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abstract
the material for the study consisted of 80 samples taken from the longissimus lumborum (ll) and 
semitendinosus (ST) muscles of young bulls of five breeds (8 samples of each muscle per breed), 
including three native breeds included in the genetic resources conservation programme, i.e. Pol-
ish red, White-backed and Polish black-and-White, which together with the simmental and  
Polish Holstein-Friesian breeds. The content of the elements (K, Na, Mg, Ca, Zn, Fe, Mn, and 
Cu) analysed in the meat of the young bulls (fattened in a semi-intensive system on fodder from 
permanent grassland) was found to depend (in varying degrees) on the breed of cattle. The great-
est differences (P<0.01 and P<0.05) were noted between the Polish Holstein-Friesians (PHF) and 
the remaining breeds, mainly in the content of Mg, Ca, Zn and Mn. The results obtained in the 
four other breeds for most of the macro- and microelements were more uniform, with the highest 
content noted in the muscles of the young bulls of the native breeds. 
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Mineral deficiencies in the human diet continue to be a current problem all over 
the world. They can be particularly dangerous for children, pregnant women and the 
elderly. Red meat (primarily beef) is regarded as one of the best means of prevent-

*Source of research financing: Research was realized within the project “BIOFOOD – innovative, 
functional products of animal origin” no. POIG.01.01.02-014-090/09 co-financed by the European Un-
ion from the European Regional Development Fund within the Innovative Economy Operational Pro-
gramme 2007–2013.
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ing mineral deficiencies, as it supplies essential elements with high bioavailability, 
particularly Fe and Zn (Cabrera et al., 2010; García-Vaquero et al., 2011; Williams, 
2007; Williamson et al., 2005). 

The main source of beef in many EU countries (particularly in Central Europe) is 
dairy breeds of cattle (primarily Holstein-Friesian) and dual-purpose breeds such as 
Simmental, with beef breeds playing a minor role (Nogalski et al., 2014). The cattle 
population in Poland is characterized by marked dominance of the dairy breed Hol-
stein-Friesian (Black-and-White and Red-and-White varieties), followed by the Sim-
mental breed, which is a dual-purpose breed (dairy and beef). The dual-purpose type 
of cattle is also represented by four native breeds included in the genetic resources 
conservation programme, i.e. Polish Red (protected since 1999), White-Backed 
(since 2003), Polish Red-and-White (since 2006) and Polish Black-and-White (since 
2007). 

According to García-Vaquero et al. (2011) and Lombardi-Boccia et al. (2005) 
microelement content in meat as reported in the literature varies considerably, which 
can be linked to various factors, including different animal farming techniques and 
the type of muscle analysed. The global improvement in the quality of life in recent 
years has raised consumer expectations regarding food, including beef. Consumers 
are particularly interested in products (or raw materials) of high nutritional value, 
with functional and bioactive components that play a significant role in maintain-
ing health (Scollan et al., 2006). This type of food should be considered to include 
products obtained from local breeds of cattle, usually raised on low-input farms with 
a traditional feeding system, i.e. green forage in the summer and hay in the winter 
(Litwińczuk et al., 2014). Animals fed on pasture forage supply meat with a more 
favourable proportion of n-6/n-3 acids and higher content of beneficial PUFA (es-
pecially n-3) and of other biologically substances, including vitamin E, carotenoids, 
iron and zinc (Cabrera and Saadoun, 2014). García-Vaquero et al. (2011) claim that 
differences in essential metal concentrations between muscles could be related to 
differences in metabolic activity and/or blood circulation among muscles. Moreover, 
the most active muscles and those containing less fat have the ability to accumulate 
greater amounts of essential microelements and smaller amounts of non-essential 
ones. 

In recently published studies (Cabrera et al., 2010; Pilarczyk, 2014; Ramos et al., 
2012) analysing mineral content in beef from cattle raised in the same conditions, 
breed was found to be a significant factor determining the content of elements in 
muscle tissue. 

Several studies have recently been published concerning the carcass value and 
physicochemical properties of the meat of native cattle breeds (Iwanowska et al., 
2010; Litwińczuk et al., 2012; Litwińczuk et al., 2014), but information is lacking 
on the content of macro- and microelements in the meat of these animals. Therefore, 
a study was undertaken in order to analyse the content of selected macro- and mi-
croelements in 2 muscles of young bulls of three native breeds – Polish Red (PR), 
White-Backed (WB) and Polish Black-and-White (PBW) – and to compare the re-
sults with the meat of young Simmental (SIM) and Polish Holstein-Friesian (PHF) 
bulls fattened in the same conditions. 
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material and methods

The research material consisted of samples of the longissimus lumborum (LL, 
n=40) and semitendinosus (ST, n=40) muscles collected from the carcasses of young 
bulls of 5 breeds (8 from each breed). The calves included in the experiment were 
purchased in south-eastern Poland from local breeders. During the initial period the 
calves were fed with milk and milk substitutes, and subsequently grass forage, hay, 
and concentrate (up to 6 months of age).

After this period the semi-intensive fattening was initiated and continued for 12 
months, including both a winter and a summer feeding season. The animals were 
housed in a tie-stall system. The basic feed during the winter consisted of hay and 
maize silage, and in the summer mainly grass forage supplemented with maize silage 
and hay. The feed rations were supplemented with small amounts of grain meal. The 
bulls were slaughtered at the age of 18–20 months. Muscle samples were collected 
during dissection of the right half of the carcasses (following 24-hour refrigeration 
at 2°C, relative humidity 85%), vacuum-packed in PA/PE vacuum bags and stored at 
2–4°C until analysis, 48 h after slaughter. 

The muscles’ samples (1 g) were wet-digested with 9 ml concentrated nitric acid 
(Suprapur grade, Merck) using a MarsXpress microwave oven (CEM Corporation, 
Matthews, NC, USA). Digested samples were transferred to polypropylene tubes 
and diluted to 25 ml with ultrapure water. A blank digest (9 ml HNO3) was carried 
out in the same way. The concentration of major elements (potassium, sodium, cal-
cium and magnesium) and minor elements (zinc, iron, manganese and copper) was 
determined by means of flame atomic absorption spectrometry (FAAS; air-acetylene 
flame) using a Varian Spectra 240FS spectrometer.

Table 1. The detection limits (LOD), mineral concentrations and recoveries (mean ± standard deviation)

LOD
(mg/kg)

Standard Reference Material
1577c Bovine Liver Recovery

(%)
certified value (mg/kg) measured value (mg/kg)

K 0.04 10.230±640 9.868.6±480.71 96.5
Na 0.01 2.033±64 2.086.1±69.23 102.6
Ca 0.22 131±10 140.4±6.63 107.1
Mg 0.47 620.4±42 627.1±42.06 101.1
Zn 0.01 181.1±1.00 176.1±4.54 97.2
Fe 0.09 197.9±0.65 196.5±2.09 99.8
Mn 0.01 10.5±0.47 10.5±0.71 100.3
Cu 0.01 275.±4.60 287.2±7.02 104.4

In order to determine sodium and potassium levels, a solution of caesium chlo-
ride was added as a deionized buffer to all of the samples and standards. A lanthanum 
chloride solution was used as a correction buffer to determine calcium and potassium. 
During the analysis deuterium background correction was used and limits of quan-
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tification (LOQ) and detection (LOD) were taken into account. Method accuracy 
was evaluated using minerals determined in the Standard Reference Material 1577c 
Bovine Liver. The limits of detection, certified and measured value, and recovery are 
presented in Table 1. The analyses were performed in triplicate. The content of major 
and minor elements in the samples was expressed in mg/kg wet mass.

The statistical analyses were performed using SAS Enterprise Guide 6.1 soft-
ware (SAS, 2013). To test the normality and the homogeneity of variance of data, 
Kolmogorov–Smirnov’s test and Levene’s F-test, respectively, were used. One-way 
analysis of variance (ANOVA), followed by Tukey’s (HSD) test, was used to com-
pare means of mineral concentration in the individual muscles of different cattle 
breeds (PR, WB, PBW, SIM and PHF). Differences between means at confidence 
levels of 95% and 99% (P<0.05 and P<0.01, respectively) were considered statisti-
cally significant. 

results

The data in Tables 2 and 3 show that the content of K, Na, Mg, Ca, Zn, Mn 
and Cu in the meat of the young bulls (fattened in a semi-intensive system mainly 
based on fodder from permanent grassland) depended on the breed of cattle. In both 
muscles analysed (LL and ST), the content of Mg and Ca was significantly lower 
in the dairy breed (PHF), and in the ST muscle K content was lower as well. The 
average content of Mg in the meat of the PHF bulls was 227.2 mg/kg in the ST and  
246.6 mg/kg in the LL, which was nearly 1/3 lower than in the meat of the native breeds  
(PR, WB and PBW) and the Simmentals, which represent a dual-purpose type  
of cattle. It should be emphasized that in all dual-purpose breeds Mg content was 
very comparable, ranging from 295.2 mg/kg in the LL of the WB bulls to 323.7 mg/
kg in the ST of the PR bulls. Similar tendencies were noted for Ca content. In the 
meat of the PHF bulls it was also very similar in the two muscles, i.e. 19.8 mg/kg 
(ST) and 21.0 mg/kg (LL), and nearly two times lower than in the other four dual-
purpose breeds (32.7–47.4 mg/kg). The highest Ca content was noted in the muscles 
of the young bulls of the native breeds, particularly WB and PBW, for which the 
differences were significant not only with respect to PHF but in comparison with 
SIM as well. 

The data in Tables 2 and 3 show that both muscles of the young bulls of the dairy 
breed PHF contained significantly (P<0.05) more Zn, and the ST muscle also con-
tained more Mn (P<0.05). Zn content in the two muscles was very similar in the PHF 
bulls (41.9 mg/kg in the LL and 40.5 mg/kg in the ST), and considerably higher than 
in the muscles of the SIM bulls (22.6 mg/kg – ST and 28.8 mg/kg – LL). In the mus-
cles of the young bulls of the native breeds the Zn concentration was intermediate, 
ranging from 34.9 (PR) to 39.2 (WB) mg/kg in the LL muscle and from 26.3 (PR) to 
37.3 (PBW) mg/kg in the ST. The lowest Cu content (0.44 mg/kg and 0.60 mg/kg) 
was noted in the muscles of the young SIM bulls, and in the case of the ST muscle it 
was statistically significant (P<0.05). 
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discussion

Summing up the results obtained we can conclude that the breed of cattle has  
a significant effect on the content of macro- and microelements in the meat of ani-
mals fattened in the same conditions. The greatest (and significant) differences were 
obtained for the PHF breed, mainly in the content of Mg, Ca, Zn and Mn. In the other 
four breeds the results obtained for most of the macro- and microelements analysed 
were less varied.

Ramos et al. (2012) analysed the content of microelements (Se, Cu, Zn, Fe and 
Mn) in the muscles of Hereford and Braford steers, and found significantly higher 
content of Cu and lower content of Fe in the former. On the other hand, Cabrera et 
al. (2010) noted significant differences in steers of these breeds only in the case of 
Mn. Although meat and meat products are a marginal source of manganese in the 
human diet in comparison with plant products, according to Ramos et al. (2012) it is 
worth determining Mn level in meat due to the limited information on its content in 
animal products. Pilarczyk (2014) analysed the percentages of 15 elements in the LL 
of young bulls of three breeds (Charolais, Hereford and Simmental) fattened inten-
sively in north-western Poland and found that the breed significantly influenced con-
tent of K, Mg, Fe, Zn, Cu and Mn. According to the author, the differences between 
breeds in the content of minerals have a metabolic basis, and the significantly lower 
percentage of certain elements in the meat of the Charolais bulls may indicate that 
this breed has a higher demand for minerals during intensive growth of muscle tis-
sue. This is also pointed out by Ward et al. (1995), who demonstrated higher demand 
for Cu in Simmental and Charolais cattle than in the Angus breed. These differences 
were probably determined not only by different degrees of copper absorption from 
the digestive tract, but also by differences in metabolism and the degree of its utiliza-
tion after it is absorbed. Similar results to those mentioned above were obtained by 
Mullis et al. (2003), who noted a lower Cu concentration in the serum and liver and 
lower serum ceruloplasmin activity in steers of the Simmental breed than in Angus 
steers. Observed relationships suggest that Simmental cattle have a higher demand 
for copper. Other studies have also indicated that breed influences Mg and Ca con-
tents and the Zn content in the liver (Greene et al., 1989; Littledike et al., 1995). The 
influence of breed on the efficiency of Cu metabolism is well documented in the 
literature, and the differences observed may be caused not only by genetic differ-
ences, but also by biliary excretion of copper and by the amount of fodder consumed 
by the animals (Du et al., 1996; Gooneratne et al., 1994; Pilarczyk, 2014). Goon-
eratne et al. (1994) revealed that biliary excretion of copper was two times greater 
in the Simmental breed than in Aberdeen Angus, irrespective of the level of Cu in 
the feed ration. Miranda et al. (2010) revealed that steers of the beef breed Galician 
Blond (GB) and its crossbreds with Holstein-Friesian (HF) consumed 18% and 9% 
less fodder, respectively, than purebred Holstein-Friesians. The authors suggest that 
animals (especially beef breeds) characterized by a higher dressing percentage and 
better carcass conformation have a greater demand for Cu, which leads to increased 
mobilization of Cu from the liver (the main Cu storage site) and in consequence to 
lower Cu retention in this organ. Similar correlations were observed in the presented 
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study, as the lowest Cu content was in the ST muscle of the Simmental bulls, which 
have the most pronounced musculature of the five breeds compared, with significant 
(P<0.05) differences noted with respect to the WB and PBW breeds. It should be 
noted that in our previous study (Litwińczuk et al., 2014) the young bulls of the SIM 
breed attained significantly (P<0.05) higher daily weight gain (986 g) than the other 
four breeds evaluated (854–919 g). 

Moreover, Miranda et al. (2010) evaluating Cu content in three muscles (semiten-
dinosus, pectoralis and diaphragma) in steers of GB and HF breed and their cross-
breds, found significant differences only in the case of the ST muscle. The lowest Cu 
level in the ST was noted in the GB beef breed (0.541 mg/kg fresh weight), while the 
highest level was noted in HF (0.790 mg/kg fresh weight). Also, our results showed 
that the LL and ST muscles of the SIM bulls contained the least Zn, with significant 
(P<0.05) differences confirmed with respect to the breeds WB, PBW and PHF.

García-Vaquero et al. (2011) claim that in situations of adequate mineral status 
in the muscle, trace element concentrations are dependent on their own internal me-
tabolism. To maintain mineral homeostasis in muscles and other tissues, organisms 
have developed different mechanisms such as metallothioneins, chaperones, and 
other metal transporters, particularly divalent metal transporter 1 (involved in traffic 
of divalent metals, including Fe, Zn and Cu, into cells), ubiquitously expressed in 
all tissues including the kidney, the brain, and cardiac muscle (Gunshin et al., 1997; 
Mackenzie et al., 2007; Ke et al., 2003). The fact that some of the essential metals 
do not follow the same intermuscular distribution pattern could be related to metal 
interactions or antagonisms to maintain a correct mineral balance (García-Vaquero 
et al., 2011).

Owing to the fact that the content of the most of macro- and microelements ana-
lysed was highest in the meat of the young bulls of the native breeds in comparison 
with the other two breeds (the reference group), the meat of these animals can be  
a valuable source of important elements for human beings. 
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