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Abstract. The study was conducted on King pigeons managed by a private breeder in Poland. The studied population consisted of three years old parent pigeon pairs of the King breed and the their offspring obtained during the breeding season (March-November). The aims of the research involved an evaluation of the reproductive performance of King pigeons, analysis of growth rate, survival, slaughter performance and mineral composition of squab meat. In the analyzed breeding season, an average of 8.7 eggs was obtained per female. The fertilization rate and hatching rate of chicks from fertilized eggs were 80.0% and 75.8%, respectively. The highest weight gain in pigeons was observed between the date of hatching and 4 weeks of age. Pigeons slaughtered at 6 weeks of age were characterized by higher slaughter performance (66.1%) than 4 week-old pigeons (60.4%). Meat of this pigeon breed is a rich source of valuable minerals such as potassium (4060 mg per kg), magnesium (296 mg per kg), iron (52 mg per kg), zinc (9 mg per kg) and silicon (30 mg per kg).
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INTRODUCTION


Breeding of meat pigeons in some European countries (Denmark, Hungary, France, Germany, Italy) is a well developed branch of food production industry. Hungary is the largest exporter of pigeon meat [Borys and Pawlina 2010Borys, K., Pawlina, E. (2010). Mięsne użytkowanie gołębi. Przeg. Hod., 3, 31–33 [in Polish]. Google Scholar]. Meat pigeon breeds also play a significant role in the USA, Canada, China and Australia [Brzóska 2019Brzóska, F. (2019). Squab tuczone gołębie rzeźne to drób ekskluzywny. Część 1. Polskie Drobiarstwo, 3, 77–78 [in Polish]. Google Scholar, Kabir 2020Kabir, A., (2020). King Pigeons Can be the King of Meat in Bangladesh. J. Agric. Biol. Environmental Sci., 7, 6–9. Google Scholar]. Farming of meat pigeons in Bangladesh and Egypt provides the breeders with both food supply and income [Asaduzzaman et al. 2009Asaduzzaman, M., Mahiuddin, M., Howlide, M.A.R., Hossain M.M., Yeasmin, T. (2009). Pigeon farming in Gouripur upazilla of Mymensingh district. Bangladesh J. Anim. Sci., 38(1–2), 142–150. https://doi.org/10.3329/bjas.v38i1-2.9923, Omar et al. 2016Omar, A.S., El-Rahim, A., Sammour, H.B., Abdel-Aziz, Y.A.A. (2016). Socio-economic analysis of pigeon production in Al-Sharqia governorate, Egypt. Egyp. Poult. Sci. J., 36(4), 1283–1298. Google Scholar]. In Poland, however, meat of pigeons is a marginal part of the poultry production. Small home farms are focused on obtaining pigeon meat for their own needs. In recent years, there has been an increase in the interest in this species of birds, from both amateur breeders and people interested in running professional farms. Modern consumer, in the face of excessive supply of meat from industrial farms, is looking for a product on the market obtained from birds fed without an addition of genetically modified components and free to use runs. Animal welfare and the natural way of husbandry are becoming a priority. It seems that pigeons can meet these requirements, since they are fed with a mixture of cereal grains and oilseeds and are kept in small groups in aviaries. In recent years, scientific research has been conducted on the development of fertility, growth rate and slaughter value of pigeons, but only a few reports relate to King pigeons [Gao et al. 2016Gao, C.Q., Yang, J.X., Chen, M.X., Yan, H.C., Wang, X.W. (2016). Growth curves and age-related changes in carcass characteristics, organs, serum parameters, and intestinal transporter gene expression in domestic pigeon (Columba livia). Poult. Sci., 95(4), 867–877. https://doi.org/10.3382/ps/pev443, Bu et al. 2018Bu, Z., Chang L.L., Tang, Q.P., Song, C., Zhang, R., Fu S.Y., Mu, C.Y. (2018). Comparative study of meat quality, conventional nutrient composition and muscle fibre characteristics of White pigeons between different age and gender. J. Food Saf. Qual., 9,13-18. https://doi.org/10.3390/ani9030110, Wang et al. 2019Wang, Y., Li, Y.B., Yang, H.M, Wang, Z.Y. (2019). Effect of Photoperiod on the Egg Production, Plasma Luteinizing Hormone, Follicle-Stimulating Hormone, Gonadal Hormones, and Mrna Levels of Lh and Fsh in the Hypothalamic-Pituitary-Gonadal Axis of Pigeons. Braz. J. Poult. Sci., 21(4), 001–006. https://doi.org/10.1590/1806-9061-2018-0931, Kokoszyński et al. 2020Kokoszyński, D, Stęczny, K, Żochowska-Kujawska, J., Sobczak, M., Stęczny, K. (2020). Carcass Characteristics, Physicochemical Properties, and Texture and Microstructure of the Meat and Internal Organs of Carrier and King Pigeons. Animals, 10(8), 1315. https://doi.org/10.3390/ani10081315]. Understanding the pigeon meat content of minerals that are important to the consumer can be helpful in assessing the nutritional importance of this raw material. Given the above, the aims of the research were:



	assessment of reproductive performance of King pigeons,


	analysis of the growth rate and survival of young pigeons,


	assessment of slaughter performance and mineral composition of squab meat depending on the age of slaughter.






