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Abstract

In this work, an innovative strategy for raw chicken burger preservation, based on methanol-HClI extracts of octopus (Octopus
vulgaris) (OVE) and squid (Dosidicus gigas) (DGE) skin pigments, was evaluated at 4 °C for 12 days. Burgers were prepared and
divided into six groups: the control without any extract (CON), the control with 0.03% a-tocopherol (CET), and those containing
0.05% (OVEL, DGEL1) and 0.1% (OVE2, DGE2) octopus and squid pigment extract, respectively. OVE yielded a higher rate of
pigments with antioxidant activity (DPPH, ABTS, and ORAC) than DGE. The highest antimutagenic activity was detected in
DGE according to the Ames’ Salmonella test. OVE1 and DGE1 burgers maintained lower pH values and were less sensitive to
lipid oxidation (peroxide, anisidine, and total oxidation values). Evaluation of microbial growth by total bacterial count, lactic
acid bacteria, Enterobacteriaceae spp., and fungi showed that OVE1 and DGE1 delayed bacterial contamination. The overall
sensory quality was maintained for longer in the OVE- and DGE-supplemented chicken burgers than CON burgers. This study

showed that OVE and DGE have potential as antioxidant and antimicrobial additives in chicken products.

Keywords: antioxidant activity; antimicrobial activity; chicken burger; cephalopod pigments.

Practical Application: Improved chicken burger storage stability using cephalopod skin pigments. Significant opportunities
exist in using cephalopod skin to create new beneficial products for customers.

1 Introduction

Chicken meat products are favored by consumers around
the world because of their composition and health benefits
(Zhang et al., 2016). Among the various culinary types of chicken
meat, burgers are one of the most common (Ramsing, 2020).
Various factors are associated with increased in consumption
of chicken burgers, such as their high nutritional value and
attractive sensory attributes (Ramsing, 2020). Nonetheless,
the minced muscle used in chicken burgers is more vulnerable
to peroxidation and microbial growth due to disruption of
the cellular components induced by the grinding process.
Oxidative reactions and spoilage lead to the shorter shelf life of
the products, producing a financial burden (Zhang et al., 2016).
Different preservative compounds have been used to prevent
deterioration of quality during the storage of raw chicken meat
products (Aziz & Karboune, 2018).

Synthetic antioxidants and antimicrobials are highly effective.
However, there is uncertainty regarding their negative impacts
on human health. Because health labels (indicating virtually
artificial additive-free foods) are demanded and preferred
by consumers (Aryee & Boye, 2014), food research has been
focused on replacing synthetic additives with natural compounds
(Kumar et al., 2017). Among these natural additives, seafood
by-products can be used to improve the shelflife of foods. Unlike

synthetic compounds, natural preservatives obtained from
seafood by-products are rich in different kinds of compounds
that can enhance the overall quality of food by decreasing lipid
oxidation and microbial growth (Shahidi et al., 2019).

Among seafood by-products, cephalopod skin pigments
have been studied as an alternative to synthetic antioxidants or
preservatives (Aubourg etal, 2016; Ezquerra-Brauer et al., 2016,
2017; Chan-Higuera et al., 2019a, b). Furthermore, no toxic
effect was detected in such pigments (Ezquerra-Brauer et al.,
2017, Chan-Higuera et al., 2019b). These pigments most likely
have antioxidant and antimicrobial activity because they are
ommochromes (Chan-Higuera etal., 2019c), which are the main
products of the metabolic oxidation pathway of tryptophan. Their
basic structure consists of a phenoxazine ring with different
substituents (Daniels & Reed, 2012). Ommochromes can act
as antioxidants through their chelating activity and acting as
primary antioxidants by scavenging radicals such as singlet
oxygen and superoxide anions (Ostrovsky et al., 1987). Moreover,
the different substituents present in the phenoxazine ring can
act as electron donors and could be responsible for inducing
an imbalance in the metabolic pathways of microorganisms
(Romero & Martinez, 2015).
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On the other hand, besides exploring natural compounds that
can replace artificial additives, food scientists have investigated the
potential of these compounds to act against the development of
illnesses. Antioxidant and antimutagenic activity has been broadly
considered as promising factor in preventing the development
of chronic degenerative diseases mediated by the production of
free radicals (Peng et al., 2014). Thus, many natural antioxidant
compounds have been evaluated as antimutagenic components.
However, information about the effects of cephalopod skin
pigment extracts on mutagenic activity are scarce.

