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HIGHLIGHTS

e Bird feed minimally affects pH but muscle type differences are significant.

e Thighs retain more moisture, fat, and lipids than breasts, which are protein-rich.

e Maize feed boosts SFA/MUFA; concentrates enhance healthful PUFAs like EPA and DHA.
o Diet and muscle type interplay shapes meat's nutritional and physicochemical traits.

ARTICLE INFO ABSTRACT

Keywords: This study investigates the chemical and physical properties of Branca chicken meat, a traditional Portuguese
Branca chicken breed breed. A feeding trial compared a conventional concentrate diet with a maize-based finishing diet, focusing on
Concentrate

breast and thigh cuts. Key analyses included physical and chemical parameters, fatty acid composition and

griZfSt nutritional indices, highlighting implications for health and niche market potential. Thighs of birds fed on maize
Fatty acids show higher post-mortem pH, independently of the fed type. These also have higher moisture levels. Protein
Poultry levels are higher in the breast of concentrate-fed birds, and lower in the thighs of maize-fed birds. Thigh meat
Thigh exhibited higher intramuscular fat. Thigh of concentrate-fed birds have higher water-holding capacity, and
Maize breast of concentrate-fed birds have lower water-holding capacity. Breast meat had elevated levels of long-chain
Meat polyunsaturated fatty acids (PUFAs). Maize-fed birds showed higher levels of plant-based FAs, while concentrate-
fed birds demonstrated increased PUFAs such as EPA and DHA. Meat cuts affect firmness and colour attributes,
with thighs displaying higher colour attributes and firmness levels. Different cuts and feed influence Branca
chicken meat's quality and properties, emphasising the importance of tailored diets and sensory analyses to

enhance its nutritional profile, market differentiation, and consumer appeal.
1. Introduction importance of eggs and meat (Borisova et al., 2021). Over time, poultry
production systems have adapted to regional environmental conditions,
Chicken domestication began in South Asia (Lawal and Hanotte, cultural practices, and available resources (Dal Bosco et al., 2021;
2021) and has led to the development of the most widespread form of Sponenberg et al., 2019)., resulting in numerous breeds shaped by
livestock globally distributed livestock species, largely due to the dietary human selection (Sponenberg et al., 2017). Portuguese indigenous
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breeds such as Pedres Portuguesa, Amarela, and Preta were standardised
in 2003, with Branca following in 2010 (da Costa Soares, 2015).

Industrialised production systems have centralised resources and
enable the growth of multinational corporations, causing breed
specialisation and the decline of many local breeds (Sponenberg et al.,
2019). This threatens local genetic diversity, increasing the risk of
biodiversity loss, and has led European countries, including Portugal, to
implement conservation policies (Sponenberg et al., 2019). Despite the
dominance of industrial systems, family farming remains significant
worldwide (Besbes et al., 2007). In developing countries, local breeds
account for 95 % of poultry and thrive in scavenging systems (Besbes
et al.,, 2007; Mata and Mwakifuna, 2012). In developed countries,
including Portugal, traditional farming persists, supported by beliefs in
superior quality, organic practices, and animal welfare (Besbes et al.,
2007; Meira et al., 2023). The Branca breed, a dual-purpose chicken,
farmed in northern Portugal (Meira et al., 2022), represents a valuable
genetic and cultural resource with productive potential under
small-scale farming conditions (Soares et al., 2023). These slow-growing
breeds perform similarly to other European local breeds in small-scale
systems (Soares et al., 2015).

The appreciation of local products has enhanced the popularity of
niche items. These low-input, less productive systems align with modern
consumer preferences for authentic flavours and genuine products
(Soares et al., 2023). (Escobedo del Bosque et al., 2022; Franzoni et al.,
2021; Meira et al., 2023; Soares et al., 2023). This trend has drawn
attention to preserving local breeds, increasing producer participation
and scientific interest (Brito et al., 2021). The meat of the Branca chicken
is renowned for its texture, flavour, and colour, features in Portuguese
traditional and regional cuisine (Brito et al., 2018).

Poultry meat is widely recognised for its high nutritional value,
particularly due to its high-quality protein, content of unsaturated fatty
acids (Dal Bosco et al., 2012; Sokotowicz et al., 2016). While native
breeds grow more slowly than commercial lines, their meat is healthier,
offering higher protein, less fat, and more n-3 polyunsaturated fatty
acids (PUFA), appealing to specific consumers (Dal Bosco et al., 2012;
Pellattiero et al., 2020). Meat quality is influenced by multiple intrinsic
and extrinsic factors, including technological traits and biochemical
composition (Galvez et al., 2020). Poultry nutrition significantly in-
fluences meat quality and safety, as dietary fatty acids directly impact
tissue composition (Baéza et al., 2022).