MATERIAL AND METHODS


The study was carried out on a private small farm in Poland. The experimental population consisted of 5 King parent pairs and their offspring (n = 31) obtained during the breeding season. The parental couples were three years of age. For identification purposes, adult pigeons were leg banded. The pigeons were kept in a wooden dovecote with an added aviary. The breeding wooden boxes (unit dimentions: 60 cm wide, 40 cm deep, and 40 cm high for each unit) placed on the wall of the building. During the breeding season pigeons were fed a mixture of maize (20%), naked barley (15%), wheat (10%), sorghum (20%), peas (15%) red lentils (10%) and rapeseed (10%). Calculated chemical composition of diet (14.4% total protein, 3183.2 MJ MEN and 3.8 raw fibre per 1 kg feed). In addition to concentrated feed, pigeons were given green crops, fruit, vegetables, boiled potatoes and crushed chicken eggshell. Birds also had permanent and unlimited access to water with vitamins (Polfamix A+Z), grit and clay. The mixture of cereals and seeds was served at will in automatic feeders. Throughout the study, all birds were watered and fed at will with the same feed.


During the breeding period, the number of eggs laid by individual females in each laying was recorded, which allowed determining the duration of the breeding season. The percentage of fertilized eggs, dead embryos, raised and dead chicks was calculated. After hatching, each chick was assigned an individual number written on the leg-band. At weekly intervals, the weight of the young pigeons was monitored to determine the growth rate, which was calculated according to the formula:


$$t_w = \frac{m_k - m_p}{\frac{1}{2}(m_p + m_k)}$$



where:



\( t_w \) – growth rate in a given period, 


\( m_p \) – body weight at the beginning of the period, 


\( m_k \) – body weight at the end of the period.



The pigeons were slaughtered at age 4 (n = 12) and 6 (n = 12) weeks. Before slaughter squabs were fasted for 12 h. Total body weight, gutted carcass, stomach, heart and liver were recorded. The lean yield and the percentage of offal per carcass were calculated. Body weight and carcass weight was determined using an electronic balance with a precision to 1g. The weight of day-old chicks and the weight of offal were determined using an electronic jewelry scale with a precision to 0.1 g. All procedures on animals have been carried out in accordance with applicable EU and Polish regulations.


The levels of macro- and microelements in muscles were determined by inductively coupled plasma optical emission spectrometry using the Optima 2000 DV (ICP-AES. PerkinElmer Inc., Uberlingen, Germany) following digestion in a microwave oven type Multiwave (Anton Paar GmbH, Gratz, Austria) equipped with a system of continuous temperature and pressure control in each quartz vessel. The weighted amount of tissue homogenate, weighing about 1 g, was transferred to a pressure quartz glass vessel, into which 5.0 ml of 65% HNO3 (Suprapur, Merck) and 0.5 ml of 30% H2O2 (Suprapur, Merck) were successively added. Mineralisation was conducted according to the equipment application mode MEAT: 0–5 min at linear gradient of power 100–600 W, 6–10 min at 600 W (const.), 11–20 min at 1000 W or less after reaching 75 MPa or 300℃, 21–35 min cooling. The cooled and degassed mineralisate was filled up to 10 ml in volumetric flasks.


Microelements (Cu, Fe, Se, Si, Zn) were directly determined in the solutions prepared this way, whereas mineralisates were diluted 10- or 100-fold for the determination of macroelements (Ca, Mg, Na, K and P) in order to obtain the range of linear dependence of emission signal on the concentration of a given mineral component. Measurements of the intensity of emitted radiation for micro-elements were made selecting a longer, axial optical path (along plasma), whereas macro-elements were analysed radially (across plasma). As standard, a certified multi-element solution for ICP (ICP Multielement Standard IV, Merck) was used. Standard solutions were supplemented with the addition of acid used in mineralisation, in the concentration which occurred in mineralised samples. In order to minimise potential interferences in sample introduction to plasma and other physical disturbances, analyses were made using the internal standard method by yttrium (Y) introduction into sample and standard solutions in a concentration of 0.5 mg Y/L.


The STATISTICA 10.0 PL package was used for mathematical and statistical processing of the resulting data. Means and standard deviations (SD) of the examined traits were calculated. The significance of differences was estimated by the Student t-test.



RESULTS AND DISCUSSION


The results of pigeon reproductive performance in the analyzed breeding season are presented in Table 1. The breeding season began in the early spring, initiated by the increasing duration of the natural light day. Most couples began the reproductive season in the second half of March and ended in the first half of November. Many birds adjust their clutch size to environmental conditions, producing smaller clutches, when food is scarce, and larger ones, when it is abundant.




