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Fumonisins and zearalenone fed at low levels can persist several days in the liver of turkeys and broiler chickens after exposure to the contaminated diet was stopped
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Introduction

Fumonisins B (FB) and zearalenone (ZEN) are mycotoxins found in cereals and animal feed worldwide (EFSA Panel on Contaminants in the Food Chain (CONTAM) et al., 2018[START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Guerre | Worldwide Mycotoxins Exposure in Pig and Poultry Feed Formulations[END_REF]. Because of their toxic effects, a provisional maximum tolerable daily intake (PMTDI) and recommended guidelines on FB in food and feed have been established [START_REF] Efsa | Opinion of the Scientific Panel on Contaminants in Food Chain on a request from the Commission related to fumonisins as undesirable substances in animal feed. EFSA Panel on Contaminants in the Food Chain[END_REF]"FDA Mycotoxin Regulatory Guidance, August 2011[START_REF] Guerre | Worldwide Mycotoxins Exposure in Pig and Poultry Feed Formulations[END_REF]"FUMONISINS (JECFA 47, 2001)," 2019;IARC MOnograph 82, 2002). For the same reasons, a tolerable daily intake (TDI) and recommended levels of ZEN have been established in food and feed [START_REF] Authority | Evaluation of the increase of risk for public health related to a possible temporary derogation from the maximum level of deoxynivalenol, zearalenone and fumonisins for maize and maize products[END_REF]; EFSA Panel on Contaminants in the Food Chain [START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF]. All guidelines and recommended levels of FB and ZEN in food are for products of plant origin, whereas no maximum values for these mycotoxins have been established in foods of animal origin. However, recent studies of ZEN and FB levels in turkeys and chickens that follow the EU guidelines on mycotoxins in feed in avian species, revealed that together FB1 and αzearalenol (α-ZOL) can be found in liver, and to a lesser extent in muscle, with no sign of toxicity in the animals [START_REF] Tardieu | Fumonisin B1, B2 and B3 in Muscle and Liver of Broiler Chickens and Turkey Poults Fed with Diets Containing Fusariotoxins at the EU Maximum Tolerable Level[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Metayer | Lack of Toxic Interaction Between Fusariotoxins in Broiler Chickens Fed throughout Their Life at the Highest Level Tolerated in the European Union[END_REF][START_REF] Travel | Toxicity of Fumonisins, Deoxynivalenol, and Zearalenone Alone and in Combination in Turkeys Fed with the Maximum European Union-Tolerated Level[END_REF]. These results are of particular concern because of the toxicity of the forms found. FB1, which was the most abundant FB found in edible tissue obtained from animals, is also the main contributor to the overall FB toxicity in food compared to FB2, FB3, hydrolyzed FB, partially hydrolyzed FB, and N-carboxymethyl FB (Antonissen et al., 2020;[START_REF] De Baere | Development and Validation of a UPLC-MS/MS and UPLC-HR-MS Method for the Determination of Fumonisin B1 and Its Hydrolysed Metabolites and Fumonisin B2 in Broiler Chicken Plasma[END_REF]; EFSA Panel on Contaminants in the Food Chain (CONTAM) et al., 2018;[START_REF] Grenier | Enzymatic hydrolysis of fumonisins in the gastrointestinal tract of broiler chickens[END_REF][START_REF] Masching | Gastrointestinal Degradation of Fumonisin B1 by Carboxylesterase FumD Prevents Fumonisin Induced Alteration of Sphingolipid Metabolism in Turkey and Swine[END_REF][START_REF] Seiferlein | Hydrolyzed fumonisins HFB1 and HFB2 are acylated in vitro and in vivo by ceramide synthase to form cytotoxic N-acyl-metabolites[END_REF][START_REF] Voss | Fumonisins: Toxicokinetics, mechanism of action and toxicity[END_REF].

ZEN is found in food and feed in several metabolites that vary markedly in toxicity (EFSA Panel on Contaminants in the Food Chain [START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Authority | Evaluation of the increase of risk for public health related to a possible temporary derogation from the maximum level of deoxynivalenol, zearalenone and fumonisins for maize and maize products[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Rogowska | Zearalenone and its metabolites: Effect on human health, metabolism and neutralisation methods[END_REF][START_REF] Lorenz | A critical evaluation of health risk assessment of modified mycotoxins with a special focus on zearalenone[END_REF]. α-ZOL, which was the main metabolite of ZEN found in the liver of chickens and turkeys, is also 60 fold more xeno-estrogenic than ZEN (EFSA Panel on Contaminants in the Food Chain [START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Liu | Zearalenone (ZEN) in Livestock and Poultry: Dose, Toxicokinetics, Toxicity and Estrogenicity[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF]. By contrast, β-zearalenol (β-ZOL), which was also present in the liver, is 5 fold less potent than ZEN, while zearalanone (ZAN), α-zearalanol (α-ZAL) and β-zearalanol (β-ZAL), have never been found in avian species (EFSA Panel on Contaminants in the Food Chain [START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Liu | Zearalenone (ZEN) in Livestock and Poultry: Dose, Toxicokinetics, Toxicity and Estrogenicity[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF]. Interestingly, α-ZOL and β -ZOL are predominantly present in the liver in conjugated forms that are expected to have the same xeno-estrogenic properties as the free forms (EFSA Panel on Contaminants in the Food Chain [START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Liu | Zearalenone (ZEN) in Livestock and Poultry: Dose, Toxicokinetics, Toxicity and Estrogenicity[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF].

