was determined according to Liu et al.[8]. 
The prepared film samples (2 cm in diameter) were dried in 
an oven (Model B5 AFD, Mark DeLeo) at 105 °C for 24 h, 
and their moisture content was analyzed gravimetrically.

2.2.4 Water solubility

The water solubility was performed according to 
Colla  et  al.[9], with some modifications. The solubility 
was calculated as the percentage of dry matter of the film 
solubilized after immersion for 24 h in water at 25 °C. Discs 
of the film (2-cm diameter) were cut, weighed, immersed 
in 30 mL of distilled water, and slowly and periodically 
agitated. The amount of dry matter of the initial and final 
samples was determined by drying the samples at 105 °C for 
24 h. Afterwards, the samples were filtered using desiccated 
pre‑weighed filter paper. The filter paper, containing 
undissolved fragments of film, was dried at 105 °C for 
24 h in an oven (Mark DeLeo, model TLK 48, Brazil), and 

the resulting material was weighed for the determination 
of the final dry weight (WF). The solubility was calculated 
by Equation 1:

( )%  1 00−
= ×

Wi WfWS
Wi

 	 (1)

where wi is the initial dry weight of the sample (g), and wf 
is the final dry weight of the sample (g).

2.2.5 Water Vapor Permeability (WVP)

The WVP was determined gravimetrically, according to 
the method described by Mei et al.[10] with some modifications. 
The samples were placed in permeation cells (inner diameter: 
63 mm, height: 25 mm), filled with granular anhydrous 
calcium chloride and hermetically sealed. The permeation 
cells were placed in a glass chamber with a saturated sodium 
chloride solution, providing RH gradients of 75% at 25 °C. 
Mass gain was determined by weighing the permeation cells 
on an analytical balance (AY 220, Shimadzu) at intervals 
at 1 h, 12 h and 24 h. The water vapor permeability of the 
samples was determined in triplicate by Equation 2:

. 
. .

=
∆P
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where W is the weight of water permeated through the film 
(g), L is the film thickness (m), A is the permeation area (m2), 
t is the time of permeation (h), and Δp is the water vapor 
pressure difference between the two sides of the film (Pa).

2.2.6 Opacity

The opacity was determined by measuring the film 
absorbance at 210 and 500 nm using a UV spectrophotometer 
(model Shimadzu UV-1800). Films were cut into a rectangle 
piece and directly placed in a spectrophotometer test cell. 
An empty test cell was used as reference. The film opacity 
was calculated dividing the absorbance values (nm) by the 
film thickness (mm). All determinations were performed 
in triplicate[11].

2.2.7 Thermal properties

The gelatin film samples were submitted to thermogravimetric 
analysis (TGA), using nitrogen atmosphere, according to the 
methodology described by Tongnuanchan et al.[12], with some 
modifications. The equipment used was a Shimadzu model 
TGA-50. The samples were heated from room temperature 
to 650 °C at a rate of 10 °C min-1.

2.2.8 Morphological properties

Surface and cross-section morphology of films were 
visualized using Scanning Electron Microscopy (SEM). 
The dried film samples were mounted on aluminum stubs 
with double-sided adhesive tape, coated with a thin layer of 
platinum, and observed on a Scanning Electron Microscope 
(Model JSM 5800) at an acceleration voltage of 5 kV with 
a magnification of 200 times to the original specimen size.

2.2.9 Biodegradability: Indoor soil burial degradation

The determination of soil burial degradation was performed 
according to Martucci and Ruseckaite[13]. Natural organic 
soil was used as the degradation environment for the films, 
which was added in plastic boxes (6 cm × 6 cm × 6.5 cm). 
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The film samples were cut into rectangles (2 cm × 3 cm) and 
dried at 60 °C in an oven (model TLK48, DeLeo, Brazil) 
until constant weight (m0), and placed into an aluminum 
mesh, that were buried at the depth of 4 cm from the surface 
of the natural organic soil. Every 2 days, water was added 
to the soil to maintain the humidity. The degradation degree 
of the films was determined after 15 days as the weight loss 
(WL; %) by Equation 3:

( ) 0 %   1 00
0
−

= ×
mt mWL

m
 	 (3)

where m0 is the initial mass and mt the remaining dried 
mass after 15 days.