	
				Table
				1.	Reproductive performance of
				King pigeon during the breeding season 
				


			
	
				


				
Item


				
				Pair


			
	
				1


				
				2


				
				3


				
				4


				
				5


				
				Mean


			
	
				Lenght of laying period*, days


				
				238


				
				246


				
				106


				
				111


				
				58


				
				151.8


			
	
				Total clutch number


				
				5


				
				6


				
				3


				
				4


				
				2


				
				4


			
	
				Number of eggs laid per female per season, pcs


				
				10


				
				12


				
				6


				
				8


				
				4


				
				8


			
	
				Number of egg in clutch, pcs


				
				2


				
				2


				
				2


				
				2


				
				2


				
				2


			
	
				Infertile eggs, pcs


				
				2


				
				2


				
				0


				
				0


				
				0


				
				0.8


			
	
				Infertile eggs, %


				
				20.00


				
				16.67


				
				0


				
				0


				
				0


				
				7.33


			
	
				Fertile eggs, [pcs]


				
				8


				
				10


				
				6


				
				8


				
				4


				
				7.2


			
	
				Fertile eggs, %


				
				80.00


				
				83.33


				
				100.00


				
				100.00


				
				100.00


				
				92.66


			
	
				Dead embryos, pcs 
				


				
				0


				
				0


				
				0


				
				2


				
				0


				
				0.4


			
	
				Dead embryos %


				
				0


				
				0


				
				0


				
				25.00


				
				0


				
				5


			
	
				Healthy chicks, n


				
				8


				
				10


				
				6


				
				6


				
				4


				
				6.8


			
	
				Healthy chicks, %


				
				80.00


				
				83.33


				
				100.00


				
				75.00


				
				100.00


				
				87.66


			
	
				Died chicks, n


				
				1


				
				0


				
				2


				
				0


				
				0


				
				0.6


			
	
				Died chicks, %


				
				10.00


				
				0


				
				33.33


				
				0


				
				0


				
				8.6


			
	
				Reared chicks, n


				
				7


				
				10


				
				4


				
				6


				
				4


				
				6.2


			
	
				Reared chicks, %


				
				87.50


				
				100.00


				
				66.67


				
				100.00


				
				100.00


				
				90.8


			
	
				*
				reproduction period represents the time span between the moments
				of laying the first and the last egg


			



The number of laying days ranged from 58 to 246 days and averaged 152 days. In the studies of Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar, the laying lasted 189 days for the King breed and 158 and 185 days for the Wrocław meat pigeon and Europigeon, respectively. The breeding season of the Polish Lynx pigeon in the study of Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar lasted 195 days. According to Nowicki and Pawlina [2002]Nowicki, B., Pawlina, E. (2002). Zasady hodowli gołębi mięsnych. Polskie Drobiarstwo, 8, 3–4 [in Polish]. Google Scholar, the interval between subsequent layings is 35 to 40 days. In our study, the interval between hatchings ranged from 32 to 65 days, on average about 43 days. Our observations show that the period between the layings significantly increased during hot summer months.


Females always laid two eggs in one laying. The number of layings by one female ranged from 2 to 6, which gives respectively 4 to 12 eggs from the female during the breeding season (Table 1) Zieleziński and Pawlina [2007]Zieleziński, M., Pawlina, E. (2007). Analiza cech lęgu gołębi ras mięsnych i gołębi pocztowych [Analysis of the breeding traits in meat breeds pigeons and racing pigeons]. Pol. Drob., 5, 16–17 [in Polish]. Google Scholar obtained an average of 13 eggs from one female, while Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar recorded significantly lower productivity – on average 6–7 eggs per female. Wang et al. [2019]Wang, Y., Li, Y.B., Yang, H.M, Wang, Z.Y. (2019). Effect of Photoperiod on the Egg Production, Plasma Luteinizing Hormone, Follicle-Stimulating Hormone, Gonadal Hormones, and Mrna Levels of Lh and Fsh in the Hypothalamic-Pituitary-Gonadal Axis of Pigeons. Braz. J. Poult. Sci., 21(4), 001–006. https://doi.org/10.1590/1806-9061-2018-0931 report that the longer daily photoperiod significantly improved egg production in King pigeons. In our study, we did not apply any additional light stimulation.


Egg fertilization in the analyzed breeding season was about 80% (Table 2). In the study of Zieleziński and Pawlina [2007]Zieleziński, M., Pawlina, E. (2007). Analiza cech lęgu gołębi ras mięsnych i gołębi pocztowych [Analysis of the breeding traits in meat breeds pigeons and racing pigeons]. Pol. Drob., 5, 16–17 [in Polish]. Google Scholar, the percentage of fertilization in King pigeons was similar and amounted to 81.4%. The percentage of fertilized eggs in homing pigeons in the studies of the above authors was 94.1%, while in Wrocław meat and Strasser breeds this value was 82.4 and 83.9%, respectively. This is confirmed by the fact that reduced fertility and laying performance are the negative effects of selection for weight gain in pigeons of meat breeds. In the study of Zieleziński and Pawlina [2007]Zieleziński, M., Pawlina, E. (2007). Analiza cech lęgu gołębi ras mięsnych i gołębi pocztowych [Analysis of the breeding traits in meat breeds pigeons and racing pigeons]. Pol. Drob., 5, 16–17 [in Polish]. Google Scholar, the hatchability of King and Wrocław meat breeds was 75–76%, which was similar to 75.8% our results. The best hatching rates in the cited studies were in homing pigeons 91%. Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar obtained an impressive result of 100% hatching rate in King and 68.8% in Wrocław pigeons. The hatching performance of the Lynx breed in the studies of Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar was 78.8%. The reproductive success of birds depends on many factors, including nutrition, age of the breeders, incubation conditions, and season. Therefore, the hatchability indexes of fertilized pigeon eggs reported in the cited literature vary greatly. Wang et al. [2017]Wang, Y.,  Yang, H.M., Cao, W., . Li, Y.B. (2017). Effect of selenium supplementation on pigeon reproductive performance, selenium concentration and antioxidant status. Poult. Sci., 96, 3407–3413. https://doi.org/10.3382/ps/pex121 report that by introducing 1.0 mg of sodium selenite per kg into the diet of pigeons, egg production, hatchability, and sperm quality can be significantly improved.


