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The aim of this study was to determine the effect of genotype and type of muscle on the mineral content of beef.
Altogether 62 young bulls from Angus, Charolais, Holstein, Hungarian Simmental, Hungarian Grey, and
CharolaisxHungarian Grey were used. The calcium content varied between 26-46 mg kg™, in longissimus muscle
of Hungarian Simmental it was significantly higher than for other genotypes except for Angus. Psoas major of
Holstein had the highest phosphorus content, it significantly differed from the longissimus of Angus. Longissimus
muscle of Angus was the poorest for magnesium, and the richest was the psoas major of Holstein and Hungarian
Grey. Charolais had higher level of potassium in psoas major than Angus and CharolaisxHungarian Grey. Sodium
content of semitendinosus in CharolaisxHungarian Grey was lower than in Holstein. Present data showed that
richest source of iron was the beef from Hungarian Grey, especially psoas major muscle. The highest manganese and
copper levels were detected in the longissimus of Angus and semitendinosus of Holstein. Concerning zinc, a higher
level was found in longissimus, especially for Holstein. The results confirmed that beef mineral content depends on
genotype, and is related to muscle type, too.
Keywords: cattle, beef quality, minerals, muscle type

Beef is an essential source of high biological value proteins and vitamins, in addition beef is
rich in several important mineral elements (BiesaLski, 2005), particularly Fe (SAucier, 1999).
To ensure the mineral element needs of the human body, the consumption of red meats is
recommended (NoHR & BiesaLski, 2007), because red meats contain essential minerals (Fe,
Zn, Se) and the biological availability is better than in plants. According to the results of
human nutrition surveys in the USA (KenneDY & GoLbBeraG, 1995) and UK (GRrecory et al.,
1995), the intake of Ca, Zn, and Fe is often low, while the intake of Na and Mg exceeds the
recommended daily needs. Only a few articles deal with the mineral element content of beef.
GerBer and co-workers (2009) emphasize that the exact mineral content of meat is important
to know, the evaluation of the nutritive value without this is unpredictable, so the calculated
human nutrition recommendations may not be accurate. According to the literature, the
concentration of mineral elements of beef is affected by animal age (ScHONFELDT & GiBsoN,
2008), breed (CaBrera et al., 2010), gender (Lorez-ALonso et al., 2000), muscle type
(PurcHas & BusHBoom, 2005; CaBrera et al., 2010), feeding system (HoLLo et al., 2007), and
cooking and processing methods (LomeArDI-Boccia et al., 2005). According to the studies,
the concentrations of minerals differ in the different muscles. The K content is higher in
semitendinosus muscles, as in the longissimus and supraspinatus muscles, while the Na level
is the highest in the supraspinatus, regarding the three muscles (BArce et al., 2005). It seems
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that Zn content (KoTtuLa & LusBy, 1982; BARrGE et al., 2005) is in a higher proportion in the
less valuable meat cuts (m. supraspinatus, m. transversus abdominis) than in the first class
meat cuts. Similar to the Zn content, the Fe content alters in the individual muscles, too, the
Fe content of oxidative red muscles is higher (HoLL6 et al., 2008). CABRERA and co-workers
(2010) compared the Se, Cu, Zn, Fe, and Mn contents in seven different meat cuts of Hereford
and Bradford steers, and found that the effect of meat type is much more pronounced than the
effect of breed, and the former is significant for all elements.

Consequently, the aim of this study was to compare the mineral content of three different
indicator meat cuts from six cattle genotypes — bulls kept and fed under same conditions —,
and to evaluate the nutritional value of beef.

1. Materials and methods

1.1. Animals, fattening conditions

Sixty-two Angus (A), Charolais (CH), Holstein (H), Hungarian Simmental (HS), Hungarian
Grey purebred (HG), and Charolais x Hungarian Grey crossbred (CHxHG) young bulls were
included in the experiment. The animals were kept in small breed groups in a loose housing
system, and were fattened under semi-intensive conditions, ad libitum maize silage, grass
hay, and moderate concentrate supplementation (in the finishing period of fattening the
concentrate contained 25% linseed). The average final weight and age of bulls were
621.61+25.09 kg and 656.52+87.28 day, respectively.

1.2. Slaughtering, sampling

The animals were slaughtered at similar live weight at the commercial abattoir according to
Hungarian Standard (1977). Meat samples were taken from three high commercial value
meat cuts (loin, tenderloin, eye of round) from three indicator muscles (M. longissimus dorsi
(LD), M. psoas major (PM), M. semitendinosus (ST)) to determine the mineral content of
beef. The samples have been taken after 24 hours chilling from the right half carcass.