2.3 Statistical analysis

All analyses were performed in triplicate, and the results 
were evaluated by an analysis of variance (ANOVA) and 
Tukey’s test at a significance level of 0.05 using the software 
Statistica 12.0 (Statsoft Inc., São Paulo, Brazil).

3. Results and Discussion

The resulting film emulsion of the three gelatin capsules 
waste analyzed were composed of glycerin (15%), gelatin 
(28.3%) and water (56.7%). Gelatin has been known to form 
clear, flexible, strong and oxygen-impermeable films when 
cast from aqueous solutions in the presence of plasticizer. 
Edible films with gelatin reduce oxygen, moisture, and 
oil migration and can carry antioxidants or antimicrobial 
agents[14]. Due to the hydrophilic nature of these films, 
they can be used as good gas barriers, but they have poor 
water barriers.

Al-Hassan and Norziah[15], analyzed fish skin gelatin 
used for the development of films and found 81.3% for 
soluble protein. They developed films with starch and 
different protein mixtures, and the films with higher content 
of protein presented 21,6% of protein, lower values than 
those obtained in this study. The high protein content induced 
to form films with higher elongation at break. Thus, the 
gelatin capsules waste based films showed higher capacity 
to form more elastic films. Proteins have good adherence to 
hydrophilic surfaces and serve as good barriers against O2 
and CO2

[16], thus, the higher amount of it helps to improve 
these characteristics.

3.1 Film thickness

As observed in Table 1, the thickness of the films did 
not present a significant difference independent of the waste 
utilized. Carvalho[17], evaluated the thickness of cassava starch 

and soy protein films and found values lower than all films 
in this study (0.107-0.132 mm). Cozmuta et al.[18], developed 
gelatin films with hemp and sage oils and found similar 
values to those obtained in this work (0.182 to 0.211 mm) 
and observed increase in the thickness for films with higher 
oil content added.

The thickness values observed in the present study, 
compared to previous works, indicate that the waste 
studied allowed the formation of films with the appropriate 
thickness to be mechanically resistant and suitable for food 
biodegradable packaging.

3.2 Mechanical properties

Adequate mechanical strength and extensibility are 
necessary for films to have resistance to external factors 
and suitable barrier properties for applications such as food 
packaging[19]. Representative stress and strain curves of the 
analyzed films are shown in Figure 1. The curves demonstrated 
the deformation behavior of the films, indicating that the 
films elaborated with gelatin capsule waste of safflower 
exhibited the higher values for elongation at break and the 
lower values for tensile strength, while the film developed 
with gelatin capsule waste of coconut with safflower, showed 
the higher values for tensile strength.

Table 1 shows the thickness, tensile strength (TS) and 
percentage elongation at break (E%), of the analyzed films. 
The values obtained for tensile strength (TS) are similar to 
those found by Hosseini et al.[20] who studied films prepared 
from fish skin gelatin in cold water (2.17 ± 0.97 MPa); 
however, the film elongation at break in this study is greater 
than that found by these authors (82.61±20.11%). Al-Hassan 
and Norziah[15], also found lower values than those obtained 
in this work when developing films from starch with fish 

Table 1. Film thickness, tensile strength (TS), and elongation at break (E) of nutraceutical capsule waste based films.a,b

Film Thickness (mm) TSc (MPa) Ed (%)
Coconut with safflower 0.256 ± 0.005a 2.41 ± 0.09a 264.62 ± 1.57b

Coconut 0.212 ± 0.04a 2.14 ± 0.10b 189.10 ± 5.79c

Safflower 0.274 ± 0.05a 1.96 ± 0.09c 275.68 ± 3.97a

aThe results are represented as the means ± standard deviation; bValues with the same letter are not significantly different (p > 0.05); 
cTS (MPa) = F max/A (F max, maximum load (N) needed to pull the sample apart; A, cross-sectional area (m2) of the samples); 
dEAB (%) = (E/50) x 100 (E, film elongation (mm) at the moment of rupture; 50, initial grip length (mm) of samples).

