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The frequent contamination of grains with the Fusarium toxins deoxynivalenol (DON) 2 and zearalenone (ZON) is an important issue in animal and human nutrition. However, 3 data on the exposure of humans to these toxins through consumption of tissues of 4 http://mc.manuscriptcentral.

animals exposed to Fusarium toxins (carry over) are still fragmentary. Therefore, the 5 residues of DON, ZON and their metabolites were determined in tissues and body fluids 6 of pigs (female and castrated male) from a fattening trial which were fed a control (n = 7 6, 0.24 mg DON and 0.009 mg ZON per kg diet as fed) or a Fusarium toxin 8 contaminated diet (n = 12, 6.68 mg DON and 0.056 mg ZON per kg diet as fed) either 9 for ad libitum or restrictive consumption for 12 weeks. After slaughter (96.3 ± 11.6 kg 10 live weight), the concentrations of DON and its metabolite de-epoxy-DON were 11 measured in serum, bile, liver, kidney, musculus longissimus and back fat, while ZON 12 and its metabolites αand β-zearalenol (α-/β-ZOL) were determined in serum, bile and 13 liver. The mean carry over factor of DON + de-epoxy-DON, defined as the 14 concentration of both substances in the tissue/fluid divided by the DON concentration in 15 the diet, for all pigs decreased from bile (0.1046 ± 0.0653) >> kidney (0.0151 ± 0.0070) 16 > liver (0.0057 ±0.0043) > serum (0.0023 ± 0.0018) > muscle (0.0016 ± 0.0016) >> 17 back fat (0.0002 ± 0.0004). The time interval between the end of feeding and slaughter 18 had no consistent effect on DON + de-epoxy-DON concentrations in the analyzed 19 specimen of Fusarium toxin exposed pigs fed restrictively. No transfer of ZON and its 20 metabolites could be observed into serum of pigs, while the mean carry over factors of 21 ZON + α-ZOL + β-ZOL were 0.0094 ± 0.0123 and 4.0 ± 2.2 for liver and bile, 22 respectively. Therefore, it can be concluded that serum is a reliable indicator for a DON 23 exposure, but an inappropriate parameter to deduce on a ZON exposure, which might be 24 better represented by the bile concentration of ZON + α-ZOL + β-ZOL. However, the 25

Introduction

31

In temperate climate zones, the Fusarium toxins deoxynivalenol (DON) and 32 zearalenone (ZON) are common contaminants of cereal crops such as wheat and maize. 33

Due to their stability at high temperatures and during storage, milling, processing and 34 cooking of food and feed, humans and animals are always exposed to both mycotoxins 35 to a certain extent (EFSA 2004a;b). 36

Besides a direct exposure of humans by Fusarium toxin contaminated food, a potential 37 carry over might be possible from tissues of animals which consumed these Fusarium 38 toxins. Among farm animals, pigs are regarded as particularly susceptible to these 39 mycotoxins (Pestka and Smolinski 2005;[START_REF] Rotter | Toxicology of deoxynivalenol (vomitoxin)[END_REF]) and may therefore be a 40 good indicator for human health risk. Furthermore, DON was shown to be rapidly and 41 nearly completely absorbed, highly distributed, but poorly metabolized in pigs (Goyarts 42 and Dänicke 2006;[START_REF] Prelusky | Pharmacokinetic fate of 14 C-438 labeled deoxynivalenol in swine[END_REF], resulting in a high systemic availability. ZON 43 and its metabolites are known to undergo an extensive enterohepatic cycling (Dänicke et 44 al. 2005b;[START_REF] Biehl | Biliary 391 excretion and enterohepatic cycling of zearalenone in immature pigs[END_REF]) and may therefore accumulate in the body. As in naturally 45 with Fusarium contaminated foods and feeds both mycotoxins occur concomitantly, the 46 transmission or a possible retention of DON and ZON and its metabolites into edible 47 tissues or body fluids has to be examined. For this reason, we determined the residues of 48 DON and ZON as well as their metabolites in tissues and body fluids of female and 49 castrated male fattening pigs which were exposed chronically (12 weeks) to a Fusarium 50 Furthermore, it was of interest whether the feeding regimen (ad libitum or restricted) or 52 the feeding interval between end of feeding and slaughter had an influence on the tissue 53 toxin concentrations. 54

