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Abstract

Hydrolyzed collagen (HC) has been extensively explored in the food sector because of its functional properties and broad
availability as a low-cost byproduct. However, its widespread use as a component of edible films lacks detailed informa-
tion. In this study, sodium alginate/hydrolyzed collagen (SA/HC) films with distinct loadings of HC (10, 20, and 30%) were
prepared. FT-IR results suggested the formation of intermolecular chemical bonds between SA and HC. When the control
sample was compared with the highest concentration of HC evaluated, it was confirmed that incorporating HC increased the
maximum degradation rate temperature from 226.51 to 232.89 °C (second thermal event). The thickness of all the SA/HC
films increased as a function of the HC load, and a reduction of the water vapor transmission rate (WVTR) from 1215.7+71.0
t0 592.4+52.2 ¢ m~2 day~! was observed. Although SEM images showed the addition of hydrolyzed collagen led to a dis-
continuity in the film polymeric matrix, there was no statistically significant influence on the tensile strength. However, the
elongation at break experienced a significant reduction (from 11.1+7.4 to 4.0+2.4%), by comparing the control sample
and a 30% HC loading. In general, SA/HC films with a 10% HC loading resulted in a superior general performance, so this
formulation is recommended for future food packaging studies.
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Introduction

The replacement of synthetic polymers by natural biopoly-
mers remains an increasingly expanding topic in research
aiming at a more sustainable environment (Berti et al., 2021;
Ribeiro et al., 2021; Vianna et al., 2021; Zanela et al., 2021).
Proteins and polysaccharides represent examples of out-
standing renewable and biodegradable biopolymers for the
production of edible films for food packaging (Khashayary
& Aarabi, 2021; Marangoni Janior et al., 2021a; Oliveira
Filho et al., 2021; Silva Pereira et al., 2021). The formu-
lation of blends of proteins and polysaccharides allows an
attractive alternative for improving some physicochemical
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properties (Cazén et al., 2017; Gémez-Guillén et al., 2009;
Jamréz et al., 2018), in addition to the possibility of obtain-
ing films with functional activities (Gagliarini et al., 2019;
Marangoni Junior et al., 2020a; Motedayen et al., 2013).
Among the various types of renewable polymers available,
hydrolyzed collagen (HC) stands out because of its numer-
ous functional activities and low cost. However, its poten-
tial has still been relatively little explored for biobased film
production.

Obtained from native collagen sources (e.g., bovine, por-
cine, and marine), HC is a group of peptides produced by
enzymatic action in an acid or alkaline environment (Garrido
et al., 2019; Le6n-Lépez et al., 2019). While native colla-
gen possesses an average molar mass ranging from 285 to
300 kDa, the HC average molar masses are remarkably low
(3-6 kDa). It has been reported that compared with native
collagen, HC has a lower viscosity, better water solubility,
and sensorial properties (Denis et al., 2008; Zhang et al.,
2006), which represent an advantage from the film process-
ing perspective. In addition, HC retains a higher bioavail-
ability than native collagen, and peptides resulting from its
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ingestion offer chemotactic properties for skin fibroblasts,
helping the skin restoration process. Therefore, HC has been
widely employed as a food ingredient with defined physi-
ological effects (nutraceuticals) (Gomez-Guillen et al., 2011;
Ito et al., 2018; Lupu et al., 2020).

Moreover, HC can be obtained as a byproduct of animal
processing in several industries. For example, fleshing, and
shavings, made up mainly of raw collagen, represent the
most significant solid waste in the tannery industry. Such
byproducts are processed, and collagen hydrolysates in
solution or powder are obtained. Therefore, HC is a low-
cost material and its use in the bioplastics sector does not
compete with the food industry, unlike starch or other
protein sources (Seggiani et al., 2019). Despite possessing
these advantages, HC does not form films by itself
(Ramadass et al., 2014; Silvipriya et al., 2015). Hence, the
incorporation of HC in the formulation of other biopolymer-
based films can represent an easy strategy to take advantage
of its functional properties, as well as lowering the cost
of the final bioplastic products. Sodium alginate (SA) is
a linear polysaccharide with a backbone of (1-4) linked
B-d-mannuronic acid (M units) and a-1-guluronic acid (G
units) (Mahmoud et al., 2020). SA is one of the most well-
known polysaccharides with excellent film-forming ability,
biodegradability, and non-toxicity that can be employed
in the production of edible films (Marangoni Junior et al.,
2021b; Rahmani et al., 2017; Reyes-Avalos et al., 2016;
Uyen et al., 2020; Venkatesan et al., 2015).