In our research, 84% of chicks were raised up to 28 days of age. The survival rate of the offspring up to the age of 30 days according to the studies of Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar was 62.5% in King and 72.7% in Wrocław pigeons. Polish Lynx in the research of Mikulski and Pudyszak [2002]Mikulski, D., Pudyszak, K. (2002). Wstępne badania cech reprodukcyjnych gołębi mięsnych [Preliminary studies on reproductive traits of meat pigeons]. Zesz. Nauk. Prz. Hod., 61, 82–83 [abstract in English]. Google Scholar raised 73% of their offspring to 30 days of age. In the study of Zieleziński and Pawlina [2007]Zieleziński, M., Pawlina, E. (2007). Analiza cech lęgu gołębi ras mięsnych i gołębi pocztowych [Analysis of the breeding traits in meat breeds pigeons and racing pigeons]. Pol. Drob., 5, 16–17 [in Polish]. Google Scholar, the lowest death rates were noted in rearing of King pigeons (10%), while in Strasser and Wrocław meat the mortality rates to 28 days of age were respectively 14.4 and 15.3%.


The increase in body weight and growth rate of pigeon chicks is influenced by many factors: genotype, age, health condition, number of chicks in the nest, number of feeding parents, body weight at hatching, quantity and quality of taken feed and water, hygienic conditions in the breeding cell and loft, the age of the parents, the quality of parental care and the farmer’s care [Darwati et al. 2010Darwati, S., Martojo, H., Sihombing, D.T.H., Mardiastuti, A. (2010). Productivity, repeatability of productive and reproductive traits of local pigeon. J. Indonesian Trop. Anim. Agric., 35(4), 268–274. https://doi.org/10.14710/jitaa.35.4.268-274, Gao et al. 2016Gao, C.Q., Yang, J.X., Chen, M.X., Yan, H.C., Wang, X.W. (2016). Growth curves and age-related changes in carcass characteristics, organs, serum parameters, and intestinal transporter gene expression in domestic pigeon (Columba livia). Poult. Sci., 95(4), 867–877. https://doi.org/10.3382/ps/pev443, Miąsko and Łukasiewicz 2016Miąsko, M., Łukasiewicz, M. (2016). Wyniki produkcyjne i wydajność rzeźna gołębi utrzymywanych w systemie klatkowym. Zesz. Nauk. Towarzystwa Doktorantów UJ, Nauki Ścisłe, 13(2), 21–33 [in Polish]. Google Scholar, Abdel Fattah et al. 2019Abdel Fattah, A.F., Roushdy, E.M., Tukur, H.A., Saadeldin, I.M., Kishawy, A.T.Y. (2019). Comparing the Effect of Different Management and Rearing Systems on Pigeon Squab Welfare and Performance after the Loss of One or Both Parents. Animals, 9(4), 165. https://doi.org/10.3390/ani9040165]


Fig. 1 shows the growth curve of young meat pigeons until 42 days of age. The average body weight of one-day-old chicks was 21.4 g (Fig. 1). In our study, pigeons at the age of 7 days were lighter by about 13 g than those described by Zieleziński and Pawlina [2011a]Zieleziński, M., Pawlina, E. (2011a). Wartość rzeźna gołębi różnych ras [Slaughter value of different pigeon breeds]. Zeszyty Naukowe UP we Wrocławiu, 2011, Biologia i Hodowla Zwierząt LXIII, 583, 343–350 [in Polish]. Google Scholar for the King pigeon, while on 28 days they were 29 g heavier. In the study of Zieleziński et al. [2004]Zieleziński, M., Pawlina, E., Janik-Dubowiecka, A. (2004). Jakość mięsa młodych gołębi ras mięsnych i ich mieszańców [Meat quality of young pigeons of meat breeds and their hybrids]. Zesz. Nauk., AR we Wrocławiu, 52, 301–306 [in Polish]. Google Scholar, King pigeons on days 7 and 14 were heavier than those in our studies and weighed 259.0 g and 490.8 g, respectively, and were lighter on day 21 and 28, 554.4 g and 588.2 g, respectively. Similar results to ours achieved hybrids of Strasser × King in the studies of the above cited authors. Zieleziński and Pawlina [2011b]Zieleziński, M., Pawlina, E. (2011b). Analiza wzrostu gołębi różnych ras [Growth rate analysis of different pigeon breeds]. Rocz. Nauk. PTZ, 7(4), 45–51 [abstract in English]. Google Scholar recorded the highest body weight in all age groups in King pigeons, closely followed by Wrocław meat pigeons, and Strasser pigeons, which were smallest.





	
			



			


		
	
			Fig.
			1.	Growth curve of King
			pigeons (n = 32)


		



In our studies, young pigeons grew most intensively up to 21 days of age (Table 2). As reported by Zieleziński and Pawlina [2007]Zieleziński, M., Pawlina, E. (2007). Analiza cech lęgu gołębi ras mięsnych i gołębi pocztowych [Analysis of the breeding traits in meat breeds pigeons and racing pigeons]. Pol. Drob., 5, 16–17 [in Polish]. Google Scholar, the chicks double their body weight already at 48 hours of age. In the first week of life, Zieleziński and Pawlina [2011b]Zieleziński, M., Pawlina, E. (2011b). Analiza wzrostu gołębi różnych ras [Growth rate analysis of different pigeon breeds]. Rocz. Nauk. PTZ, 7(4), 45–51 [abstract in English]. Google Scholar found large daily weight gains, 32 g. Weight gains in our study were 27.4 g, till day 7, and 31 g, from 7 to 14 days of age. After 21 days of age, there was a drop in daily gains, hence the finishing should end at age 28 days. Gao et al. [2016]Gao, C.Q., Yang, J.X., Chen, M.X., Yan, H.C., Wang, X.W. (2016). Growth curves and age-related changes in carcass characteristics, organs, serum parameters, and intestinal transporter gene expression in domestic pigeon (Columba livia). Poult. Sci., 95(4), 867–877. https://doi.org/10.3382/ps/pev443 also claim that 28 day of life is the latest market age for meat type pigeon.




	
				Table
				2.	Weight
				gain and growth rate over King pigeon rearing period


			
	
				


				

				Age,
				days


				
				Weight
				gain


				
				Growth
				rate


			
	
				g


				
				%


				
				%


			
	
				Mean


				
				SD


				
				Mean


				
				SD


				
				Mean


				
				SD


			
	
				1–7


				
				192.01


				
				37.31


				
				89.82


				
				1.58


				
				163.13


				
				5.19


			
	
				8–14


				
				214.06


				
				48.72


				
				49.87


				
				5.78


				
				66.82


				
				10.28


			
	
				15–21


				
				166.25


				
				54.76


				
				27.76


				
				7.72


				
				32.69


				
				10.41


			
	
				22–28


				
				35.94


				
				61.69


				
				5.50


				
				9.77


				
				6.20


				
				11.17


			
	
				29–35


				
				3.50


				
				53.14


				
				0.58


				
				8.13


				
				0.90


				
				8.27


			
	
				36–42


				
				8.50


				
				29.24


				
				1.16


				
				4.33


				
				1.25


				
				4.43


			



The pigeons exhibited the most intensive growth rate between days 1 and 7 of age, when it started to slow down (Table 2). Abdel-Azeem et al. [2016]Abdel-Azeem, A.F., Amer, A.A., Shama, T.A., Abbas, W.A. (2016). Early weaning of pigeon squabs. Egyp. Poult. Sci. J., 36, 205–232. https://doi.org/10.21608/epsj.2016.33249, who studied a local Egyptian pigeon population, noticed that growth of squabs was quick during the first 28 days, reached the peak and decreased or stopped afterwards. Darwati et al. [2010]Darwati, S., Martojo, H., Sihombing, D.T.H., Mardiastuti, A. (2010). Productivity, repeatability of productive and reproductive traits of local pigeon. J. Indonesian Trop. Anim. Agric., 35(4), 268–274. https://doi.org/10.14710/jitaa.35.4.268-274 reports for a local Indonesian pigeon that the squab weight increased from week 0 to 4 and decreased in week 5. The growth rate was highest during week 1, then decreased from week 2 to 5 with the negative growth rate occuring during week 5.


In our study, pigeons slaughtered at 6 weeks were heavier by 46 g than those slaughtered at 4 weeks of age, the differences were not statistically significant, though (Table 3). Body weight of King pigeons on the 28th day in the studies of Szmańko et al. [2001]Szmańko, T., Pawlina, E., Nowicki, B., Bąk-Mazurek, M. (2001). Wartość rzeźna wybranych ras gołębi. Pr. Mat. Zootech., 59, 113–125 [in Polish]. Google Scholar was 750 g and was higher by about 142 g than obtained by pigeons of the same age in our research.




	
				Table
				3.	Slaughter
				performance and participation of selected organs in the body
				weight of young King pigeons


			
	
				Item


				
				Age, weeks


			
	
				4


				
				6


			
	
				Mean


				
				SD


				
				Mean


				
				SD


			
	
				Body weight, g


				
				608.33


				
				65.34


				
				654.50


				
				79.24


			
	
				Carcass weight, g


				
				366.67A


				
				45.59


				
				432.50A


				
				52.70


			
	
				Slaughter performance, %


				
				60.36A


				
				5.21


				
				66.13A


				
				3.57


			
	
				Liver, g


				
				16.92a


				
				3.92


				
				14.24a


				
				2.78


			
	
				Liver, %


				
				2.79A


				
				0.64


				
				2.17A


				
				0.27


			
	
				Gizzard, g


				
				10.09A


				
				1.24


				
				11.72A


				
				1.77


			
	
				Gizzard, %


				
				1.67


				
				0.21


				
				1.80


				
				0.26


			
	
				Heart, g


				
				4.91a


				
				1.01


				
				5.92a


				
				0.71


			
	
				Heart, %


				
				0.80a


				
				0.13


				
				0.91a


				
				0.08


			
	
				A
				–
				statistically
				significant differences at P ≤ 0.01.

				a
				– statistically significant differences at P ≤ 0.05.


			



In our study, pigeons slaughtered in the 6th week of life were characterized by greater slaughter performance than 4 weeks old pigeons. However, the average slaughter performance of 4-week-old birds was about 10% lower than that given by Zieleziński and Pawlina [2011]Zieleziński, M., Pawlina, E. (2011). Analiza składu chemicznego mięśni piersiowych gołębi [Analysis of the chemical composition of the pigeons' pectoral muscles]. Zesz. Nauk. UP we Wrocławiu, Biologia i Hodowla Zwierząt, 63(585), 385–391 [in Polish]. Google Scholar. In the studies of the cited authors, slaughter performance was the highest in meat pigeons of the Wrocław meat breed, 74.6% and the lowest in homing pigeons, 70.3%. Szmańko et al. [2001]Szmańko, T., Pawlina, E., Nowicki, B., Bąk-Mazurek, M. (2001). Wartość rzeźna wybranych ras gołębi. Pr. Mat. Zootech., 59, 113–125 [in Polish]. Google Scholar and Miąsko and Łukasiewicz [2016]Miąsko, M., Łukasiewicz, M. (2016). Wyniki produkcyjne i wydajność rzeźna gołębi utrzymywanych w systemie klatkowym. Zesz. Nauk. Towarzystwa Doktorantów UJ, Nauki Ścisłe, 13(2), 21–33 [in Polish]. Google Scholar obtained the highest slaughter performance in hybrids of Wrocław meat × Giant Homer and Giant Homer × King pigeon, slaughtered on the 28th day of life. In the research of Gao et al. [2016]Gao, C.Q., Yang, J.X., Chen, M.X., Yan, H.C., Wang, X.W. (2016). Growth curves and age-related changes in carcass characteristics, organs, serum parameters, and intestinal transporter gene expression in domestic pigeon (Columba livia). Poult. Sci., 95(4), 867–877. https://doi.org/10.3382/ps/pev443 conducted in China on King pigeons, 85.46 and 87.0% slaughter yield was obtained in 28 and 35 days old pigeons, respectively. The differences between our research data and those of other authors result from the fact that the slaughter value of poultry is significantly influenced by a number of factors, generally classified as genetic or environmental. The main factors are: species, utility type, age and general housing conditions [Le Bihan-Duval 2004Le Bihan-Duval, E., (2004). Genetic variability within and between breeds of poultry technological meat quality. World's Poult. Sci. J., 60, 331–344. https://doi.org/10.1079/WPS200321, Uhlířová et al. 2018Uhlířová, L., Tůmová, E., Chodová, D., Vlčková, J., Ketta, M., Volek, Z., Skřivanová, V. (2018). The effect of age, genotype and sex on carcass traits, meat quality and sensory attributes of geese. Asian-Australas. J. Anim. Sci., 31(3), 421–428. https://doi.org/10.5713/ajas.17.0197, Ahmad et al. 2019Ahmad, S., Mahmud, A., Hussain, J., Javed, K. (2019). Morphological and carcass traits of three chicken genotypes under free-range, semiintensive, and intensive housing systems. Turkish J. Vet. Animal Sci., 43, 342–352. https://doi.org/10.3906/vet-1902-9, Węglarz et al. 2020Węglarz, A., Andres, K., Dorota Wojtysiak D. (2020). Slaughter value and meat quality in two strains of polish crested cockerels. Italian J. Animal Sci., 19(1), 813–821. https://doi.org/10.1080/1828051X.2020.1772132]. Jiang et al. [2019]Jiang, S.G., Pan, N.X., Chen, M.J., Wang, X.-Q., Yan, H.-C., Gao, C.Q., (2019). Effects of Dietary Supplementation with dl-Methionine and dl-Methionyl-dl-Methionine in Breeding Pigeons on the Carcass Characteristics, Meat Quality and Antioxidant Activity of Squabs. Antioxidants. 8 (10), 435. https://doi.org/10.3390/antiox8100435 demonstrated that dietary supplementation with DL-Methionine and DL-Methionyl-DL-Methionine in breeding pigeons effectively improved the carcass characteristics and meat quality of squabs.


In our study, 4 week old pigeons were characterized by a higher relative mass of the liver than pigeons slaughtered at a later age (Table 3). However, the relative weight of the heart and stomach was proportionally higher in older pigeons. The mass of heart and liver of both age groups in our study was lower than in the study of Szmańko et al. [2001]Szmańko, T., Pawlina, E., Nowicki, B., Bąk-Mazurek, M. (2001). Wartość rzeźna wybranych ras gołębi. Pr. Mat. Zootech., 59, 113–125 [in Polish]. Google Scholar. Only the liver weight of slaughtered pigeons at 4 weeks of age was greater than the results presented by the above authors. It should be added that Szmańko et al. [2001]Szmańko, T., Pawlina, E., Nowicki, B., Bąk-Mazurek, M. (2001). Wartość rzeźna wybranych ras gołębi. Pr. Mat. Zootech., 59, 113–125 [in Polish]. Google Scholar studied the weight of offal and their share (%) in pigeon carcass with and without feathers, and in our study the share of heart, liver and stomach in body weight was noted.