Figure 1. Stress-strain curves of nutraceutical capsule waste 
based films.
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skin gelatin: 1.28 MPa and 1.67 MPa for tensile strength and 
values between 84 and 102% for percentage of elongation 
at break. Garrido et al.[21], found higher values for tensile 
strength (1.55-7.50 MPa) for films produced from soya 
by‑products with different ratios of sorbitol, but found lower 
values for elongation at break (3.95-117.83%).

Comparing to commercial polymers such as LDPE 
(9-17 MPa) and polystyrene (35-55 MPa) the values obtained 
in this study for tensile strength were lower, however the 
majority of films presents TS values lower than the synthetic 
commercial polymers. On the other hand, nutraceutical 
capsule waste based films showed high elongation at break 
and the values were higher than cellophane (20%) and 
polystyrene (1%)[22].

Dias et al.[23], observed that the highest Young’s modulus 
values (1053 ± 146 MPa) were found for rice starch and 
flour-based films with lower plasticizer content and these 
films with sorbitol were more inflexible than those with 
glycerol. The glycerol content of waste acted as a plasticizer 
and may have reduced the interactions between polymer 
chains, thereby increasing film flexibility[24]. Glycerol can 
be used in biodegradable films to increase their flexibility 
and elongation values, however reduce the values of tensile 
strength[25]. The studied films presented high percent 
elongation at break, providing films with higher flexibility 
and that take a longer time to break.

In addition, hydrophobic materials, such as lipids present 
in the waste, can decrease the strength of films. Shellhammer 
and Krochta[26], observed that increasing the lipid level, 
the strength of whey protein isolate (WPI) films reduced. 
The incorporation of Candelilla wax gave the weakest WPI 
films, followed by beeswax, milk fat, and carnauba wax. 
These authors found that the lipid also affected the tensile 
strength, elongation and elastic modulus of the composite 
films. In this work, the lipid at low concentrations present 
in the waste is homogeneously distributed in the polymeric 
matrix, resulting in good mechanical properties.

3.3 Moisture content

The moisture contents of gelatin films are shown in 
Table 2, and the values were around 20-21%. There was 
no significant difference in the moisture content between 
the three different wastes utilized. Arfat et al.[27], obtained 
similar values (20-22%) for films based on fish protein 
isolate. Bodini et al.[28], obtained lower values (14.7%) for 
films of fish gelatin. Increasing the glycerol amount, increases 
the film moisture content[29]. The oil present in waste may 
have caused a decrease in the film moisture because the 

hydrophobic characteristics of the oil, that cause a decrease 
in water-protein interactions.

3.4 Water solubility

The water solubility defines the tolerance to water and 
is determined by the chemical structure of the materials. 
The desired value for the solubility depends to its application 
or intended use.

As observed in Table 2, the solubility in water for gelatin 
films was approximately 45%. The high glycerol content of 
nutraceutical capsule waste interacts with the film matrix 
by increasing the space between the chains, facilitating 
water migration into the film and, consequently, increasing 
solubility[25]. Nur Hanani et al.[30], found similar values of 40% 
for films prepared with fish gelatin. Hosseini et al.[20], found 
an average of 64% of solubility for films from skin gelatin 
derived from cold water fish. In the analysis of blend films 
from soy protein isolate and cod gelatin, Denavi et al.[31], 
observed values above 80%, and justified that this value 
would indicate a poor water resistance, however, for some 
applications, the high solubility could be advantageous: for 
example, as a carrier of bioactive compounds, and soluble 
film packaging is convenient to use in ready-to-eat products 
as they melt in boiled water or in the consumer’s mouth.

The results of this study indicate that the films exhibit 
intermediate solubility in water and may be applied in dry 
foods.

3.5 Water Vapor Permeability (WVP)

The Table 2 shows the results of water vapor permeability 
of nutraceutical capsule waste based films. Hosseini et al.[20], 
studying fish gelatin films, found higher values for WVP 
(0.826 ± 0.047 g.mm/h m2 kPa). However, the results of this 
study were higher than synthetic films, such as high‑density 
polyethylene film (HDPE) (0.0012 g.mm/h m2 kPa) and polyester 
film (0.0091 g.mm/kPa h m2)[32]. Dias et al.[33] obtained similar 
values to those found in this work (0.21 to 0.24 g.mm/h m2 kPa) 
for films of pig hide gelatin and glycerol containing yucca 
extract and lecithin respectively.