To the best of the author’s knowledge, among the numer-
ous biopolymers available for the formulation of blends with
sodium alginate, hydrolyzed collagen has been unexplored
until the present date. The fundamental hypothesis of this
study was that adding HC would not harm the properties of
SA-based films, allowing this component to be used more
frequently in this regard. Thus, the aim of this study was
to investigate the impact of including different proportions
of HC on the physicochemical, optical, and morphologi-
cal properties of SA-based films. The importance of this
work lies in the fact that it will represent the first thorough
description of the interactions between SA and HC for the
production of edible films. Therefore, we believe this work
may be the starting point in the expansion of studies evolv-
ing practical applications of hydrolyzed collagen as a food
packaging material.

Materials and Methods
Material
The materials used in the preparation of the films were

sodium alginate (SA), glycerol (Dindmica Quimica Contem-
poranea Ltda, Indaiatuba/SP, Brazil), hydrolyzed collagen

(HC) with 90% protein (NaturalLife, Sdo José do Rio Preto/
SP, Brazil), and distilled water.

Preparation of Film-Forming Solution and Films
Samples

Sodium alginate and hydrolyzed collagen blended films (SA/
HC) were prepared using the casting method. First, SA solu-
tions (4% w/w) were prepared by dissolving the biopolymer
in distilled water containing glycerol as a plasticizer (30%
w/w based on the SA mass). Four film-forming solutions
with different concentrations of HC were prepared (0, 10,
20, and 30% w/w based on the SA mass). The film-forming
solution was heated to 80 °C with stirring for 20 min, then
treated in an ultrasound bath for 15 min to ensure a homo-
geneous solution and elimination of bubbles. After this step,
40 g of film-forming solution were poured into polystyrene
Petri dishes (14 cm diameter). The solutions were dried in a
forced-air oven (Ethik Technology, Vargem Grande Paulista/
SP, Brazil) at 40 °C for 20 h. The films were labeled as con-
trol samples SA, SA/HC10%, SA/HC20%, and SA/HC30%.
All films were placed in an air-conditioned laboratory at
25 °C and 75% RH before the characterization test.

Characterization of SA/HC Films
Surface Morphology

The surface and cross-section (fractured with liquid nitro-
gen) microstructures of the film samples were visualized
using a scanning electron microscope (SEM) (Leo 440i,
LEO Electron Microscopy/Oxford, Cambridge, UK) at an
acceleration voltage of 15 kV, 50 pA current, and magnifica-
tion of 1000 X . Before visualization, the film samples were
fixed on a metallic support with the aid of double-sided car-
bon tape and covered with gold in a sputter coater (SC7620,
VG Microtech, Kent, UK).

Fourier-Transform Infrared Spectroscopy (FT-IR)

The FT-IR spectra of the SA and SA/HC films were recorded
using a Thermo Scientific spectrophotometer (Nicolet Con-
tinuum, Madison, WI, USA) in the wave number range
between 4000 and 650 cm™', using the attenuated total
reflectance module (ATR) with a resolution of 4 cm™".

Thermogravimetric Analysis (TGA)

The thermal analysis was conducted on a thermogravimet-
ric analyzer (Mettler Toledo, TGA/DSCI1, Schwerzenbach,
Switzerland) and used to investigate the influence of HC
concentration on the alginate-based films degradation rate.
Ten-milligram samples were heated from 25 to 600 °C under
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a nitrogen atmosphere at a flow rate of 50 mL min~'. All
experiments were conducted at 20 °C min~! and the TG/
DTG curves were recorded.

