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Abstract: The increased demand for chicken meat products has led to chickens with increased growth
rates and heavier slaughter weights. This has had unintentional negative effects on the genetics of
these animals, such as spontaneous, idiopathic muscle abnormalities. There has also been a shift
in customer preference towards products from alternative farming systems such as organic and
free-range. Indigenous purebred chickens, such as the Polverara, show potential in these systems as
they are adapted to more extensive systems. The aim of the present study was to characterize the meat
quality traits of the Polverara, by comparing the proximate composition and amino acid profile with
that of a commercial Hybrid. In addition, the lipid and protein oxidation was analyzed after eight
days of storage. A total of 120 leg meat samples, 60 Polverara and 60 Hybrid were analyzed. Polverara
exhibited higher protein content, lower lipid content, and a better amino acid profile. These results
indicate that the Polverara has better nutritional meat quality. However, Polverara also showed higher
levels of lipid and protein oxidation. Therefore, further research is needed, especially in regards to
the fatty acid profile and mineral content of the meat, which is known to affect oxidative stability.
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1. Introduction

In recent decades there has been an increase in chicken meat consumption. There are numerous
reasons for this increase in consumer interest. It is perceived as a healthy source of animal protein,
it has lower costs associated with it compared to other meat species, it is suitable for further processing,
and there are no religious or cultural constraints associated with its consumption [1]. All these
characteristics have contributed to the continuous increase in its consumption. Due to this increased
demand, the poultry industry has had to adapt its production strategies. Therefore, the poultry
industry has incorporated a set of selection criteria for broiler chickens to meet the demand of the
ever-increasing world population [2]. Furthermore, to decrease variability in characteristics such as
growth rates and slaughter weights, the chickens used in the poultry industry are obtained from a small
number of selected genetic lines. As a consequence, the hybrids used in commercial poultry farming
have faster growth rates and increased body weights at slaughter than indigenous purebreds that
have not undergone the same genetic selection [3–5]. This strategy has mainly focused on production
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traits, and as a consequence, the intensive selection has had unintentional negative effects on some
muscle growth and meat quality attributes of commercial hybrids. Effects such as spontaneous,
idiopathic muscle abnormalities and increased susceptibility to stress-induced myopathy are found
with increased frequency in fast growing broiler chickens which are typically used in the poultry
industry [6,7]. To try and counteract these negative effects, the scientific community has begun to focus
on identifying the causes of these abnormalities, and possible breeding strategies that can mitigate these
negative effects [8,9]. The research done on indigenous purebred chicken breeds has focused mostly on
their role in the conservation of poultry genetics and biodiversity. As indigenous purebred chicken
breeds are not commercially used, they do not receive much attention in regards to conservation.
The preservation of indigenous purebred populations is mostly limited to hobby or vanity poultry
farmers, which has resulted in a progressive loss of biodiversity [10,11]. One possible conservation
strategy has been to identify the niche poultry product markets. There is a growing awareness of
the health and nutrition regarding animal products amongst consumers. Consequently, there has
been an increase in consumer interest in products produced in alternative faming systems such are
free range and organic systems [12]. Consumers are willing to pay higher prices for poultry products
that are perceived as natural or environmentally friendly, and that are produced on farms with high
animal welfare standards and animal nutrition [13]. Indigenous purebred chickens show promise in
these types of poultry production systems due to their slower growth rate compared to commercial
hybrids and their natural preference for more extensive farming systems. This can be attributed to the
fact that they have not been selected for intensive farming and their nature is to be more physically
active [7]. One of these indigenous purebred chicken breeds is the Polverara. The Polverara chicken is
a medium sized, slow-growing indigenous chicken breed (average slaughter age: 180 days) that has
its origin in the Veneto region of Italy [7,14]. Only a small number of studies have been conducted
on this breed and its potential for use in the poultry industry and conservation. Recent research
such as the studies done by [7,14,15], have been focused on characterizing the breed’s meat quality
traits, with the aim of promoting its use in conservation and poultry production. Amino acids are
the key constituents of protein, and play important roles as regulators in metabolic pathways which
are important for maintenance, growth, reproduction and immunity [16,17]. Protein quality and thus
the amino acid profile of the protein contributes to the quality of the meat. Due to the importance
of amino acids in optimal animal production and human nutrition, it is beneficial to the scientific
advancement to analyze the amino acid profiles of the meat species that are being studied. Another
factor that contributes to meat quality is the oxidation of the proteins and lipids. Oxidation causes
quality deterioration during meat processing and storage [18]. The alterations due to oxidation can
influence the physical and chemical properties of meat including water-holding capacity and meat
tenderness. It can also decrease the bioavailability of amino acid residues and the digestibility of the
protein. This in turn negatively affects the nutritional value of the meat [19]. The aim of the present
study was to assist in characterizing the meat quality traits of the Polverara breed, by comparing the
proximate composition and amino acid profile with that of a commercially used Hybrid. In addition,
the lipid and protein oxidation was assessed.

