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Approaching to biogenic amines
as quality markers in packaged
chicken meat

Luigi Esposito, Dino Mastrocola and Maria Martuscelli*

Faculty of Bioscience and Technology for Food, Agriculture and Environment, University of Teramo,
Teramo, ltaly

Following the chicken meat quality decay remains a tricky procedure. On one
hand, food companies need of fast and affordable methods to keep constant
higher sensory and safety standards, on the other hand, food scientists and
operators find difficult conjugating these exigencies by means of univocal
parameters. Food quality definition itself is, in fact, a multi-layered and
composite concept in which many features play a part. Thus, here we propose
an index that relies on biogenic amines (BAs) evolution. These compounds
may indirectly inform about microbial contamination and wrong management,
production, and storage conditions of meat and meat products. In this study,
three cuts of chicken meat (breast filets, drumsticks, and legs) packed under
modified atmosphere, under vacuum, and in air-packaging, stored at +4°C
(until to 15 days), were analyzed. Some BAs were combined in an index (BAI)
and their evolution was followed. The Thiobarbituric Acid Reactive Species
assay (TBARS) was also used as a common reference method. Generally, BAI
may better identify the beginning of quality impairment than lipid oxidation
spreading. ANOVA statistical analysis has highlighted that the storage time is
anyway the most detrimental factor for chicken decay when it is stored in
refrigerated rooms (p > 0.01). Despite TBARS still remains a powerful tool for
chicken goodes, its exclusive use may not be enough to explain quality loss.
On the contrary, BAl implementation in fresh meat can give a more complete
information combining food safety exigencies with sensory attributes.

biogenic amines, chicken meat, quality, safety, BAl index, TBARS, packaged meat,
refrigerated meat

Introduction

By looking at data from FAO-OECD, chicken meat represents a vital food commodity
equally distributed in all countries. Its popularity is conditioning the meat market
trends covering the 40% of total protein demand globally (1). Chicken meat ensures a
balanced nourishment with a limited caloric intake and a reduced price (2). Moreover, it
respects all religious requirements (3), its production is easier, and besides the forecasted
production increase, this sector is the one on which more effective policies can be
actuated for climate change mitigation (4). Despite its success, from the quality point
of view (5), chicken meat marketing suffers of problems related to stability and sensory
impairment. Chicken meat is normally more susceptible of microbiological spoilage (6),
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moreover, muscular tissues are characterized mainly by
monounsaturated (MUFAs) and polyunsaturated fatty acids
(PUFAs) which are rapidly oxidated by O, and light (7, 8). Thus,
the development to rancidity is a real problem for the poultry
meat industry interesting both transformed products and fresh
meat (9). In formulated products, antioxidant ingredients can
be intentionally added to limit oxidation and extending sensory
acceptance (10); furthermore, other strategies may be used on
meat surface or in packaging structures (11, 12).

Much research has also concluded that chicken livestock
conditions greatly influence the final quality of meat and meat
products (13). The quick translation from intensive breeding
systems to organic ones, which also relies on genetically
modified organisms (GMO)-free feeds, no antibiotic use, and
high welfare conditions, it is requiring attentive protocols and
new indexes to monitor meat quality. In fact, this market section
is made of newer products posing diverse stability problems
from those known from conventional meats (14).

Besides lipid oxidation, microbial and autolytic enzymatic
spoilage are also involved in the qualitative deterioration of the
meat during the shelf life (15). Thus, the spoilage processes
can cause the production of biogenic amines (BAs) and volatile
organic compounds (16, 17).

To check the lipid oxidation, the Thio Barbituric Acid
Reactant Species (TBARS) analysis is commonly performed.
Oxidation pathways led to high instable products resulting in
difficult analyses management (16). TBARS is useful to check the
oxidation rate of samples, anyway the information coming from
this assay is not so precise and does not inform about the safety
(mainly microbiological and chemical spoilage) of the products.

BAs are nitrogenous compounds present in a wide range
of food matrices at different percentages in respect of several
factors such as the free amino acids profile, the microbiological
quality, and the hygienic measures during food processing (18).
Generally, meat is considered as an important reservoir of BAs
mainly for its content in amino acids from which they are
generated (19). The high presence in proteins (amino acids) also
depends by the nature of meat, made of muscular tissue where
cells are more subjected to BAs influence.

As for all BAs and more in general for bioactive compounds,
they are reduced and oxidated creating a complex environment.
It is the case of the agmatine that can pass to putrescine and
simultaneously be converted to spermine and/or spermidine
(20). This suggests that a food rich in amino acids can be already
a source of BAs with minor implication of Specific Spoilage
Organisms (SSO).

The alteration caused by the microbiological, or oxidation
activity, is generally easily identifiable for the color change, the
consistency loss, the formation of slime, and the development of
off-flavors. All these features alert the consumer leading to refuse
the consumption (21). On the contrary, the presence of BAs is
more subtle to perceive because most of them are odorless nor
do they cause other modifications (14).

Frontiersin Nutrition

02

10.3389/fnut.2022.966790

In chicken meat, the most prevalent BAs are tyramine,
histamine, and polyamines (spermine, SPM; spermidine, SPD;
putrescine, PUT cadaverine, CAD). Chicken meat quality is
often evaluated by using the SPD/SPM ratio (15); alternatively,
other BAs commonly associated with aging and spoilage may be
used as quality index. In fact, the sum of some of them can be
used as useful index to evaluate the freshness and quality of meat
and meat products (22, 23). These biocompounds may indirectly
inform about microbial contamination and wrong management,
production, and storage conditions of meat and meat products;
moreover, since some of them have a toxic effect (vasoactive,
psychoactive, or both), their presence can cause serious damage
to the consumer, being able to have even lethal effects (24, 25).

Beyond the correct rearing practices and the observance of
the best hygiene and manufacturing protocols in the processing,
oxidation can be prevented with the use of right packaging
according to the storage conditions and the destination of the
product (26). About the poultry meat, the polyvinyl chloride
(PVC) overwrap (air packaging) is the most common packaging
used; this system uses air-permeable and moisture-barrier film
to stretch around the meat product. In recent years, an interest
on modified atmosphere packaging (MAP) has been observed
(27). Vacuum skin packaging (VSP) could also be considered as
a type of MAP and is defined as the packaging of a product in
a high barrier package from which air is removed to prevent
growth of aerobic spoilage organisms, shrinkage, oxidation,
and color deterioration. VSP is rarely used for chicken meat
because of the less attractive color of the product and the
possible leakage occurring in the packaging. Chmiel et al. (9)
anyway proved that this is the best method of limiting oxidative
phenomena. Gallas et al. (28) refer of the effect of two different
MAP compositions on the microbial load and on the BAs
accumulation. Oj is a promoter of those bacteria which have
the enzyme decarboxylase. This peculiarity makes them able to
start using SPM and SPD as the main source of Nitrogen (within
free amino acids) for producing other BAs. Anyway, this is a low
process that is reported to begin after some days of refrigeration.
Conversely, concentrations of CO; help in managing the
microbial growth prolonging a safe storage. From the same
study, it results that using N, does not help nor in limiting
BAs accumulation, neither managing the microbial growth. For
what concerns TBARSs, it can be generally said that Oy boosts
oxidative phenomena especially when is in combination with
other factors as light and heme proteins. Dominguez et al. (29)
explain of the contradictory market situation where the presence
of O3 is negatively correlated with rancidity development while
is desirable for the color maintenance.

In the light of these considerations, the present study
aimed to use BAI as an unconventional marker of quality
and stability for packaged chicken meat, in comparison with
traditional index (TBARS, sensory test). The main objective was
to find univocal index that makes possible to conjugate food
safety needing within sensory attributes. The impossibility of
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considering TBARS near to BAs values may represent a weak
point of this study especially because the two indexes look at
different compounds. It is worthy anyway, to start using BAI
thoroughly for fresh meat spoilage evaluation. In fact, BAs
analysis gives back an image of the general state of conservation
of a product also revealing its history.

Materials and methods

Origin of the samples and sampling

Samples were provided from an industrial Italian plant
(Amadori Group, Cesena, Italy) that breeds and processes
chickens meat (antibiotic-free, GMO-free diet, and high
welfare/partial free range system meat).

Three cuts of chicken meat were considered: breast filets,
drumsticks, and legs (codified B, D, and L, respectively).
The cuts were packaged using three types of packaging and
conditions: under modified atmosphere or MAP (CO7:0;3-
30%:70%); under vacuum or vacuum skin package (VSP); in
air-packaging (STRETCH, in which the wrapping consists of a
polystyrene tray and a plastic film). A total of 108 samples were
analyzed. A specific nomenclature was used for codifying even
the packaging. Thus B, D, and L, for breast, drumstick, and leg,
were added of M, S, and T, for modified atmosphere, vacuum
skin package, and air packaging (stretch), respectively. Samples
were stored at +4°C (until to 15 days) in a refrigerated room
characterized by reduced thermal abuses and rarely influenced
by natural light.

The meat was received directly from the producer already
packed under refrigeration. The entire batch was composed
of multiple trays (chicken under MAP and STRETCH) and
bags (VSP). To allow a correct sampling, new trays and bags
were opened for each time of observation. Sampling operations
consisted of trays opening, skin removal from drumsticks
and legs, meat homogenization through a mechanical blender
(Bimby ~ mixer -Wuppertal, Germany-, mod. TM 31), storage
at —40°C in closed falcon tubes, and analysis execution. Four
times of observations were taken: immediately after the receiving
(To), after 3 (T3), 7 (T7), and 15 (Tys5) days of refrigerated
storage +4°C.