X-ray Diffraction (XRD)

X-ray diffraction analysis was performed using an X-ray
analyzer (X’ Pert-MPD, Philips, Almelo, Netherlands), using
Cu Ko radiation (1.54056 A) at a scan rate of 0.033333°/s
(step=0.04° and time per step=1.2 s), with an acceleration
voltage of 40 kV and an applied current of 40 mA, ranging
from 5 to 60°.

Thickness

The average thicknesses of the films were measured using a
digital electronic micrometer (Mitutoyo Co., Kawasaki-Shi,
Japan), with a resolution of 0.1 um. Measurements were per-
formed at five random locations from five specimens from
the same film formulation (ISO-4593, 1993).

Mechanical Properties

The samples were cut to a width of 15 mm using high-
precision equipment (RDS-100-C, ChemlInstruments,
Fairfield, OH, USA). They were then conditioned for 48 h
at 23 +2 °C and 50+ 5% RH. The mechanical properties of
tensile strength (MPa), elongation at break (%), and modulus
of elasticity (MPa) were determined using a universal testing
machine (Instron, 5966-E2, Norwood, MA, USA). The
tests were performed with a 100-N load cell, at a speed of
12 mm min~"! and a distance of 50 mm. All tests were carried
out with five repetitions (ASTM-D882, 2018).

Moisture Content

The moisture content (MC) of the films was evaluated by
gravimetric method. The initial masses of the film sam-
ples were determined using an analytical balance (Mettler
Toledo, Columbus, OH, USA) with a resolution of 1074 g.
The films were then heated to 105 °C for 24 h in an oven
(Ethik Technology). After cooling the samples, the final
masses were recorded. The MC values (%) were determined
using four repetitions for each film sample analyzed, accord-
ing to Eq. (1):

w; = Wy

MC = x 100% e))

1

where w; and wy are the initial and final masses of the sam-
ples, respectively.
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Water Vapor Transmission Rate (WVTR)

For all film samples, water vapor transmission rate (WVTR)
values were determined using the gravimetric method. Cap-
sules with a permeation area of 50 cm” and an analytical
balance (Mettler Toledo) with a 107* g resolution were
used, with the tests carried out at 25 °C and 75% RH in
an air-conditioning chamber (Weiss Technik, Reiskirchen,
Germany), with anhydrous calcium chloride desiccant. The
WVTR (g m~2 d~!) was determined using four repetitions
from the slope of the curve “mass vs. time” (ASTM-E96/
E96M, 2016).

Light Transmission

The light transmission of the film samples was measured in
the broad wavelength range (from UV to visible) between
200 and 800 nm, using a double-beam UV-visible spec-
trophotometer (Specord 210, Analytik Jena GmbH, Jena,
Germany), with a scanning speed of 120 nm min~!' (ASTM-
E-1348, 2015). The tests were performed in triplicate.

Statistical Analysis

The results were statistically analyzed using an analysis of
variance (ANOVA) and the Tukey test to compare the aver-
age values. Differences were considered to be statistically
significant if p <0.05.

Results and Discussion
Surface Morphology

Scanning electron microscopy (SEM) can reveal the dispersion
conditions of each component in a polymer blend and also the
state of the interface phases. The SEM images of the sodium
alginate blend films incorporating different loads of hydrolyzed
collagen are presented in Fig. 1. It is possible to observe the
microstructural changes in the samples due to the addition of
hydrolyzed collagen in the top and cross-sectional topographies
of the films. The surface and cross-sectional micrographs of the
sodium alginate control films displayed a smoother and flatter
morphology, compared to the blended films, presenting slight
irregularities at a magnification of 1000 . These control images
were similar to those typically reported in the literature (Aloui
et al., 2021; Yerramathi et al., 2021). However, the addition of
hydrolyzed collagen at concentrations from 10 to 30% produced
noticeable (at magnification of 1000 X) irregularities and cracks
on the blended films, disrupting the continuity of the alginate
matrix.
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Fig. 1 Scanning electron micrography of sodium alginate films with different percentages of hydrolyzed collagen showing the top (a, b, ¢, d)
and cross-sectional (e, f, g, h) views, along with images of the films with no magnification (i, j, k, 1)