2. Materials and Methods

2.1. Sampling Procedure and Experimental Groups

The experiment was conducted at the Department of Animal Medicine, Production and Health
(MAPS), University of Padova (Italy). A total of n = 60 chickens were sampled: n = 30 broiler chickens
(Hybrid) obtained from a commercial poultry farm, and n = 30 slow-growing, medium sized indigenous
chickens (Polverara) which were obtained from the Agricultural Professional High School “Duca degli
Abruzzi” (Padova). All chickens were males at their respective slaughter ages, 40 days for the Hybrid
group and 180 days for the Polverara group. The samples for both groups were collected on the same
day. The farming specifications were reported in the study by [14] and the nutritional composition of
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the finisher diets fed to the two chicken genotypes is given in Table 1. Hybrids were fed a conventional
broiler diet whereas Polverara birds were fed an organic diet for growing chickens. All chickens were
processed by an authorized commercial abattoir which consisted of electrical stunning (120 V, 200 Hz)
and exsanguination. Thereafter, carcasses underwent soft-scalding (2 min at 53 ◦C) and evisceration.
Subsequently, the carcasses were air-chilled (precooling at 5 ◦C for 6 min, followed by chilling at 0 ◦C
for 90 min). The legs were then dissected from the carcasses, sorted and collected by a working team.
Once sampled, the legs were packaged in food-grade plastic bags and transported in refrigerated
conditions (4 ± 1 ◦C) to the MAPS Department where they were frozen (−18 ◦C) and transported frozen
within 48 h to the Centro Tecnolóxico da Carne (Ourense, Spain) for meat quality evaluations, where
the leg samples were thawed during 24 h at 4 ± 1 ◦C and skinned before analysis. The proximate
composition, amino acid profile and day 0 oxidative stability analyses were performed on the right
leg samples whereas day 8 oxidative stability analysis was performed on the counterpart samples
(left legs).

Table 1. Nutrient composition (g/kg as fed) and energy content (MJ/kg as fed) of finisher diets fed to
Hybrid and Polverara chickens.

Diets

Nutrient Composition Hybrid Polverara

Dry matter (DM) 895 895
Crude protein (CP) 197 168
Ether extract (EE) 71.5 40.7
Crude fiber (CF) 36.8 39.4

Nitrogen-free extract (NFE) 1 546 579
Ash 44.5 68.2

Gross energy 2 17.6 16.3
Calcium 6.30 14.4

Phosphor 5.65 7.33
L-Lysine 11.9 8.63

DL-Methionine 4.10 4.17
1 100 − (water + crude protein + crude fat + crude fiber + ash). 2 (NFE × 4.11) + (CP × 5.64) + (EE × 9.44) + (CF ×
4.78) × 10.

2.2. Proximate Composition

The proximate composition of the right leg samples was evaluated according to International
Organization for Standards (ISO), where protein [20], moisture [21] and ash [22] content were
determined, while total fat was determined according to the Approved Procedure Am 5–04, established
by the American Oil Chemists’ Society [23].

2.3. Meat Amino Acid Profile

The amino acid profile of the right leg samples was assessed according to the method described
by [24]. In short, a sample (100 mg) in a glass ampoule and 6 N hydrochloric acid solution (5 mL) was
mixed, sealed and stored at 110 ◦C for 24 h. After protein hydrolysis was completed, the hydrolysate
was diluted with distilled water (200 mL) and filtered through a 0.45 µm filter (Filter Lab, Barcelona,
Spain). Tryptophan content was not determined as it transforms into ammonium under acidic
conditions. The derivatization of standards and samples was carried out according to Gálvez et al. [25].
The identification of amino acids was done through high performance liquid chromatography (Alliance
2695 model, Waters, Milford, MA, USA), using a scanning fluorescence detector (model 2475, Waters)
according to Munekata et al. [26]. The quantification was done using the external standard technique
with amino acid standard (Amino Acid Standard H, Thermo, Rockford, IL, USA). The results are
expressed as g per 100 g protein.
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2.4. Storage Conditions