Physical, physico-chemical, and
compositive analyses

Physico-chemical and compositive analyses were carried out
on the samples at the beginning of the refrigerated storage time
(To), to assess their quality and their optimal managing before
starting the experimental plan.

The values of water activity (ayw) of fresh cuts were obtained
with the Aqualab 4 TE kit (Court Pullman, WA, USA). Values
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of pH were taken with a pH meter (model 3510, Jenway, Stone,
UK). All values were measured in triplicate.

Proximate analysis on moisture, proteins, and ashes was
obtained following the Association of Official Analytical
Chemists procedure (30). Total lipids were measured using
a modification of the chloroform to methanol procedure
described by Folch et al. (31).

Microelements and vitamins in chicken meat samples have
been determined by internal methods, which cannot be detailed
for reasons of corporate confidentiality. Selenium and zinc were
detected by Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) (Agilent 7700 Series and Agilent 7900 Series, Agilent
Technologies SPA, Milan, Italy; Thermo IcapQ, ThermoFisher
Scientific, Rome, Italy); potassium and phosphorus were
determined by Atomic Emission Spectrophotometry (ICP-OES)
(Thermo iCap 6300 Radial, ThermoFisher Scientific). Moreover,
vitamin PP was detected using LC-(ESI+)-MS/MS system
(Agilent 1290 Series; Sciex QTrap 6500+, Sciex, Milan, Italy),
while for Vitamins B2 and B12, a system of High Pressure
Liquid Chromatography (HPLC) was used (Agilent 1260 Series).
Finally, Vitamin B6 was detected by UPLC/MS/MS (Waters
Xevo TQS equipped with Aquity H plus, Waters, Milan, Italy).

The composition of the gases inside the packaging was
monitored during the storage period using the PBI Dansensor
CM9900 instrument (PBI, Padova, Ttaly).

Thiobarbituric acid reacting substances
assay

A thiobarbituric reactant species test was carried out
following the methods of Soyer et al. (32) with some
modifications. Raw meat (25g) was ground in 125mL of pure
water for 2min to homogenize the mixture. From this, 5mL
were filtered and transferred in falcon tubes (15 mL) with 3 mL
of a solution containing trichloroacetic acid (15%, w/v) and
thiobarbituric acid (80 mM) in HCI 0.25 N. Samples underwent a
centrifugation step (2,000 rpm for 5 min) to precipitate proteins.
After centrifugation, 3 mL were transferred in tapped glass tubes
and kept at 40°C for 90 min.

Samples 532nm with a
spectrophotometer UV-VIS (Jenway, Stone, UK) after a

obtained were read at
further filtration with filters 0.45 um. All samples were read in
double, and data were expressed as mean =+ standard deviation.

The calibration curve was obtained using a 1,1,3,3-
tetraetoxypropane (Sigma-Aldrich, St. Louis, MO, USA, >96%)
in methanol, at a concentration range of 0.625-20 M.

Biogenic amines’ analysis

For this study, putrescine (PUT), cadaverine (CAD),
histamine (HIS), tyramine (TYR), spermidine (SPD), and
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spermine (SPM) were singularly detected. Then, to better
comprehend the qualitative state of the meat, a BAI was
calculated by summing together PUT, CAD, HIS, and TYR.

The procedure of amines extraction and derivatization was
carried out as described by Chaves-Lopez et al. (33) with
some modifications.

An aliquot of 4 g of meat was homogenized (in Stomacher
Lab blender 400, International PBI, Milan, Italy) with 10 mL
of 5% trichloroacetic acid (TCA) (Fluka, Milan, Italia) and
centrifuged at 10.000 rpm for 20min at 4°C (refrigerated
centrifuge ALC4237R, ALC International s.r..). The supernatant
was recovered, and a second extraction was performed as
described. The two extracts were put in falcon tubes let to
the final volume of 50 mL with 5% TCA acid; the final acid
extract was filtered through Whatman 54 paper (Carlo Erba,
Milan, Italy).

The derivatization was performed as following. An aliquot
of each acid extract (0.25mL) was mixed with 75 pL of a
saturated NaHCO3 solution and the pH was adjusted to 11.5
with about 150 WL NaOH. After this, I mL of acetone solution
containing 10 mg of Dansyl chloride (Fluka) was added to the
alkaline amine extract. Derivatized extracts were transferred to
a water bath and kept for 60 min at 45°C under agitation (195
stokes) (Dubnoff Bath-BSD/D, International PBI, Milan, Italy).
The residual dansyl chloride was removed by adding 100 jLL of
300 g/L ammonia solution (Carlo Erba). Extracts were rapidly
transferred in dark conditions at room temperature and left
for 30 min. Each sample was brought up to add of 2.5mL
acetonitrile (Carlo Erba) and filter through a 0.22 wm PTFE filter
(Alltech, Sedriano, Italy).

BAs detection, identification, and quantification were
performed by high-performance
(HPLC) using an Agilent 1200 Series (Agilent Technologies,
Milan, Italy), on 10 pl of each samples, with gradient elution,

liquid chromatography

acetonitrile (solvent A) and water (solvent B) as follows: 0-1 min
35% B isocratic; 1-5min, 35-20% B linear; 5-6 min, 20-10%
linear B; 6-15min, 10% B isocratic; 15-18 min, 35% linear B;
18-20 min, and 35% B isocratic.

The separation of the analytes was carried out using a Waters
Spherisorb C18 S30DS-2 column (3 pm particle size, 150 mm
x 4.6mm LD.), equipped with a Waters Spherisorb S50DS-
2 guard column. Identification and quantification of PUT,
CAD, HIS, TYR, SPD, and SPM were performed by comparing
retention times and calibration curves of pure standards.

The calibration curves were linear in the range of
concentration between 0.5 and 50 mg/L. The lines of regression
calculated have been used to compute the amount of the analytes
in samples by interpolation, using external standard method.

Limit of detection, precision, and accuracy of the method
was assessed. The accuracy of the method was established by
setting up recovery tests by samples with known quantities of the
investigated BAs. A spiking and recovery procedure was carried
out on each meat sample at three BA levels (2-5-10 mg/L),
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performing five replicates for each concentration level,
quantifying, and subtracting the endogenous amine content.
Recovery was calculated for histamine (HIS) (83%), tyramine
(TYR) (76%), spermidine (SPM) (72%),
(SPD) (70%).

Linearity was assessed by least squares fitting of six

and spermine

independent seven-point calibration curves in the range 0.5-50
mg/L, coming from separately derivatized aliquots.

The limits of detection (LODs) and the limit of
quantification (LOQs) were set on poultry meat samples
using signal-to-noise ratio (S/N) of 3 and 10, respectively.

Samples for HPLC analysis were stored at —20 © C in amber
glass vials (max 1 week) until HPLC analysis.

Descriptive sensory analysis

A sensory test was designed to evaluate the sensorial quality
(visive, olfactive, and tactile) of the different meat cuts during
the period of observation in refrigerated storage (34, 35).

A panel group of 30 people (21 women and 9 men) were
asked to rate the color and the odor of all the samples. A scoring
scale ranging from 1 to 5 was used (36), where 1 indicates the
absence of negative or uncommon qualitative traits, while 5 the
maximum of negative attributes presence (discoloration, strong,
or uncommon smell). Furthermore, panelists were asked to put
in evidence the presence of off-flavors using the symbols —/+.
The undetectability is represented by the -, while the presence
and the intensity are represented by the +, ++, and + + +.
This system allows to understand if consumers may perceive
unpleasant smells, and which is their intensity. Considering the
difficulty in training people with unfamiliar terms to describe
meat aging and its degradation, but also to avoid those specific
negative terms that may prejudice the scoring, we preferred
to use this tool. At any rate, an explanation of off-odors to
participants was given to make sure that typical meat flavors may
not be mistaken for negative attributes.

Samples were showed to panelists before and after removing
packaging. Samples were codified with random numbers to
avoid external influences on liking rating of panelists. All sensory
tests and training sessions were carried out in the sensory
laboratory of the University of Teramo that fulfils the required
standards for these analyses according to ISO 8589:2007, (37).

Statistical analysis

All determinations were done in triplicate, except where
differently indicated. Means and relative standard deviations
were calculated. Analysis of variance (ANOVA) was performed
to test the significance of the effects of the factor variables
(cut, packaging, storage time); differences among means were
separated by the least significant differences (LSD) test.
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TABLE 1 Proximate composition (%) of three cuts of chicken meat (without skin).

Cut Moisture (%) Proteins (%) Lipids (%) Ashes (%)
Breast 74.97° £ 0.03 21.78° + 1.56 178 £0.27 1.39¢ £ 0.08
Drumstick 70.81° £ 0.05 18.37% £ 0.06 9.45" + 0.66 1.19° 4 0.01
Leg 69.04* & 0.05 17.92* 4 0.50 13.00° & 0.07 1.02% £ 0.01
sign. ot -

Data (mean = standard deviation) followed by different superscript letters, in the same column, are significantly different (LSD test, p < 0.05); asterisks indicate significance at **p < 0.01;

*p < 0.001.
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FIGURE 1
Trend of the gases’ composition (%) monitored during the refrigerated storage time (0, 3, 7, and 15 days at 4°C) of all packaged samples in
modified atmosphere (A) and in air (B).

TABLE 2 Minerals and vitamins concentration in cuts of chicken meat investigated.

Mineral® (mg kg™1)

Vitamin38 (mgkg~1)

Se Zn K P B2 B12 B6 PP
Breast 0.13 4+ 0.02 6.45 4 0.35 3,795 £ 35.36 2,175.00 £ 7.07 <0.01 <0.001 4.8 £0.57 114.54+9.19
Drumstick 0.13 £ 0.01 12.40 £ 1.70 3,170 £ 155.56 1,765.00 £ 49.50 <0.01 <0.001 2.4+£0.42 50.6 4 4.38
Leg 0.14 £ 0.01 19.75 £ 0.78 2,960 £ 325.27 1,650.00 £ 226.27 <0.01 <0.001 2254021 49.35 4+ 1.34

SMineral: Se, Selenium; Zn, Zing; K, Potassium; P, Phosphorus.
88Vitamin: B2, Riboflavin; B12, cobalanin; B6, piridoxine.