The content of minerals in the pigeon’s pectoral muscles is shown in Table 4. There was no significant effect of pigeon age on the content of potassium and phosphorus in meat. In the pectoral muscles of 6-week-old pigeons, a higher content of sodium and magnesium was noted, while a lower calcium content. The content of macroelements in the tested material can be ordered as follows: Ca < Mg < Na < P < K. Studies of pigeon meat undertaken by many authors concerned the content of fat, the proportion of fatty acids, cholesterol and protein [Zieleziński et al. 2004Zieleziński, M., Pawlina, E., Janik-Dubowiecka, A. (2004). Jakość mięsa młodych gołębi ras mięsnych i ich mieszańców [Meat quality of young pigeons of meat breeds and their hybrids]. Zesz. Nauk., AR we Wrocławiu, 52, 301–306 [in Polish]. Google Scholar, 
Pomianowski et al. 2009aPomianowski, J., Mikulski, D., Pudyszak, K., Cooper, R.G., Angowski, M., Jóźwik, A.  Horbańczuk , J.O. (2009a). Chemical composition, cholesterol content and fatty acid profile of pigeon meat as influenced by meat-type breeds. Poult. Sci, 88, 1306–1309. https://doi.org/10.3382/ps.2008-00217, Gao et al. 2016Gao, C.Q., Yang, J.X., Chen, M.X., Yan, H.C., Wang, X.W. (2016). Growth curves and age-related changes in carcass characteristics, organs, serum parameters, and intestinal transporter gene expression in domestic pigeon (Columba livia). Poult. Sci., 95(4), 867–877. https://doi.org/10.3382/ps/pev443, Kokoszyński et al. 2020Kokoszyński, D, Stęczny, K, Żochowska-Kujawska, J., Sobczak, M., Stęczny, K. (2020). Carcass Characteristics, Physicochemical Properties, and Texture and Microstructure of the Meat and Internal Organs of Carrier and King Pigeons. Animals, 10(8), 1315. https://doi.org/10.3390/ani10081315].




	
				Table
				4.	The
				content of macro and microelements in the pectoral muscles of
				young King pigeons, mg per kg


			
	
				Item


				
				Age at slaughter


			
	
				4 weeks


				
				6 weeks


			
	
				Mean


				
				SD


				
				Mean


				
				SD


			
	
				K


				
				3994.30


				
				439.77


				
				4125.67


				
				466.78


			
	
				P


				
				3124.91


				
				234.11


				
				3099.57


				
				350.31


			
	
				Na


				
				780.45A


				
				54.99


				
				616.02A


				
				79.70


			
	
				Mg


				
				286.3a


				
				13.85


				
				305.81a


				
				27.69


			
	
				Ca


				
				55.23a


				
				7.34


				
				45.23a


				
				11.52


			
	
				Fe


				
				53.46


				
				11.67


				
				51.68


				
				7.78


			
	
				Si


				
				37.37A


				
				11.43


				
				23.24A


				
				8.08


			
	
				Zn


				
				8.54


				
				1.00


				
				8.82


				
				1.00


			
	
				Cu


				
				3.45A


				
				0.62


				
				4.38A


				
				0.67


			
	
				Se


				
				0.10


				
				0.05


				
				0.11


				
				0.06


			
	
				A
				–
				statistically
				significant differences at P ≤ 0.01.

				a
				– statistically significant differences at P ≤ 0.05.


			



Due scarce or lacking literature on pigeon meat mineral profile, a comparison of the reported data with prior research proved elusive. Our research shows that pigeon pectoral muscles are more abundant in macroelements (P, Mg, Ca) than the pectoral muscles of broilers studied by Al-Yasiry et al. [2017]Al-Yasiry, A.R.M., Kiczorowska, B., Samolińska, W. (2017). Nutritional value and content of mineral elements in the meat of broiler chickens fed Boswellia serrata supplemented diets. J. Elem., 22(3), 1027–1037. https://doi.org/10.5601/jelem.2017.22.1.1294. Poławska et al. [2013]Poławska, E., Cooper, R.G., Jóźwik, A., Pomianowski, J. (2013). Meat from alternative species – nutritive and dietetic value, and its benefit for human health – a review. CyTA – J. Food, 11(1), 37–42. https://doi.org/10.1080/19476337.2012.680916 compared in terms of mineral content different types of meat, namely ostrich, beef, pork, horse meat, nandu meat, chickens and rabbits, indicating the highest potassium content in rabbit meat, 4280–4310 mg per kg. A similar content of this element was found in pigeon meat (Table 4). Sodium in pigeon meat is in the amount of 615–780 mg per kg (Table 4) as in meat of broiler chickens (770 mg per kg) evaluated by Poławska et al. [2013]Poławska, E., Cooper, R.G., Jóźwik, A., Pomianowski, J. (2013). Meat from alternative species – nutritive and dietetic value, and its benefit for human health – a review. CyTA – J. Food, 11(1), 37–42. https://doi.org/10.1080/19476337.2012.680916. The lowest sodium content (360 mg per kg) is characteristic for ostrich [Majewska et al. 2009Majewska, D., Jakubowska, M., Ligocki, M., Tarasewicz, Z., Szczerbińska, D., Karamucki, T., Sales, J. (2009). Physicochemical characteristics, proximate analysis and mineral composition of ostrich meat as influenced by muscle. Food Chem., 117, 207–211. https://doi.org/10.1016/j.foodchem.2009.03.100]. Calcium, according to Poławska et al. [2013]Poławska, E., Cooper, R.G., Jóźwik, A., Pomianowski, J. (2013). Meat from alternative species – nutritive and dietetic value, and its benefit for human health – a review. CyTA – J. Food, 11(1), 37–42. https://doi.org/10.1080/19476337.2012.680916, was highest in chicken meat, 180 mg per kg, but according to Karakök et al. [2010]Karakök, S.G., Ozogul, Y., Saler, M., Ozogul, F. (2010). Proximate analysis. Fatty acid profiles and mineral contents of meats: A comparative study. J. Muscle Foods. 21, 210–223 https://doi.org/10.1111/j.1745-4573.2009.00177.x, in quail meat. Ostrich and pigeon meat contains a similar amount of calcium, 55 mg per kg.