For oxidative stability analyses, chicken legs (left and right) were individually placed in 300 mm
thick polyethylene-ethylene vinyl alcohol-polyethylene (PET-EVOH-PE) trays and were packaged
directly by sealing with multilayer PE-EVOH-PE film (74 mm thick, permeability < 2 mL/m2 bar/day
(Viduca, Alicante, Spain) upon the tray (OVERWRAP) using a heat sealer (LARI3/Pn T-VG-R-SKIN,
Ca.Ve.Co., Palazzolo, Italy). The trays were stored at 2 ± 1 ◦C under light to simulate supermarket
conditions, being placed on metal shelving and receiving lux values in the range of 15–20, depending
on the tray position (HT 306, Digital luxometer, Italy). The light source was conventional, so any
wavelength or range, in this case UV, was not filtered. The samples in the chamber were rotated every
24 h to minimize light intensity differences and possible temperature variations on the surface of the
meat. Sixty samples (thirty from each experimental group) were removed from the chamber at 0
(left legs) and 8 (right legs) days of storage for lipid and protein oxidation analysis.

2.5. Meat Lipid Oxidation

The lipid and protein oxidation was assessed after 0 and 8 days of storage at 4 ◦C. Lipid oxidation
was assessed using the Thiobarbituric Acid Reactive Substances (TBARS) with the method proposed
by [27]. In short, a chicken leg meat sample (2 g) was dispersed in 5% trichloroacetic acid (10 mL)
and homogenized with an Ultra-Turrax (IkaT25 basic, Staufen, Germany) for 2 min. The homogenate
was kept at −10 ◦C for 19 min and then centrifuged (2360 g for 10 min). The supernatant was
then filtered through a Whatman No. 1 filter paper. The filtrate (5 mL) was mixed with a 0.02 M
TBA solution (5 mL) and placed in a water bath (96 ◦C for 40 min). Thereafter the absorbance was
measured at 532 nm. The TBARS value was calculated from a standard curve of malonaldehyde with
1,1,3,3-tetraethoxypropane (TEP) and expressed as mg malonaldehyde per kg of sample.

2.6. Meat Protein Oxidation

Protein oxidation was measured with the method outlined by [28] with modifications [29].
Measurements were taken for carbonyl and protein quantification to calculate protein oxidation.
A sample (2.5 g) was homogenized with 0.6 M NaCl solution (20 mL) and treated with 10%
trichloroacetic acid (1 mL) to obtain a homogenate (100 µL). Thereafter, it was centrifuged for
5 min at 5000× g. The supernatant was derivatized for carbonyl quantification with 2 M HCl (1 mL)
with 0.2% 2,4-dinitrophenyl hydrazine (DNPH). For protein quantification 2 M HCl (1 mL) was
added. A pellet was obtained and washed with 1:1 ethanol/ethyl acetate (1 mL) three times. It was
then dissolved in 20 mM sodium phosphate buffer (1.5 mL) with 6 M guanidine hydrochloride.
The carbonyls and protein concentrations were measured with a spectrophotometer at 370 nm and
280 nm, respectively. The protein concentrations were calculated according to a standard curve and
bovine serum albumin was used to calculate a protein concentration standard. The results are expressed
as nmol carbonyl per mg protein.

2.7. Statistical Analysis

All data were analyzed using SAS 9.1.3 statistical software package for Windows (SAS, 2008).
Proximate composition and amino acid profile of chicken leg meat were analyzed by a one-way
ANOVA testing the effect of the genotype (Hybrid, Polverara). Lipid and protein oxidation of chicken
leg meat were analyzed by a two-way ANOVA testing the effects of the genotype and the day of
storage (day 0, day 8) as fixed effects, and their interaction. Least square means were obtained using a
Bonferroni test, and the significance was calculated at a 5% confidence level.
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3. Results

3.1. Proximate Composition

Results regarding the proximate composition analysis showed that the Polverara leg meat had
higher water (p = 0.0202), protein (p < 0.0001) and ash contents (p < 0.0001), and lower lipid content
(p < 0.0001) when compared to the Hybrid leg meat (Table 2).

Table 2. Effect of chicken genotype (Hybrid vs. Polverara) on the proximate composition of leg meat.

Genotype
p-Value RSD 1

Hybrid Polverara

N. 30 30
Water (%) 72.6 73.7 0.0202 1.67

Protein (%) 18.5 21.5 <0.0001 0.93
Lipids (%) 7.28 2.25 <0.0001 1.69

Ash (%) 1.19 1.31 <0.0001 0.06
1 Residual standard deviation.

3.2. Amino Acid Profile

In regards to the amino acid profile analysis (Table 3), the Polverara leg meat exhibited the highest
content for all of the amino acids and significantly higher values were exhibited for some of the
essential and non-essential amino acids, which included isoleucine, leucine, phenylalanine, threonine
and valine (essential) and glycine, proline and tyrosine (non-essential).