Fatty acids play a role in various human diseases, particularly car-
diovascular conditions, with saturated fatty acids (SFA) linked to
negative health effects, while PUFA offer benefits (Perna and Hewlings,
2022). The fatty acid composition of poultry meat is important due to its
significant contribution to consumer diets. Chicken breast meat, leaner
than other meats, provides high-quality protein, mild flavour, and
versatility, while skinless leg meat contains higher lipid levels (Dal
Bosco et al., 2022).

The fatty acid profile of poultry meat is influenced by the bird’s diet,
making dietary modifications an effective method to increase PUFA
content in chicken meat (Toomer et al., 2020). As seafood becomes
costlier, poultry enriched with eicosapentaenoic acid (EPA) and doco-
sahexaenoic acid (DHA) can serve as an alternative source for long-chain
n-3 PUFA, potentially enhancing human dietary intake (Da Silva et al.,
2024; Elkin and Harvatine, 2023; Moran et al., 2020).

Although local poultry breeds such as the Portuguese Branca chicken
are valued for their cultural and gastronomic importance, scientific in-
formation regarding their meat quality and nutritional composition re-
mains limited. This lack of knowledge restricts the validation and
valorisation of products derived from this breed. Dietary manipulation is
recognised as an effective strategy to modify poultry meat quality, yet
the effects of traditional maize-based finishing diets commonly used in
small-scale systems are poorly documented in slow-growing local
breeds. Furthermore, muscle type influences lipid deposition and tech-
nological meat quality traits, but the interaction between feeding
strategy and muscle type in Branca chickens remains unclear. Therefore,
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this study aimed to characterise the physicochemical and nutritional
properties of the Branca chicken meat and to evaluate the effect of a
conventional concentrate diet and a maize-based finishing diet on breast
and thigh cuts, with particular emphasis on fatty acid composition and
associated nutritional indices.

2. Materials and methods
2.1. Husbandry and collection of data

The birds used in this study were purchased from AMIBA, Associacao
de Criadores de Bovinos de Raga Barrosa, the institution responsible for
the herd book of several livestock breeds, including the Branca chicken
breed. The birds were vaccinated against Newcastle disease and the
infectious bronchitis virus. The trial was implemented using N = 23
cockerels, induced with a starter. At day 13, n = 11 cockerels were
randomly allocated to the ration-fed group, while the other n = 12
cockerels were randomly allocated to the maize-fed group. The birds
were fed ad libitum, according to a plan, including a starter, a growing/
finishing ration, and maize as presented in Table 1. The nutritional value
of each of these feeds is presented in Table 2.

Each bird group was housed separately, but their management and
husbandry conditions were kept identical. Both groups had a stocking
density of 0.45 m? of shaded space per bird, supplemented with 0.9 m? of
outdoor access per bird, totalling 1.35 m? of space per bird. The enclo-
sures were timber-framed structures, partially roofed, with meshed wire
sides. Environmental enrichment included perches, sand for dust bath-
ing, and nesting areas. Feed and water were provided ad libitum
throughout the trial period.

The birds were slaughtered at 195 days of age. They were mechan-
ically stunned and subsequently killed through manual exsanguination
by incising the carotid artery and jugular vein, a process lasting
approximately 30 to 40 s. Afterwards, the birds were manually plucked
following scalding, eviscerated, and chilled for 24 h at a temperature of
4 °C. The breast and thigh cuts were separated and subsequently
analysed.

Despite the existence of pullets in the trial, for this study, we have
analysed only the cockerel meat. The samples were prepared for analysis
and labelled with tracking numbers to ensure that the laboratory staff
remained unaware of their provenance.

2.2. Chemical analysis

2.2.1. Moisture and ashes

The measurement of ash and moisture content was conducted on
both the breast and the thigh, despite the minimal variability between
cuts, as indicated by the literature. Samples weighing 10 grams were
taken from the cranial portion of the breast. The analysis was performed
in duplicate.

Moisture values (%) were determined following the Portuguese
standard NP 1614/2002 (Instituto Portugues da Qualidade, 2002a),
following the drying method until a constant weight was achieved at
105 °C in an oven, as quantified using the ISO 1442:1997 (International
Organization for Standardization, 1997) method.

Ash values (%) were determined following the Portuguese standard
NP 1615/2002 (Instituto Portugues da Qualidade, 2002b). Ash content
was estimated through incineration (Mufalha B150, Nabertherm, Ger-
many) for 6 h at a temperature of 550 °C + 25 °C, in line with the ISO
936:1998 (International Organization for Standardization, 1998)
method.

2.2.2. pH

The pH determination was carried out using a portable CRISON
electrode, model PH25+, equipped with a penetration probe, previously
calibrated at pH 4.0 and 7.0, and following the ISO 2917:1999
(International Organization for Standardization, 1999) method. The pH
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Table 1
Feeding plan for the two groups in the trial: maize (M) and ration (R) for the different ages in rows. The figures are presented as a percentage of the total feed.
Age (Days) 1-33 34-40 41-47 48-54 55-195
Group M R M R M R M R M R
Starter 100 100 50 50 333 50
Ration 50 50 333 50 33.3 66.7 100
Maize 33.3 67,7 33.3 100
effect of the FA composition on cholesterol. Higher h/H benefits human
Zable 2‘t‘ ¢ the start dgati din the trial cardiovascular health.
0mposition oO: e starter and ration used 1In e trial. . . . . .

P Unsaturation index (UI) = 1 x (% monoenoics) + 2 x (% dienoics) +
Nutrient Starter Ration 3 x (% trienoics) + 4 x (% tetraenoics) + 5 x (% pentaenoics) + 6 x (%
Net protein 16.5 16.0 hexaenoics). The Ul indicates the degree of unsaturation in lipids.
Ashes 5.6 6.9 Higher h/H benefits human cardiovascular health (Logue et al., 2000).
Net fat 4.8 5.5
Calcium 1.1 1.1 . .

Cellulose 39 3.9 2.3. Physical analysis

Phosphorus 0.5 0.48

Methionine 0.29 0.3 2.3.1. Colour

fod_ium g';?’ g';s The colour measurements were performed on both cuts (breast and
ysin A .

values were recorded at 5 h (pH-5) and 24 h (pH-24) post-slaughter in
two prime cuts to analyse (breast and thigh). An incision was made in
each cut, always in the same location, using a scalpel. The electrode was
inserted, and the value was recorded. The measurements were per-
formed in triplicate.

2.2.3. Protein and fat profile determination

The protein determination adhered to the standards recommended
by ISO 937:1978 (International Organization for Standardization,
1978).

The determination of total lipids was carried out using a 50 g sample
of minced meat from each cut (breast and thigh), following the pro-
cedure of Bligh and Dyer (1959). Subsequently, fatty acids were deter-
mined according to the gas chromatography methodology described by
Shehata et al. (1970) and Lorenzo et al. (2015). The separation and
quantification of fatty acids were performed following Dominguez and
Lorenzo (2014).

The following nutritional indices, applicable to meat, for the
assessment of the fatty acid composition were calculated (Chen and Liu,
2020):

Polyunsaturated fatty acid/saturated fatty acid ratio (P/S) = (XPUFA
/ ZSFA). The P/S ratio is a commonly employed indicator for evaluating
dietary effects on cardiovascular health. The index is based on the
premise that all PUFAs in the diet can reduce low-density lipoprotein
cholesterol (LDL-C) and decrease serum cholesterol levels. At the same
time, SFAs are associated with elevated serum cholesterol levels.
Consequently, a higher P/S ratio is considered to have a more beneficial
impact on cardiovascular health (Chen and Liu, 2020).

Index of atherogenicity (IA) = [C12:0 + (4 x C14:0) + C16:0] /
SUFA. Ulbricht and Southgate (1991) introduced this index to assess the
atherogenic potential of fatty acids (FAs), referring to their ability to
promote lipid adhesion to cells within the circulatory and immune
systems. As a result, consuming foods or products with a lower athero-
genic index (IA) may help decrease total cholesterol and LDL-C levels in
human blood plasma.

Index of thrombogenicity (IT) = (C14:0 + C16:0 + C18:0) / [(0.5 x
IMUFA) + (0.5 x Zn-6 PUFA) + (3 x Zn-3 PUFA) + (n-3 / n-6)].
Ulbricht and Southgate (1991) also developed the IT index, which
evaluates the potential of FAs to promote blood clot formation within
vessels. Consequently, consuming foods or products with a lower IT
benefits cardiovascular health. hypocholesterolemic / Hypercholester-
olemic ratio (h/H) = (cis-C18:1 + ZPUFA) / (C12:0 + C14:0 + C16:0).
The h/H index was developed by Santos-Silva et al. (2002) to assess the

thigh) 24 h post-slaughter. A DR-400 colourimeter (Konica Minolta,
Osaka, Japan) with D65 illuminance equipped with an 8 mm diameter
measurement area was used. Results were obtained in terms of lightness
(L*), redness (a*), and yellowness (b*) indices according to the CIELAB
(Commission Internationale de l'Eclairage) colour space. The calibration
was executed using a standard white plate (L*=97.06; a*=5.28; b*=
-3.49).

2.3.2. Water holding capacity, texture

The water holding capacity cooking loss (WHC CL) was calculated
based on water loss during cooking. The breast samples (major pectoral
muscle) were cooked following the procedure described by Pateiro et al.
(2013).

For texture analysis, the samples were cut perpendicularly to the
direction of the muscle fibres to create the cores to test. The Warner-
Bratzler meat shear test for tenderness was conducted also following
the methodology of Pateiro et al. (2013). A texture analyser (TA.XT.plus,
Stable Micro Systems, Vienna Court, UK), was used in the procedure.

2.4. Statistical analysis

The data analysis was conducted using full factorial ANOVAs type III.
Post hoc comparisons were carried out using the least significant dif-
ferences (LSD) test, given that each factor included no more than three
levels. To ensure the validity of the ANOVA assumptions, Levene’s test
was applied to verify the homogeneity of variances, while the Shapiro-
Wilks test assessed the normality of the residuals. The statistical anal-
ysis was performed using IBM Corp.® SPSS® software, version 29.0.2.0
(2020), Armonk, NY, USA.

3. Results

The ANOVA tests applied to different meat chemical components
revealed significant differences for fat (F=45.2, 4 df, p < 0.001), protein
(F=9991.6, 4 df, p < 0.001), ash (F=227, 12 df, p < 0.001), pH-5
(F=502.3, 4 df, p < 0.001), and pH-24 (F=404, 4 df, p < 0.001)
depending on the type of feed and the meat cut. The results are sum-
marised in Table 3.

In terms of pH, the feed type has no effect. However, the cut in-
fluences pH, with the breast showing lower values than the thigh. As
interactions are significant, it is observed that in birds fed on maize or
concentrate, the pH is higher in the thighs. The variability is similar in
the pH measured at 5 and 24 h post-mortem. The moisture content of the
meat follows a similar trend to pH, being lower in the breasts of birds fed
on concentrate and higher in the thighs of birds fed on maize. The fat
content is higher in the thighs than in the breast cuts. The protein
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Table 3
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Mean results of the Branca chicken meat chemical composition for the different types of feed (maize and concentrate) and cuts (breast and thigh). The significant
differences were tested with full factorial ANOVAs. The homogeneity of variances was confirmed via Levene’s test (p>0.05). The normal distribution of the residuals
was confirmed via the Shapiro-Wilks test (p>0.05). When the interaction is significant we disregard the main effects of the factors.

pH-5 pH-24 Moisture Fat Protein Ash
Feed p>0.05 p>0.05
Maize 2.985 1.117
Concentrate 2.405 1.116
Cut p<0.001 p>0.05
Breast 0.880 1.117
Thigh 4.510 1.117
Feed x Cut p<0.01 p<0.01 p<0.01 p>0.05 p<0.001 p>0.05
Maize x Breast 5.76% 5.63% 74.58° 1.179 23.220° 1.120
Maize x Thigh 6.27° 6.12° 76.01¢ 4.790 19.873% 1.115
Concentrate x Breast 5.98% 5.73% 72.74° 0.580 24.681¢ 1.113
Concentrate x Thigh 6.27° 6.12° 75.03" 4.230 20.873° 1.119

Notes: WHC — water holding capacity after cooking; pH-5 — pH 5 h post-mortem; pH-24 — pH 24 h post-mortem. Unit of measurement for moisture, fat, protein, and ash

- percentage. Fat refers to intramuscular fat present in meat.

content is lower in the thighs of birds fed on maize, whereas higher
values are observed in the breasts of birds fed on concentrate. The ash
content is unaffected by both the feed type and the cut.

The ANOVA tests applied to different meat physical properties
revealed significant differences for WHC CL after cooking (F=145.55, 4
df, p < 0.001), firmness (F=199.5, 4 df, p < 0.001), work (F=308.5, 4 df,
p < 0.001), shear force (F=227, 4 df, p < 0.001), lightness (F=389, 4 df,
p < 0.001), yellowness (F=586, 4 df, p < 0.001), and redness (F=227, 4
df, p < 0.001) depending on the type of feed and the meat cut. The re-
sults are summarised in Table 4. The ANOVA tests applied to different
fatty acids are summarised in Table 5.

In terms of WHC CL, the breasts of birds fed on concentrate show
lower values compared to the other combinations of cuts and feed. Meat
firmness is higher in the thighs than in the breasts. The thigh meat of
birds fed on concentrate demonstrates greater firmness, whereas lower
values are observed in the breast meat of these birds.

The work required to cut a core of meat is higher in birds fed on
maize, with thighs requiring more effort than breasts. Higher levels of
work are needed to cut cores from the thigh meat of birds fed on maize,
while the opposite is observed in the breast meat of birds fed on
concentrate. Following the classification proposed by Owens et al.
(2004), the breast is classified as ‘very tender’, and the thigh as
‘moderately tender’. Thighs of birds fed on maize are classified as
‘slightly tender’.

Shearing force levels are consistently higher in thighs, regardless of
the feed type, and lower in birds fed on concentrate. Regarding colour
space indices, lightness is higher in breasts, while redness and yellow-
ness are more pronounced in the meat of birds fed on maize and in
breasts.

The fatty acid classification and the associated indices are presented

Table 4

in Table 6.

In terms of fatty acid profiles and the type of feed, maize-fed birds
exhibit higher concentrations of C13:0, C14:1n-5, C20:0, C16:1n-7, and
C20:3n-6 in their meat. Conversely, concentrate-fed birds show higher
levels of C8:0, C10:0, C12:0, C17:0, C18:2n-6, C20:0, C20:1n-9, C20:2n-
6, ETE, EPA, C22:2n-6, DHA, and C23:0 in their meat.

