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HIGHLIGHTS
e Chitosan and xanthan gum based films provided improvements in chilled fish fillets preservation.
e The films were efficient in inhibiting Staphylococcus, Salmonella and coliforms growth at 45 °C.

e The films with the highest content of xanthan gum tended to present the best results.

Abstract: This research aims to determine the efficiency of chitosan and xanthan gum films in conservation
of croaker fillets kept in refrigeration for 9 days. Proximal composition, loss of mass, color, pH, TVB-N (Total
Volatile Bases) and microbiological profile were assessed. The films were prepared with chitosan and
xanthan gum in varying mass proportions 100:0, m:m (C100XG0); 60:40, m:m (C60XG40); 50:50, m:m
(C50XG50). They presented the respective values for moisture content, water solubility, thickness and water
vapor permeability: 24.59%, 19.50%, 0.086 mm and 11.45gm.s*.Pa-}for C100XGO0; 24.58%; 20.27%, 0.091
mm and 10.41 gml.stlPalfor C60XG40; 22.11%, 22.06%, 0.089 mm and 10.68 gmstlPal
forC50XG50.The films were made in small bags format capable to hold about 20 g of fish fillets. A control
sample was prepared in parallel, using polyethylene bags under the same storage conditions. The results
showed that the chitosan films combined with xanthan gum had excellent antimicrobial properties, capable
of preserving the quality of chilled fish fillets during the studied period, since it inhibited the growth of
Staphylococcus coagulase-positive, Salmonella spp and coliforms at 45 ° C. Mass loss of the croaker fillets
was not significantly affected by xanthan gum addition to the films. On the other hand, xanthan gum addition
affected pH and color parameters of the corvina fillets. It was also verified that the combination of these two
polymers promoted the reduction of N-BVT, being the C50XG50 film that presented the best response.

Keywords: chitosan; xanthan gum; film; fish; antimicrobial properties.
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INTRODUCTION

Active packaging derived from natural sources has aroused industries and researchers’ interest, since,
besides providing protection, security and good appearance to food, it showed to be ecologically correct [1].
Active packaging systems are based on incorporation of antimicrobial, antioxidant, among others properties
substances, in order to control the undesirable variations in food quality [2].

Chitosan is a linear polysaccharide consisting of units of 2-amino-2-deoxy-$3- (1,4) -D-glicosamina and
2-acetamido-2-deoxy-B- (1,4) -D-glucosamine, obtained by chitin deacetylation, which is the second most
abundant polysaccharide found in nature after cellulose. It is considered non-toxic, biocompatible,
biodegradable [3] and displays antimicrobial properties against some Gram-positive bacteria, Gram-negative
bacteria, yeasts and molds [4,5]. Although chitosan is cited in literature as one of the great potential polymers
in biodegradable packages usage, it shows some disadvantages, such as low mechanical strength, high
solubility and water vapor permeability. One way of improving these properties is based on mixing chitosan
with other polymers [6] such as xanthan gum, starch, cellulose and protein. Xanthan gum is a safe
biodegradable product capable of forming a continuous, stable and cohesive matrix with physical and
chemical uniform properties, promoting, as well, mechanical strength improvements when mixed with other
polymers [7,8].

There are few reports on films based on chitosan and xanthan gum in literature, none of them considering
combined application of those two polymers for life extension of refrigerated fish [9, 10]. Croaker
(Micropogonias furnieri) is economically considered one of the important fish species. It is abundantly found
in the Atlantic Ocean (Caribbean to Argentina) [11]. The usage of chitosan based, antimicrobial properties
packaging on this fish, may be an option to preservation and shelf life extension. Thus, the objective of this
research was to verify the effects of chitosan and xanthan gum film packages in conservation of refrigerated
packed croaker fillets for nine days.

MATERIALS AND METHODS

Material

The newly captured croaker (Micropogonias furnieri) was acquired directly from the fishermen of colony
Z3 location —city of Pelotas - RS, Brazil. Chitosan was obtained from Polymar Ciéncia e Nutrigdo S/A
company, city of Fortaleza-CE - Brazil, with the following characteristics: grain size of 80 mesh, bulk density
of 0.36 g/mL, pH 8.1, total ash 0 9%, viscosity of 199.5 cps at 20 °C and deacetylation degree of 86.7%.
Xanthan gum was donated for CP Kelco Brazil S.A Company, from Limeira - SP, Brazil, with the following
characteristics: 180 um particle size, pH 6.3, pyruvate content 9.35%, acetyl content 6, 2% and 11% maoisture.
All reagents used were of analytical grade.