Recent assessments of human exposure to mycotoxins revealed that the contribution of edible products obtained from animals to overall exposure to FB and ZEN cannot be ignored, especially when considering the estrogenic potential of total α-ZOL [START_REF] Carballo | Dietary exposure assessment to mycotoxins through total diet studies. A review[END_REF][START_REF] Franco | Assessment of mycotoxin exposure and risk characterization using occurrence data in foods and urinary biomarkers in Brazil[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Martins | Food Consumption Data as a Tool to Estimate Exposure to Mycoestrogens[END_REF][START_REF] Steinkellner | Combined hazard assessment of mycotoxins and their modified forms applying relative potency factors: Zearalenone and T2/HT2 toxin[END_REF]. Because FB and ZEN have a short half-life in plasma, their elimination from tissues of animals fed with contaminated diets is expected to be rapid (Antonissen et al., 2020;[START_REF] Danicke | Effect of addition of a detoxifying agent to laying hen diets containing uncontaminated or Fusarium toxin-contaminated maize on performance of hens and on carryover of zearalenone[END_REF][START_REF] Dänicke | Invited review: Diagnosis of zearalenone (ZEN) exposure of farm animals and transfer of its residues into edible tissues (carry over)[END_REF][START_REF] De Baere | Development and Validation of a UPLC-MS/MS and UPLC-HR-MS Method for the Determination of Fumonisin B1 and Its Hydrolysed Metabolites and Fumonisin B2 in Broiler Chicken Plasma[END_REF][START_REF] Devreese | Comparative toxicokinetics, absolute oral bioavailability, and biotransformation of zearalenone in different poultry species[END_REF][START_REF] Grenier | Enzymatic hydrolysis of fumonisins in the gastrointestinal tract of broiler chickens[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF][START_REF] Tardieu | Toxicokinetics of fumonisin B1 in turkey poults and tissue persistence after exposure to a diet containing the maximum European tolerance for fumonisins in avian feeds[END_REF]. So, a valid strategy to reduce the toxins in tissues would be the distribution of a mycotoxin-free feed a few days before the animals are slaughtered. However, to date no data are available on this subject. The purpose of the present work was thus to measure FB1 and α-ZOL in poultry liver several days after exposure to the contaminated diet was stopped. This study was conducted using a realistic level of exposure to naturally contaminated corn fed to turkeys and chickens over a period of 14 days.

Mycotoxins in the liver were measured on day 0, corresponding to the last day the animals were fed the contaminated diet, and two and four days later, after the animals had been fed a mycotoxin-free diet.

Materials and methods

Analytes and reagent

All reactants and reagents were purchased from Sharlab (Sharlab S.L., Sentmenat, Spain), Fluka (Fluka, Buchs, Switzeland) and Sigma (Sigma Chemical Co, Saint Quentin Fallavier, France). Pure water, methanol, formic acid and acetic acid were of LC-MS grade; all other reactants were of HPLC analytical grade. Standard certified solutions of FB1, FB2, FB3, 

[ 13 C34]-FB1, [ 13 C34]-FB2, ZEN, α-ZOL, β-ZOL,

2.2-Experimental diets and analysis of mycotoxins in feed

Different diets were formulated on a corn-soybean basis to best meet the nutritional needs of the animals (Table S1). Two batches of corn that naturally contain FB and ZEN were used for the experimental diets containing the mycotoxins in this study (Table 1). Another batch of mycotoxin-free corn was used for the control diets. The amounts of mycotoxins in cereals and the final concentrations of mycotoxins in the different diets were measured by HPLC-MSMS according to the AFNOR V03-110 recommendation, as previously described and here reported in Table S2 ("ANSES_GuideValidation.pdf," n.d.; [START_REF] Metayer | Lack of Toxic Interaction Between Fusariotoxins in Broiler Chickens Fed throughout Their Life at the Highest Level Tolerated in the European Union[END_REF]. The mycotoxins assayed were diacetoxyscirpenol, 15 monocetoxyscirpenol, T2 toxin, HT2 toxin, T2 tetraol, verrucarol, DON, DON-3-glucoside, deepoxy-DON, 15-acetyl-DON, 3-acetyl-DON, fusarenone x, nivalenol, roridin A, verrucarin A, FB1, FB2, FB3, moniliformine, ZEN, α-ZOL, β-ZOL, ZAN, α-ZAL, β-ZAL, tenuazonic acid, ergocornine, ergocristine, ergocryptine, ergometrine, ergosine, ergotamine, aflatoxin B1, aflatoxin B2, aflatoxin G1, aflatoxin G2, ochratoxin A, ochratoxin B, α-ochratoxin, cyclopiazonic acid, citrinin, patulin, and sterigmatocystin. All the diets were distributed ad libitum throughout the experiment along with ad libitum access to water.

Animal husbandry and sample collection

All experimental procedures with animals were conducted in accordance with the French National Guidelines for the care and use of animals for research purposes. Forty male (Grade Maker) turkeys and 40 male (Ross PM3) broiler chickens were reared on the ground in an experimental station (INRAe, Unit 1295 PEAT Centre Recherche Val de Loire, Nouzilly, France) following the usual procedure for these species. All the animals were fed mycotoxinfree diets until the turkeys were 55 days old and the chickens were 20 days old. When the turkeys were 48 days old and the chickens were 17 days old, four groups were formed, each containing 10 animals of about the same weight. When the turkeys were 55 days old and the chickens were 20 days old, three groups of each species were fed the FBZEN diet and the remaining group was fed the control diet. When the turkeys were 69 days old and the chickens were 34 days old, one group of each species that had received the FBZEN diet for 14 days and the groups that had received the control diets were stunned by electrocution and killed by exsanguination. Prior to killing, all feed was removed for a period of 8 h to account

for the practice at the slaughterhouse. The two remaining groups of each species were fed the control diets until the turkeys were 71 and 73 days old and the chickens were 36 and the 38 days old, when the animals were killed in the same way. Animal weights, feed consumption and performance were recorded on the 55 th , 69 th , 71 st and 73 rd day of age in turkeys and the 20 th , 34 th , 36 th and 38 th day of age in chickens. Autopsies were performed on all the animals to investigate macroscopic lesions and to collect and weigh the liver, heart, pancreas, and spleen.

The intestine was emptied and weighed, and the gizzard, caecum and Fabricius bursa were isolated and weighed. The livers were stored at -80 °C until analysis.

