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The combinet effect of á-tocopheryl acetate supplementation and enrofloxacin administration on

oxidative stability of turkey meat .

Lipid oxidation is a process especially affecting polyunsaturated fatty acids (PUFA). 15

The preliminary products of this reaction with oxygen are lipid hydroperoxides that can 16 break down to originate volatile and nonvolatile compounds (Frankel, 1982(Frankel, , 1991;;17 Porter et al., 1995). Cholesterol is also susceptible to oxidation leading to the formation 18 of cholesterol oxides (Smith, 1987). Lipid and cholesterol oxidation products are 19 principally formed in meat and food products under prooxidative conditions such as 20 storage and cooking (Paniangvait et al., 1995;Rhee et al., 1996). 21 Dietary supplementation and direct post-mortem addition of vitamin E have 22 been widely studied for their effects on lipid stability and metmyoglobin formation in 23 meat (Buckley and Morrissey, 1994;Higgins et al., 1998;Jensen et al., 1998 Stubbs et al., 2002;Carreras et al., 2004a). It has also been demonstrated that 1 α-tocopherol supplementation of the diet resulted in increased vitamin E concentration 2 in poultry muscles (Morrissey et al., 1996;Lauridsen et al., 1997;Sheldon et al., 1997;3 Maraschiello et al., 1999). 4

Intensive animal breeding for food production, with a high birth rate and 5 productive efficiency at less cost, has led to a substantial increase in the use of various 6 kinds of antibiotics and antimicrobials for therapeutic and growth-promoting purposes. 7

In 1998, the European Union prohibited the use of antibiotics as growth promoting 8 substances. The relationship between the use of antibiotic in food animals and the 9 emergence of resistance in humans has not been clearly established [START_REF] Acar | Trends in bacterial resistance to 12 fluoroquinolones[END_REF]10 Brown, 1996). However, the incorrect use of antibiotics in human medicine is 11 recognised as being a source of microbial resistance (Orden and De La Fuente, 2001). 12 Therefore, precautionary measures should be taken to protect public health and to 13 guarantee the appropriate use of antibiotics in veterinary medicine. 14 Fluoroquinolones are antimicrobial agents used in the treatment of a variety of 15 bacterial infections in human and veterinary medicine, especially for poultry diseases. [START_REF] Anadón | Pharmacokinetics and residues of enrofloxacin in 19 chickens[END_REF] The use of fluoroquinolones on animal farms has generated growing concern as this 17 could contribute to the development of resistance that could be transferred to humans 18 [START_REF] Anadón | Residues of antimicrobial 14 drugs and feed additives in animal products: regulatory aspects[END_REF]Brown, 1996;Cancho Grande et al., 2000). 19

The target of quinolones in bacteria is the inhibition of DNA gyrase (a bacterial 20 topoisomerase II), resulting in a rapid bactericidal effect. Enrofloxacin is a 21 fluoroquinolone used in veterinary medicine. This compound is converted to an active 22 metabolite, ciprofloxacin, which also possesses bactericidal activity (Anadón et al., 23 1995;Lees et al., 2002). The recommended dose for chickens and turkeys is 10mg/kg.d 24 for 3-10 d and the Maximum Residue Limits (MRL), fixed on the basis of relevant 25 Regulation EEC No.2377/90). After drug treatment, the animals must have an adequate 3 withdrawal period to ensure a drug concentration below the MRL in the different 4 tissues. For poultry, a withdrawal period of 12 d before slaughter is established when 5 enrofloxacin is administrated at the recommended dose. (Bayer, 2000). 6

Enrofloxacin can inhibit the enzymatic activity of some isoenzymes of the 7 hepatic cytochrome P-450 family (Pan and Fouts, 1979;Stratton, 1998;Vancutsem and 8 Babish, 1996). Moreover, the free radical intermediates, generated as a result of 9 enrofloxacin administration, can increase lipid peroxidation and oxidative stress 10 ( Gürbay et al., 2001;Martínez-Cayuela, 1998;Carreras et al., 2005). 11

The objective of this study was to evaluate how different diets, supplemented 12

with vitamin E and enrofloxacin, could influence the antibiotic pharmacokinetics and 13 the oxidative stability of turkey meat. Compliance of enrofloxacin treated animals with 14 the withdrawal period was also taken into account in order to evaluate the possible 15 relationships between the presence of antibiotic residues and the antioxidant status of 16 meat. 17