Table 3. Effect of chicken genotype (Hybrid vs. Polverara) on the amino acid profile of leg meat.

Genotype
p-Value RSD 1

Hybrid Polverara

N. 30 30
Essential amino acids

(g/100 g meat)
Arginine 1.45 1.55 0.0614 0.21
Histidine 0.61 0.63 0.2686 0.07
Isoleucine 0.94 1.00 0.0273 0.11
Leucine 1.52 1.64 0.0134 0.19
Lysine 1.79 1.90 0.0910 0.24

Methionine 0.35 0.39 0.0719 0.09
Phenylalanine 0.76 0.84 0.0023 0.09

Threonine 0.83 0.89 0.0122 0.09
Valine 0.92 0.98 0.0313 0.10

Non-essential amino acids
(g/100 g meat)

Alanine 1.09 1.15 0.0533 0.12
Aspartic acid 1.75 1.85 0.1122 0.23

Cysteine 0.21 0.21 0.7863 0.04
Glutamic acid 2.91 3.08 0.0991 0.37

Glycine 0.87 0.95 0.0341 0.15
Proline 0.75 0.84 0.0007 0.10
Serine 0.94 0.95 0.8677 0.28

Tyrosine 0.65 0.71 0.0049 0.08
1 Residual standard deviation.
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3.3. Lipid and Protein Oxidation

Table 4 represents the results of the oxidative status of chicken leg meat evaluated over an 8-day
period of refrigerated storage. For lipid oxidation, meat from the Polverara breed exhibited higher
levels of oxidation at both day 0 (p < 0.0001) and day 8 (p < 0.0001) of refrigerated storage compared to
meat from the Hybrid chicken. Storage time was also shown to have an effect on TBARS values as its
level measured at Day 8 of storage was significantly higher (p < 0.0001) than that recorded at day 0.
Lipid oxidation exhibited a significant interaction between Genotype and storage time (p = 0.0330),
as Polverara showed a significant increase in TBARS value from Day 0 to Day 8 and Hybrid did not.
Genotype effect was also observed for protein oxidation, where Polverara exhibited higher values
at both day 0 (p < 0.0001) and day 8 (p < 0.0001) of refrigerated storage. In contrast from what was
observed for lipid oxidation, protein oxidation was not affected by storage time, observing similar
values at day 0 and day 8 of storage.

Table 4. Effect of genotype (Hybrid vs. Polverara) and day of storage (0 vs. 8) and their interaction on
the TBARS values and protein oxidation of leg meat over 8 days period.

Storage Time (T) Day 0 Day 8 p-Values SE 1

Genotype (G) Hybrid Polverara Hybrid Polverara (G) (T) (G) × (T)

N. 30 30 30 30
TBARS values (mg

MDA/kg meat) 0.08 D 0.21 B,C 0.14 C,D 0.40 A <0.0001 <0.0001 0.0330 0.03

Protein oxidation
(nmol/mg protein) 1.91 B 3.05 A 2.04 B 3.18 A <0.0001 0.3812 0.9950 0.14

1 Standard error, A,B,C,D means in the same row with different superscripts significantly differ (p < 0.0001).

4. Discussion

Lower lipid and higher protein content was found for Polverara compared to Hybrid. This is
possibly attributable to the higher level of locomotory activity, which is characteristic of this breed [7].
Locomotory activity is known to favor myogenesis over lipogenesis [12]. The significantly higher ash
content found for Polverara leg meat resides in differences in mineral composition. In particular, it was
recently observed that the meat from Polverara legs are unexpectedly rich in heme iron, approximately
four times higher than that of hybrid chickens [30]. The Polverara leg meat proximate composition
reported in the present study differs to the results reported by [15]. This is attributed to the fact that
the latter study included male and female chickens, characterized by marked sexual dimorphism
at slaughter age, thus resulting in differences in the average values. Moreover, the Polverara breed
has not been subjected to genetic selection for productive performance and meat quality traits and
thus more variability is expected when compared to commercially used hybrids. There are variations
between the proximate compositions reported for different indigenous chicken breeds [31–34]. These
variations are however expected as the indigenous breeds originated in different geographic locations
and have different genetic potential, diets and feeding behaviors. These factors can possibly affect
protein and lipid deposition in the meat and can increase the variation between results from studies
on different indigenous chicken breeds. This also makes it difficult to compare the results from the
present study to studies done on other indigenous breeds.

