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Abstract. This study comprised 160 meat samples (m. longissimus lumborum) from 160 abattoir carcasses of pigs representing 4 groups of crossbreeds: group I – ♀ (Deutsche Landschwein × Deutsche Edelschwein) × ♂ (Pietrain), group II – ♀ (Polish Large White × Polish Landrace) × ♂ (Duroc × Pietrain), group III – ♀ (Polish Landrace) × ♂ (Duroc × Pietrain), group IV – ♀ (Landrace × Yorkshire) × ♂ (Duroc). Each group consisted of 40 carcasses (20 of which were each class E and U). After slaughter, hot carcass weight, backfat thickness, longissimus lumborum muscle thickness, and the percentage of meat in the carcass (Sydel CGM) were determined on the processing line, and after 48 hours in the laboratory – the colour characteristics of the meat (lightness – L*, redness – a*, yellowness – b*, chroma – C*, and hue angle – h°), water holding capacity (WHC), pH48, and the percentage of dry matter, total protein, fat, and ash. The highest a*, b* and C*, the lowest pH48, and the highest level of dry matter were found in meat from group I (50% Pietrain pigs). The lowest L*, lowest WHC, and the highest pH48 were found in meat from group IV (50% Duroc pigs). No significant differences were found between E and U classes in L*, h°, WHC, pH48, nor in the percentage of dry matter, total protein, fat, or ash in meat. In conclusion, meat quality characteristics were mainly significantly influenced by the type of commercial cross-breeding, and the influence of the class of carcass was mostly insignificant.
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INTRODUCTION


Crossbred pigs delivered to abattoirs from large farms are characterized by a varied percentage of meat in the carcasses and the quality of their meat. The most important factor shaping the quality of the carcass and meat are the breeds and lines of pigs used in the crossbreeding and their contribution to the genotype of the pigs [Brewer et al. 2002Brewer, M.S., Jensen, J., Sośnicki, A.A., Fields, B., Wilson, E., Mc Keith, F.K. (2002). The effect of pig genetics on palatability, color and physical characteristics of fresh pork loin chops. Meat Sci. 61, 249–256. https://doi.org/10.1016/S0309-1740(01)00190-5, Florowski et al. 2006Florowski, T., Pisula, A., Słowiński, M., Orzechowska, B. (2006). Processing suitability of pork from different breeds reared in poland. Acta Sci Pol., Technol. Aliment., 5(2), 55–64. Google Scholar, Krasnowska and Salejda 2008Krasnowska, G., Salejda, A. (2008). The quality of pork from various pig genetic lines, in: Proceedings 3rd Baltic Conference on Food Science and Technology. FOODBALT 2008, Jelgava, Latvia, 144–147. Google Scholar, Pugliese and Sirtori 2012Pugliese, C., Sirtori, F. (2012). Quality of meat and meat products produced from southern European pig breeds. Meat Sci., 90, 511–518. https://doi.org/10.1016/j.meatsci.2011.09.019, Ruusunen et al. 2012Ruusunen, M., Puolanne, E, Sevon-Aimonen, M.L., Partanen, K., Voutila, L., Niemi, J. (2012). Carcass and meat quality traits of four different pig crosses. Meat Sci., 90, 543–547. https://doi.org/10.1016/j.meatsci.2011.09.010, Alonso et al. 2015Alonso, V., Muela, E., Gutiérrez, B., Calanche, J.B., Roncalés, P., Beltrán, J.A. (2015). The inclusion of Duroc breed in maternal line affects pork quality and fatty acid profile. Meat Sci., 107, 49–56. https://doi.org/10.1016/j.meatsci.2015.04.011]. The quality of meat often deteriorates with the growth of the muscle, which is particularly evident in carcasses with the highest percentage of meat. For example, the presence of Pietrain breed in crossbreeds (especially 50%) leads to an increase in the amount of meat in the carcasses, but often causes a deterioration in meat quality, including its pH, WHC, and colour [Florowski et al. 2006Florowski, T., Pisula, A., Słowiński, M., Orzechowska, B. (2006). Processing suitability of pork from different breeds reared in poland. Acta Sci Pol., Technol. Aliment., 5(2), 55–64. Google Scholar]. On the other hand, the use of the Duroc breed in commercial cross-breeding (especially at 50%) reduces the proportion of meat in the carcasses and increases the backfat thickness [Blanchard et al. 1999Blanchard, P.J., Warkup, C.C., Ellis, M., Willis, M.B., Avery, P. (1999). The influence of the proportion of Duroc genes on growth, carcass and pork eating quality characterisics. Anim. Sci., 68, 495–501. https://doi.org/10.1017/S1357729800050505, Edwards et al. 2003Edwards, D.B., Bates, R.O., Osborn, W.N. (2003). Evaluation of Duroc- vs. Pietrain-sired pigs for carcass and meat quality measures. J. Anim. Sci., 81(8), 1895–1899. https://doi.org/10.2527/2003.8181895x, Šimek et al. 2004Šimek, J., Grolichová, M., Steinhauserová, I., Steinhauser, L. (2004). Carcass and meat quality of selected final hybrids of pigs in the Czech Republic. Meat Sci., 66, 383–386. https://doi.org/10.1016/S0309-1740(03)00124-4, Li et al. 2013Li, Y.X., Cabling, M.M., Kang, H.S., Kim, T.S., Yeom, S.C., Sohn, Y.G., Kim, S.H., Nam, K.C., Seo, K.S. (2013). Comparison and correlation analysis of different swine breeds meat quality. Asian Australas. J. Anim. Sci., 26(7), 905–910. https://doi.org/10.5713/ajas.2012.12622], and has a positive effect on the quality of meat, most often as an increase in intramuscular fat [Jandásek et al. 2004Jandásek, J, Gál, R., Ingr, I., Sládek, M., Poul, F. (2004). Meat quality in two hybrid slaughter lines of pigs. Czech J. Anim. Sci., 49(5), 220–225. https://doi.org/10.17221/4303-CJAS] and, as a result, an improvement in meat tenderness, greater WHC, and a darker colour [Šimek et al. 2004Šimek, J., Grolichová, M., Steinhauserová, I., Steinhauser, L. (2004). Carcass and meat quality of selected final hybrids of pigs in the Czech Republic. Meat Sci., 66, 383–386. https://doi.org/10.1016/S0309-1740(03)00124-4], often accompanied by a higher pH.


The aim of the study was to evaluate selected meat quality traits in four pig cross-breeds (both E and U classes in the EUROP classification system), with different proportions of Pietrain and Duroc breeds in the genotype.



MATERIAL AND METHODS



Material


The study material consisted of 160 meat samples (m. longissimus lumborum – LL) from 160 carcasses of an equal proportion of E and U EUROP system of carcass classification (i.e. 80 carcasses each). The carcasses comprised four cross-breeds of pigs; Group I – the offspring of Deutsche Landschwein × Deutsche Edelschwein sows and Pietrain boars [(DL × DE) × P]; group II – the offspring of Polish Large White × Polish Landrace sows and Duroc × Pietrain boars [(PLW × PL) × (D × P)]; group III  – offspring of Polish Landrace sows and Duroc × Pietrain boars [PL × (D × P)]; and group IV – offspring of Landrace × Yorkshire sows and Duroc boars [(L × Y) × D]. Forty carcasses were obtained for each group, 20 of each E and U classes in the EUROP system.



Methods


The test material was obtained from the carcasses of pigs stunned and slaughtered on a processing line in accordance with applicable EU and national laws on animal protection.


The pigs were stunned by carbon dioxide and slaughtered according to normal commercial slaughter procedures. At the technological line, backfat thickness and longissimus muscle thickness were measured at the point C7 (at the last thoracic vertebra) using a Sydel CGM apparatus, and the percentage of meat in the carcass was determined in accordance with the EUROP system. Before the carcasses were cooled, their warm mass was determined. After the two-step cooling of the half-carcasses (cooled for 60 min at –20℃ and then stored for 24 hours at 4℃), 1 kg samples of meat (meat with bone) were taken from the segment between the 1st and 4th lumbar vertebrae on the right half-carcass. The meat samples were then packed in foil and transported in a thermos to the laboratory where they were stored at 4℃ until the following day.


About 48 hours after slaughter, the meat was separated from the bones and the external fat removed, then minced twice using a 4 mm meat grinder mesh. Measurements of colour, WHC and pH48 of the meat were then made, followed by determination of the percentage of dry matter, crude protein, intramuscular fat, and ash.


Meat colour measurements were carried out using a Mini Scan XE Plus 45/0, with an aperture of 31.8 mm, adapted to colour measurements of minced meat. Standardization of the apparatus was carried out using a black standard and white standard with coordinates X = 78.5, Y = 83.3, and Z = 87.8 (for illuminant D65 and standard 10° observer). The colour parameters of individual samples on the CIELAB and CIELCh scales [CIE 1976CIE (1976). Colorimetry: official recommendations of the international commission on illumination. Publication CIE No. 15 (E-1.3.1). Bureau Central de la CIE, Paris, France. Google Scholar; CIE 1978CIE (1978). Recommendation on uniform colour spaces, colour difference equations, psychometric colour terms. Supplement No. 2 to publication CIE no.15 (e-1.3.1). Commission Internationale De L'Eclairage, Paris. Google Scholar] were determined using the D65/10° recommended for meat colour measurements [Honikel 1998Honikel, K.O. (1998). Reference methods for the assessment of physical characteristics of meat. Meat Sci., 49, 447–457. https://doi.org/10.1016/S0309-1740(98)00034-5]. The colour measurements were made after placing the meat in the measuring vessel, smoothing the surface, and keeping it for 20 minutes at 4℃ in order to oxidize the myoglobin in the surface layer of the meat. Color measurements in CIELAB and CIELCh scales were performed using duplicate standards, obtaining all the parameters of the sample's colour from only one measurement.


The water holding capacity (WHC) of meat was determined using the Grau and Hamm method [Grau and Hamm 1952Grau, R., Hamm, R. (1952). Eine einfache Methode zur Bestimmung der Wasserbindung im Fleisch, Fleischwirtschaft, 4, 295–297..  Google Scholar] as modified by Pohja and Niinivaara [1957]Pohja, M.S., Niinivaara, F.P. (1957). Die Bestimmung des Wasserbindung des Fleisches mittels der Konstantdrückmethode. Fleischwirtschaft, 9, 193–195. Google Scholar, as the percentage of bound water in total water.


The pH48 was measured using a combined glass electrode ERH-12–6 (HYDROMET S.C.) and CyberScan 10 pH meter (Eutech Cybernetics Pte Ltd., Singapore) in water extract (distilled water) with a 1:1 meat to water ratio, after one hour of extraction.


The levels of the primary chemical components in the meat were determined in accordance with AOAC [2003]AOAC (2003). Official methods of analysis of AOAC international (17th ed). Association of the Official Analytical Chemists (AOAC), Gaithersburg, MD, USA. Google Scholar.


The obtained results were analyzed using Statistica 13 (TIBCO Software Inc.). Averages and standard deviations were calculated, as well as one-factor analysis of variance for the examined traits between the groups and within each group – between averages for traits in E and U classes. The significance of differences between the averages was estimated by Duncan's test, with levels of significance P ≤ 0.05 and P ≤ 0.01.



RESULTS AND DISCUSSION


Table 1 shows the average carcass weight, backfat thickness, muscle thickness and percentage of meat in the carcass in the examined groups.


The average carcass weight in groups I and II was significantly higher than in groups III and IV. The mean LL muscle thickness in group II was significantly lower than in groups I and III. However, there were no significant differences between the groups in backfat thickness or percentage of percentage of meat in the carcass.




	
				Table
				1.	The results of the slaughter
				value
Tabela
				1.	Wyniki oceny wartości rzeźnej


			
	
				Trait 
				
Cecha


				
				Group – Grupa


				
				Statistical significance
Istotność
				statystyczna 
				


			
	
				I (DL ×
				DE) × P


				
				II (PLW × PL)

× (D ×
				P)


				
				III PL × (D × P)


				
				 IV (L × Y) × D


			
	
				(n = 40)


				
				(n = 40)


				
				(n = 40)


				
				(n = 40)


			
	
				x̄


				
				s


				
				x̄


				
				s


				
				x̄


				
				s


				
				x̄


				
				s


			
	
				Warm carcass weight, kg
Masa tuszy ciepłej, kg


				
				93.73


				
				6.67


				
				92.20


				
				6.32


				
				85.40


				
				6.93


				
				87.82


				
				7.97


				
				I > III**, IV**;
II > III**, IV*


			
	
				Backfat thickness, mm
Grubość
				słoniny, mm


				
				17.60


				
				4.18


				
				16.40


				
				3.66


				
				17.55


				
				3.33


				
				16.60


				
				3.16


				
				


				


			
	
				Muscle LL thickness, mm 
				
Grubość mięśnia LL, mm


				
				60.88


				
				4.70


				
				55.90


				
				5.59


				
				59.52


				
				6.18


				
				57.85


				
				6.02


				
				II ** < I, III


			
	
				Meat percentage in the carcass, %
Procent mięsa w tuszy, %


				
				55.56


				
				2.90


				
				54.96


				
				2.47


				
				55.22


				
				2.44


				
				55.35


				
				2.48


				
				


				


			
	
				


				


				
				Class E – Klasa E


				
				


				


			
	
				(n = 20)


				
				(n = 20)


				
				(n = 20)


				
				(n = 20)


			
	
				Warm carcass weight, kg
Masa tuszy ciepłej, kg


				
				95.41


				
				7.04


				
				91.36


				
				5.60


				
				85.12


				
				7.06


				
				91.09a


				
				7.24


				
				 I, II, IV > III **


			
	
				Backfat thickness, mm
Grubość słoniny, mm


				
				14.20A


				
				2.50


				
				13.60A


				
				1.93


				
				15.45A


				
				2.14


				
				14.40A


				
				1.39


				
				II < III*


			
	
				Muscle LL thickness, mm 
				
Grubość mięśnia LL, mm


				
				62.65a


				
				4.28


				
				57.15


				
				4.79


				
				62.20A


				
				5.74


				
				60.50A


				
				3.68


				
				II < I**, III**, IV*


			
	
				Meat percentage in the carcass, %
Procent mięsa w tuszy, %


				
				58.16A


				
				1.28


				
				57.06A


				
				1.27


				
				57.25A


				
				1.31


				
				57.46A


				
				1.18


				
				I* > II, III


			
	
				


				


				
				Class U – Klasa U


				
				


				


			
	
				(n = 20)


				
				(n = 20)


				
				(n = 20)


				
				(n = 20)


			
	
				Warm carcass weight, kg
Masa tuszy ciepłej, kg


				
				92.05


				
				5.97


				
				93.06


				
				7.01


				
				85.68


				
				6.97


				
				84.75b


				
				7.54


				
				I, II > III**, IV**


			
	
				Backfat thickness, mm
Grubość
				słoniny, mm


				
				21.00B


				
				2.29


				
				19.20B


				
				2.71


				
				19.65B


				
				2.98


				
				18.80B


				
				2.89


				
				I* > IV


			
	
				Muscle LL thickness, mm 
				
Grubość mięśnia LL, mm


				
				59.10b


				
				4.52


				
				54.65


				
				6.15


				
				56.85B


				
				5.51


				
				55.20B


				
				6.79


				
				I* > II, IV


			
	
				Meat percentage in the carcass, %
Procent mięsa w tuszy, %


				
				52.95B


				
				1.16


				
				52.87B


				
				1.30


				
				53.19B


				
				1.37


				
				53.25B


				
				1.37


				
				


				


			
	
				Means in columns with different superscript letters differ
				significantly: lower case at P ≤ 0.05,
				upper case at P ≤ 0.01; *P ≤ 0.05, **P ≤ 0.01.
Średnie w kolumnach oznaczone różnymi literami
				różnią się istotnie: małymi przy P ≤ 0,05, dużymi przy
				P ≤ 0,01; *P ≤ 0,05, **P ≤ 0,01.


			



The average carcass weight in class E was significantly higher in groups I, II and IV than in group III. In class U, the carcass weight was significantly higher in groups I and II than in groups III and IV. In class E, backfat thickness in group II was significantly lower than in group III, the thickness of muscle in class II was significantly lower than in groups I, III and IV, and the percentage of carcass meat in group I was significantly higher than in groups II and III. On the other hand, in the U class, backfat thickness and muscle thickness in group I were significantly higher than in group IV, while backfat thickness in group I was also significantly higher than in group II. However, there were no significant differences in the percentage of meat in the carcass.


As expected, in each group, the percentage of meat in the carcass and the thickness of the LL muscle in class E was significantly higher, and backfat thickness significantly lower than in class U, apart from group II where the difference in muscle thickness was not statistically significant. Moreover, in group IV, the mean warm carcass weight in class E was significantly greater than in class U.


Table 2 shows how parameters (L*, a*, b*, C*, h°), WHC and pH48 were shaped in the studied groups. The results indicate that the development of these meat quality traits was mainly influenced by the type of crossbreeding of the pigs, while the influence of the classes of carcass (apart from some colour parameters (a*, b*, C*) in groups I and II) was statistically insignificant.




	
				Table
				2.	Physicochemical
				property of the m. longissimus
				lumborum (LL)
Tabela
				2.	Właściwości
				fizykochemiczne m.
				longissimus lumborum
				(LL)


			
	
				Trait
Cecha


				
				Group – Grupa


				
				Statistical
				significance

				Istotność statystyczna


			
	
				I (DL × DE) × P


				
				II (PLW × PL)

× (D ×
				P)


				
				III PL × (D × P)


				
				 IV (L × Y) × D


			
	
				(n = 40)


				
				(n = 40)


				
				(n = 40)


				
				(n = 40)


			
	
				x̄


				
				s


				
				x̄


				
				s


				
				x̄


				
				s


				
				x̄


				
				s


			
	
				L*– lightness
L*–
				jasność


				
				54.68


				
				2.08


				
				53.54


				
				2.36


				
				53.99


				
				2.47


				
				52.72


				
				2.17


				
				I > II*, IV**; III >
				IV*


			
	
				a*– redness
a*–
				czerwoność


				
				 8.86


				
				0.91


				
				 7.86


				
				1.02


				
				 7.78


				
				0.85


				
				7.57


				
				1.12


				
				I** > II, III, IV


			
	
				b*– yellowness
b*–
				żółtość


				
				16.44


				
				0.80


				
				15.10


				
				0.83


				
				15.34


				
				0.83


				
				15.27


				
				0.75


				
				I** > II, III, IV


			
	
				C*– chroma
C*–
				nasycenie


				
				18.69


				
				0.98


				
				17.05


				
				0.95


				
				17.22


				
				0.91


				
				17.07


				
				0.93


				
				I** > II, III, IV


			
	
				h°–
				hue angle
h°–
				ton


				
				61.71


				
				2.19


				
				62.53


				
				3.09


				
				63.11


				
				2.54


				
				63.70


				
				3.27


				
				I < III*, IV**


			
	
				WHC, %


				
				74.62


				
				2.74


				
				72.86


				
				5.54


				
				76.52


				
				4.58


				
				81.23


				
				4.80


				
				I, II, III < IV**; II**
				< III


			
	
				pH48


				
				 5.49


				
				0.07


				
				5.63


				
				0.18


				
				 5.71


				
				0.23


				
				 5.76


				
				0.13


				
				I** < II, III, IV; II <
				III*, IV**


			
	
				


				


				
				Class E – Klasa E


				
				


				


			
	
				(n = 20)


				
				 (n = 20)


				
				 (n = 20)


				
				 (n = 20)


			
	
				L*– lightness
L*–
				jasność


				
				54.94


				
				2.43


				
				53.49


				
				2.33


				
				53.71


				
				2.92


				
				52.51


				
				2.36


				
				I > IV**


			
	
				a*– redness
a*–
				czerwoność


				
				 8.53a


				
				0.83


				
				 7.62


				
				0.74


				
				 7.75


				
				1.04


				
				 7.47


				
				1.22


				
				I > II**, III*, IV**


			
	
				b*– yellowness
b*–
				żółtość


				
				 16.16a


				
				0.76


				
				14.75A


				
				0.76


				
				15.18


				
				0.97


				
				15.14


				
				0.69


				
				I** > II, III, IV


			
	
				C*– chroma
C*–
				nasycenie


				
				 18.29A


				
				0.76


				
				16.62A


				
				0.71


				
				17.07


				
				1.09


				
				16.91


				
				0.92


				
				I** > II, III, IV


			
	
				h°–
				hue angle
h°–
				ton


				
				62.17


				
				2.59


				
				62.65


				
				2.74


				
				62.99


				
				3.05


				
				63.85


				
				3.56


				
				


				


			
	
				WHC, %


				
				74.88


				
				2.28


				
				73.77


				
				6.12


				
				76.57


				
				5.25


				
				80.03


				
				5.51


				
				I**, II**, III* < IV


			
	
				pH48


				
				 5.49


				
				0.07


				
				 5.64


				
				0.19


				
				5.73


				
				0.23


				
				 5.73


				
				0.12


				
				I** < II, III, IV


			
	
				


				


				
				Class U – Klasa U


				
				


				


			
	
				(n = 20)


				
				(n = 20)


				
				(n = 20)


				
				(n = 20)


			
	
				L*– lightness
L*–
				jasność


				
				54.43


				
				1.68


				
				53.60


				
				2.45


				
				54.27


				
				1.95


				
				52.92


				
				2.01


				
				I > IV*


			
	
				a*– redness
a*–
				czerwoność


				
				 9.19b


				
				0.89


				
				8.10


				
				1.22


				
				 7.82


				
				0.64


				
				 7.67


				
				1.04


				
				I** > II, III, IV


			
	
				b*– yellowness
b*–
				żółtość


				
				 16.72b


				
				0.76


				
				15.45B


				
				0.76


				
				15.50


				
				0.63


				
				15.39


				
				0.81


				
				I** > II, III, IV


			
	
				C*– chroma
C*–
				nasycenie


				
				 19.09B


				
				1.03


				
				17.48B


				
				0.98


				
				17.37


				
				0.68


				
				17.22


				
				0.94


				
				I** > II, III, IV


			
	
				h°–
				hue angle
h°–
				ton


				
				61.25


				
				1.65


				
				62.41


				
				3.46


				
				63.23


				
				1.96


				
				63.55


				
				3.04


				
				I* < III, IV


			
	
				WHC, %


				
				74.37


				
				3.18


				
				71.96


				
				4.89


				
				76.48


				
				3.93


				
				82.44


				
				3.73


				
				I, II, III < IV**; II**
				< III


			
	
				pH48


				
				 5.49


				
				0.06


				
				5.61


				
				0.17


				
				5.70


				
				0.23


				
				5.79


				
				0.13


				
				I** < II, III, IV; II**
				< IV


			
	
				Means in columns with different superscript letters differ
				significantly: lower case at P ≤ 0.05,
				upper case at P ≤ 0.01; *P ≤ 0.05, **P ≤ 0.01.
Średnie
				w kolumnach oznaczone różnymi literami różnią się istotnie:
				małymi przy P ≤ 0,05, dużymi przy P ≤ 0,01; *P ≤
				0,05, **P ≤ 0,01.


			



The influence of the breed mix on the colour of the meat was seen in the levels of pigments, basic chemical components, the glycolytic potential and the rate and extent of decrease in muscle pH after slaughter. For example, muscles from pigs of the Pietrain and the crossbreds with a high proportion of Pietrain are often characterized by a lower pH and high lightness in meat colour. The muscles of Duroc pigs and their crossbreds mixes (e.g. Landrace or Yorkshire) often have a darker colour [Blanchard et al. 1999Blanchard, P.J., Warkup, C.C., Ellis, M., Willis, M.B., Avery, P. (1999). The influence of the proportion of Duroc genes on growth, carcass and pork eating quality characterisics. Anim. Sci., 68, 495–501. https://doi.org/10.1017/S1357729800050505] associated with a higher pH Newcom et al. 2004Newcom, D.W., Stalder, K.J., Baas, T.J., Goodwin, R.N., Parrish, F.C., Wiegand, B.R. (2004). Breed differences and genetic parameters of myoglobin concentration in porcie longissimus muscle. J. Anim. Sci., 82, 2264–2268. https://doi.org/10.2527/2004.8282264x]. This is confirmed by the results discussed in this paper. Meat obtained from the pigs in group I (50% Pietrain boar) had a significantly lower pH48 than the other groups, and a significantly higher lightness (L*) than groups II and IV (50% Duroc boar). Also after dividing the material into E and U classes, meat lightness (L*) in group I was significantly higher than in group IV (in both classes).


The chromatic parameters of pork color depend on the amount of pigments in the meat and its structure, and on the relative amounts of the three chemical forms of myoglobin present in raw meat, i.e.: oxymyoglobin, deoxymyoglobin and metmyoglobin. The same muscles from pigs of similar age but different breeds generally do not show large variations in pigment amounts, although some studies do indicate significant differences [Lindahl et al. 2001Lindahl, G., Lundström, K., Tornberg, E. (2001). Contribution of pigment content, mioglobin forms and internal reflectance to the colour of pork loin and ham from pure breed pigs. Meat Sci., 59, 141–151. https://doi.org/10.1016/S0309-1740(01)00064-X, Newcom et al. 2004Newcom, D.W., Stalder, K.J., Baas, T.J., Goodwin, R.N., Parrish, F.C., Wiegand, B.R. (2004). Breed differences and genetic parameters of myoglobin concentration in porcie longissimus muscle. J. Anim. Sci., 82, 2264–2268. https://doi.org/10.2527/2004.8282264x]. However, the differences in the content of pigments in pork is only reflected to a small extent in the colour characteristics [Feldhusen 1994Feldhusen, F. (1994). Einflüsse auf die postmortale Farbveränderung der Oberfläche von Schweinemuskulatur. Fleischwirtschaft, 74, 989–991. Google Scholar, Newcom et al. 2004Newcom, D.W., Stalder, K.J., Baas, T.J., Goodwin, R.N., Parrish, F.C., Wiegand, B.R. (2004). Breed differences and genetic parameters of myoglobin concentration in porcie longissimus muscle. J. Anim. Sci., 82, 2264–2268. https://doi.org/10.2527/2004.8282264x] due to the significant influence of the structure of the meat determining the thickness of the surface layer which light can penetrate and thus the amount of pigments reached by light.




	
				Table
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Tabela
				3.	Podstawowy skład chemiczny m.
				longissimus lumborum (LL)


			
	
				Trait
Cecha


				
				 Group – Grupa


				
				Statistical
				significance

				Istotność
				statystyczna


			
	
				I (DL × DE) × P


				
				II (PLW × PL)

× (D ×
				P)


				
				III PL × (D × P)


				
				 IV (L × Y) × D


			
	
				(n = 40)


				
				(n = 40)


				
				(n = 40)


				
				(n = 40)
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				s


				
				x̄


				
				s


				
				x̄


				
				s


				
				x̄


				
				s


			
	
				Dry matter, % 
				
Sucha
				masa, %


				
				25.67


				
				0.75


				
				25.00


				
				0.88


				
				24.91


				
				0.67


				
				25.05


				
				0.58


				
				I** > II, III, IV


			
	
				Crude protein, % 
				
Białko
				ogólne, %


				
				22.55


				
				0.43


				
				22.27


				
				0.54


				
				21.93


				
				0.66


				
				22.31


				
				0.56


				
				I > II*, III**; III <
				II**, IV*


			
	
				Intramuscular fat, % 
				
Tłuszcz
				śródmięśniowy, %


				
				2.05


				
				0.79


				
				1.69


				
				0.56


				
				1.89


				
				0.57


				
				1.82


				
				0.66


				
				I > II*


			
	
				Ash, % – Popiół, %


				
				1.08


				
				0.08


				
				1.05


				
				0.07


				
				1.12


				
				0.05


				
				1.10


				
				0.09


				
				I < III*; II < III**,
				IV*


			
	
				


				


				
				Class E – Klasa E


				
				


				


			
	
				(n = 20)


				
				(n = 20)


				
				(n = 20)


				
				(n = 20)


			
	
				Dry matter, % 
				
Sucha
				masa, %


				
				25.89


				
				0.68


				
				24.74


				
				0,89


				
				24.93


				
				0.67


				
				25.09


				
				0.70


				
				I** > II, III, IV


			
	
				Crude protein, % 
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				ogólne, %


				
				22.60


				
				0.43


				
				22.15


				
				0.59


				
				21.91


				
				0.67


				
				22.48


				
				0.55


				
				I > II*, III**; III** <
				IV


			
	
				Intramuscular fat, % 
				
Tłuszcz
				śródmięśniowy, % 
				


				
				2.22


				
				0.83


				
				1.57


				
				0.55


				
				1.92


				
				0.62


				
				1.69


				
				0.70


				
				I > II**, IV*


			
	
				Ash, % – Popiół, %


				
				1.10
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				0.04
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				(n = 20)


			
	
				Dry matter, % 
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				Crude protein, % 
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				22.49
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				Intramuscular fat, % 
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				1.89


				
				0.73


				
				1.81


				
				0.55
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				0.53


				
				1.94
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				1.07


				
				0.08


				
				1.07


				
				0.05


				
				1.11


				
				0.06


				
				1.12


				
				0.12


				
				


				


			
	
				*P ≤ 0.05, **P ≤
				0.01.


			



The redness (a*) of pork depends mainly on the amount of pigments reached by light and the proportion of three chemical forms of myoglobin, while the yellowness (b*) depends almost exclusively on the relative amount of chemical forms of myoglobin [Lindahl et al. 2001Lindahl, G., Lundström, K., Tornberg, E. (2001). Contribution of pigment content, mioglobin forms and internal reflectance to the colour of pork loin and ham from pure breed pigs. Meat Sci., 59, 141–151. https://doi.org/10.1016/S0309-1740(01)00064-X, Karamucki et al.Karamucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google ScholarKaramucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google Scholar 2013].


In the analyzed material the greatest redness (a*) was characteristic for meat from group I, with significantly more red (a*) than the other groups, even after separately considering E and U classes. Meat colour from group I was also characterized by significantly higher yellowness (b*) in comparison with meat colour from groups II, III and IV, also after division of material into E and U classes. The highest a* and b* in group I (50% Pietrain) were probably caused by the highest amount of oxymyoglobin in meat samples in this group, which also had the lowest pH48. As it is known, low pH levels of fresh meat are conducive to the oxidation of myoglobin [Karamucki et al.Karamucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google ScholarKaramucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google Scholar 2013] and its bright red chemical form. Oxymyoglobin has the highest redness (a*) and yellowness (b*) among the three previously mentioned chemical forms of myoglobin [Lindahl et al. 2001Lindahl, G., Lundström, K., Tornberg, E. (2001). Contribution of pigment content, mioglobin forms and internal reflectance to the colour of pork loin and ham from pure breed pigs. Meat Sci., 59, 141–151. https://doi.org/10.1016/S0309-1740(01)00064-X, Karamucki et al.Karamucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google ScholarKaramucki, T., Jakubowska, M., Rybarczyk, A., Gardzielewska, J. 2013. The influence of myoglobin on the colour of minced pork loin. Meat Sci., 94, 234–238. doi:10.1016/j.meatsci.2013.01.014. (). .  Google Scholar 2013]. Brewer et al. [2002]Brewer, M.S., Jensen, J., Sośnicki, A.A., Fields, B., Wilson, E., Mc Keith, F.K. (2002). The effect of pig genetics on palatability, color and physical characteristics of fresh pork loin chops. Meat Sci. 61, 249–256. https://doi.org/10.1016/S0309-1740(01)00190-5 report that chops from Pietrain carcasses had the highest a* while chops from Duroc carcasses had the lowest. The influence of the Pietrain and Duroc genotypes on the redness (a*) of pork was also confirmed in the discussed material – the colour of meat obtained from pigs with 50% Pietrain (group I) was characterized by significantly higher redness (a*), yellowness (b*), and chroma (C*) than from pigs with 25% and especially 50% share of the Duroc breed. Also, the hue angle (h°) of meat in group I was most red (the lowest h°) – significantly more red than groups III and IV, with no significant differences in hue angle (h°) between groups in class E. Hue angle (h°) and chroma (C*) are calculated on the basis of a* and b* – and so they depend both on the amount of pigments reached by light and on the relative number of individual chemical forms of myoglobin. The highest colour chroma (C*) of meat in group I was therefore the result of the highest a* and b* in this group.


The highest WHC, significantly higher than in the other groups, was characteristic of meat from the pigs with 50% Duroc genotype (group IV). At the same time, meat from group III had significantly higher WHC than meat from group II, which was not recorded in class E. The favorable influence of the Duroc genotype on WHC was recorded by Florowski et al. (2006), with better WHC, significantly higher pH1 and pHu, and lower lightness (L*) than from the Pietrain breed, as well as the highest content of intramuscular fat and the best tenderness.


The level of pHu has a significant influence on the quality of pork [Bidner et al. 2004Bidner, B.S., Ellis, M., Brewer, M.S., Campion, D., Wilson, E.R., McKeith, F.K. (2004). Effect of ultimate pH on the quality characteristics of pork. J. Muscle Foods, 15, 139–154. https://doi.org/10.1111/j.1745-4573.2004.tb00717.x; Czarnecka-Skubina et al. 2010Czarnecka-Skubina, E., Przybylski, W., Jaworska, D., Kajak-Siemaszko, K., Wachowicz, I. (2010). Effect of pH24 and intramuscular fat content on technological and sensory quality of pork. Pol. J. Food Nutr. Sci., 60(1), 43–49. Google Scholar] and is related to other quality characteristics of that meat such as colour and WHC, with higher pHu usually accompanied by lower colour lightness (L*) and higher WHC. As mentioned earlier, the lowest average pH48, significantly lower than in the other groups, was found in the case of meat obtained from pigs with 50% Pietrain genotype (group I), which was also noted in the classification of carcasses into E and U classes. On the other hand, the highest mean pH48 was found in meat with 50% Duroc genotype (group IV), being significantly higher than group I and also (apart from class E) group II. These results confirm the significant influence of the Pietrain breed [Florowski et al. 2006Florowski, T., Pisula, A., Słowiński, M., Orzechowska, B. (2006). Processing suitability of pork from different breeds reared in poland. Acta Sci Pol., Technol. Aliment., 5(2), 55–64. Google Scholar] and Duroc breed [Blanchard et al. 1999Blanchard, P.J., Warkup, C.C., Ellis, M., Willis, M.B., Avery, P. (1999). The influence of the proportion of Duroc genes on growth, carcass and pork eating quality characterisics. Anim. Sci., 68, 495–501. https://doi.org/10.1017/S1357729800050505, Florowski et al. 2006Florowski, T., Pisula, A., Słowiński, M., Orzechowska, B. (2006). Processing suitability of pork from different breeds reared in poland. Acta Sci Pol., Technol. Aliment., 5(2), 55–64. Google Scholar, Li et al. 2013Li, Y.X., Cabling, M.M., Kang, H.S., Kim, T.S., Yeom, S.C., Sohn, Y.G., Kim, S.H., Nam, K.C., Seo, K.S. (2013). Comparison and correlation analysis of different swine breeds meat quality. Asian Australas. J. Anim. Sci., 26(7), 905–910. https://doi.org/10.5713/ajas.2012.12622] on meat pHu.


Between Class E and Class U crossbreeds, there were no significant differences in lightness (L*) or hue angle (h°) of meat colour, WHC, or pH48. In group I the meat colour obtained from class E carcasses was characterized by significantly higher redness (a*), yellowness (b*), and chroma (C*), and in groups I and II, significantly higher yellowness (b*) and chroma (C*) than meat colour in class U.