Mycotoxins in liver

The methods used for the analysis of FB and ZEN and its metabolites were the same as the those previously described for livers of turkey and chicken, validated with a LOQ of 0.25 ng/g for FB1, FB2, FB3, ZEN, α-ZOL and β-ZOL [START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF][START_REF] Tardieu | Fumonisin B1, B2 and B3 in Muscle and Liver of Broiler Chickens and Turkey Poults Fed with Diets Containing Fusariotoxins at the EU Maximum Tolerable Level[END_REF]. Briefly, FB1, FB2 and FB3 were obtained by homogenization with an Ultra Turrax of one g of liver in 2 ml of distilled water, 2 ml of acetonitrile/methanol (1:1), and 5 mg of NaCl. Samples were placed on a stir table for 2 h, then centrifuged. Lipids were removed from the supernatant with 8 ml of hexane. Part of the aqueous phase was diluted in PBS and passed through a FUMONIPREP column according to the manufacturer's instructions. Extracts were stored as dry residue at -20 °C until analysis. Total ZEN, α-ZOL and β-ZOL were obtained by homogenization of 5 g of liver in 5 ml of acetate buffer with an Ultra Turrax. One thousand U of H-2 βglucuronidase from Helix pomatia were added and the mixture was placed in a shaking bath at 37 °C overnight. Twenty ml of acetonitrile and 10 ml of hexane were added. Samples were placed on a stir table for 15 min, then centrifuged. The upper phase was removed, the lower phase was centrifuged, and the supernatant fraction was collected and evaporated to dryness.

The dry residue was suspended in 2.5 ml methanol, 22.5 ml of PBS were added, and the solution was passed through the EASI-EXTRACT ZEARALENONE column according to the manufacturer's instructions. The free forms were obtained in the same way as described for the total forms but without hydrolysis. Extracts were stored as dry residue at -20 °C until analysis.

Before analysis, the dry residue was suspended in 200 µl of the mobile phase and 10µL were injected into the UPLC MS/MS system composed of a 1260 binary pump, an autosampler and an Agilent 6410 Triple Quad (Santa Clara, CA, USA). Analytes were separated using an InfinityLab Poroshell 120 column (3.0 × 50 mm, 2.7 µm). Detection was conducted after positive electrospray ionization using the previously reported optimized multiple reaction monitoring conditions [START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF][START_REF] Tardieu | Fumonisin B1, B2 and B3 in Muscle and Liver of Broiler Chickens and Turkey Poults Fed with Diets Containing Fusariotoxins at the EU Maximum Tolerable Level[END_REF]. For each precursor ion, the most abundant product ion was used for quantifier, and two different ions were used for qualifier except for the internal standards for which one qualifier was used. Chromatograms were analyzed using

MassHunter quantitative analysis software from Agilent. Acceptability criteria of the analytes in liver were defined in paragraph 2.6. When acceptability criteria were not met, results were discarded and samples were re-analysed. Samples with analyte concentrations 25% above the maximum limit validated were diluted prior to re-analysis. Injection carry-over during analysis was not observed in the retention time range of FB1, FB2, FB3, α-ZOL, β-ZOL, and ZEN after injection of neat solvent.

The validation of the method used for the quantitation of FB1, FB2, and FB3 in liver has been previously described [START_REF] Tardieu | Fumonisin B1, B2 and B3 in Muscle and Liver of Broiler Chickens and Turkey Poults Fed with Diets Containing Fusariotoxins at the EU Maximum Tolerable Level[END_REF]. Briefly, the signal suppression and enhancement (SSE) was measured in blank livers by spiking the extracts with solutions of FB1, FB2, and FB3 at 0, 2, 10, 50 and 100 ng/ml (equivalent to 0, 0.4, 2, 10 and 20 ng/g liver), while [ 13 C34]-FB1 and [ 13 C34]-FB2 were spiked at 62.5 ng/ml (equivalent to 12.5 ng/g liver). The SSE of FB1 and FB3 was 97 and 83%, respectively, while the SSE of FB2 was 46%. Concerning the isotope-labelled standards, the respective SSE observed with [ 13 C34]-FB1 and [ 13 C34]-FB2 was 95%, and 51%. These results indicated that matrix interaction occurred for FB2 and [ 13 C34]-FB2. The recovery of fumonisins was measured on blank livers spiked prior to the extraction at 0.25, 1, 5 and 25 ng FB1/g while FB2 and FB3 were spiked at 0.25, 1, and 5 ng/g, and The validation of the method used for the quantitation of α-ZOL, β-ZOL, and ZEN in liver has been previously described [START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF]. Briefly, the SSE was measured in blank livers by spiking the extracts with solutions of α-ZOL, β-ZOL, and ZEN at 0, 1.56, 6.25, 25 and 100 ng/ml (equivalent to 0, 0.06, 0.25, 1 and 4 ng/g liver), and [ 13 C18]-ZEN at 62.5 ng/ml (equivalent to 2.5 ng/g liver). For all the analytes, the SSE ranged between 78% and 99%, indicating no significant matrix interaction occurred. The recovery of ZEN and its metabolites was measured on blank livers spiked prior to extraction with α-ZOL, β-ZOL, and ZEN at 0.25, 1 and 5 ng/g, while [ 13 C18]-ZEN was spiked at 2.5 ng/g. The RE of α-ZOL, ZEN, and [ 13 C18]-ZEN varied from 52% to 55%, while the RE of β-ZOL was 62%. Because the RE of β-ZOL was slightly higher that the RE of [ 13 C18]-ZEN used as internal standard, a correction factor of 0.88 was used for the measure of the recovery of this analyte in liver. With this correction, the recovery of α-ZOL, β-ZOL, and ZEN in liver ranged from 92% to 116%. The method was linear (Fisher test, P<0.01 and r2 ≥0.99) for a concentration range of 0.25 to 4 ng/g for α-ZOL, β-ZOL, and ZEN.

Sphinganine and sphingosine in liver

Sphinganine (Sa) and sphingosine (So) in liver were measured as previously described [START_REF] Metayer | Lack of Toxic Interaction Between Fusariotoxins in Broiler Chickens Fed throughout Their Life at the Highest Level Tolerated in the European Union[END_REF]. Briefly, one gram of liver was homogenized in 3 ml phosphate buffer at 4 °C. The homogenate was centrifuged, the supernatant was collected and C20 sphinganine was added. The sphingoïd bases were extracted twice with alkaline methanolic-chloroform.