Statistical analysis of data was performed using XLSTAT
software version 2019.1 for Microsoft Excel (Addinsoft, New
York, NY, USA). All results were considered statistically
significant at p < 0.05.

Results and discussion

Quality of the samples

Chemico-physical parameters (ay, 0.966 = 0.001; pH, 5.78=+
0.01), so that the results of compositive analyses (Table 1), of
TBARS test (Figure 1) and of BAI index (Figure 7), assessed
the high quality and nutritional role of the chicken meat
cuts used for the experimental plan. Moreover, Table 2 shows
that investigated samples had high nutritional value. Results
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suggested that all investigated cuts of chicken meat are a good
source of selenium, zinc, potassium and phosphorous, and
vitamins (B2, B6, B12, PP), which are beneficial to overall body
function, and a regular part of a healthy diet. The results are in
line with the literature (38).

Gas composition trend and role of
packaging

The composition of gases was monitored for samples in
MAP and STRETCH during the refrigerated storage time
(Figure 2). For its defined characteristics, vacuum skin pack
gaseous composition was not accessed. The use of packaging
solutions and specifically of MAP technology protects the
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FIGURE 2

Results of TBARS values (MDA, mg kg~?1) during the refrigerated

storage time (0, 3, 7, and 15 days at 4°C) of all packaged
samples.

food from physical agents also assuring the safety of the
products limiting (in combination with cold temperatures) the
microbial activity. Like all raw meats, poultry is perishable and
subjected to a process of microbial degradation, which can
also occur during storage at low temperature; microorganisms
of the genus Pseudomonas are the major responsible of these
phenomena (39).

For MAP and STRETCH, a gradual decrease of O2% and
increase of CO2% were observed, with very relevant differences
for stretch at final storage time (T5) respect to initial condition
(Tp). CO7 in MAP effectively inhibits aerobic deterioration, and
the inclusion of O keeps the color of the meat for a longer
period (40). The inclusion of CO; at levels above 20% tends
to significantly extend the shelf life of the meat, as aerobic
bacteria are well inhibited. Furthermore, the elimination of O;
avoids peroxidative phenomena (mainly on lipids, ~10%) if
skin is present (41). In any case, the CO, concentration in the
package does not exceed 35%, to avoid the collapse of the same.
Other deterioration mechanisms to be countered are the aerobic
microbial growth and the oxidation of pigments (myoglobin and
cytochrome C) more common in skin-free cuts.

VS packaging is a technology that uses the vacuum. So,
by removing the air, an adverse environment is created for
aerobic pathogens and specific spoilage microorganisms (SSO).
In addition, the vacuum-packed product also benefits from
the absence of humidity (which is extracted). Therefore, the
dry environment prevents the development of some microbiota
potentially modifying products’ appearance making it, even only
visually, healthier from the consumers’ point of view (42).

Air permeable wrappings assure protection and food
preservation. Moreover, they prevent food from perishing,
and extend the shelf-life while maintaining goods’ quality
attributes. Plastic wrap generally provides protection for
food from three aspects: chemical (gases, moisture, and
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TABLE 3 Anova matrix results for significative descriptor on TBARS
(MA, mg kg-1) and BAI (mg kg~?) indices.

Factor MDA BAI
(mgkg™")  (mgkg™)

Cut - ot
Packaging * e
Storage time (d) e e

Cut x Packaging o n.s.

Cut x Storage time (d) * *
Packaging x Storage time (d) * e

Cut x Packaging x Storage time (d) n.s n.s.

Asterisks indicate significance at 'p < 0.05, "p < 0.01; n.s. not significant.

light), biological (microorganisms, insects, and animals), and
physical (mechanical damage). Other features as brightness,
transparency, and resistance are key attributes of these films.
Thanks to the characteristic “memory effect,” the pack maintains
the initial tension and appearance, contributing to a perfect
presentation of the product. Moreover, it has a perfect
permeability to water vapor and O, with a consequent increase
in the shelf-life of the product and reduction of weight losses due
to dehydration (43).

TBARS behavior in three chicken cuts
differently packaged

As briefly discussed, the control of lipid oxidation is
crucial for chicken meat quality. Even if the quantity of
lipids is limited, the quality of fatty acids makes this matrix
easy for oxidation and peroxidation. Beside the easiness of
the analysis, TBARS assay gives limited responses on the
reasons of the oxidation’ occurrence and does not allow
to distinguish lipid to protein oxidation or from other
oxidated species (15). Recently Kim et al. (44) have defined
the TBARS assay as a method to measure malondialdehyde
(MDA), ketones, and oxidation products reporting the
TBARS value > of 0.8 mg/kg as perceptible of rancidity in
chicken meat.

In the present study, all the samples were screened to
evaluate the oxidation rate by the TBARS assay and results
are shown in Figure 1. Generally, all the cuts for all packaging
solutions produced oxidated species. Moreover, Table 3 reports
the ANOVA significance results related to the effects (single
and interactions among them) of the considered variables
(cut, packaging, and storage time) on TBARS values (MDA,
mgkg™1).

As shown in Figure 3, packaging solutions play an important
role in the development of oxidation. In fact, we observed a
negative effect of MAP and STRETCH solutions, while vacuum
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FIGURE 3
Behavior of TBARS values (MDA, mg kg~!) observed in chicken meat packaged in modified atmosphere (MAP), in air (STRETCH), and under
vacuum (VSP) and stored at 4°C until 15 days. Data signed with different letters are significantly different (LSD test, p < 0.05).

packaging ensures the best protection against the oxidation. As compounds (related to oxidation reactions) after cooking in
confirmed by other studies (45, 46), the Oy concentration in respect of fast growing. Authors linked this trait with the limited
MAP trays can boost the peroxidation especially when packs movement possibility for fast growing genotype animals who
are sold in display case fridges where temperature fluctuations preserve tocols and antioxidants in respect of slow and medium
and light presence interact with O arising the lipidic oxidation. growing genotypes.
Samples from this study were stored in a refrigerated room Moreover, observing data in Figure 4, at Ty, all samples are
where temperature abuses are reduced, and light presence is acceptable having lower rancidity. At T3, values for breast in
limited only when the door is open. Meat industries prefer to not all packaging remained similar with an average value of 0.3
change gas composition of MAP packaging due to the influence MDA eq. What emerges from the comparison among packaging
on the meat color. Thus, commonly MAP chicken is maintained solutions at T3 time is that the MAP is the most detrimental
with 75% O, and 25% CO;. This combination ensures the for the oxidation rate in all cuts. The close contact with O; can
best color appearance limiting the growth of aerobic bacteria be the main reason to explain this behavior that is particularly
as Pseudomonas spp. and Brochotrix thermosphacta which are observable in drumsticks and legs. By going further along T,
typical of meat (47). this trend is confirmed reaching levels of 1.3 MDA eq. (on
Data were processed to emphasize the effect of cuts in average) for the same cuts. In sample BT7 (breast air-packed,
three different packaging solutions. As shown in Figure 4, breast chilled, and stored for 7 days), TBARs average values are lower
filets had more stable behavior in respect to TBARS test, than MAP and VSP solutions. Also here, discrepancies of this
independently from the packaging solution. For the other cuts, data can be derived to the closer contact of little amounts
results were in line with Kim et al. (44). Reasons to explain of dissolved Oy that has got an even stronger impact on the
this trend are mainly conducible to the nature of the muscle, oxidative status. In the case of vacuum packaging solution, the
richer in red fibers, with more pH changes due to the lactic mechanical pressure on food surface increases the drip loss and
acid accumulation during chickens’ life (48). Same authors have so the contact with water (50). This is particularly true for those
compared conventional meat with free range and organic one cuts, like breasts, that are not protected by the skin barrier. At
showing that conventional chicken breasts are less prone to any rate, this result makes stronger the idea that TBARs are a
oxidation. This characteristic is linked to the chickens’ lifestyle screening method generating a picture of the general oxidation
and diet. Also, the genetic pathway and the welfare of chickens rate. By considering valid 0.8 mg/kg as a threshold for rancidity,
make important differences on the final oxidation state. Cartoni at T7, sensory attributes make all breast samples still acceptable.
Mancinelli et al. (49) have demonstrated how slow and medium At the end of the observation (Tjs), the samples confirm the
growing genotypes will develop higher oxidation and volatile trend with the highest level for MAP packaging for all cuts. The
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most “inquinated” samples were the drumstick in MAP followed
by leg.

Trend of biogenic amines content

all
biogenic amines content in the investigated samples.

Data analysis showed that total BAs are correlated fairly
with SPM (B = 0.58), SPD (B = 0.33), and TYR (B = 0.3)
(Figure 5), while no significant correlations (p < 0.05) were

Supplementary Table S1  shows results concerning

observed with the other amines (Figure5). As expected in
fresh meat, SPM and SPD were the only amines present at
a remarkable level, but they seem not harmful to healthy
people (51).