Table 3 shows how the percentages of dry matter, crude proteins, intramuscular fat, and ash in the meat were shaped in the studied groups. The results indicate that the percentage of meat was mainly influenced by the type of crossbreeding, while the influence of the muscle class was statistically insignificant. The highest dry matter content was recorded in group I (50% Pietrain). In this group the highest content of intramuscular fat was also recorded, with a significant difference recorded only between groups I and II, and between groups I and II and IV in class E. Also, Daszkiewicz et al. [2005]Daszkiewicz, T., Bąk, T., Denaburski, J. (2005). Quality of pork with different intramuscular fat (IMF) content. Pol. J. Food Nutr. Sci., 55(1), 31–35. Google Scholar stated that an increase in the fat content in the meat was accompanied by an increase in its dry matter content. At the same time, these authors noted a decrease in the concentrations of crude protein and ash, which was not found in this study. The content of crude protein in meat in group I was significantly higher than in groups II and III and significantly lower in group III than in II and IV. In class E, the content of crude proteins was significantly higher in group I than in II and III and significantly lower in group III than in IV. On the other hand, in class U, the crude protein content was significantly higher in group I than in III. On the other hand, ash content was significantly lower in group I than in III and significantly lower in group II than in III and IV. In class E ash content was significantly lower in group II than in the other groups and significantly higher in group III than in IV. In class U, however, no significant differences in ash content between the groups were observed.


As mentioned in the introduction, studies by other authors [Blanchard et al. 1999Blanchard, P.J., Warkup, C.C., Ellis, M., Willis, M.B., Avery, P. (1999). The influence of the proportion of Duroc genes on growth, carcass and pork eating quality characterisics. Anim. Sci., 68, 495–501. https://doi.org/10.1017/S1357729800050505, Laube et al. 2000Laube, S., Henning, M., Brandt, H., Kallweit, E., Glodek, P. (2000). Meat quality in pig crosses with special quality characteristics as compared to present standard and brand pork supply. Arch. Tierz., 43, 463–467. https://doi.org/10.5194/aab-43-463-2000, Alonso et al. 2015Alonso, V., Muela, E., Gutiérrez, B., Calanche, J.B., Roncalés, P., Beltrán, J.A. (2015). The inclusion of Duroc breed in maternal line affects pork quality and fatty acid profile. Meat Sci., 107, 49–56. https://doi.org/10.1016/j.meatsci.2015.04.011] indicate that the Duroc genotype in crossbreeding increases the intramuscular fat content of their offspring. The appropriate content of that fat in pork has a positive influence on its sensory and technological quality [Fernandez et al. 1999Fernandez, X., Monin, G., Talmant, A., Moyrot, J., Lebret, B. (1999). Influence of intramuscular fat content on the quality of pig meat – 1. Composition of lipid fraction an sensory characteristics of m. longissimus lumborum. Meat Sci., 53, 59–65. https://doi.org/10.1016/S0309-1740(99)00037-6, Fortin et al. 2005Fortin, A., Robertson, W.M., Tong, A.K.W. (2005). The eating quality of Canadian pork and its relationship with intramuscular fat. Meat Sci., 69, 297–305. https://doi.org/10.1016/j.meatsci.2004.07.011, Czarnecka-Skubina et al. 2010Czarnecka-Skubina, E., Przybylski, W., Jaworska, D., Kajak-Siemaszko, K., Wachowicz, I. (2010). Effect of pH24 and intramuscular fat content on technological and sensory quality of pork. Pol. J. Food Nutr. Sci., 60(1), 43–49. Google Scholar]. In this study, the intramuscular fat content in meat was not high in all groups, and in group I, the highest, it was 2.05%, while in group IV (50% Duroc) it was only 1.82%. Fortin et al. [2005]Fortin, A., Robertson, W.M., Tong, A.K.W. (2005). The eating quality of Canadian pork and its relationship with intramuscular fat. Meat Sci., 69, 297–305. https://doi.org/10.1016/j.meatsci.2004.07.011 reported that 1.5% of intramuscular fat was the minimum level necessary to ensure a pleasing eating experience. In contrast, Daszkiewicz et al. [2005]Daszkiewicz, T., Bąk, T., Denaburski, J. (2005). Quality of pork with different intramuscular fat (IMF) content. Pol. J. Food Nutr. Sci., 55(1), 31–35. Google Scholar found that only an IMF (intramuscular fat) level above 3% had a positive effect on the palatability, juiciness, and tenderness of pork.


In all groups of crossbreeds, no significant differences in the percentage of dry matter, crude protein, intramuscular fat or ash were found between class E and class U.


The development of meat quality traits in the examined pork meat was mainly influenced by the type of cross-breeding, while the influence of the class (E and U) was most often insignificant.



CONCLUSIONS


It was found that the highest redness (a*), yellowness (b*), and chroma (C*), the lowest pH48, and the highest dry matter level were characteristic for meat obtained from the carcasses of 50% Pietrain crossbreed pigs, while the lowest lightness (L*), the highest WHC and the highest pH48 were characteristic for meat obtained from the crossbreed carcasses of the Duroc breed. No significant differences were found in any of the groups of crossbred pigs between the E and U classes in lightness (L*) and hue angle (h°), WHC, pH48, percentage of dry matter, crude protein, intramuscular fat or ash content in the meat. The quality features of the examined meat were influenced mainly by the type of commercial cross-breeding, while the influence of the class (E, U) was usually insignificant. The obtained results confirm the results of other authors' research indicating the significant influence on the quality of the pork meat by the different proportions of Pietrain and Duroc genotypes in commercial cross-breeding.
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