The known values of the water vapor permeability 
are essential for defining the possible film applications. 
A polymer that is very permeable to water vapor may be suitable 
for fresh products packaging, whereas a slightly permeable 
film may be useful for the dehydrated products packaging[34]. 
The protein–protein and protein–lipid interactions forming 
the film matrix allowed nutraceutical capsule waste-based 
films to present adequate water vapor barrier properties for 
potential use as biodegradable packaging for dried foods.

Table 2. Water vapor permeability (WVP), water solubility, moisture content and opacity of nutraceutical capsule waste based films.a,b

Waste WVPc  
(g.mm/m2 h kPa)

Water solubility 
(%)

Moisture Content 
(%)

Opacityd

210nm
500nm

Coconut with safflower 0.17 ± 0.01a 37.68 ± 1.08c 21.36 ± 1.59a 59.01 ± 2.53a 2.68 ± 0.30a

Coconut 0.22 ± 0.06a 45.76 ± 4.81ab 20.44 ± 0.9a 62.20 ± 2.69a 1.63 ± 0.09b

Safflower 0.21 ± 0.01a 46.23 ± 0.23a 20.07 ± 1.58a 62.43 ± 0.85a 2.29 ± 0.12b

aThe results are represented as the means ± standard deviation; bValues within each column with the same letter are not significantly different 
(p > 0.05); cWVP (g.mm/m2 h kPa) = (w, weight gain (g) of the cup; x, film thickness (m); A, area of exposed film (m2); t, time of gain (h); 
(P2 - P1), vapour pressure differential (Pa) across the film); dOpacity (%) at each wavelength; x, film thickness (mm).



Campo, C., Pagno, C. H., Costa, T. M. H., Rios, A. O., & Flôres, S. H.

Polímeros, 27(2), 100-107, 2017104

3.6 Opacity properties

The study of the UV light absorption capacity of the 
biodegradable films is important to determine their possible 
applications for food packaging. If these materials are able to 
absorb UV light, they could be used to package and extend 
the shelf life of fatty foods, which are susceptible to the 
oxidative degradation catalyzed by UV rays[35].

In the opacity, higher values indicate less transparency 
and high opacity[11]. According to the Table 2, when analyzed 
in the UV-visible (500 nm) region, the films showed low 
values, indicating that they had low absorption, which 
indicates greater transparency and lower opacity.

In the UV region at 210 nm, the films showed high 
values, indicating a high absorption, demonstrating that these 
films have a high ability to protect against UV radiation, 
which causes the oxidative deterioration of packaged foods, 
leading to nutrient losses, discoloration and off-flavors[36]. 
This result is in agreement with previous reports on gelatin-
based films[2,37]. Both studies indicate that protein-based 
films are considered to have high UV barrier properties, 
owing to their high content of aromatic amino acids, which 
absorb UV light.

3.7 Thermal properties

TGA results, showing the thermal degradation behavior 
of all films, are observed in Figure 2. The films showed a 
similar behavior considering the thermal properties studied. 
Three main stages of weight loss were observed for all films. 
The first stage was observed between 0 and 150 °C, where, 

for both films, there was a loss of 20% by weight, which can 
be attributed to the moisture of the films. These results are 
in accordance with the moisture content presented before. 
The second stage of weight loss appeared at the onset 
temperature of 150-200 °C most likely due to the degradation 
or decomposition of lower molecular weight protein fractions 
and glycerol compounds. Hoque et al.[38], also reported a 
degradation temperature in the range of 196-217 °C for 
cuttlefish skin gelatin film. For the third stage of weight loss 
(200-450 °C), there was a greater loss. This was possibly 
due to the decomposition of highly interacted proteins in the 
film matrix. The results indicated that the film degradation 
began at ≈ 200 °C. This result is higher than those found by 
Nuthong et al.[39], who reported that the initial temperature 
for the degradation of a porcine plasma protein-based film 
was observed at 170 °C. The results suggested that all the 
films studied showed high thermal resistance. Additionally, 
all films had residual mass at 650 °C, which represents a 
carbon residue of the the raw film decomposition.