Preparation of the films

The films were prepared using the casting technique, according to the methodology described by Araujo-
Farro and coauthors [12] with some modifications. Films were prepared with chitosan and xanthan gum in
varying weight ratios of 100/0 (C100XGO0); 60/40 (C60XG40); 50/50 (C50XG50). All solutions were prepared
using 0.75% chitosan and 0.75% xanthan gum (w/v) except 100/0 (chitosan 1.5%, w/v). Xanthan gum
solutions were prepared by slowly adding the powder in 50 mL of distilled water under constant stirring with
a magnetic stirrer at room temperature for 12 h. The chitosan powder was dispersed in 50 mL distilled water
containing 1% (v/v) acetic acid with gentle shaking at room temperature until complete dissolution. Xanthan
gum and chitosan dispersions were mixed, added glycerol (Synth®) at concentration 0.30 g of
glycerol/polymer g. Afterwards dispersion was subjected to agitation in Ultra-Turrax (Tecnal, Turratec TE102)
at 20,000 rpm for 10 min to complete homogenization. Then, the filmogenic solutions were scattered (25 g)
in Petri dishes of 9 cm in diameter each, so they were placed in an oven with air circulation at 38 °C for 18 h
(model B5AFD, DelLeo). After drying, the films were properly stored for 48 hours until the beginning of testing
(at room temperature).

Samples preparation

Newly collected fish were boxed with ice cubes in an isothermal box and right afterwards transported to
Federal University of Pelotas, where they were washed, gutted and filleted. The fillets were packaged in
biodegradable packaging (derived from the films), made as square bags with dimensions of approximately
7x7 cm. The packages were sealed with a Sulpack bench sealer, model SM 300 Light, of continuous
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temperature. The films were prepared in small bags format with capacity to hold about 20 g of fish fillets.
Forty samples of fish bags were prepared for each treatment. Thus, each sample packed with film was placed
inside a petri dish. The petri dish containing the samples were stored under refrigeration at 4 + 1 °C for nine
days. A control sample was prepared in parallel, under the same conditions using polyethylene bags. The
samples were evaluated on alternate days for nine days (1st, 3rd, 5th, 7th and 9th days), except for the
chemical composition (first day only), color and microbiological analyses (performed on the first and last day
of analyses) - as described in the items below.

Samples characterization

Proximate composition

The proximate composition of the raw material was evaluated in accordance with AOAC methodology
[13]. The moisture content was determined in oven at 105 °C to constant weight (gravimetric method N°.
950.46); protein content was determined by quantification of sample total nitrogen applying Kjeldahl method,
using conversion factor of 6.25 (Kjeldahl method N°. 928.08); lipid content was obtained by Soxhlet method
(Soxhlet method N°. 960.39) and ash content was determined in muffle furnace at 500-600 (gravimetric
method N°. 920 153). All analyzes were performed in triplicate.

Mass loss

Mass loss was obtained from the difference between the initial weight of the packed fillets and the weight
obtained at the end of each storage period. The results were expressed in percentage of weight loss
(Equation 1).

mi—my

Mass loss (%) = (1)

my

Where mi is the initial mass and mf is the final mass.

Color

The croaker fillets instrumental color parameters were evaluated at initial time and ending of storage
period using a colorimeter (Minolta Chromometer, CR 300) CIE system (L* a* b*).
Determination of pH

pH analysis of croaker fillets were determined according to the AOAC [13], where 10 g of crushed fish
were homogenized with 100 mL of distilled water.
Determination of the total volatile basic nitrogen (TVB-N)

Volatile bases in the croaker fillets were determined according to the AOAC [14] methodology. The TVB-
N calculation (mg N/100 g) was performed according to Equation 2.

TVB-N=(VHClspen-VHClunite)*Macid* 14,01 (2
W

Where VHClspent is HCL spent volume on sample titling (mL); VHClunite is HCI volume spent on white
titration (mL); Maciqa is HCL molarity; W is sample weight (g).

Microbiological analysis

The croaker fillets with and without chitosan and xanthan gum based film were evaluated for detecting
coagulase positive Staphylococcus, Salmonella and coliforms at 45 °C, according to the methodology
recommended by APHA [15].