Fresh chicken meat ensures a good intake of important
BAs like SPM and SPD as highlighted by Bogustawska-Tryk
etal. (52). These are independent from fermentative phenomena
since they come from proteolytic pathways and the aging of the
meat. Not only they cover a functional role during animals’ life
but also are commonly found in all muscles independently from
the shelf life of the meat. For this reason, they are classified
as constitutive amines of eukaryotic cells (53); they are also
grouped in the polyamine class together with PUT and CAD.
Polyamines are small polycations containing two or more amino
groups and have been recognized as fundamental for the human
health also exerting antioxidant, anti-inflammatory, and an
aging protective effect (54).
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In respect to SPM and SPD, Silva and Gléria (55) have
found both in breasts than in tight meat their presence with the
major concentration of SPM. These authors were able to trace an
increase after 4 days of storage at 4°C while a diminution from
the 10% day to the end of the observation (16" day). Our data
confirm that SPM is the most abundant BAs in all samples while
SPD is less present.

The general trend observed in all cuts for all packaging
solutions is a decrease from day 1 to day 3 and an increase
from day 7 to day 15. Legs are the most changing cuts
with high fluctuations along the time. At the beginning of
the storage, values for SPD resulted on average of 20mg
kg~! independently of the packaging (excluding legs packed
under vacuum and in MAP where we did not find these
amines). Values for polyamines SPD and SPM are generally
higher than what reported by Silva and Gléria (55) (7 and
18mg kg1 respectively), Magdy et al. (56), (8 and 56.6 mg
kg™ respectively), and Triki et al. (57) (9.78 and 45.03 mg
kgD respectively). Moreover, Magdy et al. (56) did not
observe significant differences in SPD and SPM contents among
non-vacuum packaging and vacuum packaging in chicken
filets. Similarly, Silva and Gléria (55) have not registered
differences among breast and tight muscles. Our data depict
anyway the different behavior of legs in respect of breasts
and drumsticks.

Recently, the ration among SPM/SPD has been used to
evaluate the freshness of chicken meat (19). As explained, the
specificity of these amines makes more reliable its use as a
freshness indicator since are not influenced by microorganisms.
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Anyway, same authors (19) report that high diminutions of
these polyamines can indicate an increased microbial activity,
since these compounds are used as nitrogen source for bacteria’
metabolism. Our data are in line with those of the last cited
papers for values of breast filets at T0. Already at T3, we observe
a diminution in polyamines possibly imputable to their use
as antioxidants (later in the text more details are given), or
conversion to other amines.

The major incidence of these amines in samples analyzed can
depend by chicken welfare even if few references are available on
this. Lazaro and Conte-Junior (58) have anyway demonstrated
a higher content of SPM in organic chicken meat with values
of 23.67mg kg~!. Chmiel et al. (47), have found values of
18.38 mg kg~! of SPD and 73.41 mg kg~ 'of SPM. Similarly,
these authors have not found significant differences among
packaging solutions at day 0. In contrast, they have not seen
differences on SPM and SPD along the time for packaging
solutions while, as aforementioned, our data show a decrease
at the beginning of the observation followed by an increase
at the end of the storage. This behavior is explained by Ruiz
Capillas and Jimenez Colmenero (59), and Balamtsia et al. (60)
who observed a steady decrease along the time. The reduction
of SPD and SPM can depend by their uptake from bacteria
using them (mainly SPM) as nitrogen source (47). The final
increase in both amines can be explained as the possible arginine
increment during the shelf-life of meat. Triki et al. (57) have
seen that poultry (turkey and chicken) is the richest free amino
acids containing among meats, with arginine as the main one.
The trend registered is an initial availability followed by a steady
decrease till the end of the storage where only traces of the
amino acid are found. Probably, the extended period of storage
here followed can increase proteolytic pathways making arginine
available again.

Beyond SPD and SPM functional role that justifies their
high presence, some research is explaining the implication in
tumoral cells’ proliferation (61). These authors have looked for
the involvement of polyamines on post-translational activity
of proteins with emphasis on SPD being the substrate for the
amino acid hypusine; responsible for tumors development and
growth. On the other hand, polyamines are recognized for
their antioxidant role on cells. Toro-Funes et al. (62) have
demonstrated the in vitro antioxidant capacity of SPM and SPD
at different levels of the peroxidation reaction with good results
even when compared to other antioxidants. In consideration of
these findings, a major content of polyamines can be explained
as an endogenous production of antioxidants in response to a
higher demand during chickens’ life.

Supplementary Table SI reports the values detected for each
single amine used for calculating the BAI value during the
refrigerated storage period. Figure 6 highlights the growing
increase in TYR and HIS along the time. After SPM and SPD,
these are the most abundant being also involved in noticed side
effects on the health.
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Breast meat in air-packaging wrap has got low amounts of
HIS and TYR after 3 days of storage. The same happens for
drumsticks under vacuum and air-packed. Legs under vacuum
register HIS, while TYR resulted in samples packaged under
vacuum and in air wrap. Low levels of HIS at early stages
of observations can be an index of metabolic activities of
tissues since this amine is normally contained in mast cells
(63). TYR content is conversely linked to microbial activity
mainly imputable to lactic acid bacteria cultures. In particular,
the tyramine-producing bacteria are mostly gram positive and
belong to the genera Enterococcus, Lactobacillus, Leuconostoc,
and Lactococcus (64). Later, from day 7, all samples present HIS
while TYR was not detectable in breast samples. At day 15,
both amines increase except for TYR in map breast filets. This
low rise is imputable to the bacterial activity, (slowed by the
cold temperature) and the continuous availability of free amino
acids. Despite this evolution, we cannot consider any of the
samples unsafe, capable to disrupt toxicity, or provoking hazards
for the human health. This consideration comes from that the
accumulation of these amines is detected starting from day 3,
and generally fresh chicken meat validity is fixed at 5/6 days if
packs are not opened and continuously maintained at +4°C.
Moreover, by looking at the recommendations of the Italian
Health Ministry, unpacked poultry meat must be consumed in
48 h from the purchase. It must also be considered that the high
loss of sensory characteristics along the time would avoid the
consumption. Furtherly, no fixed limits from any institution are
posed for fresh meat. By guess, if we try to apply current EFSA
(65) limits for HIS in fresh fish scombroid and scombroid like
species (100-200 mg/kg), we cannot exclude any of the present
samples. Of course, the combination of HIS and TYR must be
considered more useful for meat and meat products. Later in the
next section, more details on indexes’ use will be given. Lastly, as
recently explained by Sanchez-Pérez et al. (66), BAs may have a
synergistic effect on delaying the DAO ability on HIS oxidation.
So, considering HIS and TYR and/or other combinations of
amines is important because of the well-known negative effects
on the human health.

On this, the main symptoms associated with intake of HIS
and TYR are nausea, headaches, abdominal cramps, diarrhea,
and respiratory disorders (67). Mammalian organisms can
degrade the amines, through the mono- and di-aminoxidase
(MAO and DAO) enzymes located in the gastrointestinal
tract; unfortunately, their effective role is inhibited by a high
intake of BAs (66), by alcohol intake and by anti-MAO and
anti-DAO drugs (anti-hypertensives, anti-depressants) (68).
Some individuals are sensitive to BAs, resulting in symptoms
resembling an allergic reaction; HIS poisoning can cause
cutaneous, gastrointestinal, neurological (e.g., migraine, burning
or itching) or circulatory (hypotension) symptoms (69). In
individuals using MAO inhibitor, the ingestion of 60 mg kg_1
of dietary TYR can cause migraine, while 100-250 mg kg~!
will produce a hypertensive crisis (70). By knowing about
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these limits, some concerns for sensitive people may arise
with certain samples already after 3 days of storage. For
example, even if the threshold limit of 60mg kg~ of TYR

1 were

is not reached in any case, values near to 50 mg kg™
registered. This sounds as an alarm, mainly because it is
impossible to know how consumers maintain the raw meat.
Temperature’s fluctuations in home fridges are common to
the edge of 7-8°C (71) which, also, when combined with low
hygiene maintenance, and microorganisms’ presence represents
a real hazard. Moreover, consumers may store the meat out
of the original packaging unbalancing the BAs’ production and
reduction equilibrium.

In accordance with (47), the production of PUT is registered
after 7 days of storage in chicken filets. In general, PUT and
CAD are mainly indices of unwanted microbial activity but in
toxic effects are not reported in respect of their isolated activity.
However since they inhibit the natural degradation of toxic
amines (histamine and tyramine), their presence should still
be controlled in meat and meat products and in general meals
(27, 66).

In our study, breast filets and legs under air packaging are
producing PUT (~2.2mg kg~!) after 7 days of refrigerated
storage. Similarly, drumsticks in the same packaging are
containing CAD at higher amounts (~6 mg kg ~!). All cuts in all
packaging solutions at T7 contain HIS. For breast filets, vacuum
pack has got the highest level of this amine, drumsticks exhibit
the higher level in MAP packaging while legs have higher HIS
in air-packaging. In their study (60), they have not detected HIS
nor in air packaging neither in MAP (30% CO3, 70% N>) until
the 8t day of observation. Of course, the different composition
of the atmosphere changes the microbial ecology and the kinetic
modulating the production of bioactive compounds. Anyway,
it is interesting to notice the different influence of cuts origin
in respect to the packaging. In general, breast filets are poorer
of BAs.
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By reviewing, the literature was also possible to see their
prevalent incidence on meat. TYR and CAD were found to be
the most abundant both in red and white meats (72). In turkey,
meat packaged in MAP at different times and with different
gaseous compositions, Fraqueza et al. (73) have seen a general
trend of BAs increase along the time with particular emphasis
on CAD and/or on the sum of PUT, CAD, and TYR.

Biogenic amines index

The sum of four BAs followed in this study was used
as index to better follow and predict meat spoilage and/or
quality. BAIs are used for food quality since 1977 when Mietz
and Karmas have developed the first one to trace out fresh
fish quality. During the years, many researchers have looked
for these indexes to monitor food and beverages quality (26,
74, 75). In this study, BAI was assumed including putrescine,
cadaverine, histamine, and tyramine. This selection depends on
their possible negative effects on the human health and their role
on the safety control.