Materials and methods

55

Animals, diets and experimental procedure 56

The results presented here are part of a study described in more detail by Goyarts et al. 57 (2005). In brief, a diet with a total wheat content of 400 g/kg was formulated to meet or 58 exceed all nutritional requirements of fattening pigs as recommended by the 59 "Gesellschaft für Ernährungsphysiologie" (GfE 1987; Table I). The wheat proportion, 60 either uncontaminated control wheat (control) or wheat infected naturally with 61 Fusarium and contaminated mainly with deoxynivalenol (contaminated; Table II), was 62 constant over the course of the study. 48 crossbred German Landrace x Pietrain pigs 63 were divided into four groups (n = 12, female and barrows one half each) and fed the 64 control or naturally with Fusarium contaminated diet either for ad libitum consumption 65 or restrictively over a fattening period of 12 weeks (study design see Table III). Each 66 animal was housed in a separate pen with free access to water from drinking nipples and 67 was fed individually. The restrictive feeding regimen was characterized by an equal 68 feed intake of all pigs (control and contaminated diet) and was therefore based on the 69 pig with the lowest feed consumption to exclude feed refusal. The daily feed amount 70 was given in two equal portions at 7 a.m. and 2 p.m., while the ad libitum fed pigs had 71 free access to their feed. Grower diets were fed for the first 7 weeks (average live 72 weight range 26 -65 kg) of the experiment, and finisher diets thereafter until slaughter. 73

As the proportion of the contaminated wheat was constant over the course of the study, 74 the toxin concentrations did not vary noteworthy. Therefore, only the finisher diet is slaughter and the end of feed intake (when the through was totally empty) was recorded 79 for the restrictively fed pigs, while the ad libitum fed pigs had free access to their feed 80 until slaughter. Serum, bile, liver, kidney, muscle (M. longissimus 13 th rib) and 81 corresponding back fat were prepared, frozen and stored at -20°C until analysis of 82 mycotoxin residues. 83

Treatments and experiments were conducted according to the European Community 84 regulations concerning the protection of experimental animals and the guidelines of the 85 Regional Council of Braunschweig, Lower Saxony, Germany (File Number 86 509.42502/09-02.02). 87 Samples from wheat batches and diets were analyzed for crude nutrients according to 89 the methods of the "Verband Deutscher Landwirtschaftlicher Untersuchungs-und 90

Forschungsanstalten" (VDLUFA) [START_REF] Naumann | Die chemische Untersuchung von Futtermitteln[END_REF]. Deoxynivalenol in 91 experimental diets was determined by high performance liquid chromatography (HPLC) 92 with diode array detection (DAD) after clean-up with immuno-affinity columns (IAC,93 DONtest HPLC, VICAM, Klaus Ruttmann GmbH, Hamburg, Germany) according to a 94 modified VDLUFA-method described by [START_REF] Valenta | Vergleich einer HPLC-und einer ELISA-461 Methode zur Bestimmung von Deoxynivalenol in Mühlenstäuben, Kleien und Getreide. 462 VDLUFA-Kongreßband[END_REF]. The detection limit was 95 30 ng/g and the recovery was approximately 90 %. Freeze-dried liver, kidney, muscle 96 and fresh back fat samples as well as bile and serum samples were analyzed for DON 97 and de-epoxy-DON by HPLC with UV detection after incubation with β-glucuronidase 98 (EC 3.2.1.31; Type H-2, Sigma-Aldrich Chemie, Taufkirchen, Germany) according to 99 [START_REF] Valenta | Vergleich einer HPLC-und einer ELISA-461 Methode zur Bestimmung von Deoxynivalenol in Mühlenstäuben, Kleien und Getreide. 462 VDLUFA-Kongreßband[END_REF] with modifications as described by Dänicke et al. (2005a) for DON and de-epoxy-DON, respectively. 103 ZON, α-zearalenol (α-ZOL) and β-zearalenol (β-ZOL) in diets, liver and bile were 104 determined by HPLC with fluorescence detection after overnight treatment with 2 U β-105 glucuronidase [START_REF] Dänicke | Excretion kinetics 407 and metabolism of zearalenone in broilers in dependence on a detoxifying agent[END_REF][START_REF] Ueberschär | Einfluß von Zearalenon auf Wachstum und Rückstände in den 455 Geweben von Mastkaninchen[END_REF]. The detection limit of ZON, α-106 ZOL and β-ZOL was 1, 1 and 4 ng/g, respectively. The mean recovery for ZON, α-ZOL 107 and β-ZOL was 82, 81 and 74 % for feedstuffs; 88, 76 and 66 % for liver; and 92, 81 108 and 104 % for bile, respectively. 109 Further Fusarium mycotoxins were analyzed in wheat samples by the Institute of 110 Animal Nutrition of the University of Hohenheim using a gas chromatography-mass 111 spectrometry (GC-MS) method (Schollenberger et al. 1998). 112 Results of analyses of DON, ZON and its metabolites were not corrected for recovery. 113

