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Abstract: The main objective of this research was the development of a healthy meat product from
turkey meat with white striping myopathy. The effect of adding different proportions of chitosan on
the qualitative characteristics, sensory acceptance, and stability of cooked sausages during storage
was studied. Three treatments were elaborated (control, 1.5% chitosan, and 3% chitosan), stored
for 56 days, and characterized in terms of chemical composition, texture profile analysis, drip and
pressure loss analysis, and sensory analysis (after processing; day 0). In the different storage periods
(0 and 56 days), the pH value, color, thiobarbituric acid reactive substances (TBARS), and volatile
compounds were evaluated. The results showed that the moisture content, lipids, proteins, and weight
loss decreased (p < 0.05) and the ash content increased (p < 0.05) with the addition of chitosan.
Similarly, the values of texture parameters (hardness, cohesiveness, gumminess, and chewiness) were
higher in the sausages reformulated with chitosan than in control samples. The addition of chitosan
increased the pH and yellowness (b*) values and reduced (p < 0.05) redness (a*) and lightness (L*)
values. The b* values (only in reformulated sausages) and pH increased during storage, while a*
showed a significant reduction after 56 storage days. Lipid oxidation (TBARS) was kept below the
limits of quantification in all samples and both after processing and 56 storage days. However,
when quantifying the lipid-derived volatiles, a clear antioxidant activity of chitosan was observed,
which limits the release of these compounds, mainly aldehydes (hexanal and nonanal). Finally,
the sensory analysis indicated that, although chitosan treatments received the lowest scores for
all attributes, the reformulated samples did not differ from control sausages. Therefore, sausage
containing chitosan may represent an interesting alternative for adding value to turkey meats affected
by white striping myopathy and, at the same time, develop into a healthy and functional meat product
increasing the proportion of fibers in one’s diet.
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1. Introduction

The food industries worldwide, as a result of the significant demand from consumers, have
progressively increased their interest in the development of healthier and safer products [1,2].
Consumers perceive meat products as an important source of dietary fat [3,4]. In addition, this
fat is usually an important source of saturated fatty acids and cholesterol [2,5,6]. Therefore the meat
industry has been looking for strategies to reduce or modify the lipid profile of said products, with
the aim of offering consumers healthy products without compromising their sensory characteristics
or stability [2]. Turkey meat is characterized by having an optimal nutritional profile (low fat and
cholesterol and favorable fatty acid profile) [7], making consumers consider it a good alternative to
other meats. However, precisely due to this high unsaturation of the fat in poultry, they are extremely
susceptible to oxidation processes that would lead to a rapid deterioration of this meat [8]. It is
also known that fresh turkey meat is prone to rapid spoilage; therefore, food industries are seeking
technologies to increase its shelf-life [9]. Moreover, white striping myopathy (WS) is a defect that
causes losses in production as a result of decreased sensory, technological, and nutritional quality of
breast meat [10]. It is defined by white streaks parallel to the muscle fibers on the ventral surface of
the Pectoralis major muscles, resulting from structural, morphological, and biochemical changes in
muscle tissue [11], classified as moderate or severe degrees, according to the thickness of the streaks.
It is an important problem for the poultry industry, requiring control to mitigate unfavorable impacts
on processing and consumer acceptability [10]. Therefore, the use of meat with this defect allows the
use of meat with low commercial value for the production of a healthy meat product, increasing the
competitiveness of the meat industry.

On the other hand, in order to improve their nutritional characteristics and increase the stability
of meat products by limiting the use of synthetic additives, several compounds such as phenolic
compounds [12–16], carotenoids [17], or dietary fibers [18,19] are among the natural ingredients most
commonly added to meat products. In this regard, the meat industry shows a growing interest in
chitosan and its possible applications. This compound is a polysaccharide derived from the chitin
deacetylation process and composes a large part of the exoskeletons of insects, crustaceans, and fungi
cell walls [20,21]. It is non-toxic, biodegradable, and biocompatible [20] and, therefore, approved
as “generally recognized as safe” (GRAS) [22]. Moreover, the large amount of by-products and
discards produced by the seafood processing industry are a renewable and sustainable source to
obtain this compound, helping at the same time to limit the environmental problems that these
residues cause [21]. The important antioxidant [23] and antimicrobial capacity (against spoilage and
pathogenic bacteria and fungi) [9,20,23,24] make chitosan an ingredient of great interest to the food
industry. Additionally, it has an emulsifying and water retention capacity [25] and can improve
cooking yield and fat retention [26]. Nutritionally, chitosan has significant functional properties such
as anti-inflammatory, immunity-enhancing, antitumor, anticancer ones and reduces the absorption of
lipids, and, consequently, it has also a hypocholesterolemic effect [27]. Moreover, it is a natural source
of dietary fiber [27], indigestible by intestinal enzymes, which gives it prebiotic effects, stimulating the
growth of beneficial bacteria in the gastrointestinal tract [21].