1.3. Chemical analysis, determination of mineral elements

The chemical examinations were carried out in the Analytical Laboratory of Kaposvar
University, Faculty of Animal Science. The dry matter and the ash content of the meat
samples were determined according to the relevant standards (HuNGARIAN STANDARD, 1980;
HuncARIAN STANDARD, 2000). The Ca, Cu, Fe, Mg, Na, K, and Zn contents were determined
with atomic absorption spectrometer (SOLAAR M6) in accordance with the EU standards
(EN IS0O, 2000), while the P content was determined with spectrometric method according to
the international standard (1SO, 1998).

1.4. Statistical analysis

For the statistical evaluation the SPSS 20.0 software (2011) was used. In addition to basic
statistical results (mean, SD), the effect of breed and muscle type was evaluated with
multivariate analysis of variance, general linear model (GLM) Il1. The differences among the
groups were evaluated with Tukey’s test, the level of significance was set at P<0.05.
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2. Results and discussion

This paper is part of a larger study, the slaughter and boning results are presented by HoLL6
and co-workers (2012). There were significant differences observed in the chemical
composition among the different meat cuts and the genotypes (Table 1). The highest dry
matter content was determined in the A bulls. The crude protein content was the highest in the
HS bulls compared with the other breeds, except for CHxXHG crosses. Significantly less crude
fat was measured in H bulls, against A, HG, and CHxHG young bulls. The crude ash content
differed between Aand CH, as well as between A and H animals. Moreover, differences were
established between the different muscles, too. The PM and LD muscle contained higher
amount of dry matter than the ST muscle. The crude protein and crude fat contents were
affected by the muscle type in the case of all three meat cuts, while the crude ash amount
differed only between PM and LD muscles.

Table 2 presents the mineral content of muscles. For LD muscle, there were significant
differences calculated between the elements, except Na. The meat of HS contained the
highest amount of Ca, while the other genotypes contained significantly less, except A bulls.

HoLL6 and co-workers (2007) compared the calcium content in the LD muscle of HG
and H young bulls, and found a higher amount of Ca in H than in HG. Ca is one of the mineral
elements that is in relationship with other meat quality attributes. According to JEREz-TIMAURE
and co-workers (2006), there is a strong correlation between the Ca content of Zebu meat and
tenderness. Higher amount of P was found for the H bulls, the other breeds contained
significantly less, except the CHxHG crosses. The P content of beef was affected by feeding
regime (HoLco et al. 2007), the extensively fed animals accumulated more P in the meat than
the intensively fed ones. The measured P concentration was higher than in the literature
(HermipA et al., 2006; ScHonrFeLDT & Gisson, 2008). According to the previous articles, the
Mg content of beef was not influenced by feeding and breed (HoLLo et al., 2007) and age
(BarcE et al., 2005). In our study, the Mg content was higher in beef from HG animals than
in beef from HS and A. The loin from CH was characterized with the highest amount of K,
and differed significantly from the loins of A, purebred HG, and CHxHG crosses. HoLLo and
co-workers (2007) indicated that extensively held HG bulls stored lower amount of Na,
which is beneficial in human nutrition aspects, because the low Na content was accompanied
by higher level of K. The LD muscle of A animals contained the highest amount of Mn, while
the CH, H, and HG breeds contained the less. The concentrations of Cu and Zn were the
highest in H’s meat, which differed in case of the former element from CH, HG, and HS
concentrations, while in the case of the latter element from HS. The Zn and Cu concentrations
of the loin from HS were similar, as HoLLo and co-workers (2008) demonstrated. The Cu
content of German Simmental’s loin is higher (1.14-1.65 mg kg™), however the Zn content
was below (29-32 mg kg™?) in the HS (MaHecHa et al., 2009). Among the farm animals, the
highest concentration of Zn is located in beef and veal (LomearDI-Boccla et al., 2005), the
presence of Zn in human body is essential for the proper function of the immune system. The
Fe content of H’s loin significantly surpassed the Fe contents of A, CH, and HS breeds. The
Fe content in HS was higher, as MarecHA and co-workers (2009) indicated in the case of
German Simmental bulls slaughtered at similar age (12-14 mg kg™).
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Table 1. Chemical composition of the different muscles and genotypes (%)

Genotypes Muscle Dry matter Crude protein Crude fat Crude ash
A LD 26.84+1.3 21.47+0.8 4.42+1.9 1.02+0.07
ST 24.54+0.7 21.39+0.6 2.11+0.87 1.02+0.2
PM 26.49+1.2 20.62+0.5 4.74+1.4 1.07+0.07
Mean 25.96+1.5% 21.1640.72 3.76+1.8% 1.04+0.1°
CH LD 24.46+0.8 21.58+0.4 1.85+0.7 1.06+0.05
ST 23.76+0.9 21.110.5 1.58+0.5 1.11+0.04
PM 25.46+1.2 20.64+0.9 3.56+1.9 1.13+0.07
Mean 24.56+1.2° 21.11+0.72 2.33+1.5" 1.1020.06"
H LD 25.02+1.2 21.51+0.6 2.27+1.2 1.11+0.05
ST 23.76+0.8 21.45+0.5 1.150.4 1.1240.04
PM 24.75+0.9 20.61+0.7 2.91+0.8 1.1240.09
Mean 24.51+1.09° 21.19+0.72 2.1141.1° 1.12+0.06"
HG LD 25.94+1.7 21.54+0.4 3.45+1.7 1.05+0.05
ST 24.40+1.01 21.33+0.5 2.15+0.8 1.06+0.05
PM 26.15+1.2 20.29+0.4 4.60+1.7 1.11£0.03
Mean 25.50+1.5% 21.05+0.73 3.40+1.78 1.0740.05%
HS LD 25.51+1.5 22.07+0.5 2.41+1.6 1.06+0.05
ST 24.39+0.8 21.50+0.5 1.62+0.8 1.10%0.07
PM 24.95+1.07 21.17+0.6 2.61+1.3 1.09+0.1
Mean 24.95+1.2° 21.61+0.6° 2.21+1.3% 1.08+0.07%
CHxHG LD 25.98+0.8 21.89+0.5 3.08+0.9 1.03+0.05
ST 24.92+0.7 21.63+0.4 2.17+05 1.11+0.06
PM 25.78+0.9 20.59+0.4 3.91+1.04 1.1%0.0
Mean 25.5620.9% 21.37+0.7% 3.05+1.08% 1.08+0.06%
Overall LD 25.62+1.48 21.71+0.6° 2.87+1.6° 1.06+0.06°
e ST 24.30£0.9" 21.44%0.5" 1.77+0.7° 1.09+0.09°8
PM 25.52+1.28 20.7+0.62° 3.60+1.55 1.10+0.074

abe different superscripts in the same row indicate statistically significant differences among genotypes (P<0.05)
ABC different superscripts in the same row indicate statistically significant differences among muscles (P<0.05)
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The mineral content of semitendinosus muscle shows that significant differences were
calculated in the case of P, Mg, and Na. A similar trend was observed for these three elements
as for longissimus muscle. The highest P and Na concentrations were experienced in H, while
the highest Mg content was measured in HG animals. The P content in ST muscle of H was
higher than in A, while the Na content surpassed the HG animals. Similar to the LD muscle,
higher Mn concentration was observed in A, and higher Cu and Fe contents were observed in
H bulls. The ST muscles of HG and A animals were characterized with the highest Ca and Zn
contents, respectively, unlike LD muscle. The differences are not significant in the case of
Mn, Cu, Fe, Ca, and Zn elements.

The mineral content of the psoas major muscle differed significantly in the case of P,
Mg, K, and Fe among the genotypes. The P and Mg contents of Holstein’s muscle were
higher than those of A. The meat of A and CHxHG contained less K than that of CH. The eye
of round of HG animals was the richest in Fe, the other genotypes accumulate much less Fe,
except crossbred animals. The highest calcium concentration was measured in the case of HG
animals, in tenderloin, while H was richest in Na in loin and tenderloin. The Cu, Zn, Fe, and
Mn concentrations were different among the other muscles. The meat of HG was the richest
in Cu, Zn, and Fe, while the meat of CH in Mn.