The present study includes the first attempt to use cephalopod
skin pigments as innovative bioactive and preservative
compounds in a chicken burger product during refrigerated
storage. The fundamental objective was to investigate the effects
of adding octopus and squid skin pigments individually to raw
chicken burgers. For this study, two different concentrations
of ommochrome pigment extracts were tested and compared
with two control treatments (without any additive and with
a-tocopherol). Using pH, lipid oxidation, microbiological, and
sensory analyses, we monitored the changes in quality over
12 days of refrigerated storage.

2 Materials and methods
2.1 Preparation of cephalopod skin pigment extracts

Octopus (Octopus vulgaris) and squid (Dosidicus gigas) heads
were acquired from local fishers on the coast of Hermosillo,
Sonora, Mexico. The head skin, considered a by-product, was
manually collected, freeze-dried (Labconco, Kansas City, MO,
USA), and kept at —18 + 2 °C. Pigment extracts were prepared
from 100 mg of freeze-dried skin samples via extraction with
1% HCl-methanol solution (v/v), as described elsewhere
(Esparza-Espinoza et al., 2021). The samples without solvent
were freeze-dried, packaged in polyethene bags, and stored at
-18 £2°C.

2.2 Antioxidant and antimutagenic activity of pigment
extracts

The in vitro antioxidant activity of the dried samples was
determined using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(Brand-Williams etal., 1995), 2,2"-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) (Re et al., 1999), and oxygen radical
absorbance capacity (ORAC) (Prior et al., 2003) assays. The
DPPH results were expressed as the percentage scavenging
activity of Abs, _ (RSA %), and the ABTS and ORAC values
were expressed as micromoles of Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) per gram of sample.

The antimutagenic potential of dried pigment extracts was
determined by applying the Ames test (Maron & Ames, 1983).
Bioactivated (S9, Aroclor 1254-induced, Sprague-Dawley male
rat liver in 0.154 M KCl solution) Salmonella typhimurium
strains T98 and T100 were employed. A nutrient broth was used
to generate bacteria (1 x 10° cells/mL, 12 h culture, 37 °C), and
aflatoxin B, (AFB ; with S9 mix) (500 ng/mL) was used as the
mutagen. For this assay, 100 pL of pigment extract (2.0, 0.2, 0.02,
and 0.002 mg/mL) was combined in test tubes with 2 mL of top
agar with L-histidine and D-biotin, S. typhimurium (100 pL), and
S9 enzymatic mix (500 pL). The mixtures were quickly poured
onto glucose minimal agar plates and incubated (37 °C, 48 h),

and the His+ revertant colonies were counted. The inhibitory
effect of the O. vulgaris and D. gigas skin ommochrome pigment
extracts against AFB, was expressed as the percentage inhibition
of the mutagenicity caused by 500 ng of pure AFB, (Equation 1).

TR
% Antimut icity =| ———— |x100
ntimutagenicity [AFBI ) ]x (€))
where TR is the number of treatment-induced revertants per plate,
and AFB-R is the number of Aflatoxin B,-induced revertants

per plate (positive control).

The inhibition of AFB, mutagenesis caused by the pigment
extract was considered strong, moderate, or weak when the
value was higher than 60%, 40%-60%, or 20-40%, respectively,
and the effect was considered negligible when the value was less
than 20% (Ikken et al., 1999).

2.3 Chicken burger preparation and sampling

Raw chicken breast meat (moisture 73.6%; protein 23.7%; fat
1.5%; ash 1.2%) was purchased from a local market. The chicken
material was cut aseptically by hand into strips and ground once
through a stand mixer using a food grinder attachment with a
coarse grinding plate having 5-mm diameter orifices (model
251721, Apodaca, NL, Mexico). Burger were prepared by using
ingredients reported in a commercial chicken burger data sheet,
with some modification: ground chicken breast (97 g), corn starch
(1 g) and sodium chloride (2 g). Six batches (100 g/each) were
then made: the control without any extract (CON); the control
with 0.03% a-tocopherol (CET) (México, 2019); 0.05% octopus
skin pigment extractadded (OVE1); 0.1% octopus skin pigment
extract added (OVE2); 0.05% squid skin pigment extract added
(DGE1); and 0.1% squid skin pigment extract added (DGE2).
Ground meat (20 g) was manually formed into disc-shaped
patties (10 cm diameter and 1 cm thick) and aerobically packed
in polyethylene bags and stored at 4 °C for 12 days. Burgers for
each treatment were prepared in triplicate.