To the authors knowledge, the study done by [7] is the only previous study which has analyzed
the amino acid profile of Polverara breast meat and the present study is the first to analyze the amino
acid profile of Polverara leg meat. Both studies confirm the higher content for all the amino acids
compared to the Hybrid chicken meat. Factors such as age, affect protein digestibility and deposition,
and diet is known to have an effect on the amino acid profile of meat [35]. There are variations among
the amino acid analysis results from previous studies involving different indigenous chicken breeds,
with some of the studies reporting no differences in amino acid profiles when comparing indigenous
chicken breeds to hybrids [32,36]. However, when considering the quantitative contribution of the
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single amino acid intake per 100 g of meat, the higher content of amino acids in Polverara chicken
meat depends on its leanness, irrespective of the age of the animal.

Humans have nine essential amino acids that need to be obtained through their diets [37].
The results indicate that Polverara was the better protein source, as it contained higher amounts of
all the amino acids essential in human nutrition, and overall has superior nutritional meat quality
compared to the Hybrid. In the case of a human with a body weight of 60 kg, 100 g of Polverara leg
meat (vs. 100 g of Hybrid leg meat) contains more of the daily requirements for essential amino acids,
with 106% (vs. 102%) for histidine, 84% (vs. 78%) for isoleucine, 70% (vs. 65%) for leucine, 105%
(vs. 100%) for lysine, 67% (vs. 62%) for methionine + cysteine, 104% (vs. 94%) for phenylalanine +

tyrosine, 99% (vs. 92%) for threonine, and 63% (vs. 59%) for valine.
Oxidation causes quality deterioration in meat and can lead to decreased shelf life of meat

products [38]. It also adversely affects the flavor of the meat due to oxidative rancidity which causes
“off-flavor” [18]. It is understood that the lipid content and the fatty acid profile of the lipids in meat
can affect the oxidative susceptibility of meat [39]. Higher meat lipid content increases oxidative
susceptibility. The results from the present study showed that the Polverara leg meat had a lower lipid
content compared to the Hybrid. This would suggest that the Polverara leg meat would possibly be less
susceptible to oxidation due to the lower lipid content compared to the Hybrid [40]. The findings in the
present study depict a different scenario with the Polverara meat exhibiting more oxidation than the
Hybrid meat. The observed interaction between Genotype and storage time for TBARS values indicates
that the rate of oxidation in Polverara meat is higher than in Hybrid meat. The fatty acid profile,
specifically the proportion of polyunsaturated (PUFA) and monounsaturated fatty acids (MUFA),
affects the extent of lipid oxidation [18]. Polyunsaturated fatty acids are more susceptible to lipid
oxidation than monounsaturated fatty acids, and therefore the extent of lipid oxidation increases with
increased proportion of PUFA. Research has shown that this proportion differs between commercial
broilers and indigenous chicken breeds [41]. Moreover, these results could also depend on the higher
heme iron content found in Polverara meat in previous studies [30]. Heme iron is known to be a catalyst
for lipid oxidation [42]. There was significantly more lipid oxidation detected at Day 8 compared to
Day 0 for Polverara. This is expected as lipid oxidation increases over time [43].

Protein oxidation may cause discoloration of fresh meat and influences quality during storage and
processing [19]. The extent and rate of protein oxidation is, among other things, influenced by the amino
acid profile, lipid content and quality of the meat. Among the amino acids, cysteine and methionine
have the highest oxidative susceptibility [19]. Other amino acids such as tyrosine, phenylalanine,
tryptophan, histidine, proline, arginine and lysine are also seen as particularly susceptible to oxidation.
The results indicate that the Polverara meat had significantly higher levels of protein oxidation at both
Day 0 and Day 8. These results may be explained, in part, by the amino acid profile, in which Polverara
exhibited higher concentrations of all the previously mentioned amino acids. The significantly higher
level of lipid oxidation found in Polverara may also have contributed to the significantly higher level
of protein oxidation.

5. Conclusions

Polverara chicken outperformed the commercially used Hybrid in both the proximate composition,
where it exhibited higher protein content and lower lipid content, and the amino acid profile, where it
exhibited higher content for all of the single amino acids that were analyzed. It did, however, exhibit
more lipid and protein oxidation, which could negatively affect the oxidative stability and processing
of the meat products. This highlights the need for further research into the meat quality characteristics
of the breed, especially in regards to the fatty acid profile and mineral content of the Polverara leg
meat. Based on the results obtained until now, the Polverara chicken shows potential as a possible
breed to be used in alternative farming systems and in conservation efforts.