Regarding the type of cut, thigh meat contains higher levels of C12:0,
C14:0, C15:0, C16:1n-7, C17:0, C18:0, C18:1n-9, C18:2n-6, C18:3n-3,
C18:3n-6, ETE, and C23:0, whereas breast meat shows higher concen-
trations of C20:3n-6, C21:0, C22:0, DPA, and DHA.

Thighs from concentrate-fed birds contain higher levels of C12:0 and
C18:3n-3, while breasts from maize-fed birds have lower levels of these
fatty acids. Thighs from maize-fed birds exhibit lower levels of C22:1n-9
compared to all other combinations of meat cut and feed. Additionally,
thighs from concentrate-fed birds show higher levels of C23:0, whereas
breasts from maize-fed birds display the lowest levels of this fatty acid.

Concerning fatty acid associations, maize-fed birds exhibit higher
levels of MUFA, while concentrate-fed birds show higher levels of PUFA,
UFA, and total FA. Thigh meat contains higher levels of all fatty acid
associations, including SFA, MUFA, PUFA, UFA, total FA, and IMF.

Regarding fatty acid indices, maize-fed birds and breast meat display
higher IA values, whereas concentrate-fed birds and thighs exhibit
higher P/S, h/H, and UI values. Specifically for Ul, the thighs of
concentrate-fed birds have the highest values, while the thighs and
breasts of maize-fed birds show lower values.

4. Discussion

The results indicate that the bird feed type does not affect the pH of
the meat post-mortem, aligning with findings that dietary manipulation

Mean results of the Branca chicken meat physical properties for the different types of feed (maize and concentrate) and cuts (breast and thigh). The significant dif-
ferences were tested with full factorial ANOVAs. The homogeneity of variances was confirmed via Levene’s test (p>0.05). The normal distribution of the residuals was
confirmed via the Shapiro-Wilks test (p>0.05). When the interaction is significant we disregard the main effects of the factors.

WHC CL Firmness Work SF L* a* b*

Feed p>0.05 p<0.01 p>0.05 p<0.001 p<0.01
Maize 6.80 104.81 19.67 20.01 17.22
Concentrate 6.81 88.51 16.75 15.40 13.705
Cut p<0.05 p<0.001 p<0.001 p<0.001 p<0.001
Breast 5.66 61.00 20.86 20.375 19.025
Thigh 7.95 132.32 15.58 15.035 11.900
Feed x Cut p<0.05 p>0.05 p>0.05 p<0.05 p>0.05 p>0.05 p>0.05
Maize x Breast 16.89" 6.704° 65.37 1.996" 22.83 22.53 21.83
Maize x Thigh 15.88° 6.888" 144.27 2.642¢ 16.54 17.49 12.61
Concentrate x Breast 11.65% 4.609% 56.65 1.383% 18.89 18.22 16.22
Concentrate x Thigh 17.48° 9.013° 120.39 2.941¢ 14.61 12.58 11.19

Notes: WHC CC- water holding capacity cooking loss, L* - Lightness,a* - Redness, b* - Yellowness. Unit of measurement: Firmness — kg/s, Total work — N/mm, Shear

force — kgf/cm?, WHC CL - %.
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Table 5

Mean results of the fatty acid composition of the Branca chicken intramuscular meat fat for the different types of feed (maize and concentrate) and cuts (breast and
thigh). The significant differences were tested with full factorial ANOVAs. The homogeneity of variances was confirmed via Levene’s test (p>0.05). The normal
distribution of the residuals was confirmed via the Shapiro-Wilks test (p>0.05). When the interaction is significant we disregard the main effects of the factors.

Fatty acid ANOVA F-test Grand Feed Cut Feed x Cut

Value df p mean P M C P B T p M x B MxT CxB CxT

C4:0 324 4 0.045 NS NS NS

C6:0 317 4 ok 0.018 NS NS NS

C8:0 351 4 ok 0.019 * 0.018 0.020 NS NS

C10:0 722 4 whx 0.013 * 0.012 0.013 NS NS

C11:0 309 4 ok 0.006 NS NS NS

C12:0 745 4 ok 0.033 ok 0.021° 0.024° 0.037° 0.048¢
C13:0 128 4 0.004 0.0045 0.0036 NS NS

C14:0 372 4 whx 0.368 NS % 0.336 0.400 NS

C14:1n-5 64 4 ok 0.041 o 0.055 0.028 NS NS

C15:0 333 4 0.071 NS 0.066 0.076 NS

C16:0 901 4 16.88 NS NS NS

C16:1n-7 66 4 ok 1.624 o 2.308 0.940 * 1.373 1.874 NS

C17:0 289 4 0.132 * 0.115 0.149 Hox 0.119 0.146 NS

C18:0 432 4 7.265 6.821 7.710 NS

9t-C18:1 699 4 0.060 o 0.068 0.051 NS NS

C18:1n-7 468 4 whx 1.849 ok 2.096 1.602 NS NS

C18:1n-9 294 4 27.66 NS 25.82 29.50 NS

C18:2n-6 625 4 22.67 ok 17.80 27.53 wxx 20.46 24.87 NS

C18:3n-3 285 4 whx 0.452 * 0.246° 0.305° 0.527° 0.728°
C18:3n-6 219 4 0.105 NS *x 0.094 0.116 NS

CLA 824 4 NS NS NS

C20:0 159 4 ek 0.137 ok 0.111 0.164 NS NS

C20:1n-9 188 4 o 0.307 * 0.283 0.332 NS NS

€20:2n-6 441 4 0.262 0.217 0.308 NS NS

ETE 256 4 0.020 0.014 0.026 % 0.017 0.022 NS

C20:3n-6 210 4 o 0.236 ok 0.280 0.193 ok 0.265 0.208 NS

€20:4n-6 44 4 ok 3.508 NS 4.324 2.692 NS

EPA 160 4 ek 0.037 ok 0.032 0.043 NS NS

C21:0 143 4 o 0.048 NS * 0.052 0.043 NS

C22:0 162 4 ok 0.033 NS * 0.037 0.030 NS

C22:1n-9 537 4 e 0.031 o 0.033" 0.028% 0.030" 0.034°
€22:2n-6 378 4 ok 0.034 o 0.029 0.039 NS NS

DPA 59 4 0.455 NS Hokk 0.584 0.326 NS

DHA 37 4 0.286 0.203 0.370 0.394 0.178

C23:0 378 4 ek 0.015 ok 0? 0.017° 0.019¢ 0.023¢
C24:0 394 4 ok 0.063 NS NS NS

Notes: CLA — conjugated linolenic acid 9¢,11t-C18:2; ETE - Eicosatrienoic Q-3 fatty acid C20:3n-3; EPA - Eicosapentaenoic Q-3 fatty acid C20:5n-3; DPA — Docosa-
pentaenoic Q-3 fatty acid C20:5n-3; DHA - Docosahexaenoic Q-3 fatty acid C22:6n-3. p — p-value, df — degrees of freedom, M — Maize, C — Concentrate, B — Breast, T —
Thigh. Significance levels of the F test: NS — Non-significant, * p<0.05, **p<0.01, ***p<0.001. Different letters in superscript indicate significant differences (p<0.05).
IMF - Intramuscular fat. Significance levels of the factors and interaction F-tests: NS — Non-significant, * p<0.05, **p<0.01, ***p<0.001. Different letters in superscript
indicate significant differences (p<0.05).

Table 6

Mean results of the fatty acid classification and association indices for the Branca chicken intramuscular meat fat in the different types of feed (maize and concentrate)
and cuts (breast and thigh). The significant differences were tested with full factorial ANOVAs. The homogeneity of variances was confirmed via Levene’s test
(p>0.05). The normal distribution of the residuals was confirmed via the Shapiro-Wilks test (p>0.05).

Fatty acid ANOVA F-test Grand Feed Cut Feed x Cut
Value Df df p mean p M C p B T p M x B MxT CxB CxT
SFA 1929 4 25.25 NS * 24.41 25.90 NS
MUFA 284 4 31.57 * 33.98 29.16 29.41 33.74 NS
PUFA 1205 4 ok 28.13 22.70° 23.13° 31.14° 35.53"
UFA 1323 4 ok 59.70 e 56.89 62.50 i 56.33 63.07 NS
Total FA 1457 4 84.85 * 82.23 87.47 80.74 88.96 NS
n-3/n-6 238 4 23.07 NS 19.25 26.90 NS
IMF 49 4 i 3.923 NS ok 2.316 5.531 NS
P/S 953 4 wox 1.122 bl 0.909 1.335 NS NS
h/H 1731 4 3.353 o 3.056 3.651 *E 3.227 3.480 NS
1A 1634 4 el 0.310 el 0.333 0.287 i 0.321 0.299 NS
IT 826 4 0.444 NS * 0.003 0.054 NS
Ul 3169 4 il 98.08 * 89.55% 89.30% 102.27° 111.21°¢

Notes: p — p-value, df — degrees of freedom, M — Maize, C — Concentrate, B — Breast, T — Thigh. Significance levels of the F test: NS — Non-significant, * p<0.05, **p<0.01,
***p<0.001. Different letters in superscript indicate significant differences (p<0.05). IMF - Intramuscular fat. Significance levels of the factors and interaction F-tests:
NS — Non-significant, * p<0.05, **p<0.01, ***p<0.001. Different letters in superscript indicate significant differences (p<0.05). SFA — Saturated fatty acids, MUFA —
Monounsaturated fatty acids, PUFA — Polyunsaturated fatty acids, UFA Unsaturated fatty acids. P/S — Polyunsaturated fatty acid/saturated fatty acid ratio. h/H:

hypocholesterolemic/hypercholesterolemic ratio. IA — index of atherogenicity. IT - index of thrombogenicity. UI — Unsaturation index.



F. Mata et al.

often has minimal impact on the ultimate pH of poultry meat (Mir et al.,
2017a; Semwogerere et al., 2019a; Sokanyile et al., 2016). However, the
observed variation in pH between breast and thigh cuts was also re-
ported by Liu et al. (2023) and is consistent with the understanding that
differences in muscle fibre type between these cuts contribute to vari-
ations in post-mortem pH. Breast muscles, being predominantly
fast-twitch fibres, are more prone to glycolytic metabolism, resulting in
lower pH values compared to the slow-twitch fibres of thigh muscles
(Ismail and Joo, 2017).

The observation that pH values are higher in thighs irrespective of
feed type is also supported by the fact that thigh muscles tend to retain
higher pH due to their differing metabolic profiles. Additionally, the
consistency of pH variability at both five and 24-hour post-mortem
aligns with findings suggesting that initial post-mortem pH trends are
often sustained over time (Baldi et al., 2020). The results obtained in the
present study for pH are similar to those obtained by Meira et al. (2022)
with the same breed. The trend in moisture content, where thighs of
birds fed on maize have higher water content, is corroborated by studies
attributing this to the higher lipid and connective tissue content in thigh
muscles, which influences water retention (Noh et al., 2023), which is
also observed in the present study. The significantly lower moisture
content in the breasts of birds fed on concentrate could be explained by
reports that diets rich in concentrate often reduce water-holding ca-
pacity in poultry meat due to altered muscle fibre structure (Ismail and
Joo, 2017; Listrat et al., 2016a).

The higher fat content in thighs compared to breasts agrees with the
findings that thigh muscles naturally accumulate more intramuscular fat
due to their metabolic profile (Cui et al., 2018; Liu et al., 2016). More-
over, diets rich in maize have been shown to influence fat deposition
patterns in poultry, differentiating intramuscular fat deposition in thighs
and in the breast (Hrdinka et al., 1996). Also, being the breast muscle
with high glycolytic activity, prepared for quick and short efforts such as
flying, it is expected to display reduced development of IMF (Hocquette
et al., 2010).The results showing higher protein content in the breast of
birds fed on concentrate align with observations that concentrate-based
diets, often richer in protein and amino acids than maize-based diets,
enhance protein synthesis (Kidd et al., 2021; Macelline et al., 2021). The
higher protein content in breast meat is also consistent with the muscle
composition differences, where breast muscles are more protein-dense
than thigh muscles (Chen et al.,, 2015; Panpipat et al., 2022).
Conversely, the lower protein levels in the thighs of maize-fed birds may
be explained by the notion that carbohydrate-rich diets such as maize
may prioritise energy storage over protein deposition (Chang et al.,
2023).

Ash content largely reflects mineral content, which tends to remain
constant across different feeding regimes and cuts unless specifically
altered through dietary mineral supplementation. The results obtained
were similar to those obtained by Meira et al. (2022), for the same breed.

The lower WHC CL values observed in the breasts of birds fed on
concentrate may be attributed to lower glycogen reserves in breast
muscles due to the diet. Reduced glycogen levels lead to altered post-
mortem pH decline, impacting the muscle’s ability to retain water
(Berri et al., 2015; Le Bihan-Duval et al., 2008).

The increased firmness in the thighs of concentrate-fed birds may be
linked to higher IMF, contributing to thicker muscle fibres (Weng et al.,
2022). The higher WHC CL in thighs also improves firmness (Mir et al.,
2017b). The increased energy required for thighs may reflect their
higher IMF content and greater structural density, containing higher
levels of collagen, when compared to breasts, corroborating findings by
Chen et al. (2015). Shearing force, consistently higher in thighs
regardless of feed type, reflects the inherent structural differences be-
tween thigh and breast muscles. Thigh muscles’ oxidative nature and
connective tissue density contribute to their resistance to shearing (Chen
et al., 2015). The breast has, therefore, a more tender texture than the
thighs.

The observed higher lightness (L*) in breasts compared to thighs
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aligns with established findings that oxidative muscle fibres, predomi-
nant in thighs, lead to higher myoglobin content, contributing to a
higher degree of light absorbance and, therefore, lower reflectance
resulting in darkness in colour (Ruedt et al., 2023). The pronounced
redness (a*) and yellowness (b*) in maize-fed birds and in breasts could
be attributed to dietary pigments in maize, such as xanthophylls, which
influence meat colouration (Smith et al., 2002; Wideman et al., 2016).
The higher degree of redness in the breast is somehow unexpected, at
least in comparison to other literature. The chilling of the carcasses for
24 h to 4 °C before the readings may explain these results as reported by
Petracci and Fletcher (2002) in their experiment. In a study with the
same breed, Meira et al. (2022), registered higher degrees of redness for
thighs in comparison to breasts.

The FA profile of meat is a crucial determinant of its nutritional and
sensory qualities (Semwogerere et al., 2019b). The results of this study,
indicate that maize-fed birds exhibit higher concentrations of FA,
including C13:0, C14:1n-5, C20:0, C16:1n-7, and C20:3n-6. In contrast,
concentrate-fed birds have elevated levels of short-chain FA (C8:0,
C10:0, and C12:0), PUFAs like C18:2n-6, C20:2n-6, ETE, EPA, and DHA,
as well as long-chain SFA such as C23:0. These differences can be
attributed to the FA profile of the feed. Maize, rich in linoleic acid
(C18:2n-6) (Yururdurmaz and Yildiz, 2022) and other plant-based FAs,
influences the synthesis of MUFAs and PUFAs. Concentrate feeds, typi-
cally formulated with added oils, protein-rich ingredients, and poten-
tially marine-derived lipids (Gao et al., 2021), provide precursors for
longer-chain PUFAs such as EPA and DHA (Cartoni Mancinelli et al.,
2022). Dietary FA profiles directly impact the FA profile of poultry meat,
as there is a limited de novo FA synthesis (Kouba and Mourot, 2011).
Diets enriched with UFAs resulted in higher concentrations of PUFAs in
poultry meat, and not so much in abdominal fat (Crespo and
Esteve-Garcia, 2001).

This study also highlights significant FA differences between thigh
and breast meat. Thigh meat contains higher levels of medium- and
long-chain saturated fatty acids (e.g., C12:0, C14:0, C15:0, and C18:0),
MUFAs (C18:1n-9), and PUFAs such as C18:2n-6 and C18:3n-3. In
contrast, breast meat shows elevated concentrations of very long-chain
fatty acids (e.g., C20:3n-6, C21:0, C22:0, DPA, and DHA) but lower
overall levels of UFA. These variations can be attributed to differences in
muscle fibre type and lipid metabolism between cuts. Thigh meat,
composed primarily of oxidative muscle fibres, tends to accumulate
more intramuscular fat and FA derived from de novo synthesis. Breast
meat, which has a higher proportion of glycolytic fibres, preferentially
incorporates dietary long-chain PUFAs. Oxidative muscles have a
greater lipid storage capacity and turnover than glycolytic muscles
(Brooks and Mercier, 1994; Listrat et al., 2016b). The results agree with
those of other authors (Cortinas et al., 2004; Rymer and Givens, 2006)
who have also found higher values of DPA and DHA in chicken breast
meat.

Thighs from concentrate-fed birds have higher levels of C12:0 and
C18:3n-3, while breasts from maize-fed birds exhibit lower concentra-
tions of these FA. Additionally, thighs from maize-fed birds display
reduced levels of C22:1n-9 compared to other combinations, and thighs
from concentrate-fed birds show elevated C23:0 levels. The results
highlight a synergistic effect of diet and muscle type on FA deposition.
Dietary manipulation affects not only overall FA composition but also
the partitioning of lipids within different muscle types (Bostami et al.,
2017; Castellini et al., 2002; Kartikasari et al., 2012).

The thighs of concentrate-fed birds display the highest UI values, in
agreement with their superior PUFA content. In contrast, the lower UI
values in maize-fed birds and breast meat correlate with their higher
SFA content. Maize-fed birds exhibit lipid profiles with higher MUFA
and IA values, while concentrate-fed birds show elevated PUFA, UFA,
and healthier fatty acid indices (P/S, h/H, Ul) as a result. Additionally,
the superior FA content and indices in thigh meat underline the influ-
ence of muscle type on lipid deposition.
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5. Conclusion

This study analysed the influence of feed type and muscle type on the
physicochemical and nutritional properties of the Branca cock meat.
Muscle type was the primary factor affecting post-mortem pH, proxi-
mate composition, and lipid deposition, reflecting intrinsic differences
in fibre composition and metabolic activity. Thigh meat showed higher
pH, moisture, and lipid content, whereas breast meat presented higher
protein levels and lower intramuscular fat. Finishing diet significantly
influenced fatty acid composition, with maize-based diets increasing
medium-chain saturated and monounsaturated fatty acids, while
concentrate-based diets enhanced long-chain polyunsaturated fatty
acids, including EPA and DHA. These findings demonstrate that dietary
strategies can modulate the nutritional profile of meat in slow-growing
local breeds. This study provides novel insights into the interaction
between feeding strategy and muscle type in the Portuguese Branca
chicken, addressing existing knowledge gaps regarding meat quality in
this breed. Improved characterisation of these quality traits supports the
sustainable utilisation of local genetic resources and may strengthen
conservation efforts by increasing the economic value and production
viability of traditional poultry systems.
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