Chemical analysis

The pH values of the burgers were determined using a pH
meter (Hanna HI 2211, Mexico) equipped with a puncture
electrode (Association of Official Analytical Chemists, 1995).
Lipid extraction was conducted by using a chloroform:methanol
solvent system (1:1) (Bligh & Dyer, 1959). Lipid extracts were
evaporated and concentrated with a rotary evaporator (R-100,
Biichi, Switzerland), and the extracted lipids were used for the
formation of peroxidation-related compounds.

Peroxide values (PV) were evaluated as secondary peroxidation
products according to Association of the Official Analytical
Chemists methods (1995) with minor modification. The results
were expressed as milliequivalents of peroxide oxygen per kilogram
of the sample. The end-products of peroxidation (principally
2-alkenals) were determined using the p-anisidine values (p-AV)
(International Union of Pure and Applied Chemistry, 1992). The
p-AV was calculated using Equation 2.

- 25x(1.24s - Ab)

m @

p—A
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where As is the absorbance of the oil solution after reacting
with p-AV, Ab is the absorbance of the oil solution, and M is
the sample mass (g). The overall oxidation state (TOTOX) value
was calculated using Equation 3 (Pignitter & Somoza, 2012).

TOTOX = 2PV + p— AV 3)

Microbiological analysis

Ten grams of each sample was aseptically taken and mixed
with 0.1% w/v peptone water (90 mL) in sterile stomacher bags;
then, a ten-fold serial dilution was prepared. The dilution was
blended using a vortex mixer (10 s), and each required dilution
was aseptically plated and spread onto appropriate medium
in a labelled Petri dish in triplicate using a Drigalski spatula.
Microbial populations were counted using dilutions plated
onto appropriate media: plate count agar was used for the total
aerobic bacterial count (TBC) (incubation at 37 °C, 48 h); De
Man, Rogosa and Sharpe agar was used for lactic acid bacteria
(incubation at 37 °C, 48 h); Violet Red Bile Glucose agar was used
for Enterobacteriaceae (incubation at 37 °C, 48 h); and Dichloran
Rose-Bengal Chloramphenicol agar was used for molds and
yeasts (incubation at 25 °C, 5 days). The colonies were counted
using a colony counter (CVP-CM3 model, CScientific’, Mexico
City, Mexico) and expressed as the log,  of colony-forming units
(CFU) per gram of chicken burger (Radhakrishnan et al., 2014).

Sensory quality

Sensory evaluations were performed using quantitative
descriptive analysis (Stone, 1992). Six panellists (food technology
postgraduate students; aged 25-40 years; 3 female and 3 male)
were trained in six 30 min sessions. Three sensory attributes
(brightness of color, animalic odor, and mucilage) were identified
and defined by the panellists. Brightness of color refers to the
color of the raw burger and ranged from light pink to dark pink.
Animalic odor describes the aromatics that are reminiscent of
chicken odor. Mucilage refers to a thick and gluey substance on
the burger’s surface. After the training sessions were completed,
the six burger samples were evaluated by the six panelists by
describing the above attributes. All raw samples were served
simultaneously to each panelist after reaching room temperature.
Each trained panellist was provided with one rectangular piece
(1.5x 2 cm) of each burger type (8 g/each); hence, there were a
total of six pieces of burger and a hedonic evaluation sheet. After
tasting each sample, the panellist selected one of the following
five categories: highest quality (5), good quality (4), fair quality
(3), poor quality (2), and unacceptable quality (1). The overall
quality was expressed as mean values among panellists and
descriptors in the samples, having the score that each panellist
provided to each descriptor in each sample.

2.4 Statistical analysis

All measurements were run in triplicate. A wholly randomized,
one-way analysis of variance (ANOVA) statistical design was
carried out for the antioxidant activity, antimutagenic activity,
chemical analysis, and microbiological analysis. The data
obtained from the sensory evaluation assay were analyzed using
anon-parametric Kruskal-Wallis test. Statistical significance was
assessed using JMP 5.0.1 (SAS Institute, Inc., Cary, NC, USA).
In all cases, the level of statistical significance was p < 0.05.
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3 Results and discussion
3.1 Biological activity of pigment extracts