The muscle type had significant effect on the element contents, except for Cu. According
to the literature, the Cu content of the meat is affected by muscle type (HoLL0 et al., 2008;
CaBReRA et al., 2010), furthermore, differences were reported between variant muscles in Fe
(PurcHas & BusHeoom, 2005; HoLLo et al., 2008; CaBrera et al., 2010), Zn (BARGE et al.,
2005; HoLLo et al., 2008; CaBrera et al., 2010), Mn (CaBrera et al., 2010), K, and Na
(GiLLeT et al., 1967; BarcE et al., 2005) concentrations. The loin was the richest in Ca, Cu,
and Zn, while the eye of round in K and Na, and the tenderloin in P, Mg, Mn, and Fe. The Zn
content in the tested muscles varied between 27 and 37 mg kg WiLLiamson and co-workers
(2005) reported higher values in samples from four countries (Denmark, UK, Australia,
USA). Caerera and co-workers (2010) found similar results to our study, in the case of
Uruguay Hereford and Bradford steers. This is probably due to the low Zn concentration in
soil and plants in Uruguay (Moron & BaAeTHGEN, 1998) like in Hungary, where the soil is
poor in Zn, too. The Zn concentration of beef (18-42 mg kg™) in Uruguay is higher than
reported by LomsARrDI-Boccia and co-workers (2005), WiLLiamson and co-workers (2005),
GerBer and co-workers (2009), and then our results (18.8 mg kg), too. With respect to Mn,
our results were similar to the US and higher than the Swiss results (Gerger et al., 2009). The
Ca content was considerably lower than in the studies by LeHeska and co-workers (2008) and
ScHONFELDT and Gisson (2008), but similar to the results reported by GiurrriDA-MENDOZA and
co-workers (2007) and HoLro and co-workers (2007). According to the previous articles
(BArcE et al., 2005; GiurrriDA-MENDOZA et al., 2007; ScHONFELDT & Gisson, 2008), the
bovine muscles are rich in K and P. In our examination the effect of muscle was significant,
the amounts of P and K were less in LD muscle. The Mg content was higher in the LD muscle
and in the average of the three muscles too, than in our previous study (197 mg kg™?). In the
PM muscle more Mg was found, compared to the other muscles. The Na content was much
favourable in PM muscle, too, because it contains less Na. However, the average Na
concentration is much less — more favourable from the human nutritional point of view — in
the beef measured from south America (GiurrriIDA-MENDOZA et al., 2007), South Africa
(ScHoNFELDT & Gisson, 2008), and North America (LeHeska et al., 2008). The lower Na
content is more favourable, because adults consume three times more Na than the
recommended level (Desmonb, 2006).
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In the case of the investigated genotypes, there were significant differences observed in
the average concentration of four elements: P, Mg, K, and Na. The H breed was characterized
by the highest P, Na, and Cu contents, furthermore, the Mn, Zn, and Fe contents of the HG
are outstanding. The highest Ca, Mn, and K contents were calculated similarly in the order
HS, A, and CH animals. The A bulls accumulated less P, Mg, and K. The beef of CH was poor
in Cu, Zn, and Fe, the beef of CHxXHG in Na, while the beef of H in Ca.

For adults, recommended daily intake of Zn is 10 mg (EEC, 2008). Experimental results
show that beef is an excellent source of Zn, because the consumption of 100 g beef from the
investigated genotypes can ensure a greater proportion of the certified daily needs (31-33%).
Consuming the same amount of beef can provide 26-29.28% of the daily P needs (700 mg),
16.6-17.85% of the daily K needs (2000 mg), and 13-15.7% of the daily Fe needs (14 mg).

3. Conclusions

Beef is an excellent source of important elements, contains K, P, Na, and Mg in higher
amounts, as well as a significant source of Zn and Fe. Among the three investigated muscle
types, the most significant difference in the mineral elements contents was in the LD muscle.
In the case of P and Mg, the effect of genotype was great in all three muscle types. The
mineral concentration was affected by muscle type for all elements, except Cu. The loin was
the richest in Ca and Zn, the eye of round in K and Na, and the tenderloin in P, Mg, Mn, and
Fe. The average P and Na contents of the meat of H were the highest among genotypes, while
the P, Mg, and K contents of A were the lowest. The meat of HG was characterised with the
largest amount of Mg, and the meat of CH with potassium. From the human nutritional point
of view, favourable low Na level was found in the meat of HG and CHxHG animals. By the
consumption of hundred g beef, 31-33% of the recommended daily Zn needs can be ensured,
which amount varied within 26-29%, 16.6-17.9%, and 13-15.7% in the P, K, and Fe needs,
respectively.

The authors are grateful to OTKA CK 78289, “Molecular genetic and cross-sectional imaging methods to improve
bovine meat quality and nutritive value of milk” project for financial support.
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