FTIR Spectroscopy

Infrared spectroscopy can be employed to determine the
functional groups of biopolymers and the possible intermo-
lecular interactions between them. For this, the shifting of
the chemical bonds’ absorption peaks is identified on the
material spectra. The impact of hydrolyzed collagen addition
on the shifting of characteristic bonds of sodium alginate
films is displayed in Fig. 2.

The typical functional groups of SA were found in all
films analyzed (Fig. 2). For the control film, the peaks at
wavenumbers around 3344 and 2925 cm™! are characteristic
of —OH stretching and a weak aliphatic C—H stretching band,
respectively. The sharp peak observed at 1040 cm™! can be
attributed to the elongation of the C—O groups (Pereira et al.,
2011). Asymmetric and symmetric stretching vibrations of
COO™ have been reported at the wavenumbers, 1606 and
1406 cm™!, respectively (Santos et al., 2020). Because of
the low HC loads, the characteristic bands of amides were
noticed in the blends only with very low intensity, at approx-
imately 1548 cm™'. This may be related to signals overlap
referring to the stretching vibrations of the carbonyl groups
(C=0), which are present in both SA and HC.

The transmittance of the —OH group band increased by
the addition of hydrolyzed collagen (from approximately

85 to 88%, for SA and SA/HC30%, respectively). There
was also a slight shift of the spectrum to lower wavelength
regions (from 3344 to 3303 cm™! for SA and SA/HC30%,
respectively), indicating that hydrogen bonds had been
formed between the polymers in the blended films. The
same behavior was also exhibited for the C—O (1040 cm™")
and COO~ (1606 cm™!) group vibrations, confirming the
hypothesis of the existence of intermolecular interactions
between polymeric matrices. However, it was found that
these interactions were not as high as expected when low
HC loads were added.

Thermogravimetric Analysis

Thermal stability is a crucial parameter for the indus-
trial processing and applications of blended films. The
results from the thermogravimetric characterization of
the sodium alginate films blended with hydrolyzed col-
lagen are shown in Fig. 3. The curves show the mass
loss of the samples throughout their thermal decomposi-
tion (Fig. 3a) and their associated derivatives (Fig. 3b).
This showed that the degradation of all films tested
occurred as two different thermal events, which is typi-
cal for sodium alginate-based films (Aloui et al., 2021;
Liu et al., 2017).
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Fig.2 FTIR spectra of sodium

alginate films with hydrolyzed
collagen
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ration of free water from the films. Consecutively, the second
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alginate constituents (Liu et al., 2017). Table 1 displays the
initial degradation (7,,,,) and maximum decomposition
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214.37 and 226.51 °C, respectively. These results are similar
to those found by Aloui et al. (Aloui et al., 2021).

The incorporation of hydrolyzed collagen in the sodium
alginate films increased the blend’s 7,,,, and 7T, values
(Table 1) compared with the control SA thermal behavior,
especially for the composition of SA/HC30%. This behavior
may be attributed to increasing the extent of hydrogen bond-
ing upon increasing the HC content. Furthermore, the HC

-5.0E-04 (b)
- —SA
-2.5E-03 - 1\ ----SA/HC10%
| ——AS/HC20%
| — —SA/HC30%
-4.5E-03 + \
|
|
-6.5E-03 - |
|
|
-8.5E-03 + U
v
-1.1E-02 T T T T
25 125 225 325 425 525

Temperature (°C)

Fig.3 TGA (a) and DTGA (b) curves of sodium alginate films with hydrolyzed collagen
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Table 1 Initial degradation (7,,,) and maximum decomposition
(T, temperatures of sodium alginate films with hydrolyzed colla-
gen