The chloroform phases were washed with alkaline water and dried under a nitrogen flow. The dried extract was suspended in 20 µL ethanol, sonicated, and derivatized with orthophthalaldehyde in an automated procedure (ICS M2200, Toulouse, France) before injection into the HPLC system. The analytes were separated on a Prontosil C18 cartridge equipped with a C18 pre-column filter (Bischoff, Leonberg, Germany). The sphingoïd bases were detected by measuring fluorescence (FD-500 Shimazu, Kyoto, Japan) at an excitation and emission wavelength of 335 and 440 nm, respectively. Concentrations of Sa and So were calculated by linear regression from standard solutions injected daily and corrected by the rate of recovery of C20 sphinganine.

Acceptability criteria and statistical analysis

All statistical analyses were conducted using XLSTAT Biomed. The linearity of the methods of analysis on mycotoxins in liver was statistically evaluated by the Fisher test (P<0.01) and by the determination coefficient (r2) that had to be ≥0.99. The LOQ was defined as the lowest concentration level validated. Accuracy was considered as acceptable for a relative standard deviation (RSD) of 20%. SSE was calculated using the following equation: (slope of the matrix-matched calibration curve/slope of the solvent-based calibration curve) x 100. Values of SSE of 80-120% were considered acceptable while values outside this range indicated that matrix effect should be taken into account. Variation of the ratio of the qualifier in samples had to be below 20% in comparison to the ratio of the qualifier measured in standards.

Variation of the retention time in samples had to be below 5% in comparison to the retention time measured in standards.

Statistically significant differences between groups were evaluated using one-way ANOVA following a Shapiro-Wilk normality test. When a significant difference was observed (P < 0.05), Duncan's multiple range test was performed to test the difference between means.

Statistically different groups (P < 0.05) are identified by a different letter. Correlations between total α-ZOL and total β-ZOL and correlations between the free forms and the total forms of α-ZOL and β-ZOL were performed using Pearson's correlation coefficient test.

Results

Feeds and performances

Feeds were formulated as described in Materials and Methods to a targeted concentration of 7.5 mg/kg of FB, expressed as the sum of FB1 and FB2, and 0.6 mg/kg of ZEN. The real concentrations of FB and ZEN measured in the diets are listed in Table 1 and did not vary much from the target concentrations. The concentration of DON in the two FBZEN diets was 2.3 and 2.7 mg/kg in turkey and chicken, respectively. The control diets contained less than 50 mg of FB and ZEN, whereas 0.2 mg/kg of DON was measured. All other mycotoxins measured were at the trace level (Table S2). 1 Experimental diets were formulated as described in Material and Methods to reach a final concentration of 7.5 and 0.6 mg/kg diet of FB expressed as the sum of FB1+FB2, and ZEN, respectively. The control diet was considered free of mycotoxins.

2 Values were obtained from 10 animals per group and are expressed as mean ± SD. ANOVA was performed to compare groups. When a significant difference was observed (*, p < 0.05), means were compared with a Duncan test. Different letters in the same row identify statistically different groups (p < 0.05).

In turkeys, no differences were observed in body weight (BW), daily weight gain (DWG), and feed conversion ratio (FCR) among the groups. Although a significant difference was found in the relative weight (RW) of the liver in turkeys among the groups, no difference was found between turkeys fed the FBZEN diet and those fed the control diet. No significant differences were observed in the RW of heart, intestine, caecum, gizzard, Fabricius bursa, pancreas, and spleen among the groups (Table 2). In broiler chickens, no significant differences were observed in any of the performance variables measured, or in the RW of organs among the groups (Table 3). 1 Experimental diets were formulated as described in Material and Methods to reach a final concentration of 7.5 and 0.6 mg/kg diet of FB expressed as the sum of FB1+FB2, and ZEN, respectively. The control diet was considered free of mycotoxins.

2 Values were obtained from 10 animals per group and are expressed as mean ± SD. No significant difference among groups was observed (ANOVA, p > 0.05).

3 Body weight (BW), g; Day of age, (D); Daily weight gain (DWG), g and feed conversion ratio (FCR) calculated from D20 to D34. 4 Relative organ weights (RW), %.

Fumonisins and sphingoïd bases in liver

The concentrations of FB1, FB2 and FB3 were measured in the liver of turkeys and chickens fed the control diet and in the liver of turkeys and chickens fed the FBZEN diet that contained 7.5 mg FB1+FB2/kg after all feed was removed for a period of 8 hours before slaughter. FB2 and FB3 were not detected in most of the livers except in some samples collected on day 0 after the animals had consumed the FBZEN diet, but these concentrations were not quantifiable (< 0.25 ng/g). By contrast, FB1 was not detected in most of the livers of turkeys and chickens fed the control diet and > 0.25 ng/g in all the other samples. As shown in Fig 1,

the concentration of FB1 in liver decreased slowly over the period the animals were fed the control diet. On day 0, at the end of exposure to the FBZEN diet, the concentration of FB1 in liver of turkeys and chickens was 4.9 and 5 ng/g, respectively. A liver:feed ratio was calculated by dividing the concentration of FB1 in the liver by the concentration of FB1 in the feed. The ratio was 0.79 × 10 -3 in turkeys and 0.77 × 10 -3 in chickens. Four days after consuming the control diet, the mean concentration of FB1 in liver was 4 and 2.3 ng/g in turkeys and chickens, respectively. These concentrations corresponded to 81% and 46% of the concentration measured on day 0 in turkeys and chickens, respectively. Modeling the data in Figure 1 estimated the decrease in FB1 in liver to be linear in both species (P < 0.01). mg/kg FB1+FB2 (FBZEN) for 14 days. Livers were analyzed on day 0 corresponding to the end of the exposure to the FBZEN diet, and on days 2 and 4 corresponding to 2 and 4 additional days of feeding the animals with a mycotoxin-free diet.

However, the decrease in the concentration of FB1 was faster in chickens than in turkeys.

Elimination half-life of 124 and 66 hours was calculated in turkeys and chicken, respectively.

Sa and So concentrations were measured together in the liver, and the Sa:So ratio was calculated. As shown in Figure 2, there was no significant difference in the concentration of Sa and So in the liver in turkeys fed the control diet and turkeys fed the FBZEN diet. In addition, calculating Sa/So did not enable us to distinguish between turkeys fed the FBZEN diet and those fed the control diet (Figure 2). Similar results were observed in the liver of chickens. 

