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Abstract

The objective of this study was to investigate whether pigeon age and sex have an effect on
carcass and breast muscle weight as well as their chemical composition and fatty acid profile.
The study used carcasses of Old Polish racing pigeons. A total of 40 carcasses were
purchased: 20 were those of 20-day-old pigeons and the other 20 were those of 60-day-old
pigeons. In either age group, 10 carcasses were male and 10 female. The carcasses and the
breast muscles dissected from them were weighed to calculate the breast muscle-to-carcass
ratio by weight. The muscle content of the following compounds was determined: dry matter,
crude ash, total protein, crude fat, vitamin A, a-, -, y-, 6- tocopherols and their total pool, as
well as cholesterol. 60-day-old pigeons were found to have statistically significantly higher
carcass and breast muscle weight as well as breast muscle-to-carcass ratio by weight than
30-day-old pigeons. Males had statistically significantly higher carcass and breast muscle
weight than females, although there was no statistical difference between the sexes in terms of
breast muscle-to-carcass ratio by weight. It was shown that 60-day-old and female pigeons
had a higher dry weight of breast muscles. More protein was found in the muscles of older
birds but its level was similar in both sexes. Fat content was higher in the muscles of 60-day-
old and female pigeons. The muscles of older birds and females contained slightly more
tocopherols. No statistical effect of pigeon age was found on the level of cholesterol in the
breast muscles, but its content was slightly higher in male muscles. Additionally, it was
demonstrated that pigeon age and sex did not have a statistically significant effect on
saturated fatty acid (SFA) levels, but there were more monounsaturated fatty acids (MUFA)
and polyunsaturated fatty acids (PUFA) in 30-day-old birds.
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Introduction

Pigeon meat is produced and enjoyed in many countries around the world. It is widely
considered to have a high nutritional value, low fat content and more favourable chemical
composition than meat obtained from other birds. It is recommended for sick and
convalescent patients (Gontariu and Buculei, 2009; Edris et al., 2014). Globally, it is
estimated that more than 80% of pigeon meat is produced in China (Jiang et al., 2019; Zhang
et al., 2022). Many meat pigeon breeds are also reared in the USA and Canada. In Europe,
large-scale meat pigeon farms are found in the UK, France, Italy, Denmark, Germany, Spain
and Hungary (Pomianowski et al, 2009; Migsko and Lukaszewicz, 2016; Kokoszynski et al,
2020). Globally, meat for consumption is mainly obtained from young 28- to 30-day-old birds
of varying weights, depending on the breed and rearing method (Abdel-Azeem et al., 2016).

In Poland, meat pigeon breeding is not popular and there are no commercial farms for
these birds. In Poland, meat pigeon breeding is an amateur activity and mainly for display
purposes. What little pigeon meat is consumed usually comes from surplus livestock, i.e.
specimens that for a variety of reasons are unsuitable for further breeding. However,
historically pigeon breeding was much more widespread in Poland than at present, with meat
pigeons kept not only for their meat but also for their desirability for broth (Herman, 1963).
The latter use is also well-known and popular in other parts of the world, a case in point being
Cantonese pigeon soup (Jiang et al., 2022).

The literature suggests that, besides typical meat breeds, meat can be provided by
racing pigeons or other breeds that, like the Wroctaw meat pigeon, resulted from cross-
breeding (Fik et al, 2016; Pawlina and Borys, 2009; Kokoszynski et al, 2020).

Most recent publications confirm that origin, sex, age, system, quality and feeding
supplementation have an influence on slaughter performance and meat quality in the case of
pigeons (Kokoszynski et al, 2020; Akraim et al, 2022; Jiang et al, 2022). In contrast, older
works mostly ignored such correlations. For example, Elsayed et al. (1980) found no effect of
breed and sex on the biochemical and biological properties of pigeon meat. Also, Hossain et
al. (1994) considered that the sex of these birds does not affect the protein and fat levels in
their meat. Furthermore, the results of a study conducted in Indonesia indicate that sex does
not affect the productivity of pigeons (Harapin et al., 2017). It is difficult to take a clear stance
in the face of such contradictory information. The interpretation of the results is also made
more difficult by the multiplicity of pigeon breeds characterised by different performance,
different ages at slaughter, different diets and even whether or not the definition of a carcass is
understood to include any of the following: head, neck, giblets (Pomianowski et al, 2009;
Apata et al, 2015; Abdel-Azeem et al, 2016; Abd El-Aziz and Abdel-Raheem, 2018; Bu et al,
2018; Kokoszynski et al, 2020).

For the above reasons, it was decided to verify whether age and sex have an effect on
carcass and breast muscle weight, as well as their chemical composition and fatty acid profile
in Old Polish racing pigeons, recently bred in quite large numbers in Poland.

Material and methods

The study used Old Polish racing pigeon carcasses (surplus livestock) purchased from an
amateur backyard pigeon farm in Warminsko-Mazurskie Province. Old-Polish racing pigeons
are mostly bred for display purposes rather than for sport. They differ from typical racing
pigeons in that they have a more prominent operculum and supercilium (eyebrow).

The pigeons on the farm that provided the carcasses were kept in an enclosed pigeon
loft with access to a spacious aviary. The birds were fed ad libitum with a mixture consisting
of 45% wheat grains, 41% commercial pigeon grain mix (16% total protein), 12% commercial
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pigeon pellets (14.5% total protein) and 2% rapeseed. The commercial grain mixture for
pigeons and the pellets were produced by reputable feed manufacturers on the Polish market.
The chemical composition (%) of the feed was as follows: dry matter — 87.18, crude ash —
1.74, total protein — 14.42, crude fat — 3.10, crude fibre — 3.01, nitrogen-free extractable
compounds — 64.91, with gross energy content at 16.46 MJ/kg. The pigeons were fed as
required by their nutritional needs. Similar levels of protein and fat were fed to meat pigeons
in studies by Pomianowski et al. (2009), Abd El-Aziz and Abdel-Raheem (2018) and Akraim
et al. (2022). Zhang et al. (2022) used feed with similar energy levels. The pigeons were
provided with constant access to water and a mineral-vitamin mixture.

A total of 40 carcasses were purchased, 20 were those of 30- and the other 20 those of
60-day-old pigeons. In each age group, 10 carcasses were male and 10 females. According to
the breeder, pigeons were always slaughtered in the morning before feeding by being stunned,
decapitated and bled. The carcass consisted of the featherless body gutted and devoid of the
internal organs and giblets, without the head and neck, with the lower legs cut off. The breast
muscles were dissected and weighed in order to determine the breast muscle-to-carcass ratio.
The carcasses and breast muscles were weighed on an electronic scale with an error tolerance
of 1g. The following compounds were determined in the breast muscles: dry matter, crude
ash, total protein, crude fat, vitamin A, a-, B-, y-, 6-tocopherols and their total pool, as well as
cholesterol. Analyses were performed in the laboratory of the Department of Animal
Nutrition, Fodder Science and Cattle Breeding at the University of Warmia and Mazury in
Olsztyn, according to standard AOAC methods (2006). The content of retinol and tocopherols
in feed was determined using high-performance liquid chromatography (HPLC), according to
Polish standards (PN-EN ISO 14565 2002, PN-EN 1SO 6867 2002), as described by Hogberg
et al. (2002) and Xu (2008). To determine the composition of individual fatty acids and the
total pool of saturated fatty acids (SFA), monounsaturated fatty acids (MUFA),
polyunsaturated fatty acids (PUFA) and cholesterol, all fat samples were methylated using
Peisker’s modified method (Peisker, 1964). As the next step, fatty acid methyl esters were
obtained. Fatty acids were separated and determined using gas chromatography with a
VARIAN CP-3800-Holland gas chromatograph. Fatty acids were identified by comparing the
retention times of the individual fatty acid methyl ester standards (Sigma-Aldrich) and the
retention times of the peaks in the samples under analysis. The relative content of each fatty
acid was expressed as % of the total peak area of all fatty acids in the sample. Cholesterol
levels were determined in fat samples extracted by Folch’s standard method (Rhee et al.,
1982) using POINTE SCIENTIFIC test kits.

The results were statistically analysed using the least squares approach for a linear
model. The model used was Yijk = u + ai + Bj + ai Bj + €ijk , where p is the overall mean, a; iS
the effect of age, Bj is the effect of sex, ai fj is the effect of the interaction between age and
sex, and i denotes the random error. The analyses did not show a significant interaction
effect between age and sex of the pigeons, so they are not presented in the tables. All
calculations were performed in Statistica 12.0 (2015).

Results

Table 1 shows weight measurement results for carcasses, breast muscles as well as breast
muscle-to-carcass ratio by weight. It was found that the weight of carcasses from 60-day-old
pigeons, at 311.95 g, was significantly higher than that of 30-day-old pigeons, at 266.7 g. The
difference was 45.25 g. The weight of the breast muscles and the breast muscle-to-carcass
ratio by weight were also considerably higher in older birds. The carcass and breast muscle
weights in males were significantly higher than in females. The differences were 27.25 g and
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9.50 g, respectively. In contrast, the breast muscle-to-carcass ratio by weight showed no
statistical variation, ranging from 22.42 to 23.48%.

Table 1. Carcass and breast muscles weight of racing pigeons

Wiek (dni) (W) Ple¢ (P)
Parametry Age (days) (W) Sex (P) P
SEM
Parameters samiec samica
30 60 male female wW P
Masa tuszki (g) / Carcass 546 44 311.95 302.95 275.70 6.06 <0.001 0.004
weight (g)
Masa mig$ni piersiowych
(9) / Breast muscles weight 52.55 82.05 72.05 62.55 2.77 <0.001 <0.001
(9)
Stosunek masy miesni
piersiowych do masy tuszki g g¢ 26.35 23.48 2242 0.61 <0.001 0.105

(%) / Breast muscles to
carcass weight ratio (%)

Table 2 shows the results for selected chemical composition parameters of breast
muscles obtained from pigeon carcasses of different ages and sexes. It was shown that the dry
matter content of the breast muscles was higher in birds aged 60 days and in females. The
level of crude ash was similar in all the studied groups, ranging from 1.28 to 1.32%. There
was more total protein in the muscles of older birds, 22.07%, and less in 30-day-old birds,
20.53%, while the levels were similar in both sexes. Crude fat content was found to be higher
in the muscles of 60-day-old birds and females.

Table 2. Chemical composition, level of selected vitamins and cholesterol in breast muscles of racing pigeons

Wiek (dni) (W) Ple¢ (P)
Wyszczegolnienie
Age (days) (W) Sex (P) SEM
Parameter

30 60 3 Q w P
Sucha masa (%) / Dry matter (%) 27.45 30.23 28.07 29.615 1.46 0.039 0.047
Popio6t surowy (%) / Crude ash (%) 1.28 1.32 1.32 1.28 0.03 0.573 0.637
Biatko ogolne (%) / Crude protein (%) 20.53 22.07 21.14 21.46 1.02 0.024 0.835
Ttuszez surowy (%) / Crude fat (%) 3.10 4.01 3.18 3.93 0.14 0.018 0.012
Witamina A (mg/kg) / Vitamin A (mg/kg) 0.62 0.55 0.60 0.57 0.01 0.757 0.891
a-tokoferol (mg/kg) / a-tocopherol (mg/kg) 14.32 22.34 18.57 18.10 1.88 0.036 0.916
B-tokoferol (mg/kg) / B-tocopherol (mg/kg) 0.32 0.34 0.25 0.41 0.01 0.739 0.041
y-tokoferol (mg/kg) / y-tocopherol (mg/kg) 5.19 4.38 3.76 5.82 0.20 0.725 0.061
d-tokoferol (mg/kg) / 3-tocopherol (mg/kg) 0.38 0.36 0.25 0.49 0.01 0.917 0.009
Suma tokoferoli (mg/kg) / Total 20.22 27.44 22.83 24.82 1.28 0.070 0.281
tocopherols (mg/kg)
Cholesterol (mg/100 g) 33.17 34.90 37.10 30.96 1.55 0.891 0.068

Vitamin A levels in the breast muscles of racing pigeons did not differ significantly
between groups. For tocopherols, it was found that the muscles of older birds generally
contained more of each fraction of these compounds. For a-tocopherol, this was a significant
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difference. The total pool of tocopherols in the muscles of 60-day-old birds was 27.43 mg/kg
and that of 30-day-old birds was 20.22 mg/kg. In the case of sex, it is difficult to find a
general pattern for each individual fraction of tocopherols. It was found, however, that the
total pool of these compounds was slightly higher in females, with d-tocopherol levels
significantly higher. There was no significant effect of pigeon age or sex on breast muscle
cholesterol levels. However, slightly more cholesterol (by 6.14 mg/100g) was found in the
tissues of males.

Table 3 shows the composition of individual fatty acids in pigeon breast muscles in
relation to % total acid pool. The level of individual acids differed slightly across age and sex
groups, but age and sex did not significantly affect the level of individual acids in breast
muscles, except in the case of margaroleic, gadoleic, and behenic acids in the age groups.
Furthermore, it was shown that pigeon age and sex did not significantly affect total SFASs.
However, a higher content of MUFA and PUFA was found in 30-day-old birds.

Table 3. Fatty acid profiles in the feed and breast muscles of racing pigeons (% total fatty acid pool)

Migsien piersiowy
Kwas tluszczowy Breast muscle
Pasza P
Fatty acid Wiek (dni) (W) Ple¢ (P) SEM
Feed
Age (days) (W) Sex (P)
30 60 ) Q w P
Kwas laurynowy
Ci20 0.57 0.01 0.01 0.01 0.01 0.01 0.897 0,952
Lauric acid

Kwas mirystynowy
Cuso 0.50 0.29 0.29 0.29 0.30 0.01 0.963 0,873
Myristic acid

Kwas mirystooleinowy
Cua - 0.05 0.05 0.05 0.05 0.01 0.953 0,876
Myristoleic acid

Kwas pentadekanowy
Ciso 0.07 0.05 0.05 0.05 0.04 0.01 1.000 0,092
Pentadecanoic acid

Kwas palmitynowy
Ciso0 12.65 22.18 21.49 21.57 22.10 1.72 0.836 0,735
Palmitic acid

Kwas palmitooleinowy
Cie1 0.62 6.09 5.20 5.60 5.69 0.26 0.519 0,879
Palmitoleic acid

Kwas margarynowy
Caro 0.10 0.14 0.14 0.14 0.14 0.01 0.936 0,925
Margaric (heptadecanoic) acid

Kwas margarynooleinowy
Ci7a 0.11 0.04 0.03 0.04 0.03 0.01 0.040 0,171
Margaroleic acid

Kwas stearynowy
Ciso 2.84 12.66 12.52 12.79 12.39 0.13 0.738 0,962
Stearic acid

Kwas oleinowy
Cisa 38.76 33.24 30.91 32.26 31.89 1.08 0.261 0,538
Oleic acid

Kwas linolowy
Cisz2 38.01 19.25 22.02 20.34 20.93 0.84 0.289 0,964
Linoleic acid
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Kwas a-linolenowy

Ciss 4.40 0.44 0.36 0.39 0.41 0.02 0.378 0,836

a-linolenic acid

Kwas arachidowy

Caoo 0.41 0.17 0.13 0.14 0.15 0.01 0.069 0,458

Avrachidic (eicosanoic) acid

Kwas gadoleinowy

Cao1 0.65 0.27 0.18 0.22 0.24 0.02 0.032 0,430

Gadoleic acid

Kwas eikozadienowy

Cao:2 0.04 0.14 0.12 0.11 0.14 0.01 0.382 0,378

Eicosadienoic acid

Kwas arachidonowy

Cao4 4.88 6.43 5901 5.40 0.47 0.175 0,658

Arachidonic acid

Kwas behenowy

Ca20 0.28 0.05 0.02 0.04 0.03 0.01 0.007 0,092

Behenic acid

Suma nasyconych kwasow tluszczowych SFA

17,43 35.57 34.68 35.06 35.19 1.03 0.635 0.899

Total saturated fatty acids (SFASs)

Suma jednonienasyconych kwasow tluszczowych
MUFA

Total monounsaturated fatty acids (MUFAS)

Suma wielonienasyconych kwasow tluszczowych
PUFA

Total polyunsaturated fatty acids (PUFAS)

Discussion

The literature offers little information on the exploitation of racing pigeons for meat. Fik et al.
(2016) report that the weight of carcasses obtained from young 28-day-old racing pigeons
averaged 275.42 g, ranging from 182.00 g to 335.00 g, which was similar to the carcass
weight of 30-day-old birds in our own study (Table 1). In the study by Kokoszynski et al.
(2020) the carcass weight of racing pigeons was higher. It was 327.0 g for male carcasses and
274.8 g for females. However, these studies were conducted on 3-year-old pigeons. The
findings reported by Fik et al. (2016) show that carcass weight, just as body weight, increases
with the age of the birds. In the case of other pigeon breeds, due to significant phenotypic
variation, the results reported were very different. For example, carcass weight in Egyptian
baladi pigeons ranged from 212 to 255 g (Abd El-Aziz and Abdel-Raheem, 2018). On the
other hand, Miasko and Lukasiewicz (2016) report a much higher range — from 370.5 to 506 g
for hybrid pigeons of different meat breeds.

Breast muscles are the most valuable parts of a pigeon carcass. Their weight and
percentage ratio depends primarily on carcass weight and pigeon breed. In the carcasses of
adult racing pigeons studied by Kokoszynski et al. (2020), the proportion of breast muscle in
the carcass was 29.9% in males and 30.5% in females. This result should be considered good,
as similar results were reported by these authors for King pigeon carcasses, a typical meat
breed. In a study by Miasko and Lukaszewicz (2016), the breast muscle weight of hybrid meat
pigeons ranged from 118 to 138 g, which accounted for an average of 32-34% of carcass
weight. In a study by Zhang et al. (2022), conducted on 21-day-old King pigeons, the breast

40,13 39.70 36.38 38.18 3791 1.26 0.041 0.870

42,44 24.72 28.93 26.76 26.89 0.79 0.037 0.972
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muscle-to-carcass ratio by weight was just over 20%, while in Bangladeshi pigeons it was
17.74% (Bostami et al., 2021).

Similar ash levels to those found in our own study (Table 2) were reported in a
publication by Pomianowski et al. (2009). Jiang et al. (2022) showed that the proportion of
ash and protein in the meat of pigeons increases statistically significantly with their age. Their
meat is usually characterised by higher protein levels than that of other birds (Abdulla et al.,
2015; Fakolade, 2015; Skiepko et al., 2016). According to Kokoszynski et al. (2020), in 3-
year-old racing pigeons, the total protein level in male breast muscles was 24.7%, in females
23.3%, and fat was 2.0% and 2.9%, respectively. Pomianowski et al. (2009) reported a
proportion of protein ranging from 21.73 to 23.61% in the breast muscles of younger pigeons
of different breeds. Apata et al. (2015) showed a total protein level of 20.40% in the muscles
of males and 19.82% in females. In contrast, Hossain et al. (1994) obtained results of 21-22%,
however this referred not specifically to breast muscles but to muscular tissue in general.
Similar protein levels were also confirmed by Bostami et al. (2021). Pomianowski et al.
(2009) reported a higher fat content (4.32-7.07%) than in our own study. The above-quoted
results show that the content of total protein and crude fat in pigeon muscles increases with
age, which is consistent with the results of our own study.