The pigment extracts obtained from octopus and squid
skin had a reddish-violet color and a recovery yield of 0.25%
and 0.11%, respectively. Both extracts were capable of acting
in vitro as antioxidant and antimutagenic compounds. DPPH
reduction by antioxidants was 66% in OVE, and 58% in DGE,
whereas reduction of the ABTS** radical generated 31.4 umol
TE/gin OVE and 26.7 umol TE/g in DGE. Similarly, the ORAC
of OVE was 36.1 umol TE/g and that of DGE was 16.9 pmol/g.
The antioxidant activity of both pigments was considered
effective for transferring hydrogen atoms since these values
were higher than those for Trolox (a stable antioxidant) (30%)
measured by DPPH (Sacchetti et al., 2005) and for grape seed
(14.7 pmol TE/g) determined using ORAC (Bunea et al., 2012).
The antioxidant capacity of certain natural compounds that prevent
chicken burger lipid oxidation ranges from 92.6 umol/g (grape
seed) (Bunea et al., 2012) to 203 pmol/g (rosemary extracts)
(Al-Hijazeen & Al-Rawashdeh, 2019; Pereira et al., 2017) by
ABTS. As aresult, the ABTS value reflects the relative ability of
electron-donating antioxidants in the extract to scavenge ABTS"".

The obtained pigments decreased the number of revertants
per plate in a dose-response manner in S. typhimurium strains
TA98 and TA100 (Figure 1). In both strains, pigments from the
squid skin exhibited the highest activity. In TA100, the inhibition
was considered moderate (40-60%) at the lowest concentration
tested (0.002 mg/plate) and strong (> 60%) at 0.02 mg/plate. In
TA98, the inhibition was moderate when 0.2 mg per plate was
tested, whereas the OVE pigments showed effective inhibition
of TA100 at 0.02 mg/plate and of TA98 at 2 mg/plate. Higher
antimutagenic activity was detected in the present study
compared to that obtained with methanolic extracts of octopus
(P. limaculatus) tentacle by Cruz-Ramirez et al. (2015), who
obtained 50% and 13% inhibition of 500 ng AFB, with 0.05 mg/mL
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Figure 1. Effect of Octopus vulgaris and Dosidicus gigas skin pigment
extracts on mutagenicity induced by AFB , based on Salmonella
typhimurium TA98 and TA100 assays. Results are represented as the
percentage inhibition of AFB, mutations (500 ng), with the mean values
of three replicates + standard error.
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of extract when exposed to S. typhimurium strains TA98 and
TA100, respectively. Since the mutagenic mechanism in AFB, is
mediated by the production of free radicals, which can lead to
the disruption of chromosomes (Alpsoy et al., 2009), antioxidant
molecules such as xanthommatin and dihydroxanthommatin
can also act as antimutagens by preventing the formation of
radicals (Chan-Higuera et al., 2019¢) and the mutation of S.
typhimurium by AFB, (Chan-Higuera et al., 2019a).

3.2 Chicken burger shelf life
Chemical analysis

Chicken burgers are highly vulnerable to peroxidation
and microbial growth due to the disruption of their cellular
components. In the current work, a progressive increase in the
pH value with refrigeration time (p < 0.05) was observed for all
treatments (1> = 0.86-0.96) (Figure 2A). The increase in pH detected
may be related to the development of Gram-negative bacteria
(Verma & Sahoo, 2000), as observed in this work. Gram-negative
bacteria cause the denaturation of proteins, leading to ammonia
production; this metabolite induces an increase in pH (Verma &
Sahoo, 2000). The chicken burgers corresponding to OVE1 and
DGE]1 exhibited lower pH values than their negative (CON) and
positive (CET) control counterparts in the 9-12-day period. The
lower pH values of the chicken burgers submitted to OVE and DGE
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treatments is attributed to the antimicrobial ingredients found in
the ommochrome pigment extracts (Chan-Higuera etal., 2019a).

Through the process of lipid oxidation, different molecules
are generated. PV was used to estimate the propagation phase, and
p-AV was used to study the production of aldehydes during the
oxidation of chicken burgers during storage. At the same time, the
TOTOX value was employed as an indication of overall oxidative
stability (Pignitter & Somoza, 2012). Little formation of peroxide
was observed in all kinds of chicken burger samples, with the
PV being below 6.5 (Figure 2B). In most cases, a lower mean PV
was determined in the chicken burger samples corresponding
to the OVELI treatment. The p-AV showed a significant increase
(p < 0.05) with refrigeration time (r* = 0.84-0.94), especially at
the end of the storage period (Figure 2C). As a general trend,
the inhibitory effect (p < 0.05) was higher in OVEI and DGE1
throughout the entire experiment at a storage temperature of
4°C(p<0.05). Although the a-tocopherol treatment resulted in
alow p-AV at the end of storage, no significant differences were
detected compared to the OVEI treatment (p > 0.05). Moreover,
when the TOTOX values were established, the addition of 0.05%
OVE to the chicken burger (OVEL) remarkably induced the
strongest inhibition of lipid oxidation (Figure 2D).