Zearalenone and its metabolites in liver

ZEN and its metabolites were dosed in the liver of turkeys and chickens fed a control diet considered mycotoxin free and in animals fed with the FBZEN diets that contained 0.6 mg ZEN/kg. ZEN, α-ZOL, and β-ZOL were measured after enzymatic hydrolysis and concentrations are expressed as the total forms that correspond to the sum of the free forms and the conjugated forms of each metabolite. ZEN, α-ZOL and β-ZOL were not detected in most of the samples obtained from turkeys and chickens fed with the control diet. Only two samples obtained from turkeys fed the control diet were detected as positive in α-ZOL and β-ZOL, one containing 0.58 and 0.26 ng/g of α-ZOL and β-ZOL, respectively. By contrast total α-ZOL and total β-ZOL were easy to quantify in the liver of turkeys and in the liver of chickens fed the FBZEN diet, but the concentrations differed markedly in the two species. In turkeys, on day 0, at the end of exposure to the FBZEN diet, the concentration of α-ZOL was 4.8 ng/g (Figure 3). additional days of feeding the animals with a mycotoxin-free diet. α-ZOL and β-ZOL corresponded to the total metabolites obtained after enzymatic hydrolysis of the liver samples.

After the FBZEN was replaced by the control diet, the concentration of α-ZOL decreased rapidly. After two days of consuming the control diet, the mean concentration of α-ZOL in the liver of turkeys was only 0.7 ng/g, which corresponded to 16% of the concentration measured on day 0. After four days, the concentration of α-ZOL in the liver still represented 10% of the original concentration. Mean concentrations of 1.6 and 0.3 ng/g of β-ZOL were measured in the liver of turkeys on day 0 and on day 2, respectively, and concentrations were below the LOQ on day 4. A concentration of ZEN above the LOQ was only measured in 2 out of 10 samples on day 0, while this analyte was below the LOQ on day 2 and 4. Modeling the data in Figure 3 estimated the decrease in α-ZOL and β-ZOL in liver to be exponential in turkey. On day 4, the α-ZOL and β-ZOL decay curve was parallel to the time axis, suggesting that these compounds may persist for a long time in liver, but only at a very low level. The elimination half-life, calculated by concentration decline modeling between day 2 and day 4, was 96 hours for α-ZOL and β-ZOL.

Interestingly, a very strong correlation (P < 0.0001) was found between α-ZOL and β-ZOL in liver (Figure 4). In chickens, the concentration of α-ZOL measured in the liver on day 0 at the end of exposure to the FBZEN diet, was only 0.33 ng/g. α-ZOL was below the LOQ in all the samples when the chickens had consumed the control diet for two or four days. The concentration of β-ZOL on day 0 was 0.33 ng/g, after which β-ZOL was below the LOQ. ZEN was below the LOQ in all the samples. A liver:feed ratio of 1.1 × 10 -3 was calculated on day 0 in chickens as described for turkeys.

The free forms of ZOLs were measured in the livers of turkeys fed the FBZEN diet on day 0 (Figure 5). Free α-ZOL and free β-ZOL accounted for 19% and 24% of total α-ZOL and total β-ZOL, respectively. Figure 5 also shows a significant correlation between free α-ZOL and total α-ZOL (P = 0.043), and between free β-ZOL and total β-ZOL (P = 0.032). The free forms were not measured on the other days of exposure in turkeys, because the amounts of the total forms found were very low. For the same reason, the free forms were not measured in chickens. 

Discussion

In this study, no signs of toxicity were observed in turkeys and chickens fed a diet containing 7.5, 0.6 and 2.5 mg/kg of FB, ZEN, and DON for 14 days. These results agree with most available data on the toxicity of fusariotoxins in avian species (EFSA Panel on Contaminants in the Food Chain (CONTAM) et al., 2018[START_REF] Contam), Knutsen | Risks for animal health related to the presence of zearalenone and its modified forms in feed[END_REF][START_REF] Magnin | Effets des mycotoxines sur la santé et les performances des volailles[END_REF][START_REF] Metayer | Lack of Toxic Interaction Between Fusariotoxins in Broiler Chickens Fed throughout Their Life at the Highest Level Tolerated in the European Union[END_REF][START_REF] Travel | Toxicity of Fumonisins, Deoxynivalenol, and Zearalenone Alone and in Combination in Turkeys Fed with the Maximum European Union-Tolerated Level[END_REF]. Likewise, no effect of FB on Sa and So, or on the Sa:So ratio was found, which is not surprising given the levels of FB in feed that are required to modify sphingolipid metabolism in these species [START_REF] Benlasher | Comparative effects of fumonisins on sphingolipid metabolism and toxicity in ducks and turkeys[END_REF][START_REF] Grenier | Enzymatic hydrolysis of fumonisins in the gastrointestinal tract of broiler chickens[END_REF][START_REF] Grenier | Susceptibility of Broiler Chickens to Coccidiosis When Fed Subclinical Doses of Deoxynivalenol and Fumonisins-Special Emphasis on the Immunological Response and the Mycotoxin Interaction[END_REF][START_REF] Tardieu | Chronic toxicity of fumonisins in turkeys[END_REF][START_REF] Tran | Serum sphinganine and the sphinganine to sphingosine ratio as a biomarker of dietary fumonisins during chronic exposure in ducks[END_REF][START_REF] Tran | Sphinganine to sphingosine ratio and predictive biochemical markers of fumonisin B1 exposure in ducks[END_REF].

FB1 was detected in the liver of turkeys and chickens after they had been fed a diet containing 7.5 mg FB1+FB2/kg for 14 days, which is much lower than the maximum recommended level in the EU: 20 mg FB1+FB2/kg feed for FB in avian species. Carry-over of FB1 in liver was slightly lower than the carry-over previously reported for this toxin in turkeys and chickens [START_REF] Bianchi | Effects of prolonged oral administration of aflatoxin B1 and fumonisin B1 in broiler chickens[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Tardieu | Fumonisin B1, B2 and B3 in Muscle and Liver of Broiler Chickens and Turkey Poults Fed with Diets Containing Fusariotoxins at the EU Maximum Tolerable Level[END_REF][START_REF] Tardieu | Toxicokinetics of fumonisin B1 in turkey poults and tissue persistence after exposure to a diet containing the maximum European tolerance for fumonisins in avian feeds[END_REF]. This difference can be explained by the concentration of FB used and by the form in which the toxin was administered. Indeed, most of the results of FB carry-over were obtained using feeds that were contaminated with partially purified FB, whereas naturally contaminated corn was used in this study.