Figure 7 shows the trend of BAI calculated in all investigated
samples during the refrigerated storage.

The interest on BAI depends by the fact that single
BAs, if contained in a certain amount can be directly toxic
(65); moreover, when combined with other factors (alcohol
and drugs assumption, and the presence of other BAs), they
can exert even increased symptoms of intoxication in both
sensitive and less sensitive subjects. Of course, by extending the
time of observation, BAs can increase indirectly revealing the
microbiological quality of samples. According to the literature

(27), when the BAI values are lower than 5mg kg™

, meat is
considered of high quality. Then, if BAI values are between
5 and 20mg kg~!, meat is considered acceptable, with the

initial spoilage signs; if BAI results between 20 and 50 mg kg ™!,
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Results of biogenic amines index (BAIl, mg kg~!) in breast (A), in drumstick (B), and leg (C) of chicken meat; data were observed during the
refrigerated storage time (0, 3, 7, and 15 days, at 4°C) of samples packaged modified atmosphere (MAP), in air (STRETCH), and under vacuum
(VSP). In each graph, data signed with different letters are significantly different (LSD test, p < 0.05).

samples are considered of low quality; finally, BAI values higher
than 50 mg kg~!
Data from this study reveal a high quality of the raw meat

are linked to spoiled meat.

that is highly maintained for at least 7 days of refrigerated
storage. Anyway, at T3 the BAI index starts to increase in
some cases. Graphs in Figures 7A-C are referred to breast filets,
drumsticks, and legs, respectively. Considering the limit for
the unacceptability fixed at 50 mg kg™!, breast filets in all the
packaging solutions are slowly accumulating BAs. Samples must
be refused after 15 days when packed in VSP and STRETCH. On
the other hand, drumsticks are near to the limit already at 7 days
of storage in all packaging solutions. The worst solution is VSP
where, already after 3 days, BAs content is near to the maximum
limit. Legs are very perishable having alarming BAI values at 3
days of storage especially for MAP and STRETCH packaging
solutions. For all cuts, graphs illustrate the effectiveness of MAP
packaging solution in limiting BAs development in respect to the
other two. In many cases, MAP meats are well protected till the
end of the shelf-life.

Table 3 shows the ANOVA significance results related to the
effects (single and interactions among them) of the considered
variables (cut, packaging, and storage time) on BAI (mg kg™!).
It is possible to observe that each single factor significantly
influences the BAI values, as a consequence of what has been
discussed above. Our results show that the time is a parameter
shaping the final content of BAs. All the reactions allowing
BAs accumulation are in fact time-dependent especially when
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fermentative and/or degradative reactions are conducted under
a fixed temperature. The packaging solution too has a direct
impact on the final BAI value giving us the impression that the
gaseous composition has a role in limiting bacterial activity that
is anyway, the first cause of BAs production. This is somehow
confirmed by the fact that MAP solutions resulted more
protective than others. As seen from the singular BAs trends,
breast filets have a different behavior in respect to drumsticks
and legs that are more similar. The reasons are above-reported
and rely on multiple factors. Probably this intimate difference
can explain why the singular effect resulted significative with
a p>0.01. At any rate, when cut effect is combined with time
or packaging, the significance reduces to p > 0.05 or is not
significative. This is a good piece of information explaining
that raw matter can be comparable for its qualitative attributes
globally, and that differences among anatomic parts are not so
detrimental in BAT evaluation. Even when looking at two effects
values, it is clear that time (storage time) is the most influencing
parameter.

A correlation test among TBARS levels (MDA equivalents)
and single BAs showed a positive correlation with PUT (8
= 0.41), with SPD (8 = 0.29), and also with SPM, anyway
at very low values (83 =0.12). It is known that polyamines
are potent antioxidant compounds often synthesized for
this specific activity (76). To consolidate this concept,
Lazaro et al. (77) have found how polyamines increase
after treating chicken breast filets with UV radiations as
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decontamination method. Although the direct dependency
of decarboxylase positive bacteria and BAs levels in food,
their presence is not exclusively due to bacterial activity.
In the light of these considerations, it can be supposed
that TBARS response to oxidation also accounts for
oxidated BAs and other compounds related to proteins’
oxidation pathways.

Sensory analyses results

The spoilage processes of meat led to pH changes,
appearance changes, slime formation, and can generate
secondary metabolism compounds that affect safety and quality
of meat products. Changes in volatile fraction of chicken
meat samples due to microbial spoilage were correlated with
the BAI with high accuracy (78). Those authors proposed a
predictive model for BAI using electronic nose, to use it as
a tool for routine quality control. This achieves an effective
control with low-cost and time saving instruments, as seen
for other qualitative parameters (79). From the sniffing test,
no sensorial changes were observed on the samples, even
when vasoactive amines (TYR and HIS) occurred in chicken
meat. Panelists, in fact, attributed low scores for olfactive
descriptors testing samples until the 3rd day of storage. Anyway,
besides high scores registered at the end of the observation
for drumstick and leg packaged in air or under vacuum
levels of PUT and CAD detected did not justify the off-
flavors spreading (Supplementary Table S1). Even if the aspect
is generally considered as the most important factor that affects
consumer purchase (21), our results highlight that chicken meat
could have a good appearance even when TYR occurs at 30—
50 mg kg ! (refer Supplementary Table S1, for drumstick and
legs, after 3 days in refrigerated condition). So no correlation
can be found between BAs content and sensory. On the other
hand, on the same samples, the relationship between sensory
data and oxidative reactions resulted different. In our study,
sensory analysis demonstrated that when oxidative alterations
have occurred, panelists observed significant olfactory and visual
changes (Table 4). As affirmed by some authors, oxidative
phenomena can generate off-flavors and color changes in
chicken meat (80).

According to the Merriam-Webster dictionary (accessed on
March 15, 2022), an off-odor is “an odor that is not natural or
up to standard owing to deterioration formation of exudate by
bleeding or contamination,” so an extraneous odor that is not
conducible to the qualities of the food as known. Commonly,
chicken meat has a sweet, not so strong odor with specific notes
which are type of this meat. Katiyo et al. (80) have defined
six terms for the sensory evaluation of raw chicken legs (fresh
chicken, bloody, pungent, fishy, rotten egg, and ammonia-like).
The intensity of these flavors may increase and/or decrease
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TABLE 4 Results of qualitative descriptive analysis (QDA) on three chicken meat cuts during refrigerated storage (+4°C + 1°C) in three different packaging, for visual and olfactive evaluation.

15 days

7 days

3 days

0 days

Odor Off-flavor Color Odor Off-flavor Color Odor Off-flavor Color Odor Off-flavor

Color

MAP

32404 +++

2.0£0.9*

1.9+0.2°

1.3 +0.5°

1.0 £0.3*

12404
1.14+0.2
1.14+0.2

124042

1.0+ 0.0
1.0+ 0.0
1.0+ 0.0

Breast

1.8+ 0.5 3.840.2° +++

++

3.0£0.5°

1.14+0.2°

22+04°

1.840.3°

Drumstick

32+£0.9° ++ 1.7 +£0.9* 4.0£0.1¢ +++

1.14+0.2°

2.1+£0.2°

2.0 £ 0.0°

Leg

VSP

++ 25406 4.5+ 0.9 +++
++
++

3.0£0.1°

1.8 +£0.6¢

12+04°

1.5+ 0.5
1.14+0.2
1.14+0.2

1.0 £ 0.0°

1.0 £ 0.0

Breast

5.0 4 0.04 +++

28+0.2°

32+0.8°

1.5£0.9¢

2.1+£0.8°

1.0£0.0 2.140.2°

Drumstick

10.3389/fnut.2022.966790

5.0 =+ 0.0¢ +++

2.6405°

3.5+0.9°

13405

2.0+0.8°

22403b

1.0 £ 0.0

Leg

STRETCH

+++
+++
4+

4.0+0.7¢

254 0.5°

25+ 1.1°

1.5+0.5°

1.340.1°

1.1£0.2

1.0 + 0.0

1.04+0.0

Breast

4.8 4094
42405¢
*H

3.5+0.9°
"

3.0 +0.8°

++
++

2.8+0.3b
3.0+ 1.3¢
.

1.5+0.3b
1.5+ 0.4°
*

1.340.1°
23 +04°
ot

1.1£0.2
1.1£0.2
n.s

1.84+05°
22403b
-

1.0£0.0
1.24+0.0
n.s

Data followed by different superscript letters, in the same column, are significantly different (LSD test, p < 0.05); asterisks indicate significance: at *p < 0.05; at **p < 0.01; at ***p < 0.001; n.s. not significant.

Drumstick
Leg
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defining the quality degradation of the meat. The rise in off-
odors more effectively than color indicates the deterioration
advancement especially for chicken cuts that notably are less red
or generally colored in respect of beef or pork meat.

Texture is the combination of the rheological attributes of
a food product perceptible by means of mechanical, tactile,
and, where appropriate, visual, and auditory receptors (35); the
texture of meat has been widely studied using both sensory
evaluation and mechanical methods texture (81). Our study
assessed for degree of consistence based on tactile evaluation
and highlighted that all samples became softer (scores range:
4.2+4.8) at the end of storage period, without significant
difference among them; in addition, formation of exudate by
bleeding was observed already after 3 days of storage for breast
packaged under vacuum, causing for these samples a significant
higher score for color (Table 4).

Conclusions

The monitoring of quality decay in chicken meat is not easy
and requires constant investigation to assure always optimal
products. Reliable indexes based on singular parameters are hard
to set up and, when found can somehow mislead the aim limiting
the observation to a singular factor such as oxidation for TBARs.