Mycotoxin concentrations in physiological samples, which were lower than the above 114 mentioned detection limits, were considered to be zero. Therefore, calculated mean 115 values might be lower than the detection limit. 116

Calculations and statistics 117

Mycotoxin residues of tissues were given as the concentration in fresh samples by 118 considering their dry matter content. The carry over factor was calculated as follows: 119 

] kg / g [ diet of ion concentrat toxin ] kg / g [ tissue of ion concentrat

124

Mycotoxin contamination in wheat and diets 125

The control wheat contained only low levels of DON, ZON and further trichothecenes 126 (Table II). In contrast, the wheat contaminated naturally with Fusarium included 127 predominantly DON (16.6 mg/kg) and only small amounts of ZON (0.114 mg/kg) and 128 other trichothecenes such as 15-acetyldeoxynivalenol, 3-acetyldeoxynivalenol, 129 nivalenol, scirpentriol, and HT-2 toxin (Table II). The Fusarium contaminated diet 130 contained mainly deoxynivalenol (6.68 mg/kg) and little zearalenone (0.056 mg/kg, < 1 131 % of the DON concentration), while the control diet was contaminated to a much lesser 132 extent (0.24 mg DON/kg; 0.009 mg ZON/kg; Table I). 133

Performance and intake of DON and ZON 134

The mean live weight (LW) on the day of slaughter was significantly higher in the ad 135 libitum control (109.8 ± 18.6 kg) and Fusarium contaminated wheat (98.9 ± 9.2 kg) fed 136 pigs as compared to the restricted Fusarium contaminated wheat fed pigs (88.8 ± 2.5 137 kg), while the pigs fed the control diet restrictively had an intermediate live weight of 138 92.2 ± 3.3 kg (Table III). 139

The daily feed intake of pigs in the last week (Week 12, Table III) ranged between 2.9 -140 4.7 kg/d and 3.1 -4.8 kg/d for pigs fed the control or Fusarium contaminated diet ad 141 libitum and was significantly higher than in the restrictively fed pigs (both control and 142 Fusarium contaminated), which showed no variation in their daily feed intake of 2.4 143 kg/d (1.2 kg/meal). For that reason, the daily DON and ZON intake per kg LW of pigs 144 fed the Fusarium toxin contaminated diet ad libitum (Group 2) was significantly 145 increased compared to that of restrictively fed pigs (Group 4, Table III), although the 146 live weight of Group 2 was significantly higher (Table III). The DON intake of the 147 control pigs (Groups 1 & 3) was only 3 %, and the ZON intake only 14 % compared to 149 III). In restrictively fed pigs, the consumption of the control diet appeared to be more 150 rapid than of the Fusarium contaminated diet, which resulted in a greater time interval 151 between the end of feed intake and slaughter for the control compared to the pigs fed 152 contaminated wheat (6.1 h versus 4.8 h, Table III). However, the effect of the time after 153 the end of feeding the Fusarium contaminated diet restrictively on DON + de-epoxy-154 DON concentrations of tissues and fluids was rather inconsistent (Figure I). When the 155 time interval between the end of feeding and slaughter increased, the toxin 156 concentrations of serum, kidney, muscle and back fat appeared to decrease, but to 157 increase in bile, while liver toxin concentrations kept constant (Figure I). However, it 158 has to be noted that the relation of time interval and DON + de-epoxy-DON 159 concentrations of tissues and fluids of Fusarium toxin exposed pigs showed very low 160 correlations (r 2 = 0.011 -0.33). The toxin concentrations of the restricted fed control 161 animals were rather low and were therefore not included in Figure I to maintain the 162 clearness, but they showed also no significant decrease with increasing time interval. 163