Previous studies have indicated that squid pigment extracts
can be used to prevent lipid oxidation. The addition of 0.5% squid

(B)
——CON —-CET —+OVE1
-+-0OVE2 -=~-DGE1-8-DGE2

CERER
a8
g
3
-3
28
:
= 0 3 6 9 12
Refrigerate storage time (days)
(D)
-~CON =-e~CET =-+~OVE1
——OVE2 -#~DGE1 -8-DGE2
17
16
g 15
2 14
; 13
e 4
2 10
9
8
7 4 . . . .
0 3 6 9 12

Refrigerate storage time (days)

Figure 2. Evolution of pH and lipid damage in different chicken burgers during refrigerated storage (4 °C): control without extract (CON);
control with 0.03% a-tocopherol (CET); 0.05% octopus skin pigment extract added (OVEL1); 0.1% octopus skin pigment extract added (OVE2);
0.05% squid skin pigment extract added (DGE1); 0.1% squid skin pigment extract added (DGE2). Results are the mean values of three replicates

(n = 3); standard deviations are indicated by bars.
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ethanolic pigment extract led to the enhancement of cod liver
oil during storage (Aubourg et al., 2016), whereas inclusion at
0.1% in tuna paté led to inhibition of PV (Chan-Higuera et al.,
2019b). This behavior could be due to the presence of antioxidant
compounds in the pigments, which may exert a certain level of lipid
oxidation inhibition. This capacity is based on the configuration
of ommochromic compounds present in the pigment extracts
(Esparza-Espinoza et al., 2021). Ommochromes can act as free
radical acceptors, thereby decreasing oxidation and forming new
radicals in the oxidation process (Romero & Martinez, 2015).

Microbiological analysis

The analysis of microorganisms causing food spoilage, as well
as the pathogens that might harm human health, is essential for
any food product. Among these microorganisms, Lactobacillus
spp. have been associated with alteration of chicken meat when
kept refrigerated (Zhang et al., 2016), whereas some bacteria
belonging to the Enterobacteriaceae group are associated with
consumer intoxication (D’Agostino & Cook, 2016), and molds and
yeasts have been established as an index of the sanitary quality
of processed products (Tournas et al., 2001). Therefore, in this
work, these microorganisms were selected as quality indicators.

The microbiological analysis showed that the total microflora
counts for all treatments showed a progressive increase (p < 0.05)
as storage time progressed (r* = 0.87-0.97), as expected (Figure 3A).
Remarkably, the inclusion of OVE and DGE pigments in the
chicken burgers caused better TBC control compared to the control
and a-tocopherol treatments. The control samples reached or
exceeded the values considered to be the upper limit acceptable
for chicken products (7.0 log,) CFU/g) (Senter et al., 2000) on
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day 9, while the samples containing ommochrome extracts never
reached that limit. At the end of the storage period, a larger
increase (p < 0.05) of TBC (1.51 log,  CFU/g) was observed in
the CON chicken burgers compared to CET (1.141og,  CFU/g),
OVE1 (1.01 log,, CFU/g), OVE2 (0.56 log , CFU/g), DGE1
(0.52 log , CFU/g), and DGE2 (0.93 log , CFU/g).

Lactobacillus growth (Figure 3B) did not reach values that
could induce acidic odors or flavors (Zhang et al., 2016) in chicken
burgers. Even the samples supplemented with the pigment extracts at
0.05% showed lower LAB growth (p < 0.05) over days 4-9 compared
to the other treatments, especially CON. At the end of the storage
period, the burgers corresponding to OVE1 and DGE1 treatments
had 0.8 log , CFU/g less LAB than CON. The growth pattern of
Enterobacteriaceae, facultative anaerobic bacteria, was similar to that
of LAB (Figure 3C), and the lowest counts (p < 0.05) were obtained
for the DGE1-treated samples. The final bacterial increases were
1.51,1.35,0.93,1.26,0.79,and 1.25 log,  CFU/g for the CON, CAT,
OVEL, DGE2, DGEL, and OVE2 samples, respectively.

