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ABSTRACT 

The aim of study was to evaluate the effect of intramuscular fat content on physical parameters and proximate composition 

in musculus longissimus dorsi (MLD) from Mangalitsa breed and Slovak Large White x Mangalitsa crossbreed. In the study, 

sixteen pigs of Mangalitsa and twenty-two pigs of Slovak Large White x Mangalitsa crossbreed were used. The pigs were 

reared under intensive condition and all animals were fed ad libitum with complete fattening feed mixture. The fattening 

period started from 30 kg of live weight. Then the pigs were slaughtered at 100 kg of live weight. Chemical analysis showed 

that MLD from Mangalitsa had lower protein content, higher moisture content (p <0.05) and higher content of intramuscular 

fat compared to Slovak Large White x Mangalitsa crossbreed. As regarding the cholesterol content in MLD, no significant 

differences were found between genotypes, but the cholesterol content was higher in MLD from Mangalitsa than in MLD 

from crossbreeds. The MLD from Mangalitsa exhibited lower CIE L* (p <0.01) and CIE b* (p <0.01) values 45 min post 

mortem compared to crossbreeds. Colour parameters increased after 7 days post mortem, which is normal due to the maturing 

process of the meat. Then the CIE L* value was lower in MLD from Mangalitsa (p <0.01), but CIE a* value was higher in 

relation to crossbreeds (p <0.05). As regards the Warner-Bratzler shear force, the meat from Mangalitsa was tenderer than in 

crossbreeds (p <0.05). Intramuscular fat in the meat positively correlated with colour parameter CIE a* (r = 0.324; p <0.05) 

as well as cholesterol content (r = 0,656; p <0.001). In contrast in the study was found negative correlations between 

intramuscular fat in meat with moisture content (r = -0.399; p <0.05) and protein content (r = -0.812; p <0.001). It can be 

concluded that the percentage of intramuscular fat significantly influenced the physical and the chemical parameters of pork. 

The meat from Mangalitsa is more suitable for production of special meat products (fermented and smoked). 

Keywords: crossbreeds; intramuscular fat; Mangalitsa; musculus longissimus dorsi; pork  

INTRODUCTION 
 Meat quality is evaluated according to quality parameters 

such as pH, colour or intramuscular fat content. Meat colour 

is one of the main quality properties which influence 

consumer's acceptance, but also reflects the quality of meat 

(Estévez, Morcuende and Cava, 2003; Alonso et al., 

2009). Within the qualitative parameters of meat, evaluating 

percentage of intramuscular fat seems to be the best way to 

separate indigenous pigs from commercial breeds (Pugliese 

and Sirtori, 2012), because it is usually observed that 

intramuscular fat content in important cuts of pork is less 

than 1.5% in pig meat breeds (Hamill et al., 2012). Jeong 

et al. (2010) indicated that intramuscular fat content is 

important factor that contribute to eating quality and it is 

influenced by genotype, gender, age and diet. Some reports 

indicate that when intramuscular fat content increases from 

1% to 3%, the qualitative parameters increase at high rate. 

However as intramuscular fat content increase from 3% to 

6%, the qualitative traits also improve, but at the lower 

levels.  

 The indigenous breeds such as Iberian and Mangalitsa are 

known to have desirable quality properties of meat that 

could be of interest to farm, giving the possibility to produce 

unique high-quality meat products. These indigenous 

breeds have a high intramuscular fat content (Straadt, 

Aaslyng and Bertram, 2013). Mangalitsa is one of the 

most popular rustic pig breeds in Europe, because the meat 

has excellent properties, such as taste, marbling and low 

cholesterol content (Pârvu et al., 2012). This breed is also 

characterized by dark colour of meat, robust constitution 

and slower growth rate with higher content of fat in carcass 

(65% – 70%) and reduced content of meat (30% – 35%) in 

carcass compared to commercial breeds (Egerszegi et al., 

2003; Stanišić et al., 2013). 

 In the intensive pig production, the most common 

crossbreeding program is to use breeds such as Large White, 

Duroc, Pietran, to improve some production parameters as 
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well as qualitative traits in meat (Alonso et al., 2015). In the 

last several decades, pigs have been crossed for the rapid 

production of lean meat and to increase the slaughter yield. 

According to this, most recent pig breeds have less than 2% 

of intramuscular fat in meat with exception of Duroc breeds 

(Suzuki et al., 2003; Sheard et al., 2005; Alonso et al., 

2009).  

 Literature is controversial if the percentage of meat 

intramuscular fat in affects several quality traits. With this 

purpose, the objective of this experiment was to evaluate the 

effect of intramuscular fat content on physical parameters 

and proximate composition in musculus longissimus dorsi 

(MLD) from Mangalitsa breed and their Slovak Large 

White x Mangalitsa crossbreed.  

 

Scientific hypothesis  
 Created crossbreeds Slovak Large White and Mangalitsa 

will have fattening as well as production comparable to 

Slovak Large White, at which the qualitative traits of meat 

will be a prerequisite for the production of specific products 

based on fermentation, smoking and drying. 

 

MATERIAL AND METHODOLOGY  

Biology material 
 The experiment was implemented in the Experimental 

centre of animal at the Slovak University of Agriculture 

(SUA) in Nitra. Thirty-eight pigs were studied, and they 

were divided into two groups with different genotype: 

Mangalitsa breed (n = 16) and Slovak Large White  

x Mangalitsa crossbreed (n = 22).  

 

Feeding and rearing conditions 
 Pigs of Mangalitsa breed were reared under intensive 

conditions. The pens were situated outdoor. The pen 

consisted of concrete floor and the straw was used as 

bedding. The Mangalitsa pigs were housed in groups of 4. 

The pigs were fed by feed mixture (FM) for fatteners (Table 

1), which received this feed mixture and drinking water by 

ad libitum system. The crossbreed Slovak Large White x 

Mangalitsa (SLW x Ma) were reared under intensive system 

in the indoor conditions. The size of pen was 3.10 m x 1.07 

m. The pen was divided into bedding area (2.54 m2) 

differenced by defecating area (0.96 m2). The floor in the 

bedding area consisted of agro-pavage and the floor in 

defecating area was composed of grate. The crossbreeds 

SLW x Ma received complete feed mixture applied at the 

different growth phases: until 35 kg OS-03, from 35 kg to 

65 kg OS-04 and above the 65 kg OS-05. The composition 

of complete feed mixtures and nutrient content are 

presented on Table 1. The pigs received drinking water and 

feeding with ad libitum system.  

 

Sampling 
Pigs were slaughtered upon reaching 100 kg of live 

weight, so the fattening period lasted from 30 kg to 100 kg 

of live weight. Pigs were slaughtered in the slaughterhouse 

at the Experimental centre of Animals (SUA in Nitra). 

Firstly, the animals were electrically stunned by electric 

forceps during 4 s with voltage 250 V and the amperage 1.3. 

The stunned animal was hooked for Achilles tendon and 

then was killed by bleeding. The slaughtering was realized 

according to Government regulation (SR) no. 432/2012 of 

the coll. of Slovak Republic establishing the protection of 

animals during the slaughter. Samples of musculus 

longissimus dorsi (MLD) were dissected from the right-half 

carcasses. The MLD was taken at the level of the last 

thoracic vertebra. The dissection of carcasses was done 

performed according to standard practices of fattening-

status and slaughter values in Slovakia.  

 

Analysis of pH, electric conductivity and drip loss 
pH values 45 min (pH45) and 24 h (pH24) post mortem in 

MLD were measured by pH meter Hanna HI99161 in units 

log.molc(H+). The electric conductivity was determined  

45 min (EC45) and 24 h (EC24) post mortem by using an 

instrument Tecpro in unit mS.cm-1. Drip loss in MLD was 

Table 1 Composition of diet for pigs. 

Traits FM OS03 OS04 OS05 

Corn (%) 50 10 10 7 

Barley (%) 10 22 25 28 

Wheat (%) 

Wheat bran (%) 

10 

0 

44 

7 

42 

8 

49 

6 

Soybena meal (%) 10 13 12 7 

Sunflower seed (%) 

Granuled alfalfa (%) 
1Mineral and vitamin supplement (%) 

10 

7 

3 

0 

0 

3 

0 

0 

3 

0 

0 

3 

Note: 1retinol 200 000 m.j., cholecalciferol 30 000 m.j., α-tocopherol 400 mg, riboflavin, 80 mg, pyridoxine 30 mg, 

cyanocobalamin 1000 mg, niacinamide 300 mg, folic acid 2 mg, pantothenic acid 300 mg, cholinchlorid 4000 mg, Cu 600 

mg, Fe 3400 mg, Zn 1000 mg, Mn 1000 mg, I 30 mg, Se 8 mg. 

 

 

 Table 2 Nutrient composition of diets for pigs. 

Traits FM OS03 OS04 OS05 

Crude protein (g) 134 160 150 120 

Metabolisable energy (MJ) 12.6 12.6 12.7 12.6 

Fibre (g) 

Lysine (g) 

43 

9.7 

43 

9.7 

41 

8.6 

38 

6.4 

 

 

 

 



Potravinarstvo Slovak Journal of Food Sciences 

Volume 13 424  No. 1/2019 

measured 24 h post mortem by the method according to 

Honikel (1998).  

 

Instrumental colour and Warner-Bratzler shear 

force 
 Meat colour was measured in MLD 24 h and 7 days post 

mortem by using spectrophotometer CM-2600d with CIE 

Lab space and illuminate D65 (Konica Minolta, Japan). 

Commission Internationale de l'Eclairage (1975) 

determined the following colour coordinates: L* (lightness, 

white ± black), a* (redness, red ± green) and b* 

(yellowness, yellow ± blue). Values were recorded from the 

average of three random readings across each muscle 

surface. After 7 day – storage at temperature 4 ±1 °C, the 

Warner-Bratzler shear force was analysed. The samples 

were heated to internal temperature of 71 ±1 °C for  

30 minutes and subsequently chips in 1x1 cm sheared across 

fibers. Warner-Bratzler shear force of meat was determined 

using a Warner-Bratzler shear device Chatillon (U.S.A), in 

accordance with Goodson et al. (2002). The shear of device 

was set up according to producer (capacity of tensometer 

was 5 kg; speed was constant 0.005 m.s-1). 

 

Proximate composition 
 The basic chemical parameters such as total water, total 

protein and intramuscular fat content were measured by the 

FT IR method (FourierTransform InfraTed) by using device 

Nicolet 6700 (Thermo Scientific, USA). FT IR is method of 

infrared spectroscopy. The homogenized sample is placed 

on the imagine opening of the integration sphere and 

absorbs infrared radiation. The final spectrum is shown 

molecular absorption and wavelength transmission (4000 – 

10 000 nm) using an interferogram, what is made as 

fingerprint of sample. 

 

Statistical analysis 
 The effects of genotype on studied parameters were 

analysed by the analysis of variance (ANOVA) using the 

Statistic Analysis System (SAS) package: SAS 9.2 using of 

application Enterprise Guide 5.1. (SAS Institute Inc., 

2012). Means and standard deviation (SD) are presented in 

Tables. When ANOVA was significant the means were 

compared using Tukey's test. The correlation between 

intramuscular fat content in meat and physico-chemical 

parameters were analysed by calculation of Pearson's 

coefficient. The correlation between intramuscular fat 

content and protein content, cholesterol content as well as 
Warner-Bratzler shear force was expressed by linear 

regression.  

 

RESULTS AND DISCUSSION 
 The results of physical and chemical parameters of MLD 

from genotypes are presented in Table 3 and Table 4. The 

pH 45 min and 24 h post mortem was not influenced by 

genotypes. The values of pH decreased after 24 hours post 

mortem, what agrees with studies of Lindahl et al. (2006) 

and Young, Bertram and Oksbjerg (2009). MLD of 

Mangalitsa pigs had slightly higher values of pH 45 min and 

24 h post mortem than crossbreeds SLW x Ma. Similarly, 

Tomović et al. (2016) confirmed that MLD of Mangalitsa 

had higher values of pH compared to their crossbreed 

(ph45min 6.37 vs. 6.26; pH24h 5.72 vs. 5.53). Sirtori et al. 

(2011) indicate that indigenous breed Cinta Senese had 

higher value of pH in MLD compared to crossbreed Italian 

Large White x Cinta Senese. The indigenous pig breed 

Chato Murciano had also higher value of pH in MLD than 

their crossbreed Chato Murciano x Iberian pig, what is 

obtained by Galián et al. (2007).  

 Electric conductivity (EC) 45 min post mortem was lower 

in MLD of Mangalitsa pigs compared to crossbreeds SLW 

x Ma. The EC increased after 24 hours post mortem, 

whereby Mangalitsa pigs had lower EC24 than crossbreeds 

SLW x Ma, Electric conductivity (EC) 45 min post mortem 

was lower in MLD of Mangalitsa pigs compared to 

crossbreeds SLW x Ma. The EC increased after  

24 hours post mortem, whereby Mangalitsa pigs had lower 

EC24 than crossbreeds SLW x Ma, indicating statistical 

significance (p <0.05). In the same way, values of drip loss 

were lower in MLD of Mangalitsa in relation to crossbreeds 

SLW x Ma. Most commonly, pH and electrical conductivity 

are used as indicators for pale, soft, exudative (PSE) meat 

(Warriss et al., 1998; Josell, Von Seth and Tornberg, 

2003; Altmann et al., 2005). Mörlein et al. (2007) applied 

strict levels for determination of PSE meat, when pH45  

<6.0 – 5.8 are used as threshold levels. Then, EC24 values 

above 9 – 7 mS.cm-1 were applied as PSE meat. Threshold 

parameters for drip loss were above 7 – 9% within 48 h post 

mortem. On the basis of this fact, it was found in our study 

PSE of meat from Mangalitsa pigs fed by LFM. According 

to Lee et al. (2000) exist linear relationship between drip 

loss and electric conductivity, what is in consistent with our 

results. In our study was not determined pale, soft and 

exudative (PSE) meat. As regards Warner-Bratzler shear 

force (W-B), the MLD from Mangalitsa showed lower 

values of shear force 

(2.63 kg.cm-2) compared to crossbreed SLW x Ma  

(3.14 kg.cm-2; p <0.05). The values were notably lower than 

those obtained by Stanišić et al. (2015) in Mangalitsa breed 

and Landrace as well as by Tomović et al. (2016) in MLD 

of Mangalitsa and Large White. Data confirmed that 

Mangalitsa has more tender meat than Landrace and Large 

White. 

 As regards the instrumental colour of MLD measured  

45 min post mortem, the value CIE L* was higher in MLD 

from crossbreed SLW x Ma (p <0.01) compared to MLD 

from Mangalitsa. Similarly, the value CIE b* was higher in 

MLD from crossbreed SLW x Ma (p <0.01) and the value 

CIE a* was lower compared to MLD from Mangalitsa. 

However, no significant differences were found in CIE a* 

value due to genotype after 24h. The colour parameters 
(CIE L*, a*, b*) in MLD increased after 7 days post 

mortem, which is common due to the maturation process of 

the meat. This fact agrees with studies of Estévez, 

Morcuende and Cava (2003), Lindahl et al. (2006) and 

Stanišić et al. (2016). The CIE L* and CIE a* values were 

significantly influenced by genotype where Mangalitsa 

exhibited darker (CIE L*;  

p <0.001) and redder (CIE a*; p <0.05) MLD compared to 

crossbreed SLW x Ma. Although were not found significant 

differences for CIE b* in MLD, Mangalitsa had lower 

values than crossbreed SLW x Ma. It is in accordance with 

Stanišić et al. (2016).  
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Comparing our results with those obtained by Franci et al. 

(2005), we found that their results for CIE L* and CIE b* 

were lower, but CIE a* value was higher. In their study pure 

breed Cinta Senese exhibited darker (CIE L*) and redder 

(CIE a*) meat, but lower value of index b* compared to 

crossbreed Large White x Cinta Senese. Similarly, Szulc et 

al. (2012) obtained that pure breed Zlotnicka spotted had 

higher values of CIE L*, CIE a* as well as CIE b* compared 

to crossbreed Zlotnicka spotted x Polish Large White. On 

the contrary Poto, Galián and Peinado (2007) worked with 

Spanish indigenous breed Chato Murciano and they found 

lower values of colour parameters in MLD from crossbreed 

Chato Murciano x Large White than in indigenous breed 

Chato Murciano. On the other hand, Renaudeau and 

Mourot (2007) studied differences on meat quality between 

indigenous pigs Creole and Large White, where Creole pigs 

had lower colour parameters in relation to Large White. 

Bednářová et al. (2014) analyzed samples of pork 72 hours 

post mortem from different supliers. L* value from m. 

semimenbranosus was found from 46.13 to 48.53 

Regarding the proximate parameters, water content was 

significantly higher in MLD from Mangalitsa than in MLD 

from crossbreed SLW x Ma (p <0.05). The MLD from 

Mangalitsa had lower protein content (p <0.05), but higher 

percentage of intramuscular fat than MLD from crossbreed 

SLW x Ma, where the difference did not reach the 

significance. Franci et al. (2005) observed that pure breed 

Cinta Senese had lower water content as well as protein 

content compared to their crossbreed Large White x Cinta 
Senese and the percentage of intramuscular fat was higher. 

Data are in accordance with our results except to water 

content in MLD. Our results showed higher values of water 

content and protein content, but lower percentage of 

intramuscular fat than in study of Sirtori et al. (2011) and 

Parunović et al. (2013). In their study, the indigenous 

breeds such as Cinta Senese, compared to Mangalitsa, had 

lower percentage of water as well as protein content and 

higher percentage of intramuscular fat in meat compared to 

commercial breeds. According to Serra et al. (1998), the 

pure breed Iberian had lower water and protein content, 

while the percentage of intramuscular fat was higher than 

Landrace pig meat. The results of cholesterol content were 

in accordance with percentage of intramuscular fat content 

in MLD, however no significant differences were found due 

to genotype. As regards the cholesterol content, Pârvu et 

al. (2012) determined, that Large White pig meat had higher 

cholesterol content with lower percentage of intramuscular 

fat (cholesterol content 41.64 mg.100g-1; IMF 23.21%) 

compared to Mangalitsa (cholesterol content 61.24 

mg.100g-1; IMF 10.69%). These results are in contrast with 

ours. The cholesterol content of MLD was in the study of 

Parunović et al. (2013) and Parunović et al. (2015) higher 

than in our results, but they confirmed that Mangalitsa had 

higher value of cholesterol compared to Swedish Landrace 

pig meat. Similarly, Salvatori et al. (2008) found that 

indigenous pigs Casertana had higher cholesterol content in 

MLD than their crossbreeds Casertana x Large White. On 

the other hand, Stajić et al. (2011) indicated that Mangalitsa 

had lower cholesterol content in meat in relation to 

Landrace. Although it is saying that Mangalitsa pigs had 

lower cholesterol content in the meat, it can be confirmed 

by our study that Mangalitsa had higher cholesterol content 

than their crossbreeds. 

 Table 5 shows coefficients of Pearson's correlation 

between physico-chemical parameters and intramuscular fat 

content in musculus longissimus dorsi. The percentage of 

intramuscular fat (IMF) in MLD was positively correlated 

(p <0.05) with CIE a* 7 days post mortem  

(r = 0.324) and also with cholesterol content (r = 0.656;  

p <0.001). The relationship between percentage of 

intramuscular fat and cholesterol content in meat is shown 

by Figure 1. In contrast, the IMF in MLD was negatively 

correlated with percentage of water (r = 0.399; p <0.05) and 
with protein content in MLD (r = -0.812; p <0.001). These 

results are in accordance with study of Vranic et al. (2015) 

and Tomović et al. (2016). Figure 2 represents the 

relationship between intramuscular fat content and protein 

content in meat by linear regression. As regarding the 

Warner-Bratzler shear force, no significance was found 

between intramuscular fat and tenderness of meat. The 

results are in accordance with Jeong et al. (2010). On the 

contrary, Barlocco et al. (2006) found positive correlation 

between Warner-Bratzler shear force and intramuscular fat 

content in the meat. In other parameters, no significant 

correlations were found.  

 

 

 

 Table 3 Physical parameters of musculus longissimus dorsi. 