To date, few studies have been conducted on vitamin content in pigeon meat.
Kokoszynski et al. (2020) state that pigeon meat is generally a rich source of vitamins,
especially vitamins B. Similarly, Gontariu and Buculei (2009) and Edris et al. (2014) consider
that pigeon meat has a more favourable chemical composition than that obtained from other
birds. This is confirmed by a comparison of our own findings with the content of tocopherols
in chicken meat; for example, Giannenas et al. (2005) showed a content of these compounds
ranging from 2 to 10 mg/kg, and Koreleski and Swiatkiewicz (2008) up to 7 mg/kg.

In all the groups studied, relatively low levels of cholesterol were found in breast
muscles, ranging from 30.96 to 37.10 mg/100 g muscle. Pomianowski et al. (2009) report that
cholesterol levels, depending on pigeon breed, ranged from 23.63 to 44.40 mg/100 g, while
according to Dal Bosco et al. (2005) the figure was between 37 and 38 mg/kg breast muscle.
Both these values and those obtained in our own study are lower than in the breast muscles of
chickens (Abdulla et al., 2015; Fakolade, 2015), quails (Fakolade, 2015), and turkeys
(Skiepko et al., 2016).

Knowledge of the fatty acid profile of pigeon meat is incomplete. The most
information was provided by experiments conducted by Ali et al. (2021). In that study, an
attempt was made to estimate the levels of different types of fatty acids in pigeon meat. They
found the highest proportion of oleic acid at 36.61%, a high content of linoleic acid at
17.79%, palmitoleic acid at 8.95% and linolenic acid at 4.46%. On the other hand, as far as
the group of low-saturated fatty acids are concerned, palmitic and stearic acids were detected
in pigeon muscles in amounts of 17.37% and 10.58%, respectively. In addition, a low level of
trans fatty acids (0.12%) was confirmed. In contrast, Jiang et al. (2022) showed that levels of
palmitic, linolenic and oleic acids were statistically higher in 28-day-old than in 4-year-old
pigeons. In a study by Pomianowski et al. (2009), SFA levels in pigeon breast muscles were
similar to those in our own study, MUFA being higher (up to 55%) and PUFA lower (up to
12%). These authors further indicated that there were breed-to-breed differences in the fatty
acid profile of pigeons. Dal Bosco et al. (2005) report the following proportions of individual
fatty acid groups in pigeon muscles: SFA — 39.88%, MUFA — 32.09%, PUFA — 31.96%. Ali
et al. (2021), based on their study, state that pigeon meat can be considered one of the most
valuable sources of nutrients due to its high content of both mono- and polyunsaturated fatty
acids, as well as its low content of saturated fatty acids.
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Summary and conclusions

1. It was found that the weight of carcasses obtained from 60-day-old birds was statistically
significantly higher than was the case for 30-day-old birds. Also, the weight of breast
muscles and breast muscle-to-carcass ratio by weight were significantly higher in older
birds.

2. The weight of male carcasses and their breast muscles were statistically significantly
higher than was the case for females. On the other hand, the breast muscle-to-carcass ratio
by weight showed no statistical variation.

3. Breast muscle dry weight was shown to be slightly higher in birds at 60 days of age and in
females. The level of crude ash was similar in all study groups. More protein was found in
the muscles of older birds and less in 30-day-old birds. In contrast, protein levels in
pigeons of both sexes were similar. The fat content was higher in the muscles of 60-day-
old birds and females.

4. Vitamin A levels in the breast muscles of racing pigeons did not differ between groups. For
tocopherols, it was found that the muscles of older birds and females contained more of
these compounds.

5. There was no effect of pigeon age on cholesterol levels in the breast muscles. In contrast,
slightly more cholesterol was found in male muscular tissue.

6. It was shown that pigeon age and sex did not significantly affect the levels of SFAs.
However, there were more MUFA and PUFA fatty acids in 30-day-old birds.
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