Consuming a diet free of FB enabled a decrease in the concentration of FB1, but the decrease was small. This result is surprising given the short half-life of FB in plasma in avian species (Antonissen et al., 2020;[START_REF] De Baere | Development and Validation of a UPLC-MS/MS and UPLC-HR-MS Method for the Determination of Fumonisin B1 and Its Hydrolysed Metabolites and Fumonisin B2 in Broiler Chicken Plasma[END_REF][START_REF] Grenier | Enzymatic hydrolysis of fumonisins in the gastrointestinal tract of broiler chickens[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Tardieu | Toxicokinetics of fumonisin B1 in turkey poults and tissue persistence after exposure to a diet containing the maximum European tolerance for fumonisins in avian feeds[END_REF]. However, comparisons between mammals and birds should be interpreted with caution, and it should be noted that a previous study on swine revealed traces of FB1 in the liver 10 days after the animals stopped consuming a contaminated diet containing FB1 at a level of 45 mg/kg feed, despite the short half-life of FB1 in plasma [START_REF] Fodor | Absorption, distribution and elimination of fumonisin B(1) metabolites in weaned piglets[END_REF].

Modeling the concentration of FB1 in liver as a function of time revealed that the decrease in concentration was linear in both species and the elimination of FB1 followed a zero-order kinetics. Zero-order kinetics means elimination was independent of the concentration, suggesting that no Michaelis-Menten mechanism occurs. This observation is consistent with the absence of known metabolites of FB1 in turkey and chicken liver (Antonissen et al., 2020;[START_REF] De Baere | Development and Validation of a UPLC-MS/MS and UPLC-HR-MS Method for the Determination of Fumonisin B1 and Its Hydrolysed Metabolites and Fumonisin B2 in Broiler Chicken Plasma[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF]. Interestingly, because no effect on Sa and Sa:So ratio was found in this study at the dose of exposure used, direct measurement of FB1 could be a valuable alternative to Sa:So to detect exposure to this toxin, as used for several other mycotoxins [START_REF] Al-Jaal | Toxicokinetics of Hydrolyzed Fumonisin B1 after Single Oral or Intravenous Bolus to Broiler Chickens Fed a Control or a Fumonisins-Contaminated Diet[END_REF][START_REF] Franco | Assessment of mycotoxin exposure and risk characterization using occurrence data in foods and urinary biomarkers in Brazil[END_REF][START_REF] Solfrizzo | Assessment of Multi-Mycotoxin Exposure in Southern Italy by Urinary Multi-Biomarker Determination[END_REF][START_REF] Wallin | Biomonitoring of concurrent mycotoxin exposure among adults in Sweden through urinary multi-biomarker analysis[END_REF].

Measuring the concentrations of ZEN and metabolites in the livers of turkeys and chicken in the present study showed that ZEN was almost undetectable in most of the samples, whereas both α-ZOL and β-ZOL were found in the liver, mainly in their conjugated forms. These results confirm that ZEN metabolism is high in turkeys and chickens [START_REF] Danicke | Effect of addition of a detoxifying agent to laying hen diets containing uncontaminated or Fusarium toxin-contaminated maize on performance of hens and on carryover of zearalenone[END_REF][START_REF] Dänicke | Invited review: Diagnosis of zearalenone (ZEN) exposure of farm animals and transfer of its residues into edible tissues (carry over)[END_REF][START_REF] Devreese | Comparative toxicokinetics, absolute oral bioavailability, and biotransformation of zearalenone in different poultry species[END_REF]; EFSA Panel on Contaminants in the Food Chain (CONTAM) et al., 2018;[START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF].

Concerning the amounts of metabolites found, the concentration of ZOLs in the liver of turkeys in the present study was considerably higher than the concentration found in chickens.

A recent study using a diet containing 0.5 mg ZEN/kg fed to turkeys for 14 days and to chickens for 35 days, also revealed that concentrations of ZOLs in liver were higher in turkeys than in chickens, even though the period of exposure was shorter in turkeys than in chickens [START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF]. In the same way, a toxicokinetic study revealed that α-ZOL was more abundant in turkeys than in chickens, and that the observed volume of distribution of ZEN was higher in turkeys than in chickens, which indirectly supports the observations made in the present study [START_REF] Devreese | Comparative toxicokinetics, absolute oral bioavailability, and biotransformation of zearalenone in different poultry species[END_REF]. Consequently, carry-over of ZEN and its metabolites in liver differs considerably in the two species. In turkeys, the liver:feed ratio measured on day 0 was close to the ratio previously reported in turkeys fed a diet containing 0.47 mg ZEN/kg feed for 14 days [START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF]. By contrast, the liver:feed ratio of ZEN and its metabolites in the liver of chickens was fivefold lower than the ratio previously reported in broilers fed 0.47 mg ZEN/kg feed for 35 days, but higher than the carry-over reported for the free forms alone [START_REF] Danicke | Effect of addition of a detoxifying agent to laying hen diets containing uncontaminated or Fusarium toxin-contaminated maize on performance of hens and on carryover of zearalenone[END_REF][START_REF] Dänicke | Invited review: Diagnosis of zearalenone (ZEN) exposure of farm animals and transfer of its residues into edible tissues (carry over)[END_REF][START_REF] Hort | Carry-over assessment of fumonisins and zearalenone to poultry tissues after exposure of chickens to a contaminated diet -A study implementing stable-isotope dilution assay and UHPLC-MS/MS[END_REF][START_REF] Tardieu | Zearalenone and Metabolites in Livers of Turkey Poults and Broiler Chickens Fed with Diets Containing Fusariotoxins[END_REF].

Feeding a diet containing no mycotoxins resulted in a rapid decrease in the amount of ZOLs in the liver in both species. However, after four days of consuming the uncontaminated diet, the concentration of α-ZOL in liver in turkeys was still 10% of the original concentration.

This result is surprising because the toxin has a rapid half-life in plasma in avian species [START_REF] Devreese | Comparative toxicokinetics, absolute oral bioavailability, and biotransformation of zearalenone in different poultry species[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF]. Modeling the concentration of α-ZOL and β-ZOL in liver in turkeys revealed that the decrease in concentration of these analytes was exponential with time and followed a first-order kinetics. First-order kinetics of elimination of xenobiotics are mainly observed when Michaelis-Menten mechanisms are involved. This result is consistent with the fact that total α-ZOL and total β-ZOL are the sum of free and conjugated metabolites. Previous studies in avian species revealed that elimination of free α-ZOL mainly occurred by conjugation, which is a Michaelis-Menten mechanism [START_REF] Danicke | Effect of addition of a detoxifying agent to laying hen diets containing uncontaminated or Fusarium toxin-contaminated maize on performance of hens and on carryover of zearalenone[END_REF][START_REF] Dänicke | Excretion kinetics and metabolism of zearalenone in broilers in dependence on a detoxifying agent[END_REF][START_REF] Dänicke | Invited review: Diagnosis of zearalenone (ZEN) exposure of farm animals and transfer of its residues into edible tissues (carry over)[END_REF][START_REF] Guerre | Fusariotoxins in Avian Species: Toxicokinetics, Metabolism and Persistence in Tissues[END_REF][START_REF] Liu | Zearalenone (ZEN) in Livestock and Poultry: Dose, Toxicokinetics, Toxicity and Estrogenicity[END_REF][START_REF] Mirocha | Distribution and residue determination of [3H]zearalenone in broilers[END_REF]. After consuming the mycotoxin-free diet for two days, only very small amounts of the free forms were present in the liver, and elimination was very slow. Even more measurement time will be required to better characterize hepatic elimination, but this result suggests that α-ZOL and β-ZOL may persist in the liver of turkeys at low concentration for a long time.

In conclusion, this study demonstrates for the first time that FB1 in the liver of turkeys and chickens can persist for several days after the distribution of the contaminated diet is stopped.

Also, the presence of FB1 in liver at a dose of FB in feed that had no effect on Sa or on the Sa:So ratio suggests that FB1 may be a valuable marker of exposure to FB in avian species.

Total α-ZOL and total β-ZOL also persist for a long time in the liver in turkeys, but not in chickens. Because α-ZOL is 60 times more xeno-estrogenic than ZEN, this last result is of particular importance in estimating human exposure to ZEN.
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  A liver:feed ratio was calculated by dividing the cumulated concentration of total analytes in the liver by the concentration of ZEN in the feed. The difference in the molecular weight of ZEN and ZOLs was considered negligible. The ratio was 11.1 × 10 -3 in turkeys on day 0.
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 4 Figure 4. Correlation between total α-ZOL and total β-ZOL measured in the liver of turkeys
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 5 Figure 5. Concentrations of free and total forms of α-ZOL and β-ZOL measured in the liver

  and [ 13 C18]-ZEN were purchased from Liver samples were homogenized on an Ultra Turrax (IKA-Werke GmbH & CO, Staufen, Germany). The HPLC system used for the analysis of mycotoxins in feed was a Hewlett

	Packard 1100 type (Hewlett Packard, Eybens 38, France) connected to a 4.6 x 250 mm
	column packed with C18 phase (VWR Pessac 33, France). A quadrupole tandem mass
	spectrometer API 4000 (Applied Biosystems, Foster City, CA, USA) was used for the
	detection. The UPLC MS/MS system used for the analysis of fumonisins and zearalenone and
	its metabolites in liver was a 1260 binary pump with autosampler coupled to 3 x 50 mm
	Poroshell 120 column from Agilent (Agilent, Santa Clara, CA, USA). Detection was
	conducted with an Agilent 6410 triple quad (Agilent, Santa Clara, CA, USA). The HPLC
	Biopure system used for the determination of sphinganine, sphingosine, and C20 sphinganine was (Biopure, Tulln, Austria). Standards of diacetoxyscirpenol, 15
	monoacetoxyscirpenol, T2 toxin, HT2 toxin, T2 Tetraol, verrucarol, desoxynivalenol (DON), composed of an ICS M2200 solvent delivery module (ICS, Toulouse, France) connected to a
	C18 precolumn and a Prontosil C18 (Bischoff, Leonberg, Germany). Detection was
	performed using a programmable RF10 AXL Shimazu fluorescence detector (Shimazu,
	Kyoto, Japan).

DON-3-glucoside, deepoxy-DON, 15-acetyl-DON, 3-acetyl-DON, fusarenone x, nivalenol, roridin A, verrucarin A, FB1, FB2, FB3, moniliformin, ZEN, α-ZOL, β-ZOL, ZAN, α-ZAL, β-ZAL, tenuazonic acid, ergocornine, ergocristine, ergocryptine, ergometrine, ergosine, ergotamine, aflatoxin B1, aflatoxin B2, aflatoxin G1, aflatoxin G2, ochratoxin A, ochratoxin B, α-ochratoxin, cyclopiazonic acid, citrinin, patulin, and sterigmatocystin were obtained from Biopure (Romer Labs, 3131 Getzersdorf, Austria) and Sigma (Sigma Chemical Co, Saint Quentin Fallavier, France). The enzyme used for hydrolysis of the conjugate of ZEN and metabolites was H-2 β-glucuronidase from Helix pomatia (Cat# G0875), purchased from Sigma (Sigma Chemical Co, Saint Quentin Fallavier, France). The immunoaffinity columns used were a FUMONIPREP column, and an EASI-EXTRACT ZEARALENONE column purchased from R-Biopharm (R-Biopharm Rhone LTD, Glasgow, Scotland). Sphinganine, sphingosine, and C20 sphinganine were purchased from Bertin (Bertin Technologies, Montigny le Bretonneux, France).

  [ 13 C34]-FB1 and [ 13 C34]-FB2 were spiked at 12.5 ng/g. The extraction recovery (RE), apparent recovery, of FB1 and [ 13 C34]-FB1 was 75 and 78%, respectively, while the RE of FB2 and [ 13 C34]-FB2 was 49 and 50%, respectively, and the RE of FB3 was 62%. Because the RE of

	FB3 was slightly lower that the RE of [ 13 C34]-FB1 used as internal standard, a correction
	factor of 1.3 was used for the measure of the recovery of this analyte in liver. With this
	correction, the recovery of FB1, FB2 and FB3 using [ 13 C34]-FB1 and [ 13 C34]-FB2 as internal
	standards ranged from 103 to 115%, 111 to 128% and 85 to 110%, respectively. The method
	was linear (Fisher test, P<0.01 and r2 ≥0.99) for a concentration range of 0.25 to 25 ng/g for
	FB1, FB2 and FB3.

Table 1 .

 1 Levels of mycotoxins in corn and in the experimental dietsNeither mortality nor signs of mycotoxicosis were observed in any of the turkeys or chickens over the course of the study. The effects of feeding FBZEN on performances and relative organ weights in turkeys and chickens are detailed in Table2 and Table 3, respectively.

			Mycotoxins (mg/kg)	
		FB1	FB2	ZEN
	Corn 1(30%) 2	<0.01	<0.01	2.49
	Corn 2 (70%) 1	17.86	3.84	0.12
	Control turkey diet	0.045	0.01	0.04
	Control chicken diet	0.02	<0.01	0.025
	FBZEN turkey diet	6.47	1.42	0.59
	FBZEN chicken diet	6.07	1.27	0.6
	1 Corn 1 and corn 2 were mixed at proportions of respectively 30% and 70% in the corn-
	soybean diets containing FB and ZEN (FBZEN).		

Table 2 .

 2 Effects of the FBZEN diet on performances and relative organ weights in turkeys

			Diet and duration of exposure (days) 1	
	Variable 2	Control (69D)	Control (55D) + FBZEN (14D)	Control (55D) + FBZEN (14D) + Control (2D)	Control (55D) + FBZEN (14D) + Control (4D)
	BW (D55) 3	4,679 ± 517	4,581 ± 436	4,527 ± 437	4,545 ± 437
	BW (D69) 3	7,139 ± 744	6,979 ± 558	6,972 ± 722	6,728 ± 679
	BW (D71) 3	-	-	7,275 ± 745	-
	BW (D73) 3	-	-	-	7,271 ± 711
	DWG (55-69) 3	176 ± 18	171 ± 13	175 ± 24	156 ± 23
	FCR (55-69) 3	2.06 ± 0.23	2.02 ± 0.17	2.06 ± 0.29	2.08 ± 0.31
	Liver RW* 4	1.47 ± 0.11 ab	1.64 ± 0.23 a	1.45 ± 0.14 ab	1.33 ± 0.3 b
	Hearth RW 4	0.46 ± 0.05	0.47 ± 0.05	0.54 ± 0.05	0.46 ± 0.07
	Intestine RW 4	1.21 ± 0.08	1.24 ± 0.16	1.21 ± 0.05	1.09 ± 0.08
	Caecum RW 4	0.36 ± 0.03	0.36 ± 0.04	0.34 ± 0.01	0.32 ± 0.02
	Gizzard RW 4	1.28 ± 0.23	1.26 ± 0.13	1.38 ± 0.1	1.3 ± 0.2
	Bursa RW 4	0.11 ± 0.02	0.10 ± 0.02	0.09 ± 0.02	0.08 ± 0.01
	Pancreas RW 4	0.16 ± 0.02	0.17 ± 0.03	0.16 ± 0.02	0.14 ± 0.01
	Spleen RW 4	0.07 ± 0.01	0.09 ± 0.02	0.08 ± 0.02	0.09 ± 0.03

Table 3

 3 Effects of the FBZEN diet on performances and relative organ weights in broiler chickens

			Diet and duration of exposure (days) 1	
	Variable 2	Control 34D	Control 20D + FBZEN 14D	Control 20D + FBZEN 14D + Control 2D	Control 20D + FBZEN 14D + Control 4D
	BW (D20) 3	585 ± 156	609 ± 174	593 ± 208	546 ± 194
	BW (D34) 3	1,427 ± 585	1,450 ± 578	1,360 ± 601	1,227 ± 651
	BW (D36) 3	-	-	1,416 ± 713	-
	BW (D38) 3	-	-	-	1,468 ± 804
	DWG (20-34) 3	60 ± 31	60 ± 30	51 ± 31	49 ± 34
	FCR (20-34) 3	2.56 ± 2	2.5 ± 2	2.36 ± 1.81	3.2 ± 2.69
	Liver RW 4	2.04 ± 0.34	2.08 ± 0.3	1.91 ± 0.24	1.79 ± 0.26
	Hearth RW 4	0.79 ± 0.08	0.69 ± 0.10	0.66 ± 0.07	0.74 ± 0.07
	Intestine RW 4	2.51 ± 0.29	2.51 ± 0.18	2.39 ± 0.21	2.07 ± 0.32
	Caecum RW 4	0.38 ± 0.06	0.36 ± 0.08	0.35 ± 0.05	0.33 ± 0.07
	Gizzard RW 4	1.32 ± 0.18	1.33 ± 0.13	1.36 ± 0.3	1.36 ± 0.26
	Bursa RW 4	0.24 ± 0.06	0.18 ± 0.04	0.2 ± 0.03	0.15 ± 0.04
	Pancreas RW 4	0.23 ± 0.05	0.22 ± 0.03	0.2 ± 0.04	0.18 ± 0.03
	Spleen RW 4	0.07 ± 0.02	0.07 ± 0.02	0.08 ± 0.02	0.09 ± 0.02

Body weight (BW), g; Age in days, (D); Daily weight gain (DWG), g and feed conversion ratio (FCR) calculated from D55 to D69.

Relative organ weights (RW) after killing.

sphinganine; So = sphingosine; IA = immunoaffinity; RE = extraction recovery ; SSE = signal suppression and enhancement ; BW = body weight; DWG = daily weight gain; FCR = feed conversion ratio; RW = relative weights; D = age in days; LOD = limit of detection; LOQ = limit of quantitation.

Funding: This study was supported by CASDAR grants (project 2012-2015 MYCOVOL).

The authors are grateful to RMT Quasaprove for supporting the project.

Conflict of interest:

The authors declare no conflict of interest.