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ABSTRACT 
The content of total ash and manganese (Mn) was investigated in M. semimembranosus, liver and kidney of sixty-nine pigs from 

ten different commercial genetic lines, produced in Vojvodina. The differences of content of total ash and Mn between different ge-
netic lines of pigs were not significant (P > 0.05) in the analyzed muscle, liver or kidney tissues. The differences of content of total 
ash and Mn between all three analyzed tissues were highly significant (P < 0.001). The content of Mn was ranging from 0.018 to 
0.038 mg/100 g (0.025 mg/100 g, on average) for muscle tissue, from 0.16 to 0.30 mg/100 g (0.22 mg/100 g, on average) for kidney 
tissue and from 0.23 to 0.51 mg/100 g (0.35 mg/100 g, on average) for liver tissue. Consumption of 100 g of liver tissue contributes 
minimally 11.4% (up to 25.7%) of the Reference Daily Intake (RDI) value for Mn. 
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REZIME 
U ovom radu utvrđen je sadržaj ukupnog pepela i mangana (Mn) u M. semimembranosus, jetri i bubregu svinja (n = 69), deset 

različitih genotipova, proizvedenih u Vojvodini. Između različitih genotipova svinja nisu utvrđene značajne razlike (P > 0.05) u sa-
držaju ukupnog pepela i u sadržaju Mn, ni za jedno ispitano tkivo. Sa druge strane, između različitih tkiva utvrđena je visoko znača-
jna razlika (P < 0.001) u sadržaju ukupnog pepela i u sadržaju Mn. Sadržaj Mn u mišićnom tkivu nalazio se u intervalu od 0.018 do 
0.038 mg/100 g (prosečno 0.025 mg/100 g), u tkivu bubrega u intervalu od 0.16 do 0.30 mg/100 g (prosečno 0.22 mg/100 g) i u tkivu 
jetre u intervalu od 0.23 do 0.51 mg/100 g (prosečno 0.35 mg/100 g). Konzumiranjem 100 g tkiva jetre zadovoljava se minimalno 
11.4%, odnosno maksimalno 25.7%, preporučenog dnevnog unosa za Mn. 

Ključne reči: svinje, mangan, M. semimembranosus, jetra, bubreg. 
 

INTRODUCTION 
Manganese is a trace elements and is necessary for good 

health (ATSRD, 2008). It is a component of enzymes such as py-
ruvate carboxylase, mitochondrial superoxide dismutase and ar-
ginase. It also activates many other enzymes including hy-
drolases, glycosyl transferases, kinases, prolinase and phos-
photransferases (COMA, 1991). A number of the enzymes acti-
vates by manganese are non-specific and can be activated by 
other metal ions, particularly Mg2+ and are not significantly af-
fected during manganese deficiency (ILSI, 1994). Glycosyl 
transferases are specifically activated by manganese. Manganese 
is involved in both carbohydrate and lipid metabolism (Leach 
and Lilburn, 1978). 

In humans, manganese deficiency has only been observed 
under experimental conditions, where decreased levels of choles-
terol and clotting proteins were measured. Black hair was found 
to redden, fingernail growth slowed and scaly dermatitis was ob-
served. Taking high doses of manganese for long periods of time 
has been associated with manganism, which cause nerve damage 
and neurological symptoms such as fatigue, depression and neu-
rotoxic condition similar to Parkinson’s disease (EVM, 2003). 
The US EPA (US Environmental Protection Agency) concluded 
that existing scientific information cannot determine whether or 
not excess manganese can cause cancer (ATSRD, 2008). 

Manganese occurs in soil, sediments and water both natu-
rally and as a results of environmental contamination. Manga-
nese is present in food, particularly green vegetables (2 mg/kg), 
nuts (14.9 mg/kg), bread (8 mg/kg) and other cereals (6.81 

mg/kg). Tea is a rich source of manganese, containing 2.71 
mg/kg and is the largest contributor to manganese intake (EVM, 
2003). The ATSRD (1997) report manganese levels of 18.21 - 
46.83 mg /kg in nuts, 0.42 - 0.70 mg/kg in grains, 2.24 - 6.73 
mg/kg in legumes, 0.2 - 10.28 mg/kg in fruits and 0.1 - 3.99 
mg/kg in meat, poultry, fish and eggs. The levels of manganese 
in drinking water range from 1 to 100 μg/l with most being in 
the region of 10 μg/l (ILSI, 1994). 

COMA (1991) and WHO (1996) were unable to set a specific 
recommendation for manganese intake. Friedman et al. (1987) 
calculated that the minimum requirement for manganese in the 
normal diet was 2.5 mg/day. The EU Scientific Committee for 
Food (SCF, 1993) recommended a safe and adequate dose of 1 - 
10 mg/Mn/p/d. Adequate manganese intakes according to the 
Food and Nutrition Board of the Institute of Medicine for males 
and females (> 18 years) is 2.3 and 1.8 mg/d, respectively 
(Trumbo et al., 2001). FDA (2009) Recommended Dietary Al-
lowance (RDA) for manganese is 2 mg/d (for adults and children 
four or more years of age), based on a 2000 calorie intake. 

Traditionally, meat is considered a highly nutritious food, 
highly valued, and associated with good health and prosperity 
(Higgs, 2000). Meat is a significant source of high biological 
value protein, macro and micro elements and B, A and D vita-
mins (Lombardi-Boccia et al., 2005; Higgs, 2000). The continu-
ous innovations in the breeding systems, rearing practices, feeds 
composition, changes in slaughtering method and aging largely 
contribute to induced changes in the concentration of some of 
these micronutritients (Greenfield et al., 2009; Lombardi-Boccia 
et al., 2005). The macro and micro element concentrations in 
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tissues depend, in part, on type of cuts, age of the animals, and 
various other factors, which are often not reported (Hermida et 
al., 2006). 

Autonomous Province of Vojvodina is a region where the 
number of animals of the porcine species and the production of 
pork meat are of high economic importance. On the basis of the 
available data from the Statistical Office of the Republic of Ser-
bia (2008), the total consumption of meat in Serbia is 43 kg/p/yr, 
including the consumption of pork of about 22 kg/p/yr. 

Having in mind that in Vojvodina, i.e. Serbia, pork meat has 
an important role in the total diet, the aim of this work was: (i) to 
determine the content of manganese in three different pork tis-
sues (muscle - M. semimembranosus, liver and kidney); (ii) to 
investigate the potential difference in content of manganese in 
these tissues between ten different genetic lines of pigs used 
nowadays in Vojvodina for commercial pork production; (iii) to 
determine the difference of the content of mentioned nutrient 
between three different pork tissues; (iv) to compare the results 
of our study with results found in other studies, i.e. other coun-
tries, for M. semimembranosus (ham), liver and kidney; (v) to 
calculate the average daily intake of manganese through con-
sumption of one 100 g serving of pork meat, liver or kidney 
compared to the Reference Daily Intake - RDI (FDA, 2009). 

MATERIAL AND METHOD 
Sixty-nine pigs (castrates and entires) from ten different 

commercial genetic lines (two pure breeds and eight cross breed 
pigs): [Large White - LW, n = 8; Landrace - L, n = 7; Large 
White x Landrace - LWxL, n = 7; Landrace x Large White - 
LxLW, n = 6; Duroc x (Large White x Landrace) - Dx(LWxL), n 
= 7; Duroc x (Landrace x Large White) - Dx(LxLW), n = 6; 
(Duroc x Pietrain) x (Large White x Landrace) - (DxP)x(LWxL), 
n = 8; (Duroc x Pietrain) x (Landrace x Large White) - 
(DxP)x(LxLW), n = 7; (Hampshire x Pietrain) x (Large White x 
Landrace) - (HxP)x(LWxL), n = 6; (Hampshire x Pietrain) x 
(Landrace x Large White) - (HxP)x(LxLW), n = 7] were used 
for the investigations in this study. All pigs were taken from ten 
biggest commercial farms located in Vojvodina. The average 
live weight of the pigs was 104.9 ± 5.45 kg, and the average age 
was about six months. 

All pigs were slaughtered in two biggest Vojvodian slaugh-
terhouses according to routine procedure, during a three-year 
period. Carcasses and organs (liver and kidney) were conven-
tionally chilled for 24 h in chiller at 2 - 4°C. After chilling, M. 
semimembranosus (SM) was removed from the right hind leg of 
each carcass. Samples for chemical analysis (approximately 250 
g) taken after the homogenization of whole right SM muscles, 
liver and right kidney, were vacuum packaged in polyethylene 
bags and stored at –40°C until analysis. 

The total ash content was determined according to ISO 
method (ISO 936:1998). 

The content of manganese (Mn) of the meat, liver and kidney 
was determined after dry ashing mineralization using the method 
described in details by Gorsuch (1970). Mn was measured in the 
ash solution by flame atomic absorption spectroscopy (Varian 
Spectra AA 10) in the conditions specified in details by Rowe 
(1973). The results obtained for Mn in all samples were above 
the limit of detection. All analyses were performed in duplicate. 

All data are presented as mean, standard deviation (SD) and 
range. Analysis of variance (ANOVA) is used to test hypothesis 
about differences between three or more mean values. For the 
present study, the significance of variation between genetic lines 
and between tissues has been studied using one-way ANOVA 
(Miller and Miller, 2000). 

RESULTS AND DISCUSSION 
The average content, standard deviation and range for total 

ash and Mn in the investigated samples of muscle tissues (SM) 
and liver and kidney tissues of ten different genetic lines of pigs 
are presented in Table 1. 

The content of total ash and Mn did not differ significantly 
(P > 0.05) between the SM muscle tissue, between liver tissue or 
between kidney tissue belonging to different genetic lines of 
pigs. Therefore, it can be stated that no significant effect of 
breeding system, i.e. genetic line, on content of total ash or Mn 
was found in this study. Similar contents of total ash and Mn in 
SM muscle, liver and kidney can be explained by uniform rear-
ing system, uniform feeding and uniform slaughtering practice 
applied in the whole region of Vojvodina. 
 

Table 1. (part I) Total ash and manganese content in M. 
semimembranosus, liver and kidney in commercial pigs pro-
duced in Vojvodina 

 

Genetic line of pigs Total ash (g/100g) Mn (mg/100g) 
LW (n = 8) 

Mean ± SD 1.06 ± 0.02 0.029 ± 0.006 SM Range (1.01–1.07) (0.020–0.036) 
Mean ± SD 1.46 ± 0.04 0.36 ± 0.08 Liver Range (1.40–1.49) (0.27–0.45) 
Mean ± SD 1.24 ± 0.09 0.23 ± 0.04 Kidney Range (1.14–1.37) (0.19–0.30) 

L (n = 7) 
Mean ± SD 1.05 ± 0.02 0.024 ± 0.004 SM Range (1.03–1.07) (0.021–0.031) 
Mean ± SD 1.44 ± 0.03 0.39 ± 0.07 Liver Range (1.39–1.46) (0.28–0.48) 
Mean ± SD 1.24 ± 0.06 0.23 ± 0.03 Kidney Range (1.16–1.31) (0.21–0.29) 

LWxL (n = 7) 
Mean ± SD 1.03 ± 0.03 0.028 ± 0.005 SM Range (1.00–1.07) (0.024–0.038) 
Mean ± SD 1.42 ± 0.04 0.38 ± 0.06 Liver Range (1.39–1.49) (0.28–0.45) 
Mean ± SD 1.20 ± 0.06 0.24 ± 0.03 Kidney Range (1.11–1.27) (0.20–0.28) 

LxLW (n = 6) 
Mean ± SD 1.03 ± 0.03 0.024 ± 0.004 SM Range (0.99–1.08) (0.020–0.030) 
Mean ± SD 1.41 ± 0.02 0.34 ± 0.08 Liver Range (1.39–1.45) (0.23–0.46) 
Mean ± SD 1.20 ± 0.07 0.23 ± 0.04 Kidney Range (1.14–1.31) (0.17–0.27) 

Dx(LWxL) (n = 7) 
Mean ± SD 1.06 ± 0.02 0.024 ± 0.003 SM Range (1.03–1.08) (0.021–0.029) 
Mean ± SD 1.45 ± 0.06 0.31 ± 0.05 Liver Range (1.38–1.50) (0.26–0.38) 
Mean ± SD 1.21 ± 0.08 0.20 ± 0.01 Kidney Range (1.13–1.32) (0.19–0.22) 

Dx(LxLW) (n = 6) 
Mean ± SD 1.03 ± 0.02 0.026 ± 0.003 SM Range (1.02–1.06) (0.021–0.029) 
Mean ± SD 1.42 ± 0.05 0.34 ± 0.05 Liver Range (1.39–1.50) (0.28–0.42) 
Mean ± SD 1.17 ± 0.05 0.20 ± 0.01 Kidney Range (1.13–1.24) (0.19–0.22) 

(DxP)x(LWxL) (n = 8) 
Mean ± SD 1.03 ± 0.03 0.024 ± 0.004 SM Range (0.99–1.06) (0.020–0.032) 
Mean ± SD 1.45 ± 0.03 0.33 ± 0.04 Liver Range (1.42–1.49) (0.29–0.39) 
Mean ± SD 1.19 ± 0.04 0.20 ± 0.03 Kidney Range (1.12–1.24) (0.16–0.26) 
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Table 1. (part II)  Total ash and manganese content in M. 
semimembranosus, liver and kidney in commercial pigs pro-
duced in Vojvodina 

 

Genetic line of pigs Total ash (g/100g) Mn (mg/100g) 
(DxP)x(LxLW) (n = 7) 

Mean ± SD 1.05 ± 0.02 0.023 ± 0.004 SM Range (1.02–1.07) (0.020–0.029) 
Mean ± SD 1.43 ± 0.04 0.34 ± 0.02 Liver Range (1.38–1.47) (0.31–0.35) 
Mean ± SD 1.21 ± 0.05 0.23 ± 0.04 Kidney Range (1.16–1.28) (0.18–0.28) 

(HxP)x(LWxL) (n = 6) 
Mean ± SD 1.04 ± 0.04 0.023 ± 0.003 SM Range (0.98–1.08) (0.018–0.027) 
Mean ± SD 1.42 ± 0.03 0.35 ± 0.07 Liver Range (1.39–1.46) (0.26–0.41) 
Mean ± SD 1.18 ± 0.05 0.22 ± 0.03 Kidney Range (1.12–1.23) (0.19–0.26) 

(HxP)x(LxLW) (n = 7) 
Mean ± SD 1.06 ± 0.02 0.026 ± 0.005 SM Range (1.02–1.08) (0.021–0.035) 
Mean ± SD 1.45 ± 0.04 0.40 ± 0.07 Liver Range (1.40–1.48) (0.31–0.51) 
Mean ± SD 1.20 ± 0.05 0.23 ± 0.03 Kidney Range (1.15–1.26) (0.20–0.26) 

All animals (n = 69) 
Mean ± SD 1.04c ± 0.03 0.025c ± 0.004 SM Range (0.98–1.08) (0.018–0.038) 
Mean ± SD 1.43a ± 0.04 0.35a ± 0.06 Liver Range (1.38–1.50) (0.23–0.51) 
Mean ± SD 1.20b ± 0.06 0.22b ± 0.03 Kidney Range (1.11–1.37) (0.16–0.30) 

a,b,c Means within a column with different superscripts differ 
(P < 0.001) 
 

As shown in Table 1, the average total ash content in SM 
muscles was 1.04 g/100 g [ranging from 0.98, genetic line of 
pigs: (HxP)x(LWxL), to 1.08 g/100 g, genetic line of pigs: 
LxLW, Dx(LWxL), (HxP)x(LWxL) and (HxP)x(LxLW)]. In 
liver tissue the average total ash content was 1.43 g/100 g [rang-
ing from 1.38, genetic line of pigs: Dx(LWxL) and 
(DxP)x(LxLW), to 1.50 g/100 g, genetic line of pigs: Dx(LWxL) 
and Dx(LxLW)]. The content of total ash in kidney samples was 
in the range from 1.11 g/100 g (genetic line of pigs: LxLWxL) to 
1.37 g/100 g (genetic line of pigs: LW), with an average of 1.20 
g/100 g. The obtained difference in total ash content between 
different investigated tissues is highly significant (P < 0.001). 
The average total ash values for SM muscle, liver and kidney in 
the present study are in agreement with reported values in the 
food composition database of the other countries (Table 2). 