Sample First thermal event (°C)  Second thermal event
O
Tonset Tmax Tonset Tmax
SA 59.45 87.83 214.37 226.51
SA/HC10% 54.46 83.30 215.31 228.56
SA/HC20% 53.47 82.45 216.96 227.02
SA/HC30% 57.12 88.00 220.61 232.89

load decreased the average mass loss rate (Fig. 3a) of the
films, suggesting that adding HC contributes to the integrity
of the films at higher temperatures. Even though low concen-
trations of HC were used, it is confirmed that its incorpora-
tion in alginate films clearly improves its thermal stability.
The thermal degradation of hydrolyzed collagen occurs
over a range close to that previously identified for sodium
alginate control films (Sadeghi & Hosseinzadeh, 2013). Sim-
ilar behavior was observed in a study aiming to enhance the
stability and mechanical strength of sodium alginate com-
posite films with graphene oxide, ammonia functionalized
graphene oxide, and triethoxylpropylaminosilane function-
alized silica (Liu et al., 2017). It is important to note that
the results reported in the present study were superior to
those published by Aloui et al., who observed a decrease in

T, and T, . of sodium alginate films with added gallnut
extract (Aloui et al., 2021). The authors also disclosed that
incorporating the gallnut extract in the SA matrix increased

the average mass loss rate of the films.
X-ray Diffraction

Crystallinity, the molecular ordering in a material structure,
is a critical characteristic that widely affects the mechanical
properties of polymers, such as yield stress, elastic modu-
lus, and impact resistance (Rodrigues & Druzian, 2018). In
order to investigate this characteristic, Fig. 4 shows the XRD
spectra of the blended films produced in the present study
as well as those of the SA control. It is possible to observe
(Fig. 4) the diffraction peaks at 20 for all films assessed and
their intensity variations due to the different formulations.
The materials analyzed exhibited semi-crystalline struc-
tures, predominantly amorphous. The XRD spectra of the
control SA sample showed a small peak at 20 ~ 13° and a
broad diffraction peak at 26 ~ 20°, which indicates a low
crystallinity (Bhagyaraj & Krupa, 2020). A similar profile
was observed for all blended films. However, there was a
slight increase in the intensity of the crystalline peaks with
the addition of hydrolyzed collagen. This phenomenon
suggests the establishment of intermolecular interactions
between sodium alginate and hydrolyzed collagen, mak-
ing the blended films a little more crystalline than the SA
control. The presence of such interactions was confirmed in

Fig.4 XRD pattern of sodium
alginate films with hydrolyzed
collagen
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the FTIR spectra (Fig. 2) by the shift in the vibration of the
functional groups in the blended films and may also be asso-
ciated with the increase in the thermal stability of the algi-
nate-based films as the hydrolyzed collagen load increased.

Thickness and Mechanical Properties

According to the thickness results (Table 2), the SA film
(control) was the thinnest (83.3 +10.2 pm), while the SA/
HC20% film was the thickest (116.6+22.5 pm). In addi-
tion, films with 10 and 30% HC were approximately 100 pm
thick, significantly different (p < 0.05) from the SA and SA/
HC20% films. These results indicate that the thickness of the
films was influenced by the interaction between SA and HC,
and can be explained by the alignment of the CH peptide
chains in the polymeric matrix, resulting in a lower degree
of film compaction and, consequently, greater thickness in
relation to the control sample (Ahmad et al., 2016; Ocak,
2018). It is also important to note that variations in the film
thickness depend on the composition and film-forming solu-
tion, the nature of the film components, as well as the prepa-
ration and drying conditions (Ahmad et al., 2012). Finally,
the higher thickness of films with 20% HC in relation to
the films with 30% HC may be due to variations along the
matrix that come from the casting method used in the pro-
duction of the films.