Statistical analysis

The analyses were performed in triplicate; the results were analyzed statistically using variance analysis
(ANOVA) and the Tukey test at a 5% significance level.
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RESULTS AND DISCUSSION

Chemical composition of the croaker fillets

The chemical composition (wet basis) of the croaker fillets were 75.85 + 0.55% moisture; 18.71 £ 0.21%
protein; 4.03 = 0.48% of lipids and 1.00% + 0.55 of ash. Fish chemical composition may vary depending on
muscle type, sex, age, season, habitat and diet among other factors [16]. Curcho and coauthors [17]
evaluated croaker sample chemical composition found 77.9% moisture, 19.6% protein, 1.06% ash and 1.46%
lipids. Luzia and coauthors [16] studying the profile of croaker lipid, found different lipid levels for each time
of year - 0.6% for the summer and 3.29% for the winter.

Mass loss
Mass loss values of croaker fillets packed with and without coatings based on chitosan and xanthan gum
stored at 4 + 1 °C for nine days are shown in Table 1.

Table 1. Mass loss values of croaker fillets packed with and without chitosan and xanthan gum based coatings stored
at4 + 1 °C for 9 days.

Films2 Mass loss (%)
3rd day 5th day 7th day 9th day
CONTROL 0.11 + 0.19bB 0.115 + 0.02bB 0.19 + 0.03bA 0.24 + 0.02bA
C100XGO0 1.46 + 0.31aC 2.18 £ 0.51aBC 3.68 £ 0.34aAB 4.01 + 0.64aA
C60XG40 1.32 + 0.47aB 1.96 + 0.56aAB 3.12+0.73aA 3.58 £ 0.79aA
C50XG50 1.60 £ 0.61aB 2.23 £ 0.75aAB 3.03 £ 0.86aA 3.42 £ 0.88aA

aDifferent lowercase letters in the same column and different uppercase letters on the same line differ with eachother
by Tukey's test (p<0.05).

According to Table 1, increased mass loss during storage for all treatments was observed. The loss was
significantly lower in the control treatment (polyethylene packaging). Among the other treatments, there were
no significant differences (p<0.05), so the addition of xanthan gum did not improve the performance of the
films. The highest losses were observed from the seventh day of storage on.

Analyzes regarding the structural, thermal, physical, mechanical and barrier properties of the films were
carried out in one of our previous studies [10]. However, it was concluded that the addition of xanthan gum
did not reduce the moisture content, solubility, water vapor permeability of the films, but significantly altered
the thermal, mechanical, physical, optical and structural properties of the films. Thus, xanthan gum
additioning to the films did not significantly cause changes in solubility and water vapor permeability values
of the films, nor mass loss of the packaged fish fillets.

Soares and coauthors [18] studying the effect of glaze and chitosan-based coating on frozen salmon
preservation, verified that the mass loss did not present significant difference during storage, except in the
last time studied, when the mass value was statistically different from the first two initial times. Although very
small, these values show a growing trend over the entire storage period. Johnston and coauthors [19] report
that many factors can influence mass loss, such as temperature, temperature change, moisture, shape and
size of the product. Soares and coauthors [20] report that proper control of storage temperature is the key
factor to get low mass loss values.

pH of croaker fillets

pH values of croaker fillets packed with and without the films based on chitosan and xanthan gum stored
at 4 + 1 °C for 9 days are shown in Figure 1.
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Figure 1. Croaker fillets pH variation packed with and without the films based on chitosan and xanthan gum stored at
4 +1 °C for 9 days.

It was observed (Figure 1) that the coatings influenced the pH values since the first day of storage,
showing significant differences between the treatments. Similar results were observed by Kilincceker and
coauthors [21] when studying the coating effect on frozen fish fillets. Increased pH values were observed
during the storage period in all treatments. Borges and coauthors [22] when studying the shelf life of Pacus
(Piaractus mesopotamicus) stored on ice, also verified that behavior. Chaijan and coauthors [23] report that
the pH increasing is related to protein degradation, occuring the production of substances such as ammonia
and other amines.

According with brazilian legislation, fish meat pH is considered suitable for consumption when it is less
than 6.8 [24]. In this sense, all treatments showed pH fit for consumption. Fan and coauthors [25] found that
the lower the pH the better the microbial inhibition and, consequently, the longer the life span of fish samples.
When inquiring the effect of chitosan coating on white shrimp preservation during patrtially frozen storage,
Wu [26] found that the group coated with chitosan showed initial pH value higher than the control group, but
ten days after, the control group began to show higher pH values than the chitosan coated group.

