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aLaboratory of Bioengineering, Faculty of Biological and Environmental Sciences, Federal University of 
Grande Dourados, Dourados, Brazil; bDepartment of Materials Science and Engineering, Universitat 
Politècnica De Catalunya (UPC BarcelonaTech), Poly2 Group, ESEIAAT, Terrassa, Spain; cFaculty of 
Engineering, Federal University of Grande Dourados, Dourados, Brazil

ABSTRACT
The demand for new materials and technologies that are able to 
minimize the environmental impact generated by the disposal of 
materials from fossil sources has increased significantly in the past 
years. As these materials normally include gelatin, a high cost 
ingredient, our aim was to find a more effective solution through 
the development of films based on protein isolate sourced from 
Nile tilapias. Thickness, water solubility, water vapor permeability 
(WVP), tensile strength, elongation, color attributes, and opacity 
were evaluated. Casting technique was used to obtain the films, 
using different combinations of protein isolate, gelatin, and plasti
cizers (glycerol or sorbitol) in an experimental design 23. The films 
showed good continuity and handling. Surface was free from bub
bles and cracks. Key results observed: thickness from 0.04 to 
0.09 mm, solubility in water from 4.11 to 28.72%, WVP from 7.12 
to 16.36 g mm d−1 KPa−1 m−2, tensile strength from 12.43 to 155.57 
MPa, and elongation from 2.14 to 125.33%. Gelatin protein films 
were promising from the point of view of mechanical properties, 
visual appearance and easy handling, as well as low WVP and low 
solubility in water. However, the replacement of gelatin in the 
formulations implicated in films with reduced tensile strengths.
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Introduction

The demand for new materials and technologies capable of minimizing damage to the 
environment has increased significantly in the past years. Research around the world has 
been growing with the interest in reducing and replacing the use of materials that are 
difficult to degrade [1,2]. Biodegradable films obtained from natural polymers, e.g. 
polysaccharides and proteins are included in this context, showing potential application 
in the food and pharmaceutical industries [3,4]. Within the protein group, gelatin 
generates interest because of the high availability, the fact that it is produced at relatively 
low cost and also for having excellent functional and filmogenic properties [5]. Thus, it 
has been widely used for the development of films by the method of “casting”.
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In general, gelatin-based films have good mechanical resistance but have a low barrier 
to water vapor. On the other hand, due to the hydrophilic characteristics of gelatin, the 
material shows limitations related to their poor stability in the face of climate changes 
and high solubility in water. These films have high susceptibility to environmental 
conditions, impacting their application as packaging [6]. In an attempt to improve 
these characteristics, several alternatives have been studied, such as: chemical and enzy
matic modification of gelatin [7]; use of mixtures of plasticizers with different degrees of 
hydrophilicity [8,9]; and incorporation of lipids [10] or other biomaterials.

The plasticizers are adhered to the film matrix, which generates an increase in the free 
space between the polymeric chains, causing a decrease in intermolecular forces, increas
ing flexibility and handling, with a reduction in possible discontinuities and brittle 
regions due to the ease of these molecules to bind between polysaccharide chains by 
breaking hydrogen bonds [11]. Plasticizers must be compatible with biopolymers, e.g. 
glycerol and sorbitol have properties that interact with the film chains, increasing 
molecular mobility and flexibility, although they can increase their hydrophilicity and 
water vapor permeability [12]. These films cannot be considered as edible, due to the 
process of solubilization of proteins, since the HCl and NaOH used are not edible, but 
can constitute biodegradable materials. The production of films based on biopolymers or 
forming blends with biopolymers has been encouraged because they are produced with 
raw materials from renewable sources [2,13].

Thus, the aim of this work was to develop films based on Nile tilapia (Oreochromis 
niloticus) protein isolate obtained from residues and blend this biopolymer with gelatin, 
aiming to reduce the concentration of this high-cost component of the formulations.

Material and methods

Obtaining of raw materials

Nile tilapia (Oreochromis niloticus) carcasses were obtained from a local fish processing 
plant (Dourados, MS, Brazil). The samples were packed in polyethylene plastic bags and 
transported under refrigeration to our laboratory. Mechanically separated meat (MSM) 
was produced from the Nile tilapia carcasses in 3 mm particle diameter using a meat bone 
separator (HT 250, High Tech, Brazil), operating at 6°C at the entrance and 10°C at the 
exit, 24 h after slaughter [14]. The obtained MSM was homogenized with distilled water 
in a ratio of 1:9 (w/v) at 5°C for 5 min, using a propeller stirrer (Fisatom 713D). After 
homogenization, the protein was subjected to alkaline solubilization in an ultra- 
thermostatic water bath (Lauda, model Alpha RA-8) for 30 min, under constant stirring 
with a propeller stirrer (Fisatom 713D), using sodium hydroxide (1 N NaOH) as the 
alkalizing agent, and constant controlled temperature of 5°C. After this step, the mixture 
was centrifuged at 9,000 x g and 5°C (Nova Técnica, model MA 1815) for 15 min to 
separate the solubilized product into three phases: lipids, soluble proteins, and insoluble 
proteins, thus facilitating the removal of the supernatant. The intermediate phase result
ing from centrifugation, corresponding to the soluble proteins, was separated and 
subjected to isoelectric precipitation, using hydrochloric acid (1 N HCl). The pH was 
adjusted to 5.8 at 5°C under constant stirring (Fisatom 713D) for 30 min. Another 
centrifugation was carried out at 9,000 x g and 5°C for 15 min to separate the precipitated 
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fraction, thus facilitating the collection of the precipitate and obtaining the protein 
isolate. The fish protein isolate was dried in an air circulating oven (MA model 035) at 
40°C for 12 h and then crushed in a double-bladed grinder. The protein isolate was stored 
in a hermetically sealed glass container at room temperature (23–25°C) and utilized 
throughout the course of this study [15].

Obtaining and subjective evaluation of the polymeric biofilms

The films were produced by the casting technique as previously reported [1]. A first 
filmogenic solution was obtained from Nile tilapia protein isolate, which was dispersed in 
50 mL of distilled water and then maintained at 30°C under constant magnetic stirring 
(350 rpm) (Tecnal, model TE – 0851, São Paulo, Brazil) for 10 min to rehydration. Then, 
the pH of the dispersion solution was adjusted to 11 with the addition of 1 N NaOH using 
a bench potentiometer (Quimis model 400A, São Paulo, Brazil) with constant stirring for 
further 10 min. Thereafter, the temperature was raised to 80°C and added of the 
plasticizer (glycerol or sorbitol) previously solubilized homogenously in distilled water 
by using a homogenizer (Ultra-turrax IKA model T25, Campinas, Brazil) for 2 min. After 
complete dissolution of the protein isolate and the plasticizer, the film-forming solution 
was kept at constant magnetic stirring (350 rpm) for 20 more min and reserved. A second 
filmogenic solution was obtained from gelatin, which was dispersed in 50 mL of distilled 
water. After homogenization, the solution was taken to a thermostatic bath without 
stirring (TECNAL, model TE-054 MAG, São Paulo, Brazil) and heated to 80°C for 
10 min. The solution was kept under constant manual agitation to avoid the formation 
of precipitates and to better homogenize the sample. The obtained solution was then 
gently added to the film-forming solution previously prepared in order to prevent the 
formation of bubbles.

For film production, 30 mL of the filmogenic solution was poured in the polycarbo
nate Petri dishes with a diameter of 15 cm and subjected to drying in a forced-air 
circulation oven in an incubator chamber with orbital agitation (Marconi, model 
MA420) at 25 ± 1°C for 96 h. Then, the films were stored for 48 h in desiccators 
maintained at 25 ± 2°C and relative humidity of 55 ± 1%, controlled using a saturated 
solution of calcium chloride, prior analyses. Nine formulations of films were prepared as 
described in Table 1.

Table 1. Subjective evaluation of the Nile tilapia protein isolate films.
Composition Characteristics

Treatment FPI GEL GLY SOR C H M

T1 3.0 0.0 0.6 0.0 xxx xx xxx
T2 2.25 0.75 0.45 0.0 xxx xx xxx
T3 1.5 1.5 0.3 0.0 xxx xx xxx
T4 0.75 2.25 0.15 0.0 xxx xxx xxx
T5 0.0 3.0 0.0 0.0 xxx xxx xxx
T6 3.0 0.0 0.0 0.6 xxx xx xxx
T7 2.25 0.75 0.0 0.45 xxx xx xxx
T8 1.5 1.5 0.0 0.3 xxx xx xxx
T9 0.75 2.25 0.0 0.15 xxx xxx xxx

FPI = fish protein isolate, GEL = gelatin, GLI = glycerol, SOR = sorbitol, C = continuity, H = homogeneity, M = handling, 
xxx = excellent, xx = good, x = disabled.
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The parameters continuity (absence of rupture after drying), homogeneity (absence of 
insoluble particles, bubbles of air or opacity zone), and flexibility (handling without risk 
of rupture) were determined for the films using visual and tactile analyses [16]. Films that 
did not have such characteristics were discarded.

Characterization of biopolymer films

Thickness
The film thickness was measured using a digital micrometer (Digimes, São Paulo, Brazil), 
resolution 0.0100 ± 0.0005 mm. The final value represented the average of 5 random 
measurements taken at different parts of the film.

Solubility in water
The solubility in water (Sw) was determined as described elsewhere [17]. Triplicate disc 
samples with 2 cm diameter were extracted from the films. The initial dry matter of the 
samples was obtained by drying them in a forced-air circulation and renovation oven 
for 24 h at 105°C. After the first weighing, the samples were immersed in a recipient 
containing 50 mL distilled water and maintained under constant slow agitation at 
50 rpm in an orbital shaker at 25°C for 24 h (Cientec, CT-712RNT). The swollen 
samples were then removed and dried in a forced-air circulation and renovation oven 
at 105°C up to constant weight to determine the final dry matter. The Sw of the film was 
represented by the total soluble material dissolved in water, calculated according to 
Equation (1). 

Sw ¼
mi � mfð Þ

mf
x100 (1) 

Where: Sw = solubility in water (%); mi = initial dry mass of the sample (g); mf = final dry 
mass of the sample (g).

Water vapor permeability
The water vapor permeability (WVP) was determined in triplicate according to the 
modified standard gravimetric method E-96 [18]. The films were sealed in permeation 
aluminum cells with permeation area of 0.13 m2, containing calcium chloride and sealed 
with paraffin to ensure migration of moisture only through the exposed area of the 
bioplastic. The permeation cells were placed in desiccators kept at 25°C and 75% relative 
humidity. The amount of water vapor migrating through the film was determined from 
the gain in mass of the calcium chloride, measured every 24 h for 7 days [19]. The effect of 
the air space between the region below the film and the surface of the calcium chloride of 
the test cells was not considered in the calculation [20,21]. The WVP was calculated 
according to Equation (7). 

WVP ¼
w
tA
:

x
ΔP

(2) 

Where: WVP = water vapor permeability (g mm) (m2 d kPa)−1; ΔW = mass gain (g); 
L = initial film thickness (mm); t = storage time (days); A = exposed film area (m2); 
ΔP = partial pressure difference (kPa).
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Tensile strength and elongation
The tensile strength and elongation at break were determined in triplicate using a TA- 
XT2 Texture Analyzer (SMS, Surrey, UK), operated according to the standard method 
ASTM D 882–83 [22], as modified elsewhere [23]. The films were cut into rectangles 
(8.0 cm long x 2.5 cm wide) and fixed to claws with initial distance to separation of 
5.0 cm. Measurements were carried out uniaxially, stretching the sample in one direction. 
The velocity of the tests was fixed as 0.8 mm/s. Tensile strength was calculated by 
dividing the maximum force for film rupture by the cross-sectional area of the film 
(Equation (3)). Elongation in the rupture was determined by dividing the difference of 
the final distance coursed up to the rupture and initial distance of separation by the initial 
distance of separation multiplied by 100 (Equation (4)). 

TS ¼
Fm
A

(3) 

Where: TS = tensile strength (MPa); Fm = maximum force at the moment of rupture (N); 
A = cross-sectional area of the film (m2). 

E ¼
dr � doð Þ

do
x100 (4) 

Where: E = elongation (%); d0 = initial distance of separation between claws (cm); dr 

= distance to rupture (separation between the claws at the moment of rupture) (cm).

Color
The color of the films was determined by averaging three measurements, one at the 
center and the other two at the perimeter (edge distance) using a CR-400 colorimeter 
(Konica Minolta, Chroma Meter, Japan), operating at D65 (daylight).

The parameters a*, b*, and L* were determined in triplicate. L* indicates the lumin
osity and a* and b* the chromatographic coordinates. CIE-Lab scales were used to 
measure the color of the films, with L* ranging from 0 (black) to 100 (white), a* from 
green (−60) to red (+60) and b* from blue (−60) to yellow (+60) [24]. The color difference 
in relation to the standard was determined by using Equation (5) [25]: 

ΔE� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðΔL�Þ2 þ ðΔa�Þ2 þ ðΔb�Þ2
q

(5) 

Opacity
The opacity was determined using a CR-400 colorimeter (Konica Minolta, Chroma 
Meter, Japan) as reported elsewhere [26]. The measurements were made in triplicate, 
in different film points aleatory, after calibration of the colorimeter with a white (Yw) and 
a black (Yb) background. The values for opacity were calculated according to Equation 
(6) [25]: 

Y ¼
Yb
Yw

x100 (6) 

where: Y= opacity of the film (%); Yb = opacity of the film against a black background; 
Yw = opacity of the film against a white background.
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Statistical analysis
It was calculated the analysis of variance (ANOVA) prior the Tukey test, to determine the 
differences between the properties of the films in the range of 95% confidence using the 
Statistica® 6.0 (Stasoft, USA) software. The evaluations were performed from data 
obtained at least in triplicates and the results were presented by the mean ± standard 
deviation.

Results and discussion

Obtaining and subjective evaluation of the films

The subjective evaluation shows that the protein films with gelatin presented excellent 
continuity and handling. There was no difficulty in removing the films from the plates, 
maintaining their integrity. Regarding homogeneity, the films were shown intact, without 
cracks or breaks after the drying process. However, T1, T2, T3, T6, T7, and T8 treatments 
presented insoluble particles visible to the naked eye, indicating that there was no 
complete solubilization of the protein isolate, which was responsible for the marked 
yellow color observed in T1 and T6, which had the highest concentration of this 
component (Table 1). Nevertheless, all evaluated treatments obtained satisfactory results 
for the analyzed parameters, as observed in Figure 1.

To establish a flexible and hydrophobic filmogenic solution, it is necessary to use 
plasticizers that are responsible for these characteristics. However, in low concentrations, 

Figure 1. Nile tilapia protein isolate films. T1 (3.0 g FPI, 0.6 g GLY), T2 (2.25 g FPI, 0.75 g GEL, 0.45 g 
GLY), T3 (1.5 g FPI, 1.5 g GEL, 0.3 g de GLY), T4 (0.75 g FPI, 2.25 g GEL, 0.15 g GLY), T5 (3.0 g GEL), T6 
(3.0 g FPI, 0.6 g SOR), T7 (2.25 g FPI, 0.75 g GEL, 0.45 g SOR), T8 (1.5 g FPI, 1.5 g GEL, 0.3 g SOR), T9 
(0.75 g FPI, 2.25 g GEL, 0.15 g SOR).FPI = fish protein isolate, GEL = gelatin, GLY = glycerol, 
SOR = sorbitol.
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they may cause an anti-plasticizer effect [27] while that in high concentrations, 
a hydrophilic effect, i.e., in both situation they can cause an opposite effect to the desired 
one for films produced by the casting technique.

Characterization of biopolymer films

The results obtained for thickness, solubility in water, water vapor permeability, tensile 
strength, and elongation are shown in Table 2.

Thickness
The films showed a significant difference (p < 0.05) for thickness (Table 2), indicating 
that the composition influenced this property, even with a standardization of 30 mL of 
solution filmogenic per petri dish. The films with the greatest thickness (0.009 mm and 
0.008 mm) were obtained in T1 (3.0 g protein isolate 100 mL−1 and 0.6 g glycerol 
100 mL−1) and T6 (3.0 g protein isolate 100 mL−1, 0.6 g sorbitol 100 mL−1), respectively. 
These were the treatments with the highest concentration of protein isolate and plasti
cizers. The smallest thickness (0.004 mm) was observed in T4 (0.75 g protein isolate 
100 mL−1, 2.25 g gelatin 100 mL−1, and 0.15 g glycerol 100 mL−1), T7 (2.25 g protein 
isolate 100 mL−1, 0.75 g gelatin 100 mL−1, and 0.45 g sorbitol 100 mL−1), and T9 (0.75 g 
protein isolate 100 mL−1, 2.25 g gelatin 100 mL−1, and 0.15 g sorbitol 100 mL−1).

The thickness can be influenced by the quantity and type of components of the 
polymeric matrix, preparation technique, type of solvent used, among other factors. It 
was reported elsewhere values of thickness ranging from 0.022 to 0.177 mm for biona
nocomposite films based on pectin and cocoa pulp [28], and from 0.015 to 0.024 mm and 
0.012 to 0.046 mm for corn starch films plasticized with glycerol and triacetin, respec
tively [29]. This variation was associated with a strong interaction between the starch 
molecule and the plasticizer. These values are lower than those found in our study, 
suggesting that the concentration of protein isolate used in the filmogenic solution does 
not provide such strong interaction.

Solubility in water
The solubility in water (Sw) of films is an important analysis for determining their affinity 
with water, which is related to the Sw of the raw materials, considering that most of these 
films are made with hydrophilic materials [30], as the protein isolate.

Table 2. Thickness (T), solubility in water (Sw), water vapor permeability (WVP), tensile strength (TS), 
and elongation (E) of the Nile tilapia protein isolate films.

Treatment T (mm) Sw (%) WVP (g mm day−1 kPa−1 m−2) TS (MPa) E (%)

T1 0.09 ± 0.009ª 28.72 ± 2.39ª 16.36 ± 2.29a 18.87 ± 1.65 g 125.33 ± 3.61a

T2 0.05 ± 0.005b 20.93 ± 0.48b 8.74 ± 1.10b 35.81 ± 3.35 f 2.24 ± 0.13d

T3 0.05 ± 0.003b 14.02 ± 2.79 c 9.66 ± 1.70b 56.70 ± 2.67e 3.42 ± 0.28 cd

T4 0.04 ± 0.003b 4.11 ± 0.79e 7.12 ± 0.82b 83.03 ± 1.90 c 2.14 ± 0.33d

T5 0.05 ± 0.004b 22.32 ± 2.52b 8.67 ± 0.53b 155.57 ± 2.09a 2.96 ± 0.11d

T6 0.08 ± 0.009a 17.79 ± 2.65bc 9.12 ± 0.72b 12.43 ± 1.51 h 14.96 ± 1.35b

T7 0.04 ± 0.002b 14.10 ± 2.37 c 8.38 ± 1.03b 31.66 ± 2.88 f 6.26 ± 2.99 c

T8 0.05 ± 0.005b 10.60 ± 1.12d 7.94 ± 0.50b 76.00 ± 2.92d 3.09 ± 1.38d

T9 0.04 ± 0.002b 10.48 ± 2.42d 7.58 ± 0.20b 109.71 ± 1.72b 3.79 ± 0.58 cd

Average of three replicates ± standard deviation. Different lowercase letters in the same column differ from each other by 
Tukey test (p ≤ 0.05).
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The solubility of the films varied from 4.11 to 28.72%, as shown in Table 2. This is 
a desirable characteristic for the films in this study if the interest is to apply them directly 
to the products. For these applications, the films must not be water-soluble to prevent 
damage to the product to be protected. Literature reports that when an edible film is 
exposed to water, the hydrogen bonds between the polymeric chains dissociate by 
competition with water molecules, which results in the deformation and dissolution of 
the film [31].

The use of plasticizer, in particular glycerol, has a direct influence on the solubility of 
starch films, since it interacts with the film polymeric matrix, increasing the free space 
between the chains, promoting the entry of water in the film and, consequently, increas
ing its solubility [32]. This fact can be observed in T1 (Table 2), in which there was an 
increase in Sw in the presence of high glycerol content.

However, the range of values for the Sw is highly variable, depending on the composi
tion of the components of the film-forming matrix, e.g. it was reported elsewhere Sw 

varying from 16.8 to 52.9% in cassava starch films added of barbados cherry pulp and 
glycerol [33], and from 18.75 to 51.35% for corn starch (waxy and native) films added of 
glycerol [34].

Water vapor permeability
Water vapor permeability (WVP) is the rate of water vapor transmission through the unit 
area of the flat material, indicating how easily a material can be penetrated by water vapor 
[35]. This analysis is essential to understand the behavior of polymeric films, since water 
is present both in the films and the products. Factors such as the polymer itself, the area 
exposed to permeation, and the thickness can affect the permeability of the film. Here the 
increase in thickness was directly proportional to the WVV, where a variation from 7.12 
to 16.36 g mm kPa−1 day−1 m−2 was found (Table 2).

The increased spacing between the chains, due to the additional inclusion of molecules 
between the polymer chains can promote an increase in WVP through the film and, 
therefore, accelerate the transmission of water vapor. This fact was observed by other 
authors e.g. in biopolymeric films based on lipophilic corn starch and gelatin [36], in 
gelatin and lauric acid films [10], and in potato starch films [37]. In all these cases, the 
increase in the thickness caused an increase in WVP of the films.

The increase in the concentration of glycerol induces an increase in the permeability to 
gases of hydrophilic films, when the glycerol binds to the molecules of the biopolymer, 
increases mobility, and decreases the density between its molecules, facilitating the 
transmission of gases through the material [21].

Tensile strength and elongation
Tensile strength and elongation are important mechanical properties of a film. The first 
has the function of expressing the maximum force that the film supports during the 
tensile test, the second refers to its ability to stretch before breaking. The mechanical 
properties of the films closely depend on the formulation (biomolecules, solvents, 
plasticizers, pH adjusters) and the procedures used to produce them. The concentration 
of plasticizer in the formulation is an important factor capable of altering the mechanical 
properties of a film. Starch films without plasticizers are resistant and elastic and, as the 
plasticizer content is added, these materials become more deformable [16]. Plasticizers 
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act by decreasing intermolecular forces between the starch chains, causing a reduction in 
the glass transition temperature and, in general, the resistance drops with the increase in 
the concentration of the plasticizer [26].

The analysis of the mechanical properties of the films showed values of tensile strength 
between 12.43 and 155.57 MPa (Table 2). The addition of gelatin caused an increase in tensile 
strength compared to the films without adding it. The highest resistance value was observed 
in T5 (3.0 g gelatin 100 mL−1), which contained the highest concentration of gelatin. Some 
authors reported values of tensile strength between 15.09 and 60.32 MPa in bionanocompo
site films based on pectin and cocoa pulp [28]. This fact was associated with the possible 
occupation of part of the empty spaces between the polymer chains by the nanostructures, 
causing an increase in resistance due to a greater compaction of the polymeric matrix.

The elongation values obtained in this study varied between 2.14 and 125.33%, 
showing a significant difference (p < 0.05) between treatments (Table 2). A significant 
negative effect was observed for this parameter, where the addition of gelatin reduced the 
elongation of the films. Glycerol was the variable that most increased the elongation 
parameter when compared to sorbitol. Elongations ranging from 1.0 to 1.5% have been 
reported in other studies with soy protein films, but it was affected by the addition of 
phenolic acid [38].

A high tensile strength is desired, but the elongation will depend on the application of 
the film, since to maintain its integrity and barrier properties, the film must allow the 
normal tension presented during its application, transportation, and handling [17].

Color and opacity
The color and the opacity of the polymer result from the morphology or the chemical 
structure associated with the molecular mass of the material [39]. Gelatin-based films are 
transparent and homogeneous, while the addition of some compounds may change the 
appearance of hydrocolloid films making them opaquer [40,41]. Thus, the values obtained 
for each film can only be considered good or bad depending on their application.

The results obtained for the color parameters (L*, a*, b*, ∆E*) of the films showed 
a significant difference at the level of 5% (Table 3). Regardless of the results of the 
statistical analysis, these films could be considered as highly colored (∆E* > 4) and 
opaque (Y > 2.5) [9]. The luminosity varied from 83.68 to 93.94, indicating that they 
can be considered clear because the closer to 100, the more transparent the films are.

Table 3. Color attributes and opacity of the Nile tilapia protein isolate films.
Treatment L* a* b* ∆E Y

1 83.68 ± 0.43 f 1.25 ± 0.08a 27.45 ± 0.59a 88.08 ± 0.04 21.15 ± 0.33ª
2 92.12 ± 0.50e 0.77 ± 0.02b 12.53 ± 1.15 c 92.97 ± 0.32 15.65 ± 0.46 c

3 92.89 ± 0.09d 0.68 ± 0.02 c 9.41 ± 0.63e 93.37 ± 0.37 14.90 ± 0.41e

4 93.35 ± 0.08 c 0.67 ± 0.02 c 7.81 ± 0.23 g 93.68 ± 0.07 14.03 ± 0.31 f

5 93.94 ± 0.09a 0.40 ± 0.02d 4.84 ± 0.13 h 94.07 ± 0.09 12.64 ± 0.17 g

6 84.72 ± 1.16 f 0.61 ± 0.36bcd 25.03 ± 1.63b 88.36 ± 0.64 18.24 ± 0.46b

7 91.54 ± 0.39e 0.69 ± 0.02 c 13.81 ± 0.26 c 92.58 ± 0.42 15.02 ± 0.51d

8 92.49 ± 0.12e 0.64 ± 0.06 c 9.61 ± 0.48d 92.99 ± 0.08 14.13 ± 0.47 f

9 93.56 ± 0.02b 0.61 ± 0.02 c 8.31 ± 0.05 f 93.93 ± 0.02 15.11 ± 0.48d

L*: luminosity, a*: green-red chromaticity, b*: yellow-blue chromaticity, ΔE: color difference, Y: opacity. 
Average of three replicates ± standard deviation. Different lowercase letters in the same column differ from each other by 

Tukey test (p ≤ 0.05).
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The films showed a yellowish color, as observed for b*, where the values were close to 
28, and with a greenish tendency, as verified for a*. The latter may be associated with the 
presence of collagen that has its characteristic coloration.

The films showed opacity values that varied between 12.64 and 21.15 (Table 3). The 
lowest value was observed for the films containing only gelatin (T5: 3.0 g gelatin 
100 mL−1). The addition of oils or derivatives promotes an increase in the diffraction 
of the light rays that pass through the film, thus producing greater opacity [19]. The 
results obtained here were close to those reported elsewhere for films containing mod
ified cassava starch, gelatin, and glycerol, whose average opacity was 14.5 [42].

Conclusion

Homogeneous, continuous, and good handling films were successfully obtained by 
combining different components. Protein isolate was the variable that had the greatest 
influence on thickness, solubility, water vapor permeability, and elongation. The results 
for thickness showed that the protein isolate associated with gelatin influenced signifi
cantly, unlike the plasticizers used in the formulations. The increase in thickness was 
directly proportional to the permeability to water vapor permeability. The addition of 
gelatin caused an increase in tensile strength compared to the films without its addition. 
Glycerol had a direct influence on the solubility in water of the films due to its interaction 
with the polymeric matrix, increasing its solubility. Glycerol has also increased the 
elongation when compared to the sorbitol. The films showed light coloration tending 
to the yellowish. However, the replacement of gelatin from the formulations implicated 
in films with reduced tensile strengths.
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