Analysis of molds and yeasts indicated a greater development
of yeasts than of filamentous molds, which grew slower than the
bacteria. This behavior is expected in high-humidity foods kept at
low temperatures (Tournas et al., 2001). Notably, the addition of
0.05% DGE completely inhibited the growth of these microorganisms
(Figure 3D). CET, OVE1, OVE2, and DGE2 also resulted in a
significant (p < 0.05) reduction in mold and yeast counts, with a
finalincrease of 1.21, 1.03,1.37,and 0.31log CFU/g, respectively,
compared to 1.44 log A CFU/g for the control samples.

The effects derived from the presence of natural compounds
with antimicrobial activity in chicken products have been reported.
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Figure 3. Evolution of microorganisms in different chicken burgers during refrigerated storage (4 °C). Results are the mean values of three
replicates (n = 3); standard deviations are indicated by bars. Treatments (CON, CET, OVEL, OVE2, DGE1, and DGE2) are indicated in Figure 2.
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Such reports account mainly for the inclusion of herb and spice
extracts in foods (Aziz & Karboune, 2018). This is the first study
that has proven the antimicrobial effects derived from the presence
of methanolic extracts of octopus and squid ommochrome
pigment in chicken burgers. A previous study investigated the
preservative effects of acidified methanolic extracts of squid skin
(Chan-Higuera et al., 2019b). In that work, an antimicrobial
effect (lower aerobic mesophile counts) was observed during the
refrigerated storage of tuna paté. Extracts containing cephalopod
pigments belonging to the ommochrome family (Deravi et al.,
2014) were responsible for the microorganism behavior detected
in this study (Chan-Higuera et al., 2019a). The mechanism of
action for the antimicrobial activity of ommochromes has been
attributed to their amphipathic nature, giving them the ability to
interact with cell membrane components (Chan-Higuera et al.,
2019a), as well as their electron-donor capacity, which might
induce an imbalance in the metabolic pathways in microorganisms
(Romero & Martinez, 2015).
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day
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Sensory analysis

The excellent quality described for the initial chicken burger
was progressively lost throughout refrigerated storage in all
samples (Figure 4). Remarkably, the limiting acceptability score
above 3.0 for different descriptors was never reached (p < 0.05),
even after 12 days, for the samples treated with a-tocopherol and
pigment extracts at 0.05%. In contrast, the CON, OVE2 (0.1%),
and DGE2 (0.1%) chicken burgers showed fair or poor-quality
at this storage time. Indeed, strong animal odors were detected
in the CON, OVE2, and DGE2 treatments after 12 days.

The low scores of the control and supplemented with 0.01%
pigment extracts treatments after the ninth day of storage
could be due to the production of an off-odor, induced by lipid
oxidation or ammonia production. Similarly, another report
described an improvement in the sensory quality of tuna paté
when alower concentration of squid pigment extracts was added
(Chan-Higuera et al., 2019a).
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Figure 4. Spider diagram for the evolution of sensory evaluation of the different chicken burgers during refrigerated storage (4 °C). Score: highest
quality (5), good quality (4), fair quality (3), poor quality (2), and unacceptable quality (1). Treatments (CON, CET, OVEI, OVE2, DGE1, and

DGE2) are indicated in Figure 2.
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Our previous work established that O. vulgaris and D. gigas
methanolic pigment extracts contain similar compounds, but
different concentrations were suggested (Esparza-Espinoza etal.,
2021). This difference could explain the diverse behaviors
observed in the present study between the two pigment extracts.
Moreover, the lower effectivities detected at higher concentration
of the extracts could be attributed that the stability of any natural
compounds can be affected by several factors, one of them the
concentration employed (Ali et al., 2018). However, future work
should focus on identifying and establishing the concentration of
the main compounds present in the pigmented skin methanolic
extracts from octopus and squid skin, as well the stability of the
compounds associated with its concentration.

5 Conclusions

This study confirms that cephalopod skin pigment extracts
could be a source of antioxidant and antimutagenic compounds.
When both pigments were separately applied in the chicken
burgers, the addition of 0.05% (w/w) retarded lipid oxidation,
inhibited microbial growth, and maintained the sensory qualities
for 12 days. They were relatively comparable to a-tocopherol.
Further works must evaluate the antioxidant and antimutagenic
properties of raw and cooked chicken burgers containing different
concentrations of cephalopod pigment extracts.
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