The observation of the samples from the present study
demonstrates the direct influence of the packaging on the
evolution of reactive species. As expected, vacuum-packed cuts
had the lowest oxidation rate if compared with air-packed meat
or MAP solutions.

As explained in the article, BAs evolution seems giving
higher definition to quality decay monitoring. Anyway, also this
parameter talks about the difficulty of choosing an affordable
index for qualitative decay of fresh meat. In fact, as shown,
packaging solutions assure enough protection when meat
is properly produced and stored. Moreover, the absence of
the fermentation step limits a lot the BAs occurrence, and
probably, although having shown an interesting potential, BAI
is more useful in ready-to-eat meat foods, fermented, or
suspected products.

Our data assessed that a possible risk can be associated to
consume chicken meat; it is also important to highlight that once
formed in meat products, BAs are heat stable and will not be
destroyed by non-technological treatments (cooking, baking or
even canning) (82).

So, to an effective cool chain and MAP packaging, further
physical or chemical strategies could be tested to improve
the food safety, microbial quality, and shelf life of chicken
meat (83). However, BAI can be considered as a useful tool
to monitoring the effectiveness of technological treatments,
being an indirect index of microbial spoilage and directly
involved in toxicity events. Therefore, our results confirmed
that while oxidative phenomena cause easily identifiable
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changes, the occurrence of BAs at potentially toxic levels
may be devious for consumer. For this reason, producers of
chicken packaged meat should be able to ensure BAs below
alarming levels, as well as preventing other alterations due
to better known phenomena such as microbiological and

oxidative ones.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author.

Author contributions

MM, DM, and LE: conceptualization and writing-
review and editing. MM and LE: methodology, software,
investigation, data curation, and writing-original draft
preparation. MM: validation. LE: formal analysis. MM
and DM: All

authors have read and agreed to the published version of

resources, visualization, and supervision.

the manuscript.

Funding

Rural Development Programme for Abruzzo region
(PSR ABRUZZO) 2014/2020 Section 16.2. Approved with
DPDO018/571 of 25 October 2018. CUP C24119000030009.
Project title: Animal welfare of the broiler chicken, and
specifically of the chicken raised without the use of antibiotics
(FILAVICOLA ABRUZZO).
and sustainable breeding and packaging techniques for the

Development of alternative

production of high-quality food products.

Acknowledgments

Authors are grateful to Amadori Group (Cesena, Italy), for
the collaboration and provision of samples.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those

frontiersin.org


https://doi.org/10.3389/fnut.2022.966790
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Esposito et al.

of their affiliated organizations, or those of the publisher,
the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

References

1. OECD/FAO. OECD-FAO Agricultural Outlook 2021-2030. OECD Publishing:
Paris. (2021).

2. Kralik G, Kralik Z, Gréevi¢ M, HanZek D. Animal Husbandry and Nutrition
chapter 4. Quality of Chicken Meat. London Intech Open (2018).

3. Martuscelli M, Serio A, Capezio O, Mastrocola D. Safety, quality,
and analytical authentication of halal meat products, with particular
emphasis on salami: a review. Foods. (2020) 9:1111. doi: 10.3390/foods908
1111

4. Skunca D, Tomasevic I, Nastasijevic I, Tomovic V, Djekic I. Life cycle
assessment of the chicken meat chain. J Clean Product. (2018) 184:440-
50. doi: 10.1016/j.jclepro.2018.02.274

5. Zhang W, Naveena BM, Jo C, Sakata R, Zhou G, Banerjee R, et al.
Technological demands of meat processing —An Asian perspective. Meat Sci.
(2017) 132-35:44. doi: 10.1016/j.meatsci.2017.05.008

6. Zhang T, Ding H, Chen L, Zhang S, Wu P, Xie K, et al. Characterization of
chilled chicken spoilage using an integrated microbiome and metabolomics
analysis. Food Res Int. (2021) 144:110328. doi: 10.1016/j.foodres.2021.
110328

7. Xiao S, Zhang WG, Lee EJ, Ma CW, Ahn DU. Effects of diet, packaging,
and irradiation on protein oxidation, lipid oxidation, and color of raw
broiler thigh meat during refrigerated storage. Poultry Sci. (2011) 11:1348-
57 doi: 10.3382/ps.2010-01244

8. Gong Y, Parker RS, Richards MP. Factors affecting lipid oxidation in breast
and thigh muscle from chicken, turkey, and duck. J Food Biochem. (2010) 34:869-
85. doi: 10.1111/j.1745-4514.2010.00341.x

9. Chmiel M, Roszko M, Adamczak L, Florowski T, Pietrzak D, Influence of
storage and packaging method on chicken breast meat chemical composition and
fat oxidation. Poultry Sci. (2019) 98:2679-90. doi: 10.3382/ps/pez029

10. Martuscelli M, Esposito L, Mastrocola D. The role of coffee silver skin against
oxidative phenomena in newly formulated chicken burgers after cooking. Foods.
(2021) 10:1833. doi: 10.3390/foods10081833

11. Mehdizadeh T, Langroodi AM. Chitosan coatings incorporated with propolis
extract and Zataria multiflora Boiss oil for active packaging of chicken breast meat.
Int ] Biolog Macromolecul. (2019) 141:401-9. doi: 10.1016/j.ijbiomac.2019.08.267

12. Khajeh Bami M, Afsharmanesh M, Salarmoini M, Ebrahimnejad
H. Effects of selenium-chitosan on growth performance, carcass traits,
meat quality, and blood indices of broiler chickens. Livest Sci. (2021)
250:104562. doi: 10.1016/j.]ivsci.2021.104562

13. Soglia E, Laghi L, Canonico L, Cavani C, Petracci M. Functional property
issues in broiler breast meat related to emerging muscle abnormalities. Food Res
Int. (2016) 89:1071-6. doi: 10.1016/j.foodres.2016.04.042

14. Schirone M, Esposito L, D’Onofrio E, Visciano P, Martuscelli M, Mastrocola
D, et al. Biogenic amines in meat and meat products: a review of the science and
future perspectives. Foods. (2022) 11:788. doi: 10.3390/foods11060788

15. Alessandroni L, Caprioli G, Faiella F Fiorini D, Galli R, Huang
X, et al. A shelf-life study for the evaluation of a new biopackaging
to preserve the quality of organic chicken meat. Food Chem. (2022)
371:131134. doi: 10.1016/j.foodchem.2021.131134

16. Ghani A, Barril C, Bedgood Jr DR, Prenzler PD. Measurements of antioxidant
activity with the thiobarbituric acid reactive substances assay. Food Chem. (2017)
230:195-207. doi: 10.1016/j.foodchem.2017.02.127

17. Dave D, Ghaly A. Meat Spoilage Mechanisms and Preservation
Techniques: A  Critical Review. Am ] Agricul Biol Sci. (2011)
6:486-510. doi: 10.3844/ajabssp.2011.486.510

18. Martuscelli M, Esposito L, Mastrocola D. Biogenic amines™ content in safe
and quality food. Foods. (2021) 10:100. doi: 10.3390/foods10010100

Frontiersin Nutrition

15

10.3389/fnut.2022.966790

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fnut.2022.966790/full#supplementary-material

19. Ruiz-Capillas C, Herrero AM. Impact of biogenic amines on food quality and
safety. Foods. (2019) 8:62. doi: 10.3390/fo0ods8020062

20. Erdag D, Merhan O, Yildiz B. Biogenic Amines. London: IntechOpen. (2018).

21. Sharif MK, Butt MS, Sharif HR, Nasir M. Sensory evaluation and consumer
acceptability. In: Hui YH, Sherkat E editors. Handbook of Food Science and
Technology 361-38. Cleveland: CRC Press. (2017).

22. Cheng W, Sun DW, Cheng JH. Pork biogenic amine index (BAI)
determination based on chemometric analysis of hyperspectral imaging data. LWT.
(2016) 73:13-9. doi: 10.1016/j.1wt.2016.05.031

23. Feddern V, Mazzuco H, Fonseca FN, de Lima GJMM. A review on biogenic
amines in food and feed: toxicological aspects, impact on health and control
measures. Anim Prod Sci. (2019) 59:608-18. doi: 10.1071/AN18076

24. Comas-Basté O, Latorre-Moratalla ML, Sanchez-Pérez S, Veciana-Nogués
MT, Vidal-Carou MC. Histamine and other biogenic amines in food. From
scombroid poisoning to histamine intolerance. In: Proestos C, editor. Biogenic
Amines. London: IntechOpen. (2019).

25. Sanchez-Pérez S, Comas-Basté O, Veciana-Nogués MT, Latorre-Moratalla
ML, Vidal-Carou MC. Low-histamine diets: is the exclusion of foods justified by
their histamine content? Nutrients. (2021) 13:1395. doi: 10.3390/nu13051395

26. Mangalassary S. Advances in packaging of poultry meat products. In:
Venkitanarayanan K, Thakur S, Ric S, editors. Food Safety in Poultry Meat
Production. Food Microbiology and Food Safety. Cham; London: Springer (2019).

27. Hernandez-Jover T, Izquierdo-Pulido M, Veciana-Noguées MT, Vidal-Carou
MC. Biogenic amine and polyamine contents in meat and meat products. J Agric
Food Chem. (1997) 45:2098-102. doi: 10.1021/jf960790p

28. Gallas L, Standarovd E, Steinhauserovd I, Steinhauser L, Vorlova L.
Formation of Biogenic amines in chicken meat stored under modified atmosphere.
Acta Vet Brno. (2010) 79:5107-16. doi: 10.2754/avb201079S9S107

29. Dominguez R, Pateiro M, Gagaoua M, Barba FJ, Zhang W, Lorenzo JM,
et al. Comprehensive review on lipid oxidation in meat and meat products.
Antioxidants. (2019) 8:429. doi: 10.3390/antiox8100429

30. AOAC International. Official Methods of Analysis of AOAC
International, Methods 2009.01, and 2011.25. 19th edn. Rockville, MD: AOAC
International. (2012).