Color of the croaker fillets

The color parameters were recorded to evaluate the color changes of croaker fillets surfaces when
packed with and without chitosan and xanthan gum based film (Table 2 and Figure 2).

Table 2. Croaker fillets color packed with and without the chitosan and xanthan gum based film, stored at 4 + 1 °C for
9 days.
Films? Color parameters 1st day Color parameters 9th day
L* a* b* L* a* b*
CONTROL 47.89+1.11aB 3.08+0.39aA -2.07 +0.43cA 51.03 £0.21aA 0.64+0.29bB  -0.47 £ 0.96CA
C100XGO 47.20+0.55aB 1.50 + 0.48bA 4.74 £0.18aB 52.27 £1.61aA -1.32+0.30cB 8.06 + 0.26aA
C60XG40 44.61+0.43bB 2.35%0.46abA 1.98 +0.84bA 46.34 +£0.36bA 1.64 + 0.60aA  1.40+ 0.50bA
C50XG50 44.9+0.08bB  2.52 £ 0.02aA 1.27 + 0.03bA 46.82 +0.02bA 1.78 + 0.02aB  1.23+ 0.01bA
aDifferent lowercase letters in the same column and different uppercase letters on the same line differ with eachother
by Tukey's test (p<0.05).

Figure 2. Croaker fillets during storage (9th day) A: CONTROL; B: C100XGO0; C: C60XG40; e D: C50XG50.
Brazilian Archives of Biology and Technology. Vol.63: €20190046, 2020 www.scielo.br/babt
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The color measurements were carried out in the first and ninth day of storage. They were conducted
directly into the muscle without coatings interference, since they were removed at analyses moment, the
samples were the same ones in the first and last day of storage in order to avoid any discrepancies as croaker
muscle does not have color uniformity.

According to Table 2, there was parameter L* (lightness) increase in all treatments, while the treatment
C100XGO0 obtained the highest percentage (5.07%) compared to the last day of storage. Based on Hunter
diagram, the higher the L * value (closer to 100) the paler the analyzed muscle will be. Solval and coauthors
[27] evaluating chitosan nanopatrticles as glazing material for frozen shrimp (-21 °C for thirty days) have also
found L* parameter increase during storage, although a not significant one. Chandrasekaran [28] mentions
that the color fading is one of the most important changes in fish quality during storage. Moreover, lipid
oxidation has been linked to color degradation during storage [29].

By the end of study all treatments revealed lower intensity for parameter a*. Shrimp waste enriched
chitosan coatings for the preservation of shrimp were studied by Arancibia and coauthors [30].Those authors
had observed increased parameter a* during the refrigerated storagel4 days period.

Regarding parameter b*, significant variations were observed (p <0.05) from 1t to 9™ day only for
C100XGO0 treatment. It was also the only one to a higher account for this parameter over the storage time.
That possibly can be attributed to yellow color of pure chitosan coating which was probably transferred over
time to croaker muscle. Rodriguez-Turienzo and coauthors [31] report decrease for b* parameter during the
analysis period, when analysing milk protein coatings on frozen atlantic salmon fillets. Cortez-Vega [32]
reported that a* and b* parameters decreasing values during the storage period may indicate oxidative
darkening.

TVB-N of the croaker fillets

TVB-N value of croaker fillets packed with and without the films based on chitosan and xanthan gum can
be seen in Table 3.

Table 3. TVB-N values of croaker fillets packed with and without the films based on chitosan and xanthan gum stored
at4 + 1 °C for 9 days.

Films2 Total volatile basic nitrogen (TVB-N)
1st day 3rd day 5th day 7th day 9th day
CONTROL 6.54 £ 0.32aD 7.66 + 0.32aC 10.08+0.00aB 10.86 + 0.32aB 12.33+0.56aA
C100XGO 5.97 £ 0.32aB 6.91 £ 0.32aB 9.71 £ 0.65aA 10.27 + 0.32aA 10.83+0.65bA
C60XG40 6.35 £ 0.32aC 7.65 £+ 0.32aBC 9.15 + 0.85aB 8.96 + 1.12abB 10.77+0.00bA
C50XG50 5.97 £ 0.32aC 5.41 + 0.65bC 9.15 £ 0.32aA 7.84 £ 0.00bB 8.41+0.56CcAB

aDifferent lowercase letters in the same column and different uppercase letters on the same line differ with eachother
by Tukey's test (p<0.05).