Therefore, it has to be emphasized that the toxin concentrations were still rather high 164 after 6-7 hours. 165

Residues of DON, ZON and metabolites 166

DON was only detected in serum samples of pigs exposed to the Fusarium 167 contaminated diet as the parent toxin (Table IV). The DON concentrations in serum of 168 pigs fed the Fusarium contaminated diet were significantly higher than of control 169 animals (Figure III, Table IV). However, there was a high deviation between the 170 individuals at higher daily DON intake (Figure III), indicating that someone could not 171 predict on the level of exposure after analyzing a serum sample. In muscle and back fat 172 no or only marginal de-epoxidation of DON was found (Table V). In contrast, the mean 173 the toxin concentrations were significantly higher in bile, liver, kidney and muscle of 176 pigs fed the Fusarium contaminated diet, the carry over of the sum of DON + de-epoxy-177 DON into bile, liver and kidney was significantly higher in control pigs (Figure II,178 Tables IV &V). The carry over of DON + de-epoxy-DON decreased in following 179 order: bile >> kidney > liver > serum > muscle >> back fat, as only negligible amounts 180 of DON could be found in back fat (Table V). The DON + de-epoxy-DON 181 concentrations of liver and bile were positively correlated (r = 0.847), whereby the liver 182 concentration increased by 0.04 µg/kg with an increase of 1 µg/l bile. 183

No ZON, α-ZOL or β-ZOL was detectable in serum of pigs independent of their 184 exposure to Fusarium contaminated feed. Residues of ZON and its metabolite α-ZOL 185 were mainly found in bile, while β-ZOL could not be detected (Table VI). The mean 186 carry over factor (averaged over all groups) for α-ZOL + ZON in bile was 4.0 ± 2.2. In 187 liver, only the metabolite α-ZOL was detected at low amounts with a mean carry over 188 factor of 0.0094 ± 0.0123 (Table VI). In any case, the increase of ZON + α-ZOL + β-189 ZOL in bile was accompanied by an increase of liver toxin concentrations (r = 0.644). 190

The variations in toxin intake and toxin concentrations in physiological matrices caused 191 by all pigs were used for a regressive evaluation of the data. When the daily DON 192 intake increased by 1 µg/kg LW, the DON concentration increased by 0.11 µg/kg fresh 193 liver and 1.95 µg/l bile, respectively (Figure IV A). After an increase of the daily ZON 194 intake by 1 µg/kg LW, the ZON, α-ZOL and β-ZOL residues in liver and bile will be 195 increased even more by 0.33 µg/kg and 61.78 µg/l, respectively (Figure IV B). 196

However, it has to be emphasized that the low control values contribute too much to the 197 significance of the correlation and that therefore the high variation at higher toxin intake 198 levels may be overlooked. 199 positively correlated in liver and bile, respectively. However, it has to be noted that the 201 mean carry over factor of ZON + metabolites into bile and liver was 38.6 and 1.6 times 202 higher, respectively, compared to the DON + de-epoxy-DON carry over. 203

Discussion

204

DON and de-epoxy-DON 205

In the present study, the carry over factor of DON + de-epoxy-DON decreased from bile 206 >> kidney > liver > serum > muscle >> back fat of fattening pigs fed a control (0.24 mg 207 DON/kg diet) or a Fusarium contaminated diet (6.68 mg DON/kg diet) over 12 weeks. 208

