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Non-essential and essential trace element concentrations in meat in cattle 1 reared under organic, intensive or conventional production systems 2

Keywords: Toxic elements, Trace elements beef cattle, farming systems, non-essential elements, essential trace 30 elements, muscle, nutrition

We evaluated if differences in non-essential and essential trace element 11 accumulation in beef-cattle reared under different systems (including organic, 12 conventional and intensive management) were reflected in the meat derived from 13 these animals. Diaphragm muscle from 166 calves from nine farms were analysed.

14

Muscle cadmium concentrations were low (<10 µg/kg wet wt.) and muscle arsenic, 15 mercury and lead concentrations were below limits of detection (<12, 2 and 3 µg/kg 16 respectively) in most (77-97%) samples; there were no significant differences 17 between farms. Essential trace element concentrations in muscle were generally 18 within adequate physiological ranges and, although they varied significantly 19 between farms, this was not apparently related to management practices. There 20 were no significant correlations in element concentrations between muscle and 21 liver or kidney (organ concentrations that better reflect exposure), except for cobalt 22

other countries (for review see Jorhem et al. 1989;[START_REF] López-Alonso | Toxic and trace elements in liver, kidney and meat from cattle slaughtered in 305 Galicia (NW Spain)[END_REF]. In contrast, Se concentrations in cattle from all farms in the current study were above 173 the normal range (0.070-0.150 mg/kg wet weight; Puls 1994) and were higher than 174 concentrations reported in cattle elsewhere (Jorhem et al. 1989). Indeed, most 175 animals in the present study had muscle Se concentrations within the high (0.250-176 0.500 mg/kg) or toxic (0.500-1.500 mg/kg) range. However, the ranges for 177 essential element concentrations proposed by [START_REF] Puls | Mineral levels in animal health[END_REF] are not comprehensive 3). There was also a significant negative association between Zn 210 concentrations in the muscle and those in the liver and kidney (Table 3). Taking 

  various food scares over the past decade that has involved meat 36 products. These include Salmonella in chicken, antibiotics in pork, Escherichia coli were determined for these elements using samples 125 spiked at a concentration that gave absorbance values some 2-10 times greater 126 than the normal levels in muscle. Mean recoveries were 89% and 96% 127 respectively. The precision of the analytical method, calculated as the relative 128 standard deviation (RSD) of Co and Mo concentrations in 10 digests of the same 129 sample, were between 5.8 and 9.3 %. 130 Statistical analysis 131 All statistical analyses were done using the program SPSS for Windows (v.15.0). 132 Non-detectable concentrations were assigned a value of half the detection limit 133 when calculating mean element concentrations in muscle. Data were tested using 134 a Kolmogorov-Smirnov test and were generally not normally distributed. They were 135 therefore log-transformed before analysis, and average concentrations are 136 therefore given as geometric means. 137 One-way Analysis of Variance followed by Tukey´s honest significant difference 138 (HSD) post-hoc tests were used to test for differences in non-essential and 139 essential trace element concentrations between farms. The significance of 140 correlations between the levels of non-essential and essential trace elements in 141 muscle and liver and kidney in each farm were calculated using Spearman rank 142 correlation analysis. In all cases statistical significance was taken to be indicated 143 by p<0.05. element concentrations in muscle from cattle from different farms 146 are presented in
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  and do not take into account possible differences between different types of 179 muscle. Comparison of results from separate studies superficially suggest that 180 essential trace element concentrations in muscle vary 2-3 fold between cattle from 181 different countries (Jorhem et al. 1989; López-Alonso et al. 2000) even when 182 essential trace element concentrations in the liver and kidneys are comparable and 183 within the adequate physiological range. However, differences in muscle element 184 concentrations more likely reflected differences in the type of muscle analysed. For 185 example, cattle diaphragm has been found to contain nearly twice the Cu and Se 186 concentration of pectoral muscle (López-Alonso et al. 2000; López-Alonso 187 unpublished data), perhaps reflecting greater metabolic activity in the diaphragm. 188 There were statistically significant differences between farms for most essential 189 trace element concentrations in muscle (Figure 1). As with inter-farm differences in 190 concentrations (Blanco-Penedo et al. 2009), there was no 191 evidence of any specific pattern of differences between regions or different types of 192 farm. Cattle from the organic farm in Montederramo (MO) had the lowest mean Co, 193 Cu, Ni and Se concentrations found in our study. This was the only farm where a 194 high proportion of animals had hepatic Co and Se concentrations that were within 195 the marginal or deficient range, and (together with the organic farm in Baralla 196 (BO)), had calves with hepatic Cu concentrations that were below the range 197 considered adequate (Blanco-Penedo et al. 2009). Calves from the MO farm also 198 had significantly higher Zn muscle concentrations than cattle from other farms 199 although, surprisingly, calves from the MO farm had the lowest mean Zn hepatic 200 and renal concentrations that we recorded (Blanco-Penedo et al. 2009). The 201 highest mean concentrations in muscle of most of the essential trace elements 202 (Cu, Fe, Mn, Mo and Se) were in cattle from the intensive farm in Vilalba (VI), 203 although it did not correspond with a higher intake of these elements in the diet or 204 higher concentrations in the liver or kidney (Blanco-Penedo et al. 2009). 205 When analysing the relationship between essential trace element concentrations in 206 muscle and those in the liver or kidney (data from Blanco-Penedo et al. 2009), the 207 only significant positive association was for Co; muscle Co concentrations were 208 positively associated with Co concentrations in both liver and kidney (Figure 2; 209 Table

  211into account that essential trace element concentrations in the liver, and to a lesser

  trace element concentration in muscle is generally not indicative of 215 mineral status. This is presumably because muscle, unlike the liver and kidney, 216 does not have essential trace element storage capacity. At adequate dietary 217 intakes, mineral concentrations in muscle may be most closely related to protein 218 synthesis and the predominant type of metabolism in the muscle (Schricker et al. 219 1982). 220 Although our results did suggest that muscle Co might correlate with Co status, this 221 has not been found elsewhere. Van Ryssen et al. (1987) compared tissue Co 222 concentrations in cattle given little or no dietary Co supplementation (Co 223 requirement in cattle is 0.1 mg/kg DM; NRC 2001) with those in cattle given large 224 Co supplements (10 and 40 mg/kg DM). The authors found that although liver and 225 pancreatic Co concentrations significantly increased with Co supplementation 226 (increase from 7.60 to 11.15 mg/kg dry weight in liver, and from 7.88 to 10.69 227 mg/kg dry weight in the pancreas), there was no concomitant increase in muscle 228 Co (8.36 vs 8.56 mg/kg dry weight). It is possible that the low dietary levels of Co in 229 cattle in our study were below those necessary to maximise metabolic activity 230 (although normal or adequate Co concentrations have not been established for 231 muscle; Puls 1994) and so Co concentrations in the muscle of cattle from farms 232 where Co nutrition was better may have significantly increased alongside 233 concentrations in the liver and kidney.
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 2 Overall, concentrations were low, and with the exception 147 of Cd, most samples (96.6 % for As and Hg, 77.3% for Pb) had levels which were 148 not detectable. The remainder of samples had concentrations close to the 149 detection limit. Cd concentrations were all below 10 µg/kg wet weight. In general, 150 non-essential element residues in meat in this study were similar to those 151 described in previous studies in cattle in NW Spain (López-Alonso et al. 2000; 152 2004) and were within the range of those described in other countries (for review 153 see López-Alonso et al. 2000). None of the samples analysed in the current study 154 exceeded the maximum admissible levels for Cd and Pb (0.050 and 0.01 mg/kg
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	157	European Commission has not established statutory limits for As and Hg but Hg
	158	residues, when detected, were 1000-fold lower than those allowed in fish
		(European Commission 2001).

155 fresh weight respectively) established by the European Commission (2001). The 159 No

significant differences were found between farms in muscle Cd concentrations

  

	169	are presented in Figure 1. In general, and with the exception of Se, essential trace
	170	element concentrations in cattle muscle were within the ranges described by Puls
	171	(1994) as adequate and were similar to those reported for cattle muscle in most
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	160 161	(mean values ranged from 3.16 to 4.07 µg/kg wet weight) nor in the proportion of O n
	162 163	samples with detectable residues for the other non-essential elements (Table 2). There was no significant association between Cd concentrations in muscle and l y
	164	those in the liver or kidney (Table 3). This is broadly consistent with findings
	165	elsewhere that suggest that muscle concentrations of non-essential elements,
	166	except perhaps for As, are not closely related to the level of exposure, (Vreman et
	167	al. 1988).
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Table 2 .

 2 Non-essential (As, Cd, Hg and Pb) element concentrations in muscle 357 (µg/kg wet weight) in cattle in our study. Abbreviations for farms are as follows B:

	358											
	359	Baralla, M: Montederramo, V: Vilalba, C: Conventional, I: Intensive, O: Organic
		Farm				As		Cd		Hg		Pb
		BC	N (<ld)		13 (13)		13	13 (13)		13 (11)
			Geometric mean		ND	3.73	ND		1.81
			Range		ND-ND	2.10-6.13	ND-ND		ND-15.6
		BI	N (<ld)		14 (13)		14	14 (14)		14 (12)
			Geometric mean		6.83	3.48	ND		1.75
			Range		ND-28.1	1.82-5.62	ND-ND		ND-11.7
		BO	N (<ld)		14 (14)		14	14 (13)		14 (11)
			Geometric mean		ND	3.62	1.06		2.15
			Range		ND-ND	2.28-6.60	ND-5.56		ND-18.9
		MC	N (<ld)		14 (14)		14	14 (13)		14 (11)
			Geometric mean		ND	3.16	1.03		2.13
			Range		ND-ND	1.87-4.86	ND-3.30		ND-18.0
		MI	N (<ld)		13 (11)		13	13 (13)		13 (9)
			Geometric mean		6.95	3.57	ND		2.42
			Range		ND-14.5	2.16-7.05	ND-ND		ND-5.83
		MO	N (<ld)		8 (7)		8	8(8)		8 (7)
			Geometric mean		6.82	3.20	ND		1.93
			Range		ND-14.5	2.02-5.81	ND-ND		ND-10.5
		VC	N (<ld)		14 (14)		14	14 (14)		14 (11)
			Geometric mean		ND	4.07	ND		2.16
			Range		ND-ND	2.76-7.21	ND-ND		ND-8.91
		VI	N (<ld)		14 (14)		13	14 (13)		14 (10)
			Geometric mean		ND	3.59	1.07		2.25
			Range		ND-ND	1.72-5.67	ND-5.78		ND-15.7
		VO	N (<ld)		15 (15)		15	15 (14)		15 (11)
			Geometric mean		ND	4.02	1.05		2.17
			Range		ND-ND	1.76-8.93	ND-5.22		ND-7.20
	360											
	361	that	were	below	the	limit	of	detection	(N<LoD);	ND:	non	detected

N is the number of samples analysed and numbers in parenthesis indicates the number of samples

Table 3 .

 3 Rank correlations between mean non-essential and essential trace 362 element concentrations in muscle and liver and kidney in each farm in cattle in our 363 study. Results are expressed as Spearman rank correlations coefficient and 364 probability (*p<0.05, * p<0.01, *** p<0.001). Correlations have been not calculated 365 for As, Hg and Pb because most samples had not detectable concentrations

	366		
	Element (N)	Muscle vs. liver	Muscle vs. kidney
	Cd (118)	-0.247	-0.165
	Co (119)	0.875 **	0.913 ***
	Cr (119)	-0.089	-0.367
	Cu (164)	0.120	0.594
	Fe (166)	-0.074	-0.137
	Ni (119)	0.224	0.535
	Mn (165)	0.608	0.325
	Mo (165)	0.133	-0.587
	Se (166)	0.256	-0.104
	Zn (166)	-0.837 **	-0.704 *
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