The content of Mn found in this study (Table 1) accounted 
for 0.0024% of total ash of SM muscle, 0.025% of total ash of 
liver and 0.018% of total ash of kidney. The lowest, average and 
highest Mn content in SM muscle was 0.018 [genetic line of 
pigs: (HxP)x(LWxL)], 0.025 and 0.038 mg/100 g (genetic line 
of pigs: LWxL), respectively. The lowest, average and highest 
Mn content in liver was 0.23 (genetic line of pigs: LxLW), 0.35 
and 0.51 mg/100 g [(genetic line of pigs: (HxP)x(LxLW)], re-
spectively. The lowest, average and highest Mn content in kid-
ney was 0.16 [genetic line of pigs: (DxP)x(LWxL)], 0.22 and 
0.30 mg/100 g (genetic line of pigs: LW), respectively. The av-
erage content of Mn was highly significantly lower (P < 0.001) 
in SM muscles, compared with average contents of the same nu-
trient in liver and kidney. Also, the average content of Mn was 
highly significantly higher (P < 0.001) in liver than in kidney. 
Comparing to data presented in food composition databases of 
the other countries (Table 2) the average Mn content, found in 

this study, in SM muscles and kidney was higher, while in liver 
was similar. Our calculated values of dietary daily intake for Mn 
(Table 3), based on consumption of 100 g of SM muscles are 
low representing maximally 1.9%, while consumption of 100 g 
of liver or kidney contributes minimally 11.4%, i.e. 11.1%, of 
the RDI value, respectively. 
 

Table 2. Contents of total ash and manganese in M. 
semimembranosus (ham), liver and kidney in pigs according to 
food composition databases of various countries 

 

Meat, liver and kidney 
composition database / 
Study 

Samples 
Total 
ash 

(g/100g) 

Mn 
(mg/100g) 

Australia - Greenfield et 
al. (2009) 

Ham, topside, 
lean  0.0086 

Ham, topside  
(M. semimem-
branosus), lean 

0.9 0.014 

Liver 1.6 0.39  
(0.34-0.44) 

Denmark - National Food 
Institute, Technical Uni-
versity of Denmark (2009) 

Kidney 1.2 0.15  
(0.15-0.16) 

Leg (ham), lean  trace Italy - Salvini et al. (1998) Liver  0.29 
Ham, shank half, 

lean 1.03 0.01 

Liver 1.44 0.34 
USA - Romans et al. 
(1994)* 

Kidney 1.17 0.12 
 

Table 3. Contribution of the manganese analyzed to daily 
dietary intake in adult and children four or more years of age 
based on a caloric intake of 2.000 calories; values for the con-
sumption of one serving (100 g of meat, liver or kidney) 

 

Element Mn SM Liver Kidney 
Min 0.9 11.4 11.1 
Max 1.9 25.7 14.8 % RDI* 
Mean 1.3 17.7 8.2 

* According to FDA (2009) Reference Daily Intake (RDI) for 
Mn is 2 mg/day. 

CONCLUSION 
Generally, according to obtained results in this study it can 

be concluded that: 
1. genetic line of pigs, i.e. breeding system, does not signifi-
cantly (P > 0.05) influence content of total ash and Mn in meat 
(M. semimembranosus), liver and kidney; 
2. highest content of total ash and Mn were determined in liver 
tissue, following kidney and meat (M. semimembranosus), with 
significant differences (P < 0.001); 
3. according to our calculations, the Mn content in 100 g of meat 
(M. semimembranosus), liver or kidney of pigs produced in Vo-
jvodina represents minimally 0.9%, 11.4%, 11.1% of the RDI 
value, respectively. 
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