The mechanical properties of packaging materials are of
great importance for maintaining their integrity and stabil-
ity during handling, storage, and transportation (Marangoni
Junior et al., 2020b, c¢; Shahbazi, 2017). The characteris-
tics of tensile strength (TS), elongation at break (EB), and
modulus of elasticity (ME) of the SA/HC films are shown
in Table 2. The tensile strength varied between 15.5+2.2
and 20.4 +4.5 MPa and showed no significant difference
between the different formulations. These results were dif-
ferent from those found for cellulose-based films whose
tensile strength was reduced by the addition of hydrolyzed
collagen (Pei et al., 2013). Therefore, in this present study,
the addition of hydrolyzed collagen did not have the same
negative effect on the TS of the SA-based films.

Regarding the elongation at break, the values for SA and
SA/HC10% films were not significantly different (p > 0.05).
The film with 10% of HC exhibited the highest average
value (18.9%). Conversely, the EB of the SA/HC20% and
SA/HC30% films were significantly reduced (p <0.05)
compared with that of the SA/HC10% film. In this sense,
the elongation at break tends to decrease continuously as
the HC content increases. This behavior was also observed
for polyethylene films with added HC (Dascalu et al.,
2005; Senra & Marques, 2020). It is important to note
that the addition of higher HC loads negatively impacted
the morphology of the films, as discussed in the “Surface
Morphology” section. This significant reduction in film
elongation may also be correlated with the cracks observed
in the fracture micrographs of the SA/HC films (Fig. 1),
since these defects can act as stress concentrators during
the mechanical test, providing rapid crack propagation and
consequently an early failure.

In addition, the modulus of elasticity of the SA/
HC10% and SA/HC30% films did not differ significantly
from the control (SA), with values of 619.9 +77.9 and
885.9 +104.0 MPa, respectively. However, although a sig-
nificant increase (p < 0.05) in EM was observed for the SA/
HC20% film, but it was not significantly different (p > 0.05)
to that of the SA/HC30% film. The increase in stiffness (high
EM) may have occurred due to more intense intermolecular
interactions with larger proportions of HC in the blends. On
the other hand, the brittleness (low EB values) of the films
may be associated with the fact that HC molecules with low
molar masses were added, which cannot significantly con-
tribute to the plastic deformation of the material as a whole.
In addition, the defects (cracks) observed in the microstruc-
ture may also have contributed to this large reduction in EB.
In general, the 10% HC films underwent no changes in the
mechanical properties evaluated in relation to the control
and exhibited a better EB result than the other films with
added HC. Therefore, this formulation (SA/HC10%) could
be explored in future studies aiming at the incorporation of
other materials, such as nanoparticles, for example, in order
to achieve better mechanical properties.

Table 2 Thickness and

. : Sample Thickness (um) Tensile strength (MPa) Elongation at break (%) Modulus of
mec.hamcal. properties of elasticity (MPa)
sodium alginate films with
hydrolyzed collagen SA 833+10.2° 18.4+3.1° 11.1£7.4% 762.4+117.0%

SA/HC10% 101.0+13.4° 20.4+4.5° 18.9+7.6* 619.9+77.9°
SA/HC20% 116.6 +22.5° 19.5+1.8% 624220 957.1+105.3*
SA/HC30%  102.8+13.6° 15.5+2.2% 4.0+24° 885.8+104.0°

The results are expressed as an average of five repetitions + standard deviation

abCThe means, followed by the same letter, in the column, do not differ at the 95% confidence level

(p>0.05)
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Table 3 Moisture content and water vapor transmission rate of
sodium alginate films with hydrolyzed collagen

Sample Moisture content (%) WVTR (g m™2 day_l)
SA 82.8+0.2° 1215.7£71.0°
SA/HC10% 82.9+0.1° 978.6+78.3°
SA/HC20% 84.7+0.4% 790.6+121.0°
SA/HC30% 84.9+0.1% 592.4+52.2¢

The results are expressed as mean + standard deviation

25-cThe means, followed by the same letter, in the column, do not dif-
fer at the 95% confidence level (p>0.05)