MATERIAL AND METHODS 18

Birds and dietary treatments 19

A total of 50 turkeys of the BUT 9 strain were selected. They were placed in flat-deck 20 batteries (6 m 2 ). The animals were reared according to routine practices in terms of light 21 and temperature. They were distributed randomly among 5 experimental treatments. All 22 of them were fed on three different basal diets ( others were fed on the basal diet supplemented with α-tocopheryl acetate 200 mg/kg for 1 the last 4 weeks of the experiment and/or enrofloxacin 50 mg/l of drinking water for 5 2 d. The birds of treatments 2 and 4 received enrofloxacin the last 5 d before slaughter 3 and those of treatments 3 and 5 complied with the withdrawal period of 12 d after the 4 antibiotic administration. The dose of enrofloxacin was that recommended by the 5 European Agency for the Evaluation of Medicine Products (EMEA/MRL/388/98) while 6 the dose of 200 mg/kg of α-tocopheryl acetate was chosen according to the literature 7 data as a common concentration used in supplemented diets to prevent lipid oxidation 8 on turkey meat (Carreras et al., 2004b). 9

The turkeys were slaughtered at a commercial processing plant. The breast, leg 10 and liver were removed and vacuum packed in aluminium foil bags. Breasts and legs 11 were stored at -20 ºC and livers were kept at -80 ºC until analysis. 12

Measurement of lipid oxidation by the iron-induced TBA test 13

The iron-induced TBA test carried out to measure lipid oxidation in raw muscles was a 14 modification of the method of Kornbrust and Mavis (1980). Each sample (3 g) was 15 homogenised in 27 ml of 1.15 % KCl. A 200 µl aliquot of the homogenate was mixed 16 with 1 ml of 80 mM Tris/maleate buffer, pH 7.4, 400 µl of ascorbic acid and 400 µl of 17 ferrous sulphate were added and the mixture was incubated for 150 min in a 37 ºC water 18 bath with gentle stirring. Then, 4 ml of 26 mM TBA, 0.92 M TCA and 0.8 mM HCl were 19 added and held for 15 min in boiling water. The samples were cooled and the 20 absorbance was recorded at 532 nm. Blanks containing all the reactants except the 21 homogenate were also measured. The extent of lipid oxidation was expressed as nmol 22 of malonaldehyde (MDA) per mg of tissue. 23

Determination of α α α α-tocopherol levels 24

Tables 1 and 2 near here to dryness in a stream of nitrogen. The residue was redissolved in 1 ml of n-3 hexane/ethyl acetate (80:20, v/v) and a 20 µl aliquot of the filtered extract was injected 4 into the HPLC system. 5 Samples and standards (5 and 10 ng/ µl of α-tocopheryl acetate in mobile phase) 6 were analysed by normal phase HPLC using an LKB Bromma System (Stockholm, 7

Sweden) with an aminopropylsilica NH 2 -NP (5 µm, 250 mm x 4.6 mm i.d.) column 8 (Supelco-Sigma,USA). The mobile phase consisted of n-hexane/ethyl acetate (80:20, 9 v/v) at a flow rate of 1.2 ml/min. Detection was carried out by measurement of the 10 fluorescence (excitation wavelength . = 290 nm, emission wavelength = 330 nm) 11 (Casademont and García Regueiro, 2000). 12

Determination of Enrofloxacin and Ciprofloxacin 13

The determination of enrofloxacin and ciprofloxacin was done according to the method 14 of Hernández-Arteseros et al. (2000). Briefly, 2 g of tissue were homogenised in 10 ml 15 of dichloromethane containing 1.5 mL of 0.25 M diethylmalonic acid, centrifuged at 16 2000 g for 10 min at 4 ºC and the organic phase was collected. The procedure was 17 repeated twice and the organic phases were mixed. 18 Two ml of NaOH were added to the organic phase and centrifuged as above. An 19 aliquot (1 ml) of the aqueous phase was mixed with 1 ml of 0.5 M oxalic acid and then 20 filtered through polytetrafluoroethylene (PTFE) filters (13 mm diameter, 0.45 µm) and 21 injected into the chromatographic system. 22 Standard stock solutions (100 mg/l ciprofloxacