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Abstract
The indiscriminate disposal and the accumulation of non-biodegradable packaging have been causing serious environmental 
problems. One of the alternatives is the use of biodegradable films. Proteins are among the natural biopolymers most used to 
produce biofilms. This study aimed to produce and characterize biofilms obtained from hybrid sorubim (Pseudoplatystoma 
reticulatum × Pseudoplatystoma corruscans) protein isolate (HSPI) incorporated with glycerol (G) and clove essential oil 
(CEO). The HSPI was obtained by the pH shift method, using as raw material the mechanically separated meat of hybrid 
sorubim. The films presented different properties depending on the concentrations of the studied variables. In general, the 
film with the best characteristics was the treatment 6 (25% G, 2.5 g HSPI and 0.5 g CEO). Due to the low concentration of 
CEO used, the films were not able to efficiently inhibit microbial activity.
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Introduction

Biodegradable plastic films are obtained from biological 
materials that can make significant contributions to material 
recovery, reduction of landfill and utilization of renewable 

resources, replacing conventional polyethylene mulching 
films [1]. Among the natural biopolymers most used in film 
making are polysaccharides and proteins, which have some 
advantages because they are prevenient from renewable 
sources and capable of forming a continuous and cohesive 
matrix [2].

Fish proteins, including myofibrillar and sarcoplasmic 
proteins, have been used as film-forming material [3–6]. The 
properties of the film matrix depend on the material type, as 
well as the composition and processing methods and condi-
tions, proteins have been widely explored for the elaboration 
of antimicrobial films [6]. Films based on fish proteins form 
networks, presenting good mechanical properties, such as 

 * Gustavo Graciano Fonseca 
 ggf@ufgd.edu.br

1 Laboratory of Bioengineering, Faculty of Biological 
and Environmental Sciences, Federal University of Grande 
Dourados, Dourados, MS CEP 79804-970, Brazil

2 Laboratory of Food Technology, School of Food 
and Chemistry, Federal University of Rio Grande, 
Rio Grande, RS, Brazil

http://orcid.org/0000-0002-8784-661X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10924-019-01608-7&domain=pdf


422 Journal of Polymers and the Environment (2020) 28:421–432

1 3

plasticity and elasticity, and good oxygen barrier, but they 
absorb a lot of water due to the hygroscopicity of the amino 
acids of the protein molecules. This characteristic can be 
modified by the addition of plasticizers and/or additives [4, 
7].

The increase in the number of foodborne diseases from 
pathogenic microorganisms led to the intensification of 
research related to the development of antimicrobial activity 
packaging. Antimicrobial films are a form of active packag-
ing that can increase product shelf life and provide consumer 
safety. This type of packaging is intended to reduce, inhibit 
or delay the multiplication of pathogenic and deteriorating 
microorganisms in foods [8].

Thus, the aim of this study was to produce films from 
hybrid sorubim (Pseudoplatystoma reticulatum × Pseudo-
platystoma corruscans) proteins incorporated with glycerol 
and clove essential oil for packaging applications.

Material and Methods

Obtaining Raw Materials

Hybrid sorubim (Pseudoplatystoma reticulatum × Pseudo-
platystoma corruscans) byproducts from a fish processing 
plant in the region of Grande Dourados, MS, Brazil were 
put into a cooling box and taken to the laboratory. The 
mechanically separated meat (MSM) was obtained by using 
a mechanical meat bone-separator (HT 250, High Tech, Bra-
zil), operating at inlet 6 °C and outlet 10 °C [9].

The hybrid sorubim protein isolate was obtained through a 
pH shift process. The obtained MSM of hybrid sorubim 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, São 
Paulo, Brazil). After homogenization, the protein was sub-
jected to alkaline solubilization in an ultra-thermostatic water 
bath (QUIMIS model 214 D2, São Paulo, Brazil) for 20 min., 
under constant stirring with a propeller stirrer (Fisatom 713D, 
São Paulo, Brazil), using sodium hydroxide (NaOH 1N) as 
the alkalizing agent, at a solubilization pH of 11, and constant 
controlled temperature of 5 °C. After this step, the material 
was centrifuged at 9000×g for 20 min. (Nova Técnica, model 
MA 1815 centrifuge) to separate the solubilized product into 
three phases: lipids, soluble proteins and insoluble proteins, 
thus facilitating the removal of the supernatant. The interme-
diate phase resulting from centrifugation, corresponding to 
the soluble proteins, was separated and subjected to isoelec-
tric precipitation, using hydrochloric acid (HCl 1N). The pH 
was adjusted to 5.8 at 5 °C under constant stirring (Fisatom 
713D stirrer) for 20 min. Another centrifugation was carried 
out at 9000×g for 20 min. to separate the precipitated 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 45 °C for 16 h and then 
crushed in a double-bladed grinder and then stored in a sealed 
glass container at room temperature [10].

The glycerol (p.a.) was purchased from Merck KGaA 
(Darmstadt, Germany) and the clove (Eugenia caryophyllata) 
essential oil was purchased from Piping Rock (Ronkonkoma, 
NY, USA).

Obtaining Films

The films were produced by the casting technique, which con-
sists in the scattering of the film-forming solution in a mould, 
according to the method proposed elsewhere [11] with adapta-
tions [12].

Hybrid sorubim protein isolate was dispersed in dis-
tilled water and then heated at 70 °C under constant stirring 
(350 rpm) for 15 min. Then the plasticiser was added under 
stirring. After 5 min., the clove essential oil was added main-
taining the stirring constant for further 15 min. Three lev-
els (− 1, 0, + 1) of concentrations were evaluated for hybrid 
sorubim protein isolate (HSPI), glycerol plasticizer (G) and 
clove essential oil (CEO) (Table 1). For the formation of the 
film, 45 g of the film-forming solution was poured in the Petri 
dishes and subjected to drying in a forced-air circulation oven 
for 24 h. The films utilized for the characterization had their 
thickness standardized to 0.180 mm ± 0.001 mm.

Characterization of the Films

Opacity

The opacity was determined using a CR-400 colourimeter 
(Konica Minolta, Chroma Meter, Japan). The measurements 
were made in triplicate after calibration of the colourimeter 
with a white and a black background. The values for opacity 
were calculated according to the Eq. 1 [13]:

(1)Y =
Yp

Yb
× 100

Table 1  Experimental design variables and their real and coded val-
ues for the obtaining of hybrid sorubim protein isolate (HSPI) films 
incorporated with glycerol and clove essential oil (CEO)

Codified 
variables

Real variables
HSPI (g 
100 mL−1 of 
solution)

Glycerol (g 
100 mL−1 of solu-
tion)

CEO (g 
100 mL−1 of 
solution)

− 1 1.5 0.37 0.1
0 2.0 0.60 0.3
+ 1 2.5 0.87 0.5
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where: Y = opacity of the film (%); Yp = opacity of the film 
against a black background; Yb = opacity of the film against 
a white background.

Solubility in Water

The solubility of the films in water was determined accord-
ing to the method proposed elsewhere [14]. Triplicate sam-
ples were prepared with 2 cm diameter circles 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 weigh-
ing, the samples were immersed in a recipient containing 
50 mL distilled water and maintained under constant slow 
agitation at 150 rpm in an orbital shaker at 25 °C for 24 h. 
The swollen samples were then removed and dried in a 
forced-air circulation and renovation oven at 105 °C for 
an additional 24 h before determining the final dry mat-
ter. The solubility of the film was represented by the total 
soluble material dissolved in water, calculated according 
to Eq. 2.

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

Water Vapor Permeability (WVP)

The water vapor permeability (WVP) was determined 
according to the modified standard method E-96 [15] for 
samples in triplicate. The films were fixed in permeation 
aluminum cells containing calcium chloride and sealed 
with paraffin to ensure migration of moisture only through 
the exposed area of the film. 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 cal-
cium chloride, measured every 24 h for 7 days [16]. 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 [17]. The WVP was 
calculated according to Eq. 3.

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).

(2)Sw =
(mi−mf)

mf
× 100

(3)WVP =
w

tA
×

x

ΔP

Tensile Strength and Elongation

The tensile strength and elongation at break were deter-
mined in triplicate using a TA-XT2 Texture Analyzer 
(SMS, Surrey, UK), operated according to the standard 
method ASTM D 882-83 [18], as modified elsewhere 
[19]. The films were cut into rectangles of 80 cm long and 
2.5 cm wide and fixed to claws with initial distance to the 
separation of 6 cm. The velocity of the tests was fixed as 
1 mm/s. Tensile strength was calculated dividing the maxi-
mum force for film rupture by the cross-sectional area of 
the film (Eq. 4). Elongation in the rupture was determined 
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 (Eq. 5).

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

where: E = elongation (%); do = initial distance of separa-
tion between claws (cm); dr = distance to rupture (separation 
between the claws at the moment of rupture) (cm).

Scanning Electron Microscopy (SEM)

The surface morphology of the films was observed using a 
Scanning Electron Microscope (JEOL, JSM-6060, Japan), 
brand operated at 20 kV and 50 mA. Before testing the 
samples were placed on an aluminium support and cov-
ered with a thin gold layer (Sputter Coater, SCDO50) to 
improve the thermal conduction. Photographs were taken 
with ×  100 magnification [12].

Differential Scanning Calorimetry (DSC)

Glass transition temperatures and the melting enthalpy 
variations of films were determined by using differential 
scanning calorimeter (Shimadzu, model DCS 60, Osaka, 
Japan) with the cooling module by liquid nitrogen. Sam-
ples with about 6–10 mg were hermetically sealed in alu-
minium capsules and preconditioned at 25 °C and 50% 
relative humidity. The measurements were performed in 
an inert atmosphere of ultra-dry nitrogen gas chromato-
graphic grade, to the same feed flow rate and the drag 
of 50 mL/min. The tests were started at 40 °C, and then 
samples were heated at a rate of 10 °C/min up to attaining 

(4)TS =
Fm

A

(5)E =
(dr − do)

do
× 100
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200 °C. The material reference for this analysis was the 
atmospheric air [12].

X‑ray Diffraction (DRX)

X-ray diffraction analyzes were performed using a D8 
Advance Bruker diffractometer with Cu radiation. The 
analysis conditions were: (i) Voltage and current: 40 kV 
and 40 mA, respectively; (ii) scanning range: 2θ from 5° 
to 30°; (iii) Step: 0.1° and (iv) Speed 1°/min, provided with 
secondary beam monochromator graphite. The variation of 
the sizes of the crystals was determined using the PC-APD 
software Diffraction. The samples were stored at 25 °C room 
temperature and 50% RH, and analyzed in triplicate [12].

Antimicrobial Activity of the Films

The films that presented the best results according to the 
response surface were evaluated in triplicate for the anti-
microbial activity. A film without essential oil was utilized 
as a negative control. The utilized Gram (−) bacteria were 
Escherichia coli ATCC 25,922, Pseudomonas aeruginosa 
ATCC 27,853 and Salmonella typhimurium ATCC 14,028, 
and the Gram (+) were Staphylococcus epidermidis ATCC 
12,228 and Staphylococcus aureus ATCC 25,923.

An inoculum of each microorganism was prepared by the 
direct suspension in a sterile saline solution of a loopful of 
colonies isolated from a nonselective PCA medium Petry 
dish with the corresponding bacteria previously incubated 
at 35 °C for 24 h. The optical density of the suspensions 
was adjusted using a spectrophotometer. The absorbance of 
the McFarland solution at 0.5 was evaluated from 0.08 to 
0.10 at 625 nm. Mueller Hinton agar plates were inoculated 
with the microorganisms by rubbing a swab of sterile cot-
ton moistened with the inoculum solution. On the surface 
of the inoculated agar were placed discs (2.0 cm diameter) 

of the films, previously sterilized in a chamber with UV 
light for 3 min. Plates were incubated at 35 °C, and after 
24 h the inhibition halos were measured, including the disc 
diameter [20].

Statistical Analysis

The Statistica® 5.5 (Stasoft, USA) program was used to 
calculate the analysis of variance (ANOVA). The Tukey 
test was used to determine the differences between the 
film’s properties in the range of 95% confidence using the 
Assistat software. The evaluations were performed from data 
obtained in triplicates, and the results were presented by the 
mean ± standard deviation.

Results and Discussion

Opacity, Solubility in Water, Water Vapor 
Permeability, Tensile Strength and Elongation

Table 2 presents the characterization of the hybrid sorubim 
films in terms of opacity, solubility in water, water vapor 
permeability, tensile strength, elongation.

A higher opacity was observed in experiments 6 (23.93%) 
and 8 (20.70%), which present higher values of HSPI and 
CEO in their composition. Experiment 3 presented the film 
with the lowest opacity value, resulting from the lowest 
protein and oil content. These results show that both the 
concentration of HSPI and CEO influence the colouration, 
probably due to the characteristic pigmentation of these 
elements. The opacity of the film is a consequence of the 
crystallinity and morphology of the material [21]. Opacity 
values ranging from 14.99 to 23.33% were found elsewhere 
for films obtained with oregano and clove oils [22], which 
are similar to those obtained here.

Table 2  Experimental design 
matrix and results obtained with 
hybrid sorubim protein isolate 
films for the experimental 
responses opacity (O), solubility 
in water (S), water vapor 
permeability (WVP), tensile 
strength, and elongation (E)

Experiment Coded variables O (%) S (%) WVP
(g mm) 
 (m2 day kPa)−1

TS (MPa) E (%)

1 − 1 − 1 − 1 14.94 ± 0.1 30.10 ± 0.01 6.05 ± 1.5 3.92 ± 0.5 23.38 ± 0.7
2 + 1 − 1 − 1 19.60 ± 1.9 25.55 ± 0.01 5.72 ± 1.1 4.04 ± 1.0 14.40 ± 1.7
3 − 1 + 1 − 1 14.06 ± 0.8 44.90 ± 0.04 9.0 ± 1.2 0.55 ± 0.09 44.39 ± 1.9
4 + 1 + 1 − 1 17.50 ± 1.8 37.03 ± 0.04 9.33 ± 1.0 1.76 ± 0.3 23.71 ± 0.2
5 − 1 − 1 + 1 18.62 ± 0.7 29.57 ± 0.02 4.32 ± 1.2 1.27 ± 0.4 16.28 ± 0.7
6 + 1 − 1 + 1 23.93 ± 0.8 22.05 ± 0.04 5.16 ± 1.0 6.70 ± 0.4 10.40 ± 1.0
7 − 1 + 1 + 1 17.26 ± 0.5 33.73 ± 0.05 8.93 ± 1.6 2.00 ± 1.7 27.00 ± 0.3
8 + 1 + 1 + 1 20.70 ± 1.9 30.71 ± 0.03 8.77 ± 1.7 1.49 ± 0.2 17.75 ± 1.0
9 0 0 0 15.94 ± 1.7 33.82 ± 0.03 4.62 ± 1.1 1.18 ± 0.3 16.53 ± 0.3
10 0 0 0 15.80 ± 1.7 26.19 ± 0.03 7.48 ± 1.2 1.14 ± 0.4 15.70 ± 1.5
11 0 0 0 16.44 ± 1.7 33.81 ± 0.04 6.94 ± 1.6 1.11 ± 0.3 16.19 ± 0.5
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The water solubility of the films varied from 22.05% 
(experiment 6) to 44.90% (experiment 3) (Table 2). These 
obtained films were less soluble than that made with 
anchoita protein added of different antimicrobial agents, 
with solubilities ranging from 27.7 to 65.3% [5, 6], and that 
produced with corvina protein isolate added of palm oil, 
with solubilities varying from 28.3 to 47.2% [23]. However, 
films obtained with fish protein and clays incorporated with 
essential oils presented close solubility values, in the range 
of 22.32 to 33.54% [22].

The permeability to water vapor increased from 
30.41 to 79.96; 125.80 to 234.67 and 89.52 for 
225.45 g mm kPa−1 day−1 m−2 with the concentration of 
sorbitol, glycerol and polyethylene glycol increasing from 25 
to 75%, respectively. It was reported that soluble fish surimi 
protein films had the water vapor permeability increased 
with the increase in the amount of plasticizer in the films 
[24].

The tensile strength varied from 0.55 MPa in experiment 
3 (35% glycerol, 1.5 g HSPI and 0.1 g CEO) to 6.70 MPa 
at experiment 6 (25% glycerol, 2.5 g of HSPI and 0.5 g of 
CEO) (Table 2). The higher the protein concentration in the 
films, the greater the number of sulfuric groups, promot-
ing a greater number of covalent S–S bonds in the filmo-
genic matrix, and consequently forming more resistant films 
[25]. The presence of plasticizers decreases the density of 
protein–protein interactions, increasing the mobility of the 
polypeptide chains and making the films less resistant and 
more deformable [24, 26]. The tensile strength of soy protein 
films produced with different concentrations of glycerol was 
reduced from 112.4 to 12.4 MPa when the amount of glyc-
erol per 100 g of protein was increased from 30 to 50%, as 
reported elsewhere [27]. Similarly, in films made with wheat 
protein plasticized with different concentrations of glycerol, 
it was observed that the lower the glycerol concentration, the 
higher the tensile strength [28, 29].

The elongation varied from 10.40 to 44.39%, indicating 
an interaction between plasticizer, protein and CEO on the 
flexibility of the films, since that with the increase of glyc-
erol concentration and reduction of the content of the other 
variables, the elasticity increased (Table 2). The increase in 
the elongation as a consequence of the increased concen-
tration of the plasticizer is a classic behaviour observed in 
films [30, 31].

Analyses of the Effects and the Statistic Models

The effects of the concentrations of hybrid sorubim protein 
isolate (HSPI), glycerol (G), and clove essential oil (CEO) 
obtained for each variable were obtained from the facto-
rial design analyses (Table 3). Solubility in water was the 
only response where the three linear factors (HSPI,  X1) (G, 
 X2) (CEO,  X3) were statistically significant at 95% of confi-
dence. HSPI was statistically significant (P < 0.05) for opac-
ity and elongation and G for water vapor permeability and 
elongation. None of the factors was statistically significant 
(P < 0.05) for tensile strength. None of the responses pre-
sented second order effects statistically significant (P < 0.05).

The analysis of variance (ANOVA) was performed to 
test the suitability of the models for experimental responses 
(Table 4). The model was statistically significant (P < 0.05) 
when the F calculated is superior to the F tabulated, and pre-
dictive when the F calculated was 3–5 times superior to the 
F tabulated [32]. For all responses, except tensile strength, 
the F calculated was superior to the F tabulated. In these 
cases, models were statistically significant at 95% reliability.

The results which were considered statistically signifi-
cant (Table 3) and predictive (Table 4) were submitted to 
the response surface methodology analysis, to evaluate the 
simultaneous effects of the variables hybrid sorubim protein 
isolate, glycerol and clove essential oil. However, only the 
WVP fulfilled these criteria. In this sense, response surfaces 
were obtained only for this response (Fig. 1).

Table 3  Estimated 
effects ± default errors of factors 
on the experimental responses 
opacity, solubility in water, 
water vapor permeability, 
tensile strength, and elongation

HSPI hybrid sorubim protein isolate, G glycerol, CEO clove essential oil
* Effect statistically significative (P < 0.05)

Factor Opacity Solubility in water Water vapor 
permeability

Tensile strength Elongation

Average 17.75 ± 0.53* 31.59 ± 0.95 6.94 ± 0.38* 2.29 ± 0.51 20.52 ± 1.42*
(X1) HSPI 4.13 ± 1.23* − 5.74 ± 2.24* 0.17 ± 0.89 1.56 ± 1.20 − 11.20 ± 3.32*
(X2) G − 1.78 ± 1.23 9.78 ± 2.24* 3.70 ± 0.89* − 2.53 ± 1.20 12.10 ± 3.32*
(X3) CEO 3.69 ± 1.23* − 5.38 ± 2.24* −0.73 ± 0.89 0.30 ± 1.20 −8.61 ± 3.32
(X1) × (X2) − 0.86 ± 1.23 − 0.31 ± 2.24 − 0.09 ± 0.89 − 1.21 ± 1.20 − 3.77 ± 3.32
(X1) × (X3) 0.05 ± 1.23 0.33 ± 2.24 0.17 ± 0.89 0.90 ± 1.20 3.63 ± 3.32
(X2) × (X3) − 0.32 ± 1.23 0.03 ± 2.24 0.42 ± 0.89 0.29 ± 1.20 − 3.06 ± 3.32
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Two of the variables were considered (x- and y-axes) 
while a third variable was established as a fixed param-
eter for each response curve plot generated by the linear 
model. Glycerol presented statistical significance (P < 0.05) 
in WVP, while HSPI and CEO didn’t (P > 0.05) (Table 3). 
As this response presented a model statistically predictive 
(Table 4), it may be concluded that maintaining CEO at the 
central level (0) and increasing glycerol (Fig. 1a) or main-
taining protein at the central level (0) and increasing glycerol 
(Fig. 1b) it obtains the higher values of WVP. So, the WVP 
is higher at high concentrations of plasticizer independently 
of the protein and CEO contents (Fig. 1a, b). The WVP 
increases from 6 to 8 g mm  (m2 day kPa)−1 as the concen-
tration of glycerol increases from 0.37 to 0.87 g 100 g−1.

Literature reports that the increase of clove essential oil 
causes an increase in the permeability of the film in colla-
gen-based films [33]. As the structure of the protein chain 
is different and other compounds are present in the film, to 
form the filmogenic matrix, it seems that this parameter is 
quite dependent of the nature and concentration of the com-
bined compounds that form the structure of the film.

Regarding the other significative responses, the solubil-
ity was influenced by the three variables, indicating that the 
hydrophilic characteristics of the plasticizer contributed to 
an increase in the solubility of the films with higher con-
centrations of glycerol. The CEO concentration was also an 
interfering factor in the solubility of the films. In the lower 
CEO concentration, one obtains the higher protein solubility, 
i.e., the lower the amount of oil, the greater the solubiliza-
tion of the polymer matrix. This characteristic is probably 
related to the hydrophobic nature of clove essential oil. 

Oliveira et al. [34] also found greater solubility in films with 
lower oil content in its composition (17.01% in films with 
1% oil and 14% with 1.5% oil), suggesting that incorporation 
of a hydrophobic compound into the protein film formulation 
reduces the ability of the film-forming matrix to bind with 
water molecules. Concerning elasticity, it observes that the 
films showed higher elongation when elaborated with a high 
concentration of glycerol and low concentration of HSPI. It 
also observes that there was a reduction in the elongation 
of the films with the increase in the amount of CEO. Prob-
ably the incorporation of CEO in the film-forming solution 
caused a destabilization of the matrix generating films with 
less elasticity.

Scanning Electron Microscopy

Scanning electron microscopy was obtained for hybrid soru-
bim protein isolate films without and with the incorporation 
of clove essential oil, respectively (Fig. 2). The control treat-
ment did not have CEO, presenting many surface irregu-
larities (depressions and small holes), beyond a notorious 
microbial development, that besides deteriorating the film, 
interfered in the visualization of the surface microstructure 
(Fig. 2a). In the treatment with CEO, it observed many struc-
tural discontinuities. However it is not possible to verify 
microorganisms in the structure (Fig. 2b).

Wang et al. [35] produced films of gelatin and corn oil 
and, likewise, found more regular surfaces in the films 
incorporated with essential oil. Although treatment 6 had 
micro-holes, possibly caused by the rapid evaporation of 
CEO during the drying process, these were not sufficient to 

Table 4  Modified ANOVA 
of the models for opacity, 
solubility in water, water vapor 
permeability, tensile strength, 
and elongation

SS sum of the squares, DF degree of freedom, MS mean square, F Fisher test

Variable Source of variation SS DF MQ F calculated F tabulated

Opacity Regression 61.27 8 30.63 12.15 4.46
Residues 20.16 2 2.52
Total 81.43 10

Solubility in water Regression 314.88 3 104.96 10.48 4.35
Residues 70.07 7 10.01
Total 384.95 10

Water vapor permeability Regression 27.31 1 27.31 31.03 5.12
Residues 7.94 9 0.88
Total 35.25 10

Tensile strength Regression 22.61 6 3.76 1.3 6.16
Residues 11.57 4 2.89
Total 34.18 10

Elongation Regression 691.82 3 230.6 9.98 4.35
Residues 161.72 7 23.1
Total 853.54 10
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facilitate the diffusion of the water vapor in the films, since 
this treatment was one of the less permeable to water vapor, 
when compared to the others (Table 1).

Differential Scanning Calorimetry (DSC)

Regarding the differential scanning calorimetry (DSC), the 
control treatment (a) (2.5 g of HSPI and 0.37 g of G) pre-
sented the following characteristics: starting reaction tem-
perature, corresponding to the glass transition temperature 
(Tg), around 28.00 °C. From a certain temperature, the mol-
ecules were organized in the form of crystals, corresponding 

to the crystallization temperature (Tc), which was 109.79 °C. 
Heating above the Tc makes crystals to disorganize and melt 
due to the increase in temperature, forming an endothermic 
peak in the heat flow curve, which corresponds to the melt-
ing temperature (Tm). This peak occurred at 146.35 °C. The 
latent heat of melting (ΔH) represents the energy required 
to raise the state of molecular agitation which takes the 
compound from the solid state to the liquid state. ΔH was 
− 72.93 J g−1 (Fig. 3a).

For treatment (b), Tg was around 27.71 °C. Due to the 
more stable arrangement, it was not possible to identify Tc 
on the graph. The Tm was around 146.39 °C and the ΔH of 
the film was − 86.92 J g−1 (Fig. 3b). For treatment (c), the Tg 
was 28.15 °C, the Tc was 146.60 °C, the Tm was 154.44 °C, 
and the ΔH of -139.30° C  g−1 (Fig. 3c).

The obtained data indicate that the treatments contain-
ing CEO had values of Tm and of ΔH greater than in the 
control film. This was possibly due to higher thermal stabil-
ity of the filmogenic matrix of the CEO treatments since it 
was perceptible that with the addition of the essential oil 
the heat flux curves presented fewer variations. According 
to Hoque et al. [3], high Tm and ΔH can be explained by 
a higher interaction in the polymer network, affecting the 
thermal stability of the film by the presence of intermolecu-
lar interactions in the protein, e.g. hydrogen bonds, ionic 
interactions and hydrophobic interactions, which stabilize 
the polymer matrix.

X‑ray Diffraction (XRD)

The X-ray diffraction (XRD) analysis shows that the film 
without CEO had a single reflection peak 2θ = 19.2812°, 
while the film with CEO presented reflection peaks at 
19.7828° and 33.8802° (Fig. 4). These peaks indicate low 
crystallinity in the films, since XRD arises from the interac-
tion of electromagnetic radiation with atoms of the crystal-
line lattice of a solid, once that the wavelength of the X-rays 
is of the same order than the separation of atoms in a crystal.

Another possible reason for the amorphization of films 
is that proteins are capable of forming amorphous three-
dimensional structures, stabilized mainly by non-covalent 
interactions and plasticizers, by reducing the interactions 
between molecules and increasing the mobility of the poly-
mer chains, decreasing the crystallinity of the polymers [26, 
36]. The small peaks obtained near 20° are characteristic 
of the crystalline phase of polymers in biodegradable films 
[37].

Fig. 1  Contour diagrams for the evaluation of hybrid sorubim pro-
tein films in terms of the significant variables at confidence interval 
of 95%: a water vapor permeability (WVP) in function of glycerol 
content (g 100 mL−1) and protein content (g 100 mL−1), and b WVP 
in function of CEO content (g 100  mL−1) and glycerol content (g 
100 mL−1). Third variable fixed in the level 0
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Microbiological Analysis of IPP Films Incorporated 
with Clove Essential Oil

The results of the microbiological evaluation of the films 
performed by the disc diffusion method are presented in 
Fig. 5. The control treatment did not contain CEO in its 
formulation and, as expected, there was no microbiological 
inhibition for any of the bacteria tested (Fig. 5a, d and g). 
The films with CEO at concentrations of 0.1 and 0.5 g were 
not able to form inhibitory halo for any of the microorgan-
isms tested, possibly due to the combination of the low CEO 
content and their high volatilization (Fig. 5b, c, e, f, h and i).

According to De Lima et al. [38], clove essential oil 
when used as an antimicrobial agent in polyvinyl chloride 
films showed an inhibitory effect at a concentration of 1.5%. 
Based on that, it was figured to evaluate the use of clove 
essential oil in lower concentrations, in order to verify if it 
had the same or similar antimicrobial effect.

Ferreira [22], in his analysis on the microbiological evalu-
ation of fish films, obtained results similar to the present 
work, where the treatments formulated with 1.0% of CEO 
were not able to form inhibition halo for the bacteria Staph-
ylococcus aureus, Escherichia coli and Salmonella enter-
itidis. Menezes et al. [39] also did not identify the inhibitory 
halo formation in chicken protein films incorporated with 0.8 
and 1.2% oregano essential oil for none of the microorgan-
isms evaluated.

Conclusion

Hybrid sorubim protein isolate (HSPI) obtained from 
mechanically separated meat of hybrid sorubim showed 
itself a viable and low-cost alternative for the development 
of films. The obtained films presented different properties 

Fig. 2  Electron microscopy 
images obtained from scan 
of a film with 2.5 g of hybrid 
sorubim protein isolate (HSPI) 
and 0.37 g of glycerol (× 500 
(left) and × 2000 (right)) and b 
film with 2.5 g of HSPI, 0.37 g 
of glycerol and 0.5 g of clove 
essential oil (CEO) (× 500 (left) 
and × 2000 (right))
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depending on the concentration of the variables protein, 
glycerol and clove essential oil (CEO). In general, the film 
with the best characteristics in relation to the performed ana-
lyzes was the treatment 6 (25% glycerol, 2.5 g of HSPI and 
0.5 g of CEO). These characteristics make it suitable for 

packaging applications. However, more studies are needed 
to improve its mechanical and barrier properties, as well as 
to test its antimicrobial activity at higher concentrations of 
CEO.

Fig. 3  DSC glass transition of a film with 2.5 g of hybrid sorubim protein isolate (HSPI) and 0.37 g of glycerol, b film with 2.5 g of HSPI, 
0.37 g of glycerol and 0.1 g of clove essential oil (CEO), and c film with 2.5 g of HSPI, 0.37 g of glycerol and 0.5 g of CEO
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Fig. 4  X-ray diffraction of 
hybrid sorubim protein film 
with (black line) clove essential 
oil (CEO) and without (red line) 
CEO in the composition

Fig. 5  Antimicrobial activity 
of films prepared with 2.5 g of 
hybrid sorubim protein isolate 
(HSPI) and 0.37 g of glycerol 
(a, d, and g); 2.5 g of HSPI, 
0.37 g of glycerol and 0.1 g of 
clove essential oil (CEO) (b, e, 
and h); 2.5 g of HSPI, 0.37 g of 
glycerol and 0.5 g of CEO (c, 
f, and i). Analyses for Staphy-
lococcus aureus (a, b, and c), 
Escherichia coli (d, e, and f); 
and Salmonella enteritidis (g, 
h, and i)
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