31. Folch J, Lees M, Sloane-Stanley G. A simple method for the isolation and
purification of total lipids from animal tissues. J Biol Chem. (1957) 226:497-
509. doi: 10.1016/S0021-9258(18)64849-5

32. Soyer A, Ozalp B, Dalmis U, Bilgin V. Effects of freezing temperature and
duration of frozen storage on lipid and protein oxidation in chicken meat. Food
Chem. (2010) 120:1025-30. doi: 10.1016/j.foodchem.2009.11.042

33. Chaves-Lopez C, Serio A, Montalvo C, Ramirez C, Pérez-Alvarez JA,
Paparella A, et al. Effect of nisin on biogenic amines and shelf life of vacuum
packaged rainbow trout (Oncorhynchus mykiss) fillets. ] Food Sci Technol. (2017)
54:3268-77. doi: 10.1007/s13197-017-2773-7

34. International Organization for Standardization. Guidelines for the Use of
Quantitative Response Scales; ISO 4121:2003 Sensory Analysis. Geneva, Switzerland:
I1SO. (2003).

35. International Organization for Standardization. ISO 5492:2008. Sensory
Analysis-Vocabulary. Geneva: ISO (2008).

36. International Organization for Standardization. General Guidelines for the
Selection, Training and Monitoring of Selected Assessors and Expert Sensory
Assessors; ISO 8586:2012 Sensory Analysis. Geneva: ISO. (2015).

37. International Organization for Standardization. General Guidance for the
Design of Test Rooms; ISO 8589:2007 Sensory Analysis. Geneva, Switzerland:
1SO. (2007).

frontiersin.org


https://doi.org/10.3389/fnut.2022.966790
https://www.frontiersin.org/articles/10.3389/fnut.2022.966790/full#supplementary-material
https://doi.org/10.3390/foods9081111
https://doi.org/10.1016/j.jclepro.2018.02.274
https://doi.org/10.1016/j.meatsci.2017.05.008
https://doi.org/10.1016/j.foodres.2021.110328
https://doi.org/10.3382/ps.2010-01244
https://doi.org/10.1111/j.1745-4514.2010.00341.x
https://doi.org/10.3382/ps/pez029
https://doi.org/10.3390/foods10081833
https://doi.org/10.1016/j.ijbiomac.2019.08.267
https://doi.org/10.1016/j.livsci.2021.104562
https://doi.org/10.1016/j.foodres.2016.04.042
https://doi.org/10.3390/foods11060788
https://doi.org/10.1016/j.foodchem.2021.131134
https://doi.org/10.1016/j.foodchem.2017.02.127
https://doi.org/10.3844/ajabssp.2011.486.510
https://doi.org/10.3390/foods10010100
https://doi.org/10.3390/foods8020062
https://doi.org/10.1016/j.lwt.2016.05.031
https://doi.org/10.1071/AN18076
https://doi.org/10.3390/nu13051395
https://doi.org/10.1021/jf960790p
https://doi.org/10.2754/avb201079S9S107
https://doi.org/10.3390/antiox8100429
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.1016/j.foodchem.2009.11.042
https://doi.org/10.1007/s13197-017-2773-7
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Esposito et al.

38. Hamed Hammad Mohammed H, Jin G, Ma M, Khalifa I, Shukat R, Elkhedir
AE, et al. Comparative characterization of proximate nutritional compositions,
microbial quality and safety of camel meat in relation to mutton, beef, and chicken.
LWT-Food Sci. Technol. (2020) 118:108714, doi: 10.1016/j.1wt.2019.108714

39. Heir E, Moen B, Asli AW, Sunde M, Langsrud S. Antibiotic
resistance and phylogeny of Pseudomonas spp. Isolated over three decades
from chicken meat in the norwegian food chain. Microorganisms. (2021)
9:207. doi: 10.3390/microorganisms9020207

40. Schumann B, Schmid M. Packaging concepts for fresh and processed
meat - Recent progresses, Innov. Food Sci Emerg Technol. (2018) 47:88-
100. doi: 10.1016/j.ifset.2018.02.005

41. Arvanitoyannis IS, Stratakos AC. Application of modified atmosphere
packaging and active/smart technologies to red meat and poultry: a review. Food
Bioprocess Technol. (2012) 5:1423-46. doi: 10.1007/s11947-012-0803-z

42. Warrier SA. Role of Vacuum Technology in Food Preservation Chapter in:
Handbook of Research on Food Processing and Preservation Technologies. Palm Bay,
FL: Apple Academic Press (2021).

43. Robertson GL. Food Packaging: Principles and Practice, (2nd ed.). (2005).
Boca Raton, FL: CRC Press.

44. Kim HJ, Kim H]J, Jeon JJ, Nam KC, Shim KS, Jung JH, et al
Comparison of the quality characteristics of chicken breast meat from
conventional and animal welfare farms under refrigerated storage. Poult Sci. (2020)
99:3. doi: 10.1016/j.psj.2019.12.009

45. Jongberg S, Wen J, Torngren MA, Lund MN. Effect of high-oxygen
atmosphere packaging on oxidative stability and sensory quality of two
chicken muscles during chill storage. Food Packag Shelf Life. (2014) 1:38-
48. doi: 10.1016/j.fps.2013.10.004

46. Franke C, Holl L, Langowski HC, Petermeier H, Vogel RF. Sensory evaluation
of chicken breast packed in two different modified atmospheres. Food Packag Shelf
Life. (2017) 13:66-75. doi: 10.1016/j.fps1.2017.07.005

47. Chmiel M, Roszko M, Ha¢-Szymanczuk E, Cegietka A, Adamczak
L, Florowski T, et al. Changes in the microbiological quality and
content of biogenic amines in chicken fillets packed using various
techniques and stored under different conditions. Food Microbiol. (2022)
102:103920. doi: 10.1016/.fm.2021.103920

48. Lazaro CA, Conte-Junior CA, Cunha FL. Validation of an
HPLC methodology for the identification and quantification of
biogenic amines in chicken meat. Food Anal Methods. (2013)
6:1024-32. doi: 10.1007/s12161-013-9565-0

49. Cartoni Mancinelli AC, Silletti E, Mattioli S, Dal Bosco A, Sebastiani B,
Menchetti L, et al. Fatty acid profile, oxidative status, and content of volatile organic
compounds in raw and cooked meat of different chicken strains. Poult Sci. (2021)
100:1273-82. doi: 10.1016/j.psj.2020.10.030

50. Marcinkowska-Lesiak M, Zdanowska-Sasiadek Z, Stelmasiak A, Damaziak
K, Michalczuk M, Potawska E, et al. Effect of packaging method and
cold-storage time on chicken meat quality. CyTA ] Food. (2016) 14:41-
6. doi: 10.1080/19476337.2015.1042054

51. Del Rio B, Redruello B, Linares DM, Ladero V, Fernandez M, Martin
MC, et al. The dietary biogenic amines tyramine and histamine show synergistic
toxicity towards intestinal cells in culture. Food Chem. (2017) 218:249-
55. doi: 10.1016/j.foodchem.2016.09.046

52. Bogustawska-Tryk M, Bogucka ], Dankowiakowska A, Walasik K.
Small intestine morphology and ileal biogenic amines content in broiler
chickens fed diets supplemented with lignocellulose. Livest Sci. (2020)
241:104189. doi: 10.1016/j.]ivsci.2020.104189

53. Jastrzab R, Kaczmarek MT, Nowak M, Trojanowska A, Zabiszak M.
Complexes of polyamines and their derivatives as living system active compounds.
Coord Chem Rev. (2017) 351:32-4. doi: 10.1016/j.ccr.2017.05.001

54. Soda K. Spermine and gene methylation: a mechanism of lifespan
extension induced by polyamine-rich diet. Amino Acids. (2019) 52:213-
24. doi: 10.1007/s00726-019-02733-2

55. Silva CM, Gléria MBA. Bioactive amines in chicken breast and thigh after
slaughter and during storage at 4+1 C and in chicken-based meat products. Food
Chem. (2002) 78:241-8. doi: 10.1016/50308-8146(01)00404-6

56. Magdy TG, El Asuoty MS, Selim AO. Impact of packaging method on
microbial flora and biogenic amines in chicken meat Anim Health Res J. (2019) 7:1-
12.