The TVB-N values of chilled croaker fillets at 4 + 1 °C ranged from 5.97 to 12.35 mg nitrogen per 100 g
of muscle during the study period (Table 3). The control treatment showed a significant difference from the
third day of storage on, while differences were observed from the fifth day of storage on in the other
treatments. In this sense, TVB-N highest value was registered for the control treatmentby the end of the
storage period (12.35 mgN/100 g), contrapositioning to the C50XG50 treatment, with the lowest value (8.41
mgN/100 g).

According to Brazil’'s normative instrument for industrial inspection and animal health products
(RIISPOA), 30 mg of nitrogen per 100 g of muscle is the maximum acceptable rate for Total Volatile Bases
(TVB-N) to be considered as fresh fish [24]. In such aspect, all treatments were considered acceptable for
human consumption during the analysis period. Wu [26] in evaluation to the preservation effect of chitosan
coating on white shrimp partially frozen during storage reported that chitosan coating can delay the formation
of TVB-N. According to Fan and coauthors [25], TVB-N are mainly composed by ammonia and primary,
secondary and tertiary amines. The method is widely used as an indicator of deterioration of muscle tissues.
Increasing of TVB-N is related to the activity of the deteriorating bacteria and endogenous enzymes [33].
Ramezani and coauthos [5] found TVB-N values between 11.4 and 13.3 mg of N/100 g of fishwhen evaluated
fillets of silver chilled carp at 4 °C for 12 days of storage.

Brazilian Archives of Biology and Technology. Vol.63: €20190046, 2020 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Chitosan and xanthan gum films in fish conservation 7

Microbiological analysis

The results concerning quantifications of total coliforms and thermotolerant coliforms of croaker fillets
packed with and without chitosan and xanthan gum films are shown in Table 4.

Table 4. Most Probable Number (MPN) of Total Coliforms (CT) and Thermotolerant Coliforms (TTC) of croaker fillets
packed with and without the film based on chitosan and xanthan gum, stored at 4 + 1 °C.

Total Coliforms (TC) Thermotolerant Coliforms (TTC)
Films MPN.g! MPN.g!
Starting time Final time Starting time Final time
CONTROL 1.5x10? 1.1x108 1.5x10? >1.1x 103
C100XGO0 3.6 2.3x10 3.6 2.3x10
C60XG40 1.1x108 2.3x10 1.1x108 9.2
C50XG50 4.3x10 9.2 4.3x10 9.2

According to Table 4, one can observe the presence of total and thermotolerant coliforms in all treatments
and periods studied, which can be related to contamination of capture site, once the microbiota of newly-
caught fish reflects the quality of water where it lives [34]. In this sense, the presence of those microorganisms
may be linked to contaminated water of the Patos Lagoon, where the fish were captured. Canal and coauthors
[35] found high rate of contamination by Escherichia coli when assessed surface waters of the Patos Lagoon.

According to the results, it can be observed that the C100XGO0 treatment (control) showed the highest
growth of microorganisms, what suggests that the use of chitosan or combinations of chitosan and xanthan
gum as fish coatings inhibit the growth of the microorganisms studied (Table 4). There is no tolerable limit
established in Brazilian legislation for thermotolerant coliforms in fresh fish. High levels of them detected
indicate disabled sanitary conditions [36].

Gelatin-chitosan films embedded of essential oils were studied by Gomez-Estaca and coauthors [37] as
an antimicrobial agent for preserving fish. The results showed that the thyme essential oil inhibited the growth
of E. coli. Chen and coauthors [38] found that chitosan nanoparticles significantly reduced the growth of
Escherichia coli (Gram negative) and Staphylococcus aureus (gram positive), when studying the antibacterial
activity of eugenol and chitosan nanopatrticles grafted with carvacrol.

The results for quantification of S. aureus and Salmonella detection on croaker fillets packed with and
without chitosan and xanthan gum films can be seen in Table 5.

Table 5. Quantification of S. aureus and Salmonella detection of croaker samples packaged with and without the base
film of chitosan and xanthan gum stored at 4 + 1 °C.