Several authors use chitosan as a potent antioxidant and antimicrobial agent in active films and
coatings to increase the shelf-life of meat and meat products [28–32]. Contrarily, the studies using
the direct addition of chitosan in the formulation of meat products are very limited [1,22,23,33,34].
Therefore, it is very important to continue studying the effect of the reformulation of meat products
with the addition of chitosan, as well as its technological, nutritional, and sensory implications.
Moreover, due to the multiple health benefits of this compound, its use in meat products also allows
the development of new functional foods.

Based on the above premises, the objective of this study was to evaluate the effects of adding
different levels of chitosan to cooked sausage made from turkey meat affected by white striping
myopathy (WS) on qualitative characteristics, sensory acceptance, and stability during refrigerated
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storage, aiming at adding more value to these meats through the development of a healthier
meat product.

2. Materials and Methods

2.1. Cooked Sausages Processing

Three batches of cooked sausages were manufactured at the pilot plant of the Centro Tecnológico
de la Carne (Ourense, Spain) (Figure 1). A total of 75 sausages, weighing approximately 400 g
each (3 treatments × 5 sample points × 5 samples for each sample point) were produced, using
turkey meat affected by WS myopathy, with or without chitosan powder (Quimer Vegetable Inputs)
with a degree of deacetylation of 91%. The three treatments studied were: (1) control (CONTROL):
commercial formulation, without adding chitosan; (2) chitosan 1.5% (Q1.5%): 1.5% chitosan powder in
the formulation, and (3) chitosan 3% (Q3%): 3% chitosan powder in the formulation.
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Figure 1. Cooked turkey sausages enriched with chitosan. (Control; (a)); 1.5% chitosan (Q1.5%; (b));
3% chitosan (Q3%; (c)).

The other ingredients used in all formulations were 84.14% turkey breast with WS myopathy
in different degrees (50% moderate and 50% severe) acquired in a local slaughterhouse (Ourense,
Spain), 1.2% condiment for California ham (Conatril Food Industry, Rio Claro, São Paulo, Brazil), 0.05%
sodium erythorbate (Scharlau, Barcelona, Spain), 0.015% sodium nitrite (Scharlau, Barcelona, Spain),
0.25% sodium tripolyphosphate (Scharlau, Barcelona, Spain), and 14.35% water.

For the preparation of sausages, the meat, previously minced in a 6 mm disc, was added with
the ingredients, additives, and water, being emulsified to form a homogeneous batter, which was
stuffed in 60 mm diameter plastic casings. The meat products were cooked using direct steam until the
temperature inside reached 72 ◦C. The products were immediately chilled in running water and stored
at 4 ± 1 ◦C until the time of analysis.

2.2. Proximate Composition Analysis

The procedures described by the International Standards Organization (ISO) were used to
determine proteins [35], moisture [36], and ash [37] contents, while the total fat analysis was performed
according to the approved procedure Am 05-04 [38].
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2.3. Color Parameters and pH Analysis

The color was evaluated in a portable colorimeter (CR-600d, Minolta Co. Ltd., Osaka, Japan),
using the CIELAB system (L*, a*, and b*) in a device with a pulsed xenon arc lamp, geometry of the
10◦ viewing angle and 8 mm aperture. The parameters luminosity (L*), red intensity (a*), and yellow
intensity (b*) were analyzed.

The pH was obtained using a digital pH meter (Hanna Instruments, Eibar, Spain) with a
penetration electrode.

2.4. Analysis of Weight Loss by Pressure and Drip Losses

The analysis of weight loss by pressure was determined using 5 g of samples positioned in the
middle of two filter papers and between two metal plates. A weight of 2.350 kg was placed on this
set for 5 min. Then, the samples were properly weighed to obtain the final weight. The results were
calculated as follows:

% Weight loss =
(initial weight− final weight)

initial weight
× 100

The drip loss analysis was determined using samples cut into 1.5 cm cubes, weighed on a
semi-analytical balance (Sartorius/CHE 612) for the initial weight. The samples were placed on a mesh
retained on the bottom of a flat plastic container of dimensions approximately 24 × 17 × 7 cm with
hermetic closure and kept in a refrigerator (Neveira Liebherr/GKPv 503) at 4 ◦C for 72 h. Afterward,
the samples were properly weighed to obtain the final weight. The results were calculated as follows:

% Drip loss =
(initial weight− final weight)

initial weight
× 100

2.5. Texture Profile Analysis

The texture profile analysis (TPA) was determined by compressing to 60% in sausage cubes
(1.0 × 1.0 × 1.0 cm) with a 50 mm cylindrical probe using a Texture Analyzer Texturometer TA-XTPlus.
Force–time curves were recorded at a crosshead speed of 3.33 mm/s, following the procedure described
by Barros et al. [3].

2.6. Lipid Oxidation Determination

Lipid oxidation was evaluated by the TBARS index (substances reactive to thiobarbituric acid;
secondary products of lipid oxidation), according to the methodology described by Vyncke [39].
The results were expressed in mg of malondialdehyde/kg of sample.

2.7. Volatile Compounds Analysis

The volatile compounds were determined in the cooked sausages along the storage period
(0 and 56 days), according to Dominguez et al. [40]. The conditioning, extraction, and injection of
the samples were carried out with a PAL-RTC (PalSystem, Schlieren, Switzerland) 120 autosampler.
The extractions occurred at a temperature of 37 ◦C for a period of 30 min, after an initial temperature
equilibration at the same temperature, for a period of 15 min. After sampling, to determine
the volatiles, the fiber was transferred to the injection port of a gas chromatograph (7890B
Agilent Technologies, Santa Clara, CA, USA) equipped with a 5977B mass selective detector (Agilent
Technologies, Santa Clara, CA, USA) and a DB-624 capillary column (30 m × 0.25 mm i.d., film
thickness 1.4 µm; J&W Scientific, Folsom, CA, USA). The compounds were identified by comparing
their mass spectra with those contained in the NIST14 library. The results were defined in units of area
(AU) × 104/g of sample.
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2.8. Sensory Evaluation

The cooked sausages made from turkey meat affected by WS were sensory evaluated on days
0 and 56 of storage. The sessions were conducted by 64 consumers from Ourense, Spain (with ages
between 29 and 40 y and from both genders), in the sensory analysis room of the Centro Tecnológico
de la Carne, equipped with individual cabin according to regulations [41]. To clean the palate between
samples, a cracker without salt and water at room temperature were served. The acceptance test was
applied to evaluate the appearance, odor, flavor, texture, and overall quality attributes of each of the
samples, using a hedonic scale of 7 points (varying from like very much to dislike very much).

2.9. Statistical Analysis

The data were arranged in a completely randomized design with three treatments (CONTROL,
Q1.5%, Q3%) and five replications. Fifteen cooked sausages of turkey meat enriched with chitosan were
evaluated at each point: five samples of sausages for each batch × three batches (CONTROL, Q1.5%,
Q3%). The normal distribution and homogeneity of the variance were previously tested (Shapiro–Wilk).
The effects of the treatments were verified using one-way ANOVA, and for the significant effects
(p < 0.05), the averages were compared by the Tukey test at 5% significance. Statistical analyzes were
carried out using SAS (Version 9.4, SAS Institute Inc., Cary, NC, USA).

3. Results and Discussion

3.1. Initial Composition and Stability during Storage

The proximate composition of cooked turkey meat sausages enriched with chitosan is shown in
Table 1. The moisture, lipids, and protein contents in the sausages decreased (p < 0.001), while the ash
and dry matter contents increased (p < 0.001) with the addition of chitosan. This effect was expected,
since chitosan was added dry after the initial mixture of the meat mass, possibly causing the diluting
effect, reducing the final percentage of moisture, lipids, and proteins but increasing ash and dry matter
in the sausages. In contrast to our results, other authors concluded that the compositional parameters
did not show significant differences among control and frankfurters with 0.5 and 1% of chitosan [42].
Similarly, in another study, the authors reported that in the initial mass, the proximate composition
of fermented cooked sausages did not show differences among control and reformulated sausages
with 0.25 and 0.5% of chitosan [1]. However, as occurs in our research, these authors observed that
after processing, the sausages containing chitosan presented significantly higher amounts of ash and
lower fat than control samples [1]. In a burger model system, the application of different proportions
of chitosan (between 0.25 and 1%) did not influence moisture content, while samples with 1% chitosan
showed a significant fat content decrease [26]. Thus, taking into account that the portion of chitosan
added to the reformulated samples in our study is greater than that used by these authors, it is to be
expected, as it happens, that the observed differences will be greater. This fact is confirmed, since in
our study, the decrease in fat and moisture and the increase in ash are progressive with the increase
in chitosan used in the cooked sausage formulation. Moreover, from a nutritional point of view,
the inclusion of chitosan also increases the fiber content of sausages (data not shown; <0.2% in control,
0.70% in Q1.5%, and 1.27% in Q3%). This is an important aspect, since meat products with chitosan
dietary fiber are considered functional foods because this fiber is not digestible by intestinal enzymes,
which allows them to act as prebiotics [21].

According to the Brazilian Ministry of Health [43], the sausages elaborated in this study can
obtain the appeal of “free of fat”, for exhibiting values lower than 0.5 g of fat per 100 g of the product.
Similarly, it is also worth mentioning that all formulations can be considered as “high in protein”
(at least 20% of the energy value of the food is provided by protein) and “fat-free” (< 0.5 g of fat per
100 g of the product) according to European Regulation [44].
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Table 1. Effect of the chitosan inclusion on chemical composition of low-fat cooked sausages made
from turkey meat affected by white striping myopathy.

Proximate Composition (g/100g)
Treatments

SE Sig.
CONTROL Q1.5% Q3%

Protein 21.25 a 20.69 b 20.27 b 0.13 ***
Lipids 0.31 a 0.14 b 0.08 b 0.03 ***

Moisture 76.20 a 75.58 ab 74.98 b 0.16 **
Ashes 2.14 c 2.88 b 3.39 a 0.14 ***

a–c The mean values on the same line with different letters indicate a significant difference by the Tukey test;
SE: standard error; Sig.: significance; ** p < 0.01; *** p < 0.001.

Regarding physicochemical parameters, there was no difference (p > 0.05) in the drip losses among
treatments (Table 2), with values ranging from 0.80 to 1.57%. On the other hand, the increase in the
concentration of chitosan caused a reduction of approximately 75% of the values of weight loss by
pressure. These results agree with those reported in previous studies, where the authors observed
that the addition of chitosan in emulsified meat-based model food [45,46] and fermented cooked
sausages [1] caused a significant reduction in cooking and weight losses. Additionally, the use of 2%
of chitosan in fat-reduced meat model also caused a significant reduction in expressible water [46],
which agrees with the results of weight loss by pressure obtained in the present research. In the same
way, the use of 0.5 or 1% of chitosan in the formulation of burger model system increased cooking
yield [26]. It is well known that cooking yield is directly related to water and fat retention in the
meat product. These authors have evaluated these retentions and conclude that, like cooking yield,
both water and fat retention increase with the inclusion of 0.5 and 1% chitosan in meat batter [26].
The authors argued that this effect was due to the high water holding capacity of chitosan [1,26].
Preliminary researches have indicated that WS myopathy damages the water retention capacity [47–49];
therefore, chitosan was able to reduce water loss during storage by avoiding water exudate out of
the product.

Table 2. Effect of the chitosan inclusion on drip loss, water loss by pressure, and texture profile of
low-fat cooked sausages made from turkey meat affected by white striping myopathy.

Parameters
Treatments

SE Sig.
CONTROL Q1.5% Q3%

Drip loss (%) 0.80 1.57 1.01 0.14 ns
Weight loss (%) 15.99 a 4.01 b 3.77 b 1.54 ***
Hardness (N) 22.74 c 27.93 b 32.44 a 1.21 ***
Cohesiveness 0.56 b 0.67 a 0.67 a 0.01 ***

Springiness (mm) 0.86 0.86 0.86 0.00 ns
Gumminess (N) 12.74 c 18.82 b 21.76 a 1.11 ***

Chewiness (N.mm) 10.88 c 15.97 b 18.72 a 0.91 ***
a–c The mean values on the same line with different letters indicate a significant difference by the Tukey test.
SE: standard error; Sig.: significance; ns: not significant; *** p < 0.001.

According to the texture profile analysis (TPA) described in Table 2, the use of 1.5 and 3% chitosan
increased (p < 0.05) the value of all parameters (except springiness) compared to the control. It is
important to note that the increase in these parameters is progressive, as the chitosan content is
increased in the formulation of the sausages. These results agree with those reported by several authors,
who observed that the inclusion of chitosan in a cooked meat model system increased hardness [45,46].
Contrarily, other researchers found that the addition of chitosan at 0.2% did not affect the texture
of pork sausages [33], while in the fermented cooked sausages, the use of chitosan (0.25 and 0.5%)
decreased texture parameters [1]. It should be noted that the studies in which no differences in texture
were observed used a much lower proportion of chitosan (<0.5%) than in the studies in which its use
increased the hardness of the meat product (>1% of chitosan), which could explain the contradictory
results obtained by the different authors. This fact was confirmed by a recent study, in which the
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use of 0.5% in the reformulation of frankfurters did not affect the texture, while the addition of 1%
significantly increased the hardness of the sausages [42]. Consistent with our results, several authors
have verified that the increase in hardness with the addition of chitosan may be related to the fact
that chitosan may act as a binder, thereby favoring the formation of a stronger gel with myosin and
entrapping water [42,45].

On the other hand, the addition of chitosan (1.5 and 3%) increased the pH values (p < 0.05)
compared to the control treatment (Table 3). Likewise, several authors found an equivalent effect of
chitosan on the pH of vacuum-packed pork sausages [33] fermented cooked sausages [1], pork model
burger [26], or beef patties [34]. This pH increase in the present study and other research is due to the
alkaline condition of the chitosan, which agrees with previous authors who reported that the pH of
chitosan solutions ranged from 7.2 to 7.8 [33,34].

Table 3. Effect of the chitosan inclusion on lipid oxidation (TBARS), pH, and color parameters of low-fat
cooked sausages made from turkey meat affected by white striping myopathy.

Parameter Treatments
Storage Days

SE Sig.
0 56

TBARS

CONTROL - - - -
Q1.5% - - - -
Q3% - - - -
SE - - - -
Sig. - - - -

pH

CONTROL 5.99 bB 6.11 bA 0.03 *
Q1.5% 6.73 aB 6.95 aA 0.04 ***
Q3% 6.77 aB 6.99 aA 0.04 ***
SE 0.10 0.11 - -
Sig. *** *** - -

Lightness (L*)

CONTROL 80.53 a 80.84 a 0.09 ns
Q1.5% 74.82 b 74.75 b 0.07 ns
Q3% 74.41 b 74.14 c 0.11 ns
SE 0.75 0.81 - -
Sig. *** *** - -

Redness (a*)

CONTROL 4.13 aA 3.94 aB 0.05 *
Q1.5% 3.72 aA 3.10 bB 0.12 ***
Q3% 3.23 bA 2.48 cB 0.16 **
SE 0.12 0.17 - -
Sig. *** *** - -

Yellowness (b*)

CONTROL 10.19 10.16 c 0.04 ns
Q1.5% 10.53 B 11.60 bA 0.22 **
Q3% 10.76 B 12.30 aA 0.29 ***
SE 0.13 0.25 - -
Sig. ns *** - -

A,B The average values on the same line with different capital letters indicate a significant difference by the Tukey test;
a–c the mean values in the same column with different lowercase letters indicate a significant difference by the Tukey
test; SE: standard error; Sig.: Significance; ns: not significant; * p < 0.05; ** p < 0.01; *** p < 0.001; (-): thiobarbituric
acid reactive substances (TBARS) values < 0.1 mg malondialdehyde (MDA)/kg.

In contrast to these findings, the use of 0.5 and 1% of chitosan in the reformulation of frankfurters
resulted in a pH decrease [42], while the same amounts of chitosan did not influence the pH values in
the pork sausages [22]. Additionally, in the present study, there was a significant increment (p < 0.05)
in pH values during the storage of samples from all treatments. This behavior is consistent with
that previously reported by multiple researchers [22,26], while others did not find these increments
during the storage of beef patties [34], frankfurters [42], pork sausages [33], or fermented cooked
sausages [1]. The increase in pH levels during storage observed in the present study can be attributed
to the accumulation of basic compounds derived from proteolytic reactions due to the microbial
action [22,26].
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Changes in color parameters (L*, a*, and b*) are shown in Table 3. The addition of chitosan
to turkey cooked sausages resulted in lower values of L* (p < 0.05) and a* (p < 0.05) than control.
Moreover, at day 0, the reformulation did not affect b* values, while after 56 storage days, the inclusion
of chitosan increased these values. Similar results were obtained by other authors in frankfurters, who
reported that the chitosan reduced both L* and a*, while a slight increase in b* values was observed [42].
Additionally, in fermented cooked sausages, the inclusion of chitosan decreased a* and increased b*
values [1]. These differences in the color parameters between the control and reformulated samples can
be attributed to the color (white) of the chitosan [26]. Moreover, the lowest values of L* (a parameter
that depends on water distribution) in reformulated cooked sausages could be due to the water binding
ability of chitosan [26]. In contrast to these findings, the use of 0.2–1% of chitosan in a pork model
burger [26] and 0.2% in pork sausage [33] did not affect a* and b* values.

On the other hand, the storage did not affect L* values in all treatments, while it significantly
decreased a* values. It is well known that the redness is related to the meat pigments. Thus, the reduction
in red color during storage for all samples can be attributed to the formation of metmyoglobin due to
oxidative processes [42]. Regarding the evolution of b* values during storage, control sausages did not
suffer any variation, while sausages with chitosan displayed a significantly increase, which agrees with
the results obtained by other authors in frankfurters [42] and pork burger model [26]. Different authors
suggested that the natural color of the chitosan affected the color of the sausage [33], which increased
b* values during the storage.

Lipid oxidation is one of the most important degradative processes in meat products,
which produce nutritional and sensory deterioration and, consequently, commercial losses [8].
Several authors found that the addition of chitosan to meat products delay oxidative rancidity
during processing and/or storage [22,23,33,34,42,45]. However, other researchers did not find this
antioxidative property [1]. The lipid oxidation inhibition properties of chitosan could be due to it
acting as a chelator of transition ion metals [42], including free iron that is released from the heme
proteins of meat during heat processing [21]. It is well known that these metals have an important
role in the initiation stage of lipid oxidation [8], thus the chitosan eliminated the catalyzers in this
process. In this study, TBARS values were, in all cases, below the limit of quantification of the analytical
method (<0.1 mg malondialdehyde (MDA)/kg), both after processing and during the 56 days of storage.
Our results were very similar to those described by Jo et al. [33], who reported that the vacuum-packed
samples showed very low and stable oxidation values during storage, not observing differences
between the pork sausages reformulated with chitosan and the controls, as well as during the 3-week
storage period. Similarly, in a recent study conducted in cooked ham packaged with anaerobic modified
atmosphere (70% N2/30% CO2), the authors also found insignificant oxidation values [50] during
21 days of storage. These authors concluded that both the low fat content of cooked ham and the
absence of O2 were the two crucial factors for maintaining the lipid oxidation in insignificant values.
In fact, it is well known that the fat content (and its composition) is the most important factor in the
lipid oxidation process, since lipids are the substrate for the oxidation reactions [8]. Similarly, the O2

is a vital component involved in the formation of peroxy radicals (propagation phase) and also a
source of reactive oxygen species (ROS) [8]. This completely explains the results obtained in our study,
since the sausages were stuffed in plastic (with very low permeability to oxygen) and their formulation
contained a very low fat amount (in all cases below 0.32%). Therefore, with all that said, the low fat
content and the absence of oxygen determined that lipid oxidation remained at extremely low values
(below the limit of quantification).

Volatile compounds derived from lipid oxidation of cooked turkey sausages are shown in Table 4.
In both sampling points, after processing and after 56 storage days, five volatiles related to these
oxidative reactions were detected. These compounds include one alkane, two aldehydes, and two
alcohols, which are considered as markers of secondary oxidation of fatty acids. In this regard, octane,
nonanal, and 1-hexanol were derived from oleic acid, 1-butanol from linoleic acid, while hexanal could
be derived from oxidation of both, oleic, and linoleic acids [8].
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Table 4. Effect of the chitosan inclusion on lipid-derived volatile compounds (expressed as units of
area (AU) × 104/g of a sample) of low-fat cooked sausages made from turkey meat affected by white
striping myopathy.

Volatile Compound Days
Treatments

SE Sig.
CONTROL Q1.5% Q3%

Octane
0 12.63 bB 23.02 bA 20.12 bAB 1.43 ***
56 43.52 a 53.77 a 55.63 a 4.61 ns

Sig. *** *** ***

Nonanal
0 17.36 A 9.85 aB 9.55 aB 0.93 ***
56 17.34 A 1.27 bB 3.75 bB 0.85 ***

Sig. ns *** ***

Hexanal
0 25.42 aA 12.28 aAB 9.10 aB 1.24 ***
56 4.33 bA 3.60 bA 2.11 bB 0.37 **

Sig. *** *** ***

1-Butanol
0 5.14 b 4.15 b 4.80 b 0.52 ns
56 9.96 aB 27.95 aA 9.27 aB 2.11 ***

Sig. ** *** **

1-Hexanol
0 1.56 bB 2.03 bB 2.83 bA 0.25 **
56 19.06 aA 10.70 aB 15.63 aA 1.54 **

Sig. *** *** ***
A,B The average values on the same line with different capital letters indicate a significant difference by the Tukey
test; a,b The mean values in the same column with different lowercase letters indicate a significant difference by the
Tukey test; SE: standard error; Sig.: Significance; ns: not significant; ** p < 0.01; *** p < 0.001.

The volatile character of these compounds determines their contribution to the appearance of
rancid and off-flavor in the meat products [8,40,51]. Among the volatiles detected in this study, hexanal
was the greatest indicator of lipid oxidation, since its content increases to a greater extent than that
of other compounds [5]. Additionally, it is more stable than other lipid-derived compounds, such as
unsaturated aldehydes [8,52]. For several years, multiple authors reported a strong correlation between
this aldehyde and other analytical techniques to the measurement of secondary oxidation products or
sensory degradation [53–56]. In fact, some authors use hexanal and other aldehydes instead of other
techniques to discuss the oxidation stability of meat products [5,57], since the use of these specific
compounds in conjunction with a very sensitive technique (GC-MS) allows a better understanding of
oxidative processes than analyzing the samples with other less specific techniques in which various
compounds could interfere with the results [8].

In our study, the most important volatile after the processing steps in control samples was hexanal,
while in reformulated samples, the octane presented the highest values. After 56 storage days, in all
samples, the octane was the most abundant lipid-derived volatile.

Sausages with chitosan inclusion had higher octane values than in control, both after processing
and storage. This shows that the release of this compound was more intense in the reformulated
samples. Despite this, it should be noted that this compound (together with the rest of the linear
alkanes) had little impact on the sensory characteristics of the meat products, since they presented a
high detection threshold [40].

On the other hand, the inclusion of chitosan in the cooked sausages had a low influence on the
content of alcohols after the processing step. Chitosan slightly increased 1-hexanol amounts, while it
did not affect the content of 1-butanol. After 56 storage days, the content of 1-butanol increased in the
samples reformulated with 1.5% of chitosan, while the control and 3% chitosan sausages did not show
differences between them. In the case of 1-hexanol, reformulated samples showed lower values than
control, although this difference was significant only in the sausages formulated with 1.5% of chitosan.
These results indicate that there is no specific trend, so the effect that chitosan exerts on the release of
alcohols derived from oxidative processes is not clear.

Finally, the inclusion of chitosan limited the release of aldehydes, which have very low odor
thresholds and contribute greatly to the final flavor of the meat product [40]. As discussed before,
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aldehydes are better indicators of lipid oxidation than other volatile compounds. In our case,
the chitosan effect against the release of hexanal was dose-dependent, since the concentration of this
compound decreased as the chitosan content increased. This effect was observed in both sampling
points (after processing and storage). This fact is very important, as hexanal has grassy and fresh notes
at low levels and a strong rancid smell at high concentrations [40]. So being able to control its release
allows limiting the appearance of undesirable flavors. Similarly, the content of nonanal was lower in the
samples formulated with chitosan than in control sausages. After processing, the control samples had
twice the content of nonanal than the chitosan samples. This difference was even greater after 56 storage
days, since in the control samples, the content of nonanal remained stable, while in the reformulated
samples, its content decreased dramatically during storage. This decrease during storage, as occurs
in the hexanal content in the sausages of all treatments, is due to the secondary oxidation products
degraded to other compounds [8]. This fact agrees with those reported by other authors, who concluded
that the decrease in some aldehydes (heptanal an octanal) during dry-fermented sausage storage was
due to further oxidative changes [32]. In the same way as our results, these authors also found that the
application of a chitosan–oregano coating to traditional dry-fermented sausages reduced the contents
of several aldehydes (propanal, pentanal, and hexanal) [32], which demonstrate the protective effect
of this coating. Additionally, this fact resulted in better odor and flavor characteristics of sausages
after 7 months of storage [32]. Other authors observed that the amount of hexanal was approximately
two-fold lower in the meat-based food matrix containing chitosan than in control samples [45]. This fact
fully agrees with our results and confirms the antioxidant power of chitosan, as has been observed by
numerous authors in previous studies [22,23,33,34,42,45].

3.2. Sensory Evaluation

From the sensory analysis performed on the cooked turkey sausage with WS myopathy enriched
with chitosan (Figure 2), there were no differences (p > 0.05) in acceptability parameters, and all
treatments received a score above 4, indicating that the addition of chitosan did not alter the acceptability
of sausages.

Our results agree with those reported by other authors, who found that the addition of 0.2% of
chitosan to pork sausages did not influence any sensory parameters [33]. Additionally, the presence of
chitosan in turkey samples did not negatively influence the taste [9]. In fact, these authors concluded
that chitosan dipping of turkey filets produced a very pleasant taste, favoring the freshness and natural
aroma of the product [9].

In other research, the use of chitosan in the reformulation of pork sausages provides a more
satisfactory odor and taste than control samples [22,58]. Similarly, the inclusion of 1% of chitosan in
frankfurters showed an increase in color, texture, and overall acceptability scores [42], and the use
of 0.5–1% of chitosan in burger model system improved the visual appearance of this product [26].
Additionally, in minced meat, the use of 2% of chitosan was comparable to the application of potassium
sorbate and resulted in the remarkable enhancement of meat sensory characteristics [24]. Contrary to
these findings, the use of 0.25 or 0.5% of chitosan in the reformulation of fermented cooked sausages
negatively impacted the color, aroma, flavor, texture, and overall acceptance scores [1].

In general, taking into account our results and the published studies on the reformulation of meat
products with chitosan, it can be stated that its application does not affect or improve the sensory
characteristics of final products. However, it is very important to take into account both the amount of
chitosan used as well as the meat product to which it was added.
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Figure 2. Sensory scores attributed on day 0 by the panel participants for appearance, odor,
flavor, texture, and overall quality (O. quality) of low-fat cooked sausages made from turkey meat
affected by white striping myopathy enriched with chitosan. Hedonic scale used: 1 = dislike very
much; 2 = dislike moderately; 3 = dislike slightly; 4 = neither like nor dislike; 5 = like slightly;
6 = like moderately; 7 = like very much.

4. Conclusions

The addition of chitosan to cooked turkey meat sausages affected by the white striping myopathy
caused changes in some of the evaluated technological and quality parameters. Reformulated sausages
presented better nutritional characteristics (lower fat content) and oxidative stability (lower aldehydes)
than control samples. Additionally, chitosan improved both emulsion stability (lower weight losses)
and texture parameters. In contrast, a lower redness value was observed in the reformulated sausages,
but any of these differences influenced the sensory characteristics of the cooked sausages. Therefore,
as a general conclusion, low-fat sausages containing chitosan may represent an interesting alternative
for adding value to turkey meats affected by white striping myopathy and, at the same time, develop
into a healthy and functional meat product, increasing the proportion of fibers in one’s diet. The use of
chitosan in the sausage formulation has great potential for the enhancement of stability and preservation
of this product. However, further studies are necessary to evaluate the influence of chitosan inclusion
on the microbial stability of cooked turkey sausages as well as its addition in other meat products.
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