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Abstract. The aim of this study was to determine the mineral content in various breeds’ cattle meat and its
correlation with chemical meat quality indices. The concentrations of natrium, magnesium, calcium, nickel, copper,
zine, barium, selenium, and iron were determined by inductively coupled plasma mass spectrometry (ICP-MS) after
microwave digestion. Different concentrations were found in meat of different cattle breeds and were notable for zinc,
cuprum, calcium and barium. The highest coefficients of variation were found for natrium and they were not
statistically significant. Statistically significant differences of chemical composition (dry matter, proteins, intramuscular
fat, total ash) were found in different breeds’ cattle meat (P <0.05 —P <0.001). A positive correlation between the
amount of Fe and the amount of proteins and a negative correlation between the amount of Na, Mg, Cu and the amount
of ash in the meat were determined. In conclusion, a precise determination of chemical content is very important for the
essentials of human nutrition. Therefore, it is very important that the data of nutrients be regularly renewed and possible
changes be observed with available data.
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Introduction

The consumers’ interest in the nutritional value of foods which may promote health and prevent diseases is
increasing (Brugiapaglia et al., 2014). The sensory, health-related and nutritional properties are the most important
motivators for liking and purchasing of meat (Muchenje et al., 2009). Lean red meat has a high nutritional value, being
an important source of high quality protein, essential amino acids, vitamins (A, B6, B12, D) and minerals, including
iron, zinc, cooper and selenium (Daley et al., 2010; Brugiapaglia et al., 2014; Jensen et al., 2014).

Today, mineral deficiencies in humans are common worldwide. Consumption of beef can be a good way to respond
qualitatively and quantitatively to the mineral requirements of human nutrition. Red meat is a major source of minerals
for the human diet and provides essential minerals of high bioavailability to human nutrition. However, the mineral
composition and nutritional value of beef changes with breed and age of animals, muscles type and feeding practices,
geographical site of rearing and processing (Muchenje et al., 2008; Cabrera et al., 2010). Breed is an important factor
that can influence the characteristics of the raw muscle tissue and hence of the finished product (Alberti et al., 2008;
Christensen et al., 2011). Meat quality and mineral content of different beef breeds have been evaluated in several
studies (Chambaz et al 2003; Bures et al., 2006; Vieira et al., 2007; Miranda et al., 2009; Cabrera et al., 2010;
Christensen et al., 2011; Pesonen et al., 2012; Prieto et al., 2010; Xiangxue et al., 2012), but the material of meat
nutritional value and mineral content after their standardised feeding, keeping and stunning conditions are very limited.

Considering meat as an essential component of the human diet, it is important to explore nutritional value and
mineral concentrations in different breed’s meat. Besides the relevance of mineral content in meat for human nutrition,
the investigation of the effects of mineral levels on meat quality is also important. Mineral content in beef can affect not
only nutritional values but also meat quality traits. The aim of the research was to determine the mineral content in
various breeds’ cattle meat and its correlation with chemical meat quality indices.

Methods and materials

Scientific research was performed at the Laboratory of Meat Characteristics and Quality Assessment of the Animal
Husbandry Department of the Lithuanian University of Health Sciences Veterinary Academy and State Food and
Veterinary Service Institute of Risk Assessment. Control cattle growth was performed at UAB Silutés veislininkysté, in
standardised feeding and keeping conditions. The study was carried out with bulls from 120 to 500 days of age. The
hogs were kept bounded, non-neutered. The hogs were given herbaceous forage ad libitum and 1 kg of combinative
forage for 100 kg of animal’s body weight. The cattle were slaughtered at 500 days of age. Control slaughtering was
performed after 24 hours of cattle starvation. The cattle were not given water 3 hours before slaughtering.

Ten samples of meat from 4 cattle breeds were taken for the analysis: angus (AN), simmental (SI), charolais (CH),
and limousin (LI). The samples for the analysis of chemical composition and technological qualities of cattle meat were
taken 24 hours after carcass meat cooling from musculus longissimus dorsi, beside the last 2 ribs, and the amount of the
samples taken was 500-550 g. The samples were kept in a refrigerator at +4°C temperature.

For estimating the chemical composition of cattle meat according to certified methodology, the following
parameters were determined:

e dry matter by drying meat samples until constant mass with automatic dry matter scales (Scaltec SM — 1);

e the amount of proteins by the Kjeldahl’s method (King-Brink, Sebranek, 1993);
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e the amount of fat by the Soxhlet method (ISO 1443:1973 Meat and meat products determination of total fat
content);

e the amount of ash by roasting the organic matter of meat at 600°C-800°C temperature (ISO 936:1998 Meat and
meat products determination of total ash).

The amount of mineral content in cattle meat was estimated at the State Food and Veterinary Service Institute of
Risk Assessment, laboratory of chemical research, 48 hours after the carcass meat had been cooled. The amount of the
samples (10 g per 10 samples of meat from each 4 cattle breeds) was taken from musculus longissimus dorsi and held in
a refrigerator at +4°C temperature.

For estimating the amount of mineral content in cattle meat according to certified methodology, the following
procedures were performed:

e mineralisation of the samples with microwave system ETHOS 900 (by European standard LST EN 13805:2002.
Processed food. Microelement evaluation. Mineralization in high pressure);

e cvaluation of minerals with inductively coupled plasma mass spectrometry (ICP-MS) (by LST EN 15763:2010.
Processed food. Microelement evaluation);

e mineral content was estimated (mg/kg): natrium (Na), magnesium (Mg), calcium (Ca), nickel (Ni), copper (Cu),
zinc (Zn), barium (Ba), selenium (Se), and iron (Fe) (the amount of Fe was evaluated using the dynamic reaction cell
(DRC) mode, as well as emitted methane gas, which eliminates interferences).

The data of analysis were processed with statistical package R, version 2.0.1. Excel spreadsheet tools of data
analysis were used for statistical analysis. The influence of genetic factors (in percent) was evaluated by the method of
dispersive analysis (ANOVA). Coefficient of correlation (r) was calculated. Disparities were considered to be reliable
when P < 0.05.

Results and discussion

The meat of beef plays an important role in the human nutrition as a source of full-rate proteins, irreplaceable amino
acids, fat-soluble vitamins, macro- and microelements and other important components of nutrition (Garmiené et al.,
2010). Chemical meat quality indices of various cattle are given in Table 1. From the data given in the table, it can be
seen that the amounts of dry matter and proteins in musculus longissimus dorsi of various breeds’ cattle were slightly
different. The biggest amount of dry matter and proteins was determined in CH cattle breed’s meat, the least amount in
SI cattle breed’s meat, and the difference reached 1.94% (P > 0.05) and 1.28%. On the contrary, Bure§ et al. (2006)
reported that the least amount of dry matter was found in CH cattle breed’s meat. The results of the amount of protein in
various breeds’ cattle meat are in accordance with the conclusion of Wheeler et al. (2005).

Table 1. Chemical meat quality indices of various cattle breeds

o Genotype
Index, % AN SI CH LI
Dry matter 24.50+0.30 23.88+0.62* 25.82+0.61* 25.16+0.31
Proteins 21.41+0.30 21.09+0.64 22.37+0.61 21.80+0.18
Fat 1.92+0.09 1.69+0.25* 2.40+0.02* 2.25+0.25
Ash 1.140.02%%* 1.10+0.02 1.040.02%%* 1.1120.01
* _P<0.05 % _P<0.01; **_P<0.001

Fat increases meat’s energetic value, supplements it with soluble in fat vitamins and, besides that, supports the
assimilation of these vitamins during the digestion process (Liutkevicius et al., 2009). CH cattle breed’s meat had the
least amount of intermuscular fat, LI cattle breed’s meat had it less by 0.15%, SI cattle breed’s meat contained the least
amount of fat, compared with CH, and the difference reached 0.71% (P > 0.05). In contrast to the findings obtained in
this study, Gregory, Wheeler and Jukna reported different results: the biggest amount of intramuscular fat was found in
AN cattle breed’s meat (Gregory et al., 1994; Wheeler et al., 2005., Jukna et al., 2013). The results of the studies might
differ because of different cattle growth conditions and slaughtering age.

Variation of the amount of ash in various cattle breeds’ meat was minor. It varied from 1.04% to 1.14% (P <0.001).
AN cattle breed’s meat had the biggest amount of it, CH had the least, and the difference reached 0.1% (P <0.001). A
difference of only 0.01% was observed between the amount of ash in musculus longissimus dorsi of SI and LI.

Many minerals that meat contains are vital for a human organism, as they participate in its various significant
functions. A decreased biological accessibility of mineral elements might determine organisms’ functional disorders
(Melo et al., 2008). The amounts of different mineral elements in different breeds’ cattle meat are given in Table 2.
From the data given, it can be seen that the amounts of various minerals in the meat of different cattle breeds were not
equal.

The biggest amount of Na was found in the meat of SI, the least amount was found in pure breed AN breed’s cattle
meat, and the difference reached 10.29% or 53.133 mg/kg. However, the data of average square deviation values of the
amount of Na in various breeds’ cattle meat were not statistically significant.
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The biggest amount of Mg was found in CH, the least in LI breed’s cattle meat, and the difference constituted 17.6%
or 51.741 mg/kg (P <0.001). A similar amount of Mg was estimated in SI and CH breeds’ cattle meat, and the
difference between both constituted only 1.32% or 3.893 mg/kg.

LI breed’s cattle meat was distinguished for having the least amount of minerals Ca and Zn. Comparing the amounts
of the same minerals in musculus longissimus dorsi of SI breed’s cattle meat (that had the biggest amounts of it), the
difference constituted 23.78% or 14.013 mg/kg and 23.62% or 7.958 mg/kg, respectively. The amount of these minerals
was estimated to be similar in AN, SI and CH meat. Comparable findings are reported by Mahecha and Hollo (Hollo et
al., 2008; Mahecha et al., 2009).

There were no considerable inter-breed differences while estimating the amount of Se in cattle meat. The amount of
Se was almost equal in SI, CH and LI breeds’ cattle meat, compared with the meat of AN breed’s cattle that was
distinguished for having the biggest amount of Se, and the difference constituted 12.5% or 0.007 mg/kg. Compared with
the results of Mahecha et al. (2009), the mean Se concentration in cattle meat in this study was lower. A bigger
influence of genotype is seen according to the amounts of Cu and Ba in various cattle breeds’ meat. In comparison with
other breeds, the lowest amount of Cu and Ba was determined in LI breed’s cattle meat, and the biggest in CH breed’s
meat. Compared with the results of Hollo (2008), the mean Cu concentration in cattle meat in this study was higher.

While estimating the amount of Ni in cattle’s musculus longissimus dorsi, the biggest difference was established
between CH and LI breeds’ cattle meat, and it reached 17.1% or 0.041 mg/kg, whereas the least difference observed
between CH and SI reached 4.49% or 0.011 mg/kg.

SI breed’s cattle meat had the biggest amount of Fe, and the difference reached 3.86% or 0.773 mg/kg compared
with CH, and 7.44% or 1.496 mg/kg compared with AN. The difference between it and LI breed’s cattle meat, which
had the least amount of Fe, constituted 10.01% or 2.007 mg/kg. These data are statistically non-significant. The results
of this study are in accordance with the conclusion of Chambaz et al. (2003) and Golze et al. (2013).

Table 2. Mineral content of different breeds’ cattle meat, mg/kg

. Genotype
Mineral AN SI CH LI
Na 463.126=18 488 516.259+24.900 495.473:21315 490.886=18.293
Mg 274.484+5.893 290.085+5.414 293.980+6.491F** 242.03944 972
Ca 57.802=1.030 58.921+1.859 58.27140.931 44.908=1.396
7n 30.841+1.483 33.696+1.200 31.679+2.140 25.738+0.493
Se 0.056+0.012 0.049+0.003 0.049+0.002 0.050+0.003
Cu 0.640+0.039 0.690+0.039 0.748+0.055* 0.45440.016
Ni 0.221+0.035 0.234+0.041 0.245+0.031 0.203+0.044
Fe 18.551-0.998 20.047+2.001 192741418 18.040=0.586
Ba 0.042+0.007 0.034+0.007 0.0440.004* 0.024+0.003*
¥ _P<0.05; ** —P <001, **_P<0.001

Influence of genotype upon chemical meat quality indices in cattle’s musculus longissimus dorsi is given in Table 3.
The biggest influence of cattle genotype was estimated for the amount of ash (P <0.01), dry matter (P <0.05) and
intermuscular fat (P < 0.05). The least influence of genotype was estimated for the amount of proteins, although the data
was statistically non-significant.

Table 3. Influence of genotype upon chemical meat quality indices in cattle’s musculus longissimus dorsi

Proteins Fat Ash
22.24%* 39.47**

Index Dry matter
Influence, %. 25.32% 13.26
*—P<0.05; ** - P <0.01; *** - P <0.001

Influence of genotype upon the amount of minerals in cattle’s musculus longissimus dorsi was not equal (Table 4).
Genotype had the biggest influence upon minerals Ca and Mg (P < 0.05), Cu and Zn (P < 0.01), whereas the least and
statistically non-significant influence was observed upon the amount of Se, Ni, Fe, Na and Ba.

Correlation of cattle mineral content and indices of meat quality. Modern meat production techniques aim to
increase chemical composition and mineral content in meat, but these characteristics are not always positively
correlated. The more Na the meat contains, the less ash (P <0.05) and proteins and the more fat it has. When the
amount of Mg in meat is lower, the amount of ash increases. The amount of Ca negatively correlated with the amount of
dry matter, and Zn content negatively correlated with the amount of intramuscular fat. The correlation of minerals Se
and Ba with indices of meat quality was low. A negative and statistically significant correlation between Cu and the
amount of ash (P <0.05) and positive with the amount of proteins in the meat were estimated. When various cattle
breeds’ meat contains more Fe, the amount of proteins increases, although the amounts of fat and ash decrease (Table
5).
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Table 4. Influence of genotype upon the amount of minerals in cattle’s musculus longissimus dorsi

Mineral Influence, %.
Na 11.98
Mg 62.07**
Ca 72.94
Zn 38.69%*
Se 1.89
Cu 52.78*
Ni 1.91
Fe 4.77
Ba 16.93
* P <0.05;** - P <0.01; *** - P <0.001

Table 5. The correlation of mineral content and quality indices of cattle’s musculus longissimus dorsi

Parameter
Mineral Dry Proteins Fat Ash
matter
Na -0.103 -0.209 0.235 -0.340*
Mg -0.098 -0.080 -0.031 -0.305
Ca -0.203 -0.154 -0.145 -0.124
Zn -0.139 -0.015 -0.291 -0.106
Se -0.010 -0.035 0.048 0.025
Cu -0.010 0.021 -0.032 -0.385*
Ni -0.080 -0.031 -0.099 -0.252
Fe 0.161 0.310 -0.254 -0.267
Ba -0.071 -0.017 -0.136 0.031

*—P <0.05; ** - P <0.01; *** - P <0.001

Conclusions

1. There were statistically significant differences in dry matter, protein, intramuscular fat and general ash (P < 0.05 —
P <0.001) in the meat of analysed breeds’ cattle.

2. A breed has influence on the amount of minerals in the meat of brood cattle. Simmental breed’s cattle meat was
distinguished for having the biggest amount of Na, Ca, Zn and Fe, charolais for Mg (P <0.001), Cu (P <0.05), Ni and
Ba (P<0.05), and angus breed’s cattle meat had the biggest amount of Se. Except for Na and Se, limousin breed’s cattle
meat had the least amounts of minerals.

3. A dispersive analysis of the data showed that the biggest influence of genotype upon the amount of minerals in
various breeds’ beef cattle meat was determined for minerals Ca, Mg (P <0.01), Cu (P <0.05) and Zn (P < 0.01).

4. Estimation of correlation between the mineral content and meat quality indices of analysed cattle breeds’ meat
highlighted a positive correlation between the amount of Fe and the amount of proteins in the meat and a negative
correlation between the amount of Na, Mg, Cu and the amount of ash.
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