Staphylococcus aureus Salmonella
Films (UFC.gY Presence/absence in 25 g
Starting time Final time Starting time Final time
CONTROL <10 1.6 x10° Absence Absence
C100XGO0 <10 <10 Absence Absence
C60XG40 <10 1.2 x 10° Absence Absence
C50XG50 <10 <10 Absence Absence

According to Table 5, Staphylococcus bacteria colony growth coagulase positive characteristics were
found in all treatments and times. Regarding the initial time, it was observed that the treatments presented
similar behavior as for the growth of that microorganism and as for the final time only the treatments C100XGO
and C50XG50 maintained the behavior of the first day. The other treatments presented a multiplication of
microorganisms above the standard established by the legislation in force. Current legislation establishes a
maximum of 10 CFU/g coagulase positive Staphylococcus limit for fresh refrigerated fish [39]. Rao and
coauthors [40] observed that chitosan films were effective against both Escherichia coli and Staphylococcus
aureus, when studying chitosan and guar gum films.

This study has not detected Salmonella presence in the croaker samples with and without coating,
indicating that the results meet Brazilian law criteria [39] which is the absence in 25g to fish in natura colds.
Lunestad and coauthors [41] report that Salmonella habitat is the intestinal tract of man and animals, the
presence in fish indicates likely fecal contamination from human sources or animals. Therefore, fish caught
in unpolluted waters are free from Salmonella, because this microorganism is not part of fish natural
microbiota.

In literature, there are several reports on antimicrobial activity of chitosan. One of the reasons given for
the antimicrobial character of the chitosan is associated with the formation of polyelectrolyte complex, since
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the amino groups having positive charges, interacts with the charged microbial cells membranes, negatively
altering cellular activity and membrane permeability, resulting loss of intracellular components and the
consequent microbial inhibition [42].

Van den Broek and coauthors [43] reported that the mechanism by which the chitosan acts as an
antimicrobial compound is not fully elucidated, however these authors mention three cases:

a) The polycationic nature (positive charge) of chitosan that interfere with the bacterial metabolism by
electrostatic stack (negative charge) on the cell surface;

b) Low molecular weight of chitosan that can enter the cell nucleus blocking DNA-RNA transcription due
to the adsorption of DNA molecules;

¢) Chitosan works as chelator of essential minerals.

Horn and coauthors [44] reported that chitosan and xanthan gum are polyelectrolytes with potentially
ionizable groups, and when they are mixed in an agueous solution, a complex is formed due to electrostatic
attraction. The complexation reaction between chitosan and xanthan gum occurs due to interaction between
opposite charges present in the biopolymer (NHs™ group of chitosan and xanthan gum COO- group), and
due to molecular interaction between the polymer chains. The 3D network structure formed between the two
polymers has an important advantage, since the complexing process increases the mechanical and chemical
stability.

Microbiological analyses results in this study showed that xanthan gum addition to the chitosan films
provided better or equal responses in relation to that of pure chitosan films. Lima and coauthors [10] studying
the structural, thermal, physical, mechanical and barrier properties of chitosan and xanthan gum films, found
that xanthan gum provided an improvement in the mechanical properties of the films, since the films
containing the highest content of xanthan gum showed higher tensile strength and lower elongation. In
additional, they also found that xanthan gum addition did not affect the water vapor permeability, water
solubility and moisture content of films. We have not found previous studies that associate the interaction of
chitosan and xanthan as an antimicrobial agent.

CONCLUSION

This study demonstrated that chitosan films combined with xanthan gum presented excellent
antimicrobial properties, capable of preserving of refrigerated fish fillets during the studied period. Croaker
fillets mass loss were not significantly affected by the addition of xanthan gum to the films. On the other hand,
the addition of xanthan gum affected the pH and color parameters of croaker fillets. Reduction of TVB-N
caused by the combination of those two polymers was also verified, when the C50XG50 film was the best
response one. Correlating the results of the present study with those of the analyzes about the properties of
the films (developed in another study), it appears that xanthan gum addition to the films did not significantly
change solubility, water vapor permeability values of the films, nor the loss of mass of the packaged fish
fillets. Therefore, it is believed that the positive results of this study are probably related to chitosan
antimicrobial activity and the synergistic effect of these polymers. Therefore, more studies need to be carried
out with quality applications of these polymers as food packaging materials, in order to evaluate their potential
and disseminate these polymers benefits for food products quality.
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