In agreement with our results, [START_REF] Schneeweis | 447 Influence of organically or conventionally produced wheat on health, performance and 448 mycotoxin residues in tissues and bile of growing pigs[END_REF] found decreasing DON residues 209 in the bile > liver > muscle of growing pigs following dietary exposure to different 210 varieties of wheat cultivated under organic and conventional conditions. Accordingly, 211 tissue distribution of pigs following an intravenous DON bolus of 1 mg/kg LW showed 212 the ranking order: urine > bile > kidney > plasma > liver >> other tissues (Prelusky et 213 al. 1991). Nervertheless, it has to be pointed out that oral and intravenous DON 214 exposure are only limited comparable due to the differences in absorption and 215 metabolism [START_REF] Goyarts | Bioavailability of the Fusarium toxin deoxynivalenol 427 (DON) from naturally contaminated wheat for the pig[END_REF]. For example, [START_REF] Prelusky | Pharmacokinetic fate of 14 C-438 labeled deoxynivalenol in swine[END_REF] collected 216 blood, urine, bile and faeces from pigs over 24 h after an intragastric dose of 0.6 mg/kg 217 LW or an intravenous dose of 0.3 mg/kg LW of radio-labeled [ 14 C]deoxynivalenol. 218 Following the intravenous dosing, an average of 3.8, 93 and <0.3 % of the administered 219 dose were recovered in bile, urine and faeces, respectively. After oral dosing, only 68 % 220 of the recovered dose was found in the urine, but 20 % in the faeces, while the bile 221 contained still 2.5% [START_REF] Prelusky | Pharmacokinetic fate of 14 C-438 labeled deoxynivalenol in swine[END_REF]. 222 It has to be mentioned that the carry over factor calculated in the present investigation 223 might be higher as calculated from preceding studies, as the total DON (unconjugated (Goyarts and 227 Dänicke 2006). Furthermore, the less toxic metabolite de-epoxy-DON (EFSA 2004a) is 228 included into the carry over estimation, although it might not be toxicological important 229 for consumers. On the other hand, it was shown that the de-epoxidation is probably an 230 acquired ability of pigs [START_REF] Eriksen | Absorption, metabolism and excretion of 423 3-acetyl DON in pigs[END_REF][START_REF] Goyarts | Bioavailability of the Fusarium toxin deoxynivalenol 427 (DON) from naturally contaminated wheat for the pig[END_REF]. Therefore, the 231 carry over of DON in pigs lacking this ability might be at least as high as the calculated 232 carry over factor including the metabolite de-epoxy-DON as the total recovery of DON 233 in urine and faeces decreased when de-epoxy-DON was detected (Goyarts and Dänicke 234 2006). 235

Although the acetylated derivates of DON can be rapidly converted to DON in pigs 236 [START_REF] Eriksen | Absorption, metabolism and excretion of 423 3-acetyl DON in pigs[END_REF]), these derivates have not been included in the calculations on carry 237 over because the proportions of 15-acetyl-DON and 3-acetyl-DON amounted just 0.6 238 and 0.2 % of the total DON intake, respectively. 239 Because of the low correlation of the time interval between the end of feeding and 240 slaughter, and the DON + de-epoxy-DON concentrations in the analyzed specimen of 241 pigs fed the Fusarium contaminated diet restrictively, a reliable conclusion for fasting 242 before slaughter can not be made (Figure I). However, in practice the fasting interval 243 before slaughter is probably longer (fasting before transport, transport (up to 6 h), 244 slaughter) than in the present study (1.7-6.9 h), and may result in a greater influence on 245 the toxin levels in tissues of pigs. Nevertheless, pigs which fasted up to 6-7 h in the 246 present study showed still rather high toxin values (Figure I). In the view of human risk 247 assessment, further research is necessary to estimate the impact of fasting interval. 248

Regarding the serum DON concentrations of piglets fed Fusarium contaminated maize 249 [START_REF] Döll | Effects of graded levels of Fusarium toxin contaminated maize in 411 diets for female weaned piglets[END_REF]2005), the carry over factor was in the same range as in the present concentrations resulted in a decreased carry over factor. In the present study, this was 252 also observed for the carry over into serum of pigs, but the maximum carry over factors 253 of DON and de-epoxy-DON into bile, liver and kidney seemed to be higher in the 254 control pigs. The question of why the DON transfer may be higher in control pigs can 255 not be sufficiently answered from the present data, but it may be the misleading result 256 of relatively higher failures in analyses at low mycotoxin levels. However, calculated 257 from the data of Dänicke et al. (2005a), the carry over factors of bile and liver (0.0338 258 and 0.0017) of gilts fed 6 mg DON were considerably lower than in the present study. 259Accordingly, the concentrations and median carry over factors of DON + de-epoxy-260 DON in bile and liver of sows in the last third of gravidity after consuming a Fusarium 261 contaminated diet of 9.57 mg DON/kg for 35 days [START_REF] Dänicke | On 394 the transfer of the Fusarium toxins deoxynivalenol (DON) and zearalenone (ZON) from 395 the sow to the piglet during the last third of gestation[END_REF] were about 10 262 times lower compared to the current results, indicating that the systemic availability, 263 metabolism, distribution and retention of this toxin are influenced not only by species 264 but also by sex, age and category. Since no [START_REF] Dänicke | On 394 the transfer of the Fusarium toxins deoxynivalenol (DON) and zearalenone (ZON) from 395 the sow to the piglet during the last third of gestation[END_REF] or only negligible 265 (present study, [START_REF] Prelusky | Nonaccumulation of residues in swine tissue 442 following extended consumption of deoxynivalenol-contaminated diets[END_REF] amounts of DON were detected in back 266 fat, a considerable displacement of toxin to this deeper compartment as discussed by 267 [START_REF] Goyarts | Bioavailability of the Fusarium toxin deoxynivalenol 427 (DON) from naturally contaminated wheat for the pig[END_REF] can probably be ruled out. Furthermore, the intoxication of 268 humans with DON by back fat, muscle or liver from exposed animals appeared to be 269 unlikely, as a person of 70 kg would have to eat more than 8.7, 3.4 or 1.9 kg per day of 270 each tissue, respectively, considering the highest amount measured in the present study 271 and the tolerable daily intake (TDI) of 1 µg DON/kg LW. On the other hand, the TDI of 272 1 µg DON/kg LW would be achieved after consumption of 572 g kidney or 4.2 g of the 273