Foods 2020, 9, 546 8 of 10

Author Contributions: Conceptualization, A.D.Z.; methodology, A.D.Z. and J.M.L.; formal analysis, D.F.;
investigation, A.D.Z..; resources, J.M.L.; data curation, M.C.; writing—original draft preparation, E.G.;
writing—review and editing, A.D.Z.; supervision, A.D.Z.; project administration, A.D.Z.; funding acquisition,
A.D.Z. and J.M.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by University of Padova funds, grant number BIRD164094, by GAIN (Axencia
Galega de Innovación), grant number IN607A2019/01 and by the Healthy Meat network, funded by CYTED
(ref. 119RT0568). The research was supported by the Erasmus+/KA107 mobility funds. The APC was funded by
University of Padova funds, grant number DALL_FINA_P14_02.

Acknowledgments: The authors are grateful to Gabriele Baldan for his technical support.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Petracci, M.; Bianchi, M.; Mudalal, S.; Cavani, C. Functional ingredients for poultry meat products. Trends Food
Sci. Technol. 2013, 33, 27–39. [CrossRef]

2. Petracci, M.; Mudalal, S.; Soglia, F.; Cavani, C. Meat quality in fast-growing broiler chickens. World Poult. Sci.
J. 2015, 71, 363–374. [CrossRef]

3. Rizzi, C.; Contiero, B.; Cassandro, M. Growth patterns of Italian local chicken populations. Poult. Sci. 2013,
92, 2226–2235. [CrossRef]

4. Franco, D.; Rois, D.; Vázquez, J.A. Comparison of growth performance, carcass components, and meat
quality between Mos rooster (Galician indigenous breed) and Sasso T-44 line slaughtered at 10 months.
Poult. Sci. 2012, 91, 1227–1239. [CrossRef]

5. Franco, D.; Rois, D.; Vázquez, J.A.; Purriños, L.; González, R.; Lorenzo, J.M. Breed effect between Mos rooster
(Galician indigenous breed) and Sassa T-44 line and finishing feed effect of commercial fodder or corn. Poult.
Sci. 2012, 91, 487–498. [CrossRef] [PubMed]

6. Julian, R.J. Rapid growth problems: Ascites and skeletal deformities in broilers. Poult. Sci. 1998, 77,
1773–1780. [CrossRef]

7. Dalle Zotte, A.; Ricci, R.; Cullere, M.; Serva, L.; Tenti, S.; Marchesini, G. Research note: Effect of chicken
genotype and white striping-wooden breast condition on breast meat proximate composition and amino
acid profile. Poult. Sci. 2019, 99, 1797–1803. [CrossRef]

8. Hocking, P.M. Unexpected consequences of genetic selection in broilers and turkeys: Problems and solutions.
Br. Poult. Sci. 2014, 55, 1–12. [CrossRef]

9. Dawkins, M.S.; Layton, R. Breeding for better welfare: Genetic goals for broiler chickens and their parents.
Anim. Welfare 2012, 21, 147–155. [CrossRef]

10. Cassandro, M.; De Marchi, M.; Penasa, M.; Rizzi, C. Carcass characteristics and meat quality traits of
Padovana chicken breed, a commercial line, and their cross. Ital. J. Anim. Sci. 2015, 14, 304–309. [CrossRef]

11. Hoffmann, I. The global plan of action for animal genetic resources and the conservation of poultry genetic
resources. World Poult. Sci. J. 2009, 65, 286–297. [CrossRef]

12. Fanatico, A.C.; Pillai, P.B.; Emmert, J.L.; Owens, C.M. Meat quality of slow- and fast-growing chicken
genotypes fed low-nutrient or standard diets and raised indoors or with outdoor access. Poult. Sci. 2007, 86,
2245–2255. [CrossRef] [PubMed]

13. Lusk, J.L. Consumer preferences for and beliefs about slow growth chicken. Poult. Sci. 2018, 97, 4159–4166.
[CrossRef]

14. Tasoniero, G.; Cullere, M.; Baldan, G.; Dalle Zotte, A. Productive performances and carcass quality of male
and female Italian Padovana and Polverara slow-growing chicken breeds. Ital. J. Anim. Sci. 2017, 17, 530–539.
[CrossRef]

15. Dalle Zotte, A.; Tasoniero, G.; Baldan, G.; Cullere, M. Meat quality of male and female Italian Padovana and
Polverara slow-growing chicken breeds. Ital. J. Anim. Sci. 2019, 18, 398–404. [CrossRef]