57. Triki M, Herrero AM, Jiménez-Colmenero F,  Ruiz-Capillas C.
Quality assessment of fresh meat from several species based on free amino
acid and biogenic amine contents during chilled storage. Foods. (2018)
7:132. doi: 10.3390/foods7090132

Frontiersin Nutrition

10.3389/fnut.2022.966790

58. Lazaro de la Torre CA, Conte-Junior CA. Detection of biogenic amines:
Quality and toxicity indicators in food of animal origin. Food Control Biosec. (2018)
16:225-57. doi: 10.1016/B978-0-12-811445-2.00006-4

59. Ruiz-Capillas C, Jiménez-Colmenero F. Biogenic amine content in Spanish
retail market meat products treated with protective atmosphere and high pressure.
Eur Food Res Technol. (2004) 218:237-41. doi: 10.1007/s00217-003-0848-3

60. Balamatsia C, Patsias A, Kontominas MG, Savvaidis IN. Possible role of
volatile amines as quality-indicating metabolites in modified atmosphere-packaged
chicken fillets: Correlation with microbiological and sensory attributes. Food
Chem. (2007) 104:1622-28. doi: 10.1016/j.foodchem.2007.03.013

61. Arrubarrena-Aristorena A, Zabana-Letona A, Carracedo A. QOil for the cancer
engine: The cross-talk between oncogenic signaling and polyamine metabolism. Sci
Adv. (2018) 4:eaar2606. doi: 10.1126/sciadv.aar2606

62. Toro-Funes N, Bosch-Fuste J, Latorre-Moratalla ML, Veciana-Nogués MT,
Vidal-Carou C. Biologically active amines in fermented and non-fermented
commercial soybean products from the Spanish market. Food Chem. (2015)
173:1119-24. doi: 10.1016/j.foodchem.2014.10.118

63. Thangam EB, Jemima EA, Singh H, Baig MS, Khan M, Mathias CB, et al.
The role of histamine and histamine receptors in mast cell-mediated allergy
and inflammation: the hunt for new therapeutic targets. Front Immunol. (2018)
9:1873. doi: 10.3389/fimmu.2018.01873

64. Andersen G, Marcinek P, Sulzinger N, Schieberle P, Krautwurst D,
Food sources and biomolecular targets of tyramine. Nutr Rev. (2019) 77:107-
15. doi: 10.1093/nutrit/nuy036

65. EFSA. Scientific Opinion on risk based control of biogenic amine formation
in fermented foods. EFSA J. (2011) 9:2393. doi: 10.2903/j.efsa.2011.2393

66. Sanchez-Pérez S, Comas-Basté O, Costa-Catala ], Iduriaga-Platero I, Veciana-
Nogués MT, Vidal-Carou MC, et al. The rate of histamine degradation by
diamine oxidase is compromised by other biogenic amines. Front Nutr. (2022)
9:897028. doi: 10.3389/fnut.2022.897028

67. Comas-Basté O, Sanchez-Pérez S, Veciana-Nogués MT, LatorreMoratalla
ML, Vidal-Carou MC. Histamine intolerance: the current state of the art.
Biomolecules. (2020) 10:1-26. doi: 10.3390/biom10081181

68. Bover-Cid S, Latorre-Moratalla ML, Veciana-Nogués MT, Vidal-Carou
MC. Processing contaminants: biogenic amines. Encycl Food Saf. (2014) 2:381-
91. doi: 10.1016/B978-0-12-378612-8.00216-X

69. Tortorella V, Masciari P, Pezzi M, Mola A, Tiburzi SP, Zinzi MC, et al.
Histamine poisoning from ingestion of fish or scombroid syndrome. J Emerg Med
Case Rep. (2014) 2014:482531. doi: 10.1155/2014/482531

70. Silla Santos MH. Biogenic amines: their importance in foods. Int J Food
Microbiol. (1996) 29:213-31. doi: 10.1016/0168-1605(95)00032-1

71. Andritsos ND, Stasinou V, Tserolas D, Giaouris E. Temperature distribution
and hygienic status of domestic refrigerators in Lemnos island, Greece. Food
Control. (2021) 127:108121. doi: 10.1016/j.foodcont.2021.108121

72. Vasconcelos H, de Almeida JMMM, Matias A, Saraiva C, Jorge PAS,
Coelho LCC. Detection of biogenic amines in several foods with different
sample treatments: an overview. Trends Food Sci Technol. (2021) 113:86-
96. doi: 10.1016/j.tifs.2021.04.043

73. Fraqueza MJ, Alfaia CM, Barreto AS. Biogenic amine formation in turkey
meat under modified atmosphere packaging with extended shelf life: Index of
freshness. Poult Sci. (2012) 91:1465-72. doi: 10.3382/ps.2011-01577

74. Vieira CP, Pereira da Costa M, da Silva Frasio B, de Melo Silva VL,
Vilela de Barros Pinto Moreira R, Eduardo Chifarelli de Oliveira Nunes Y, et al.
Nondestructive prediction of the overall quality of cow milk yogurt by correlating a
biogenic amine index with traditional quality parameters using validated nonlinear
models. ] Food Composit Anal. (2019) 84:103328. doi: 10.1016/j.jfca.2019.
103328

75. Loret S, Deloyer P, Dandrifosse G, Levels of biogenic amines as a measure
of the quality of the beer fermentation process: data from Belgian samples. Food
Chem. (2005) 89:519-25. doi: 10.1016/j.foodchem.2004.03.010

76. Mufioz-Esparza NC, Latorre-Moratalla ML, Comas-Basté O, Toro-Funes N,
Veciana-Nogués MT, Vidal-Carou MC. Polyamines in food. Front Nutr. (2019)
6:108. doi: 10.3389/fnut.2019.00108

77. Lazaro CA, Junior CC, Monteiro MLG, Costa-Lima BRC, Mano SB,
Franco RM. Effects of ultraviolet light on biogenic amines and other quality
indicators of chicken meat during refrigerated storage. Poult Sci. (2014) 93:2304-
13. doi: 10.3382/ps.2013-03642

78. Woinowski W, Kalinowska K, Majchrzak T, Plotka-Wasylka J, Namies nik J.
Prediction of the biogenic amines index of poultry meat using an electronic nose.
Sensors. (2019) 19:1580. doi: 10.3390/s19071580

frontiersin.org


https://doi.org/10.3389/fnut.2022.966790
https://doi.org/10.1016/j.lwt.2019.108714
https://doi.org/10.3390/microorganisms9020207
https://doi.org/10.1016/j.ifset.2018.02.005
https://doi.org/10.1007/s11947-012-0803-z
https://doi.org/10.1016/j.psj.2019.12.009
https://doi.org/10.1016/j.fpsl.2013.10.004
https://doi.org/10.1016/j.fpsl.2017.07.005
https://doi.org/10.1016/j.fm.2021.103920
https://doi.org/10.1007/s12161-013-9565-0
https://doi.org/10.1016/j.psj.2020.10.030
https://doi.org/10.1080/19476337.2015.1042054
https://doi.org/10.1016/j.foodchem.2016.09.046
https://doi.org/10.1016/j.livsci.2020.104189
https://doi.org/10.1016/j.ccr.2017.05.001
https://doi.org/10.1007/s00726-019-02733-2
https://doi.org/10.1016/S0308-8146(01)00404-6
https://doi.org/10.3390/foods7090132
https://doi.org/10.1016/B978-0-12-811445-2.00006-4
https://doi.org/10.1007/s00217-003-0848-3
https://doi.org/10.1016/j.foodchem.2007.03.013
https://doi.org/10.1126/sciadv.aar2606
https://doi.org/10.1016/j.foodchem.2014.10.118
https://doi.org/10.3389/fimmu.2018.01873
https://doi.org/10.1093/nutrit/nuy036
https://doi.org/10.2903/j.efsa.2011.2393
https://doi.org/10.3389/fnut.2022.897028
https://doi.org/10.3390/biom10081181
https://doi.org/10.1016/B978-0-12-378612-8.00216-X
https://doi.org/10.1155/2014/482531
https://doi.org/10.1016/0168-1605(95)00032-1
https://doi.org/10.1016/j.foodcont.2021.108121
https://doi.org/10.1016/j.tifs.2021.04.043
https://doi.org/10.3382/ps.2011-01577
https://doi.org/10.1016/j.jfca.2019.103328
https://doi.org/10.1016/j.foodchem.2004.03.010
https://doi.org/10.3389/fnut.2019.00108
https://doi.org/10.3382/ps.2013-03642
https://doi.org/10.3390/s19071580
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Esposito et al.

79. Martuscelli M, Lupieri L, Sacchetti G, Mastrocola D, Pittia P. Prediction of
the salt content from water activity analysis in dry-cured ham. J Food Eng. (2017)
200:29-39. doi: 10.1016/j.jfoodeng.2016.12.017

80. Katiyo W, de Kock HL, Coorey R, Buys EM. Sensory implications of chicken
meat spoilage in relation to microbial and physicochemical characteristics during
refrigerated storage. LWT. (2020) 128:109468. doi: 10.1016/j.1wt.2020.109468

81. Schreuders KG, Schlangen FKG, Kyriakopoulou M, Boom K, van der
Goot RM. Texture methods for evaluating meat and meat analogue structures:

Frontiersin Nutrition

17

10.3389/fnut.2022.966790

a review. Food Control. (2021) 127:108103. doi: 10.1016/j.foodcont.2021.
108103

82. Hui YH. Handbook of Food Science, Technology and Engineering. Boca Raton,
FL: Taylor & Francis. (2006)

83. Heir E, Solberg LE, Jensen MR, Skaret ], Grovlen MS, Holck AL. Improved
microbial and sensory quality of chicken meat by treatment with lactic acid,
organic acid salts and modified atmosphere packaging. Int ] Food Microbiol. (2022)
362:109498. doi: 10.1016/j.ijffoodmicro.2021.109498

frontiersin.org


https://doi.org/10.3389/fnut.2022.966790
https://doi.org/10.1016/j.jfoodeng.2016.12.017
https://doi.org/10.1016/j.lwt.2020.109468
https://doi.org/10.1016/j.foodcont.2021.108103
https://doi.org/10.1016/j.ijfoodmicro.2021.109498
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	Approaching to biogenic amines as quality markers in packaged chicken meat
	Introduction
	Materials and methods
	Origin of the samples and sampling
	Physical, physico-chemical, and compositive analyses
	Thiobarbituric acid reacting substances assay
	Biogenic amines' analysis
	Descriptive sensory analysis
	Statistical analysis

	Results and discussion
	Quality of the samples
	Gas composition trend and role of packaging
	TBARS behavior in three chicken cuts differently packaged
	Trend of biogenic amines content
	Biogenic amines index
	Sensory analyses results

	Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