The meat of young meat-type pigeons in our research contained more magnesium, calcium, sodium, phosphorus and potassium than turkey meat assessed by 
Pomianowski et al. [2009]Pomianowski, J.F., Majewska, T., Borowski, J., Mozolewski, W. (2009). Effect of various doses of oat added to a feed mixture on the contents of selected minerals in Turkey meat. J. Elementol., 14(3), 539–544. Google Scholar.

Zinc occurs in a similar amount in turkeys and pigeons. Pigeon meat matches the content of sodium and magnesium in mutton and lamb [Williams 2007Williams, P.G. (2007). Nutritional composition of red meat. Nutr. Diet., 64, 113–119. https://doi.org/10.1111/j.1747-0080.2007.00197.x].


Micronutrients play an important role in human nutrition, as they are responsible for maintaining the homeostasis of the body [Górniak et al. 2018Górniak, W., Cholewinska, P., Konkol, D. (2018). Feed Additives Produced on the Basis of Organic Forms of Micronutrients as a Means of Biofortification of Food of Animal Origin. J. Chem., ID 8084127, 1–8. https://doi.org/10.1155/2018/8084127]. In our research, the content Fe, Si, Zn and Cu of these elements was, respectively 52.57, 30.30, 8.68 and 3.91 mg per kg (Table 4). Poultry meat is a good source of iron and zinc. On average, 20–40% of the daily demand for zinc is covered by meat and meat products. In our research, zinc content ranged from 8.5 to 8.8 mg per kg, similarly to turkey muscles assessed by Pomianowski et al. 2009aPomianowski, J., Mikulski, D., Pudyszak, K., Cooper, R.G., Angowski, M., Jóźwik, A.  Horbańczuk , J.O. (2009a). Chemical composition, cholesterol content and fatty acid profile of pigeon meat as influenced by meat-type breeds. Poult. Sci, 88, 1306–1309. https://doi.org/10.3382/ps.2008-00217. Beef, lamb and mutton represent a much richer source of this element [Williams 2007Williams, P.G. (2007). Nutritional composition of red meat. Nutr. Diet., 64, 113–119. https://doi.org/10.1111/j.1747-0080.2007.00197.x]. The selenium content in our study was 0.1 mg per kg, similar to deer and horse meat [Poławska et al. 2013Poławska, E., Cooper, R.G., Jóźwik, A., Pomianowski, J. (2013). Meat from alternative species – nutritive and dietetic value, and its benefit for human health – a review. CyTA – J. Food, 11(1), 37–42. https://doi.org/10.1080/19476337.2012.680916]. The research of Majewska et al. [2009]Majewska, D., Jakubowska, M., Ligocki, M., Tarasewicz, Z., Szczerbińska, D., Karamucki, T., Sales, J. (2009). Physicochemical characteristics, proximate analysis and mineral composition of ostrich meat as influenced by muscle. Food Chem., 117, 207–211. https://doi.org/10.1016/j.foodchem.2009.03.100 shows that the ostrich contains twice as much content of selenium. According to the literature, the content of minerals in poultry muscles depends on many factors, like the mineral composition of the diet, the source of minerals, the intensity of nutrition, sex, origin of the bird and the type of muscles [Vecerek et al. 2005Vecerek, V., Suchy, P., Strakova, E., Vitula, F. (2005). Chemical composition of breast and thigh muscles in fattened pheasant poults. Krmiva, 47, 119–125. Google Scholar, Świątkiewicz et al. 2014Świątkiewicz, S., Arczewska-Włosek, A., Józefiak, D. (2014). The efficacy of organic minerals in poultry nutrition: review and implications of recent studies. World's Poult. Sci. J., 70, 475–486. https://doi.org/10.1017/S0043933914000531, Baloch et al. 2017Baloch, Z., Yasmeen, N., Pasha T.N. (2017). Effect of replacing inorganic with organic trace minerals on growth performance, carcass characteristics and chemical composition of broiler thigh meat. Afr. J. Agric. Res., 12, 1570–1575. https://doi.org/10.5897/AJAR2016.12104]. The available literature lacks information on the influence of these factors on the mineral profile of pigeon meat, therefore research in this direction should be conducted. The knowledge on the mineral content in animal food products is very important, especially in terms of the composition of the human diet, which is at the end of the food chain.



CONCLUSION


Based on the results, it can be stated that King pigeons are characterized by good hatching performance and satisfactory offspring rearing parameters. Meat of this pigeon breed is a rich source of valuable minerals such as potassium, magnesium, iron, zinc and silicon. These studies may also constitute comparative material for further research.
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