Moisture Content and Water Vapor Transmission
Rate

The results on moisture content (MC) of the SA/HC blended
films are shown in Table 3. The values were between
82.8+0.2 and 84.9 +0.1%. MC values above 80% have also
been found in the literature for SA-based films (Yerramathi
etal., 2021). In addition, it was observed that the addition of
20 and 30% HC resulted in a significant increase (p <0.05)
in the MC compared with the control (SA) and the SA/
HC10% films, which may be due the greater affinity of
HC with water (Ahmad et al., 2016), or also because of an
unsatisfactory drying time. In this sense, it is suggested that
future studies should determine moisture sorption isotherms
to investigate such interactions.

The water vapor barrier is an important property for
evaluating the performance and the mass transfer mechanism
of biopolymer-based films for applications such as food
packaging, since this property has a direct influence on the
shelf life of products (Ferreira et al., 2016; Marangoni Jinior
et al., 2021c; de Morais Lima et al., 2017). In addition,
polysaccharide-based films tend to have a low water vapor
barrier due to their hydrophilic nature (Ferreira et al., 2016).
The results of determining water vapor barrier properties
are shown in Table 3. The WVTR of the SA films decreased
significantly (p <0.05) due to the increase in collagen
content. These results are consistent with an increase in the
thickness of the film due to the higher concentration of solids
in the polymeric matrix. In addition, this behavior may be
due to better integration of the film matrix, evidenced by a
stronger intermolecular (polysaccharide-protein) interaction
that modifies the micro-paths and delays the transfer of
moisture through the film (Ahmad et al., 2012, 2016).

Light Barrier Properties

The characterization of light transmission is an impor-
tant property for films based on biopolymers, since the
exposure of foods to light may result in reactions which
degrade nutrients. In addition, depending on the applica-
tion, the packaging can act as a light barrier, delaying the
photodegradation of food (Marangoni Junior et al., 2020a,

Fig.5 Light transmission (%) 100
of sodium alginate films with
hydrolyzed collagen
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d, 2021a). The light transmissions in the UV-visible range
of SA films with different proportions of HC are shown in
Fig. 5. In the 200-300 nm UV range, all films had a high
light barrier (light transmission < 15%). However, light
transmission gradually increased in the visible range of
300-800 nm, to approximately 90%. The light transmis-
sion profile of the SA, SA/HC10%, and SA/HC20% films
was identical. However, for the SA/HC30% film the light
transmission was slightly lower, both in the UV and in
the visible range. This behavior may be due to the greater
amount of solids present in the film. In addition, a higher
concentration of HC in the film has been reported to result
in an increase in aromatic amino acids, which are sensitive
chromophores that can absorb light at wavelengths below
300 nm (Ahmad et al., 2016; Fakhreddin Hosseini et al.,
2013; Guerrero et al., 2011; Jridi et al., 2014). Still in this
context, the interaction between SA molecules with HC
results in a more compact structure, which consequently
can delay the transmission of light, as was observed for
the SA/HC30% film.

Conclusions

In the present study, the sodium alginate/hydrolyzed col-
lagen films were successfully developed and were visually
attractive, with uniform coloring. SEM images showed the
addition of hydrolyzed collagen led to a discontinuity in
the polymeric matrix. However, this discontinuity did not
adversely influence the tensile strength of the films. It was
possible to conclude that intermolecular interactions had
formed between sodium alginate and hydrolyzed collagen,
based on the FT-IR spectra data, where the peak intensity
of the groups —OH, C-0, and C-H decreased with the
addition of hydrolyzed collagen and also from the increase
in crystallinity based on the XRD results. In addition,
the incorporation of hydrolyzed collagen increased the
thermal stability of the sodium alginate films. The films
became thicker as the hydrolyzed collagen concentration
increased, positively impacting the WVTR of the films.
As a general conclusion, a loading of 10% hydrolyzed col-
lagen in sodium alginate-based films resulted in superior
properties; therefore, this formulation is recommended for
future research.
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