Fusarium contaminated wheat. 274

The high concentrations of DON in kidneys in the present study are in accordance with 275 data after an intravenous DON application [START_REF] Prelusky | Tissue distribution of deoxynivaleol in swine dosed 440 intravenously[END_REF] 14 metabolite in all specimen of gilts analyzed and reported that the proportion of de-303 epoxy-DON of the sum of DON + de-epoxy-DON appeared to be higher in liver (~ 28 304 %) and bile (~ 35 %) compared to serum (~ 16 %) and urine (~ 15 %). Thereby, the 305 degree of metabolization of DON to de-epoxy-DON was not influenced by increasing 306 dietary DON concentrations (0.21, 3.07, 6.1, 9.57 mg DON/kg, Dänicke et al. (2005a)). 307 However, it should not be overlooked that the toxin concentrations in serum, bile and 308 tissues varied considerably even in the restrictively fed pigs, indicating that beyond the 309 DON intake the individual variation in absorption, distribution, metabolism and 310 excretion of DON has a major impact on the toxin concentrations in analyzed specimen. 311 Therefore, the serum DON concentration of several pigs can give an advice for a DON 312 exposure which exceeds a "threshold", but it seems unlikely to predict the level of toxin 313 exposure. This threshold with higher tissue and body fluid DON concentrations than the 314 normal background should be determined in further dose-response residue studies. 315

ZON and metabolites 316

In the present experiment, ZON and its metabolites were transferred into the bile and 317 liver with mean carry over factors of 4.0 and 0.0094, respectively, while no toxins could 318 be found in the serum of pigs. The accumulation in the bile is probably caused by 319 enterohepatic cycling of ZON and its metabolites [START_REF] Biehl | Biliary 391 excretion and enterohepatic cycling of zearalenone in immature pigs[END_REF]Dänicke et al. 320 2005b). ZON administered orally to 10-to 14-week-old pigs was rapidly and efficiently 321 absorbed and metabolized, reaching maximum plasma concentrations by 2-3 h. 322 Furthermore, the elimination half-life of ZON in plasma of pigs dosed intravenously 323 with 5 mg [³H]ZON/kg LW resembled that of pigs exposed orally to 10 mg [³H]ZON/kg 324 LW, while after bile removal the half-life decreased to < 4 % [START_REF] Biehl | Biliary 391 excretion and enterohepatic cycling of zearalenone in immature pigs[END_REF]). On the 325 other hand, the route of ZON exposure appeared to affect the way of excretion, as the 326 urinary recovery was 57.4 and 45.4 and the faecal recovery 6.6 and 21.7 after 327 metabolite pattern varies not only between the specimen examined, but also between the 356 experiments or pig categories, as the proportions of ZON, α-ZOL and β-ZOL were 46, 357 52 and 2 %, respectively, in the bile of exposed gravid sows [START_REF] Dänicke | On 394 the transfer of the Fusarium toxins deoxynivalenol (DON) and zearalenone (ZON) from 395 the sow to the piglet during the last third of gestation[END_REF], and 358 71, 25 and 4 %, respectively, in the bile of piglets [START_REF] Accordingly | found high variations in the DON content of bile fluids 292 but strong dose-response relationships in the serum of piglets fed graded levels of 293 Fusarium contaminated maize. 294 In the present study, no de-epoxy-DON was detected in serum, muscle and back fat of 295 pigs. Furthermore, the degree of metabolization of DON to de-epoxy-DON was 296 relatively low with approximately 15, 8 and 7 % in bile, liver and kidney of Fusarium 297 toxin exposed pigs, respectively. Accordingly, de-epoxy-DON was not detected in 298 serum and liver, but in bile (20 %) and urine (14 %) of Fusarium toxin exposed (9.57 299 mg DON/kg) gravid sows (Dänicke et al. 2006)[END_REF]. While the 359 conversion to β-ZOL is considered to be a detoxification of ZON, α-ZOL showed a 360 higher binding activity to the oestrogen receptors. Therefore, the high susceptibility of 361 pigs to ZON is ascribed to the high conversion to α-ZOL in this species (EFSA 2004b). 362

Conclusions

363

In fattening pigs, the carry over of DON + de-epoxy-DON decreased from bile >> 364 kidney > liver > serum > muscle >> back fat, with higher carry over factors into bile, 365 liver and kidney of control pigs compared to the toxin exposed. Serum appeared to be 366 the most reliable indicator of a chronic DON exposure, as only the Fusarium toxin 367 exposed pigs showed DON values in serum. The time interval between the end of 368 feeding and slaughter had no consistent influence on the DON + de-epoxy-DON 369 concentrations of the analyzed specimen of pigs fed the Fusarium contaminated diet 370 restrictively, but it has to be emphasized that after 6-7 hours the DON + de-epoxy-DON 371 concentrations were still rather high. From the perspective of human risk assessment, no 372 reliable advice can be made from the present data for the fasting time before slaughter. 373 However, the low carry over factors of far below 1 indicated that there is no 374 accumulation of DON in these tissues. In contrast, ZON + α-ZOL + β-ZOL were 375 accumulated in the bile, which can therefore be indicative of a dietary ZON exposure,376 but it has to be taken into account that these toxins were detected in the bile of control 377 animals as well. It has to be noted that the considerable variation in toxin concentrations 378 and retention as indicated by [START_REF] Goyarts | Bioavailability of the Fusarium toxin deoxynivalenol 427 (DON) from naturally contaminated wheat for the pig[END_REF]. However, the risk for human 381 exposure by consumption of edible tissues of animals exposed to a Fusarium toxins 382 seemed to be negligible compared to the direct consumption of grain-based food. 383 
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  Figure I. Deoxynivalenol (DON) + de-epoxy-DON concentration of bile ( ), kidney ( 502

Table I .

 I Composition of the experimental diets (g/kg, 88 % dry matter) 465

				22
				Control diet	Contaminated diet
		Ingredients		
		Control wheat			400	0
		Contaminated wheat			0	400
		Barley			446	446
		Soybean meal			110	110
		Soybean oil			15	15
		Dicalcium-phosphate		1	1
		o r F o r F o r F o r F o r Sodium chloride L-lysine-HCl Premix 1 Calculated composition F o r		0.5 2.5 25	0.5 2.5 25
		Crude ash Crude protein Crude fat Crude fibre N-free extractives Starch ME (MJ/kg)	P e e r P e e r P e e r P e e r P e e r P e e r	57.6 149.3 35.0 34.8 612.6 477.0 13.2	58.9 150.9 33.9 37.9 607.7 470.8 13.2
		Lysine Methionine + Cystine	R R R R R R	8.0 5.0	8.1 5.1
		Threonine Tryptophan Calcium Total phosphorus Sodium Deoxynivalenol (µg/kg) 2 Zearalenone (µg/kg) 2	e v i e w e v i e w e v i e w e v i e w e v i e w 5.1 1.9 e 6.8 5.9 1.8 158.0 v i e 18.0 w	5.1 1.9 6.8 5.7 1.9 6657.0 46.0
	466 467	O n l y O n l y O n l y O n l y O n l y 142.4 6683.0 56.0 O n l 1 Provided per kg diet: Ca 6.1 g; P 1.5 g; Na 1.4 g; Mg 0.3 g; Fe 100 mg; Cu 25 mg; Mn 50 Analyzed composition Crude protein 140.3 Deoxynivalenol (µg/kg) 3 236.0 Zearalenone (µg/kg) 3 9.0 mg; Zn 100 mg; I 1.3 mg; Se 0.4 mg; Co 0.5 mg; vitamin A 10 000 IU; vitamin D 3 1000 IU; y
	468	vitamin E 30 mg; vitamin B 1 18.8 µg; vitamin K 3 1.3 mg; nicotinic acid 12.5 mg; pantothenic
	469	acid 8.4 mg; choline chloride 125 mg.	
	470	2 calculated on the basis of the analyzed concentrations of the contaminated wheat (Table II)
	471	3 measured by HPLC methods according to Valenta et al. (2002)
	472			