Parameters 
Mangalitsa (n = 16) 

Mean ±SD 

SLW x Ma (n = 22) 

Mean ±SD 
p <value 

pH45min (log.molc(H+)) 6.09 ±0.27 6.02 ±0.19 0.425 

pH24hours (log.molc(H+)) 5.69 ±0.07 5.68 ±0.11 0.850 

EC45min (mS.cm-1) 3.31 ±1.27 3.92 ±0.47 0.284 

EC24hours (mS.cm-1) 9.31 ±1.91 10.86 ±2.25 0.019 

Drip loss24hours (%) 7.15 ±2.99 8.22 ±2.78 0.262 

Colour24hours CIE L* 53.06 ±4.34 58.12 ±4.93 0.002 

Colour24hours CIE a* 3.21 ±1.36 2.50 ±1.51 0.139 

Colour24hours CIE b* 10.41 ±1.53 11.89 ±1.45 0.005 

Colour7days CIE L* 54.51 ±4.67 60.46 ±4.58 0.001 

Colour7days CIE a* 6.67 ±2.98 5.03 ±2.01 0.044 

Colour7days CIE b* 13.14 ±2.56 14.04 ±1.92 0.228 

Warner-Brazler shear force (kg.cm-2) 2.63 ±0.75 3.14 ±0.65 0.031 

Note: SW: slaughter weight, SLW x Ma: crossbreeds Slovak Large White x Mangalitsa, SEM: Standard error of mean. 
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 Table 4 Chemical parameters of musculus longissimus dorsi. 

Parameters 
Mangalitsa (n = 16) SLW x Ma (n = 22) 

p <value 
Mean SD Mean SD 

Total water (%) 73.53 0.61 73.01 0.58 0.017 

Total protein (%) 24.15 0.66 24.56 0.34 0.019 

Intramuscular fat (%) 1.93 0.91 1.66 0.59 0.286 

Cholesterol (mg.100g-1) 43.01 7.16 38.91 10.41 0.203 

Note: SW: slaughter weight, SLW x Ma: crossbreeds Slovak Large White x Mangalitsa, SD: standard deviation. 

 

 Table 5 Pearson's correlation coefficient between physico-chemical parameters and intramuscular fat content in 

musculus longissimus dorsi of the pigs. 

Parameters IMF 

pH45min  0.071 

pH24hours  -0.186 

EC45min  -0.134 

EC24hours  -0.161 

Drip loss24hours  -0.221 

Colour24hours CIE L* -0.046 

Colour24hours CIE a* 0.126 

Colour24hours CIE b* 0.044 

Colour7days CIE L* -0.082 

Colour7days CIE a* 0.324* 

Colour7days CIE b* 0.134 

Warner-Brazler shear force  -0.153 

Total water -0.399* 

Total protein -0.812*** 

Cholesterol 0.656*** 

Note: IMF: intramuscular fat content, ***: p <0.001,*: p <0.05 

 

    

 
 Figure 1 Intramuscular fat content in meat in relation to cholesterol content (%). 

 

 

 
 Figure 2 Intramuscular fat content in meat in relation to protein content (%). 
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CONCLUSION 
 Chemical analysis showed that MLD from Mangalitsa had 

lower protein content (24.15, resp. 24.56%) and higher 

content of intramuscular fat (1.93, resp. 1.66%) compared 

to Slovak Large White x Mangalitsa crossbreed. As regards 

the Warner-Bratzler shear force, the meat from Mangalitsa 

was tenderer than in crossbreeds (p <0.05). Intramuscular 

fat in the meat positively correlated with colour parameter 

CIE a* (r = 0.324; p <0.05) as well as cholesterol content (r 

= 0.656; p <0.001). Cholesterol content was found 

statistically non-significant difference (Mangalitsa 43.01 

and SLW x Ma 38.91 mg.100 g-1). 

 It can be concluded that the percentage of intramuscular 

fat significantly influenced the physical and the chemical 

parameters of pork. As regards the differences between 

genotypes, Mangalitsa has darker, redder and tenderer meat 

with lower moisture content and higher intramuscular fat 

content compared to crossbreeds Slovak Large White x 

Mangalitsa. The meat from Mangalitsa is more suitable for 

production of special meat products (fermented and 

smoked). 
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