3.8 Scanning Electron Microscopy (SEM)

The SEM provides information about the film microstructure 
and the interactions between film components[40]. The scanning 
electron microscopy of the surface and cross section of 
the films is shown in Figure 3 and Figure 4 respectively. 
The images obtained showed a surface without cracks, 
which suggests a cohesive matrix.

The obtained films were slightly yellow but still transparent 
and flexible. Their surfaces were without pores, cracks or 
bubbles and it was associated with the better mechanical 
and physical properties[23].

However, a rough surface with small particles was 
observed, that may be occurred due to aggregation phenomena 
of lipid droplets caused by the oil naturally present in the 
waste during the drying step, presenting irregularities that 
was visualized by crystals formed at the microscopic level. 
Tongnuanchan et al.[12], studying films composed of fish skin 
gelatin, obtained films with a homogeneous appearance but 
also found films with a rough surface when essential oils 
were incorporated. Ma et al.[41], reported that the presence of 
olive oil led to the marked increases in the roughness of the 
films. The increase in the surface roughness is principally 
due to the adherence and formation of oil droplets[33].

In the cross-section, some irregularities were also observed. 
Interactions in protein-protein of the film matrix might be 
broken due to the oil present in the composition of the films, 

Figure 2. Thermogravimetric Analysis (TGA) curves of 
nutraceutical capsules waste based films.

Figure 3. Scanning electron microscopy (SEM) of the surface of nutraceutical capsule waste based films of (a) coconut with safflower; 
(b) safflower oil; and (c) coconut oil.
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providing the roughness in the cross-section[42]. The oil 
droplets were more localized inside the film network, and 
on the macroscopic level those droplets was not perceptible.

3.9 Biodegradability: Indoor soil burial degradation

Biodegradation study of nutraceutical capsules waste 
based films has been done by soil burial method, to reproduce 
the degradation conditions that happen in natural soil 
environment. The microbial population found in soil (bacteria, 
actinomycetes, fungi and protozoa) may act synergistically 
during degradation and can reproduce naturally occurring 
conditions[13]. The experiment was conducted for 15 days, 
when the films were almost totally degraded. After this 
period, the films could not be recovered and evaluated, due 
to the macroscopic deterioration observed. Pictures of the 
recovered samples before and after 15 days of exposure to 
soil burial are shown in Figure 5. The analyzed films showed 
similar visual aspect independent of the waste utilized, both 
prior and after 15 days to exposure to soil burial degradation.

The weight loss average of the films exposed to soil 
environment was considered as a degradation indicator. 
After 15 days, all the films (independent of the waste utilized) 
reduced 68% of its initial weight. This lost was mostly 
attributed to the leaching of low-molar-mass compounds, 
such as glycerol. Degradation products of gelatin and glycerol 
might be eventually adsorbed by soil, being metabolized 
by microbes[43]. During soil burial the films also absorbed 
water, losing their initial shape.

The clear visual deterioration of the samples evidence 
the films susceptibility to degradation, and due this, they 
might be classified as rapidly degradable materials.

4. Conclusion

Nutraceutical capsule waste based films were successfully 
obtained, presenting a surface without bubbles or cracks. 
The gelatin films presented good mechanical properties, 
with high elongation at break and showed low water vapor 
permeability and consequently can be applied in dry foods. 
In addition, the films exhibited intermediate solubility 
in water and good absorption of ultraviolet radiation, 
which could provide increased protection to packaged 
food. The biodegradability test proved that the films are 
biodegradable in natural environmental conditions.

These results suggest a high potential for nutraceutical 
capsule manufacture waste to form biodegradable films 
with the appropriate characteristics for use in the food 
packaging industry, being an alternative to replacement non 
biodegradable packaging, decreasing the environmental 
impact. Moreover, the use of these wastes presents potential 
to contribute to the reduction of its amount sent to landfill, 
reducing environmental damage and costs, which is of great 
importance for industries and consumers. Further studies 
would be required to optimize the process condition, 
tensile strength and determine the specific use for films in 
commercial food systems.
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