Table IV .

 IV Concentrations of deoxynivalenol (DON) and de-epoxy-DON (DOM) and the carry over factor of the sum of DON + de-epoxy-DON in 482

	483	serum (µg/l), bile (µg/l) and liver (µg/kg) of pigs fed a control (n = 6; 0.24 mg DON/kg) or Fusarium contaminated diet (n = 12; 6.68 mg DON/kg)
	484	either ad libitum or restrictively (means ± range)							
		Group	Feeding regimen 1	DON/ZON 2	DON	Serum DOM Carry over	DON	Bile DOM Carry over	Liver DON DOM Carry over
				(mg/kg diet)	(µg/l)	(µg/l)	factor	(µg/l)	(µg/l)	factor	(µg/kg) (µg/kg)	factor
					0.0 b	0.0	0.0 b	41.2 b	3.3 b	0.1886 a	2.7 b	0.0 b	0.0116 a
		1	ad libitum	0.24/0.009	-22.6 a	-0.0	-0.0034 a	(30-52) 427.6 a	(0-10) 80.2 a	(0.1271-0.2627) 0.0761 b	(0-4.6) 26.0 a	-1.9 a	(0-0.0196) 0.0042 ab
		2		6.68/0.056	(13-30)	-	(0.0019-0.0040)	(270-610) (40-120)	(0.0506-0.1072)	(16.8-36.3) (0-3.9)	(0.0028-0.0059)
					0.0 b	0.0	0.0 b	31.5 b	6.0 b	0.1589 a	1.7 b	0.0 b	0.0073 ab
		3	restrictive 3	0.24/0.009	-22.6 a	-0.0	-0.0034 a	(8-48) 367.6 a	(0-14) 60.4 a	(0.0339-0.2627) 0.0641 b	(0-3.2) 20.5 a	-1.9 a	(0-0.0134) 0.0034 b
		4		6.68/0.056	(14-38)	-	(0.0021-0.0057)	(160-630) (24-106)	(0.0276-0.1055)	(13.7-26.4) (0-3.1)	(0.0023-0.0044)
	485	abc data in one column with various letters are significantly different (Kruskal-Wallis-test, p < 0.05); 1 feeding regimen: ad libitum = 3.8 ± 0.6 kg
	486	diet/d, restrictive = 2.4 ± 0 kg diet/d; 2 toxin concentration of the diet (DON, deoxynivalenol; ZON, zearalenone); 3 time since the end of feeding of
	487	restrictive fed pigs (control = 6.1 h, contaminated = 4.8 h)						

12, pigs were fed their diet at 7 a.m. (restrictive, 1200 g/meal) and were slaughtered
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± 5.3 and 5.2 ± 4.2 % in bile, liver and kidney, respectively (TablesIV & V). Although
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route of DON, while only low amounts were found in faeces[START_REF] Dänicke | On the effects of increasing 401 deoxynivalenol (DON) concentrations in pig feed on growth performance, utilization of 402 nutrients and metabolism of DON[END_REF] 

therefore depend on individual differences in the absorption, metabolism, distribution

Schweigert FJ, Flachowsky G. 2005. The efficacy of a modified aluminosilicate as a

humans. Journal of Toxicology and Environmental Health-Part B-Critical Reviews

deoxynivalenol in animal tissues by liquid chromatography after clean-up with an

Table II. Mycotoxin pattern (µg/kg) of control and Fusarium toxin contaminated wheat

(88 % dry matter)
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