16. Wu, G. Amino acids: Metabolism, functions, and nutrition. Amino Acids 2009, 37, 1–17. [CrossRef]
17. Brosnan, J.T. Amino Acids, Then and now—A reflection on Sir Hans Krebs’ contribution to nitrogen

metabolism. Life 2001, 52, 265–270. [CrossRef]

http://dx.doi.org/10.1016/j.tifs.2013.06.004
http://dx.doi.org/10.1017/S0043933915000367
http://dx.doi.org/10.3382/ps.2012-02825
http://dx.doi.org/10.3382/ps.2011-01942
http://dx.doi.org/10.3382/ps.2011-01546
http://www.ncbi.nlm.nih.gov/pubmed/22252364
http://dx.doi.org/10.1093/ps/77.12.1773
http://dx.doi.org/10.1016/j.psj.2019.10.066
http://dx.doi.org/10.1080/00071668.2014.877692
http://dx.doi.org/10.7120/09627286.21.2.147
http://dx.doi.org/10.4081/ijas.2015.3848
http://dx.doi.org/10.1017/S0043933909000245
http://dx.doi.org/10.1093/ps/86.10.2245
http://www.ncbi.nlm.nih.gov/pubmed/17878457
http://dx.doi.org/10.3382/ps/pey301
http://dx.doi.org/10.1080/1828051X.2017.1364611
http://dx.doi.org/10.1080/1828051X.2018.1530963
http://dx.doi.org/10.1007/s00726-009-0269-0
http://dx.doi.org/10.1080/152165401317291101


Foods 2020, 9, 546 9 of 10

18. Domínguez, R.; Pateiro, M.; Gagaoua, M.; Barba, F.J.; Zhang, W.; Lorenzo, J.M. A comprehensive review on
lipid oxidation in meat and meat products. Antioxidants 2019, 8, 429. [CrossRef]

19. Zhang, W.; Xiao, S.; Ahn, D.U. Protein oxidation: Basic principles and implications for meat quality. Crit. Rev.
Food Sci. Nutr. 2013, 53, 1191–1201. [CrossRef]

20. ISO. ISO 937: Meat and Meat Products—Determination of Nitrogen Content. Available online: https:
//www.sis.se/api/document/preview/600939/ (accessed on 28 March 2020).

21. ISO. ISO 1442: Meat and Meat Products—Determination of Moisture Content. Available online: https:
//www.sis.se/api/document/preview/601282/ (accessed on 28 March 2020).

22. ISO. ISO 936 Meat and Meat Products—Determination of Ash Content. Available online: https://www.sis.se/

api/document/preview/615693/ (accessed on 28 March 2020).
23. American Oil Chemists’ Society. Official Procedure Am5-04. Rapid Determination of Oil/Fat Utilizing High

Temperature Solvent Extraction; AOCS: Urbana, IL, USA, 2005.
24. Domínguez, R.; Borrajo, P.; Lorenzo, J.M. The effect of cooking methods on nutritional value of foal meat.

J. Food Compos. Anal. 2015, 43, 61–67. [CrossRef]
25. Gálvez, F.; Maggiolino, A.; Domínguez, R.; Pateiro, M.; Gil, S.; De Palo, P.; Carballo, J.; Franco, D.; Lorenzo, J.M.

Nutritional and meat quality characteristics of seven primal cuts from 9-month-old female veal calves:
A premilinary study. J. Sci. Food Agric. 2019, 99, 2947–2956. [CrossRef]

26. Munekata, P.E.S.; Pateiro, M.; Domínguez, R.; Zhou, J.; Barba, F.J.; Lorenzo, J.M. Nutritional characterization
of sea bass processing by-products. Biomolecules 2020, 10, 232. [CrossRef]

27. Vyncke, W. Evaluation of the direct thiobarbituric acid extraction method for determining oxidative rancidity
in mackerel (Scomber scombrus L.). Eur. J. Lipid Sci. Technol. 1975, 77, 239–240. [CrossRef]

28. Oliver, C.N.; Ahn, B.W.; Moerman, E.J.; Goldstein, S.; Stadtman, E.R. Age-related changes in oxidized
proteins. J. Biol. Chem. 1987, 262, 5488–5491. [PubMed]

29. Vourela, S.; Salminen, H.; Mäkelä, M.; Kivikari, R.; Karonene, M.; Heinonen, M. Effect of plant phenolics on
protein and lipid oxidation in cooked pork meat patties. J. Agric. Food Chem. 2005, 53, 8492–8497. [CrossRef]
[PubMed]

30. Pellattiero, E.; Tasoniero, G.; Cullere, M.; Baldan, G.; Marangon, A.; Gleeson, E.; Contiero, B.; Dalle Zotte, A.
Are meat quality traits and sensory attributes in favour of slow-growing chickens? Foods. Submitted.

31. Wattanachant, S. Factors affecting the quality characteristics of Thai indigenous chicken meat. Suranaree J.
Sci. Technol. 2008, 15, 317–322.

32. Choe, J.H.; Nam, K.; Jung, S.; Kim, B.; Yun, H.; Jo, C. Differences in the quality characteristics between
commercial Korean native chickens and broilers. Korean J. Food Sci. Ani. Resour. 2010, 30, 13–19. [CrossRef]

33. Van Marle-Köster, E.; Web, E.C. Carcass characteristics of South African native chicken lines. S. Afr. J. Anim. Sci.
2000, 30, 53–56. [CrossRef]

34. Franco, D.; Rois, D.; Vázquez, J.A.; Lorenzo, J.M. Carcass morphology and meat quality from roosters
slaughtered at eight months affected by genotype and finishing feeding. Span. J. Agric. Res. 2013, 11, 382–393.
[CrossRef]

35. Wu, G.; Bazer, F.W.; Dai, Z.; Li, D.; Wang, J.; Wu, Z. Amino acid nutrition in animals: Protein synthesis and
beyond. Annu. Rev. Anim. Biosci. 2014, 2, 387–417. [CrossRef] [PubMed]

36. Wattanachant, S.; Benjakul, S.; Ledward, D.A. Composition, color, and texture of Thai indigenous and broiler
chicken muscles. Poult. Sci. 2004, 83, 123–128. [CrossRef] [PubMed]

37. Food and Agriculture Organization of the United Nations; World Health Organization; United Nations
University. Protein and Amino Acid Requirements in Human Nutrition: Report of a Joint FAO/WHO/UNU
Expert Consultation, 1st ed.; WHO Press: Geneva, Switzerland, 2007; pp. 135–151. Available online:
https://apps.who.int/iris/handle/10665/43411 (accessed on 20 March 2020).

38. Lorenzo, J.M.; Gómez, M. Shelf life of foal meat under MAP, overwrap and vacuum packaging conditions.
Meat Sci. 2012, 92, 610–618. [CrossRef] [PubMed]

39. Maraschiello, C.; Sárraga, C.; García Regueiro, J.A. Glutathione peroxidase activity, TBARS, and α-tocopherol
in meat from chickens fed different diets. J. Agric. Food Chem. 1999, 47, 867–872. [CrossRef]

40. Mottram, D.S. Flavour formation in meat and meat products: A review. Food Chem. 1998, 62, 415–424.
[CrossRef]

http://dx.doi.org/10.3390/antiox8100429
http://dx.doi.org/10.1080/10408398.2011.577540
https://www.sis.se/api/document/preview/600939/
https://www.sis.se/api/document/preview/600939/
https://www.sis.se/api/document/preview/601282/
https://www.sis.se/api/document/preview/601282/
https://www.sis.se/api/document/preview/615693/
https://www.sis.se/api/document/preview/615693/
http://dx.doi.org/10.1016/j.jfca.2015.04.007
http://dx.doi.org/10.1002/jsfa.9508
http://dx.doi.org/10.3390/biom10020232
http://dx.doi.org/10.1002/lipi.19750770610
http://www.ncbi.nlm.nih.gov/pubmed/3571220
http://dx.doi.org/10.1021/jf050995a
http://www.ncbi.nlm.nih.gov/pubmed/16248543
http://dx.doi.org/10.5851/kosfa.2010.30.1.13
http://dx.doi.org/10.4314/sajas.v30i1.3876
http://dx.doi.org/10.5424/sjar/2013112-3094
http://dx.doi.org/10.1146/annurev-animal-022513-114113
http://www.ncbi.nlm.nih.gov/pubmed/25384149
http://dx.doi.org/10.1093/ps/83.1.123
http://www.ncbi.nlm.nih.gov/pubmed/14761094
https://apps.who.int/iris/handle/10665/43411
http://dx.doi.org/10.1016/j.meatsci.2012.06.008
http://www.ncbi.nlm.nih.gov/pubmed/22749431
http://dx.doi.org/10.1021/jf980824o
http://dx.doi.org/10.1016/S0308-8146(98)00076-4


Foods 2020, 9, 546 10 of 10

41. Tang, H.; Gong, Y.Z.; Wu, C.X.; Jiang, J.; Wang, Y.; Li, K. Variation of meat quality traits among five genotypes
of chicken. Poult. Sci. 2009, 88, 2212–2218. [CrossRef]

42. Lorenzo, J.M.; Pateiro, M. Influence of fat content on physico-chemical oxidative stability of foal liver pâté.
Meat Sci. 2013, 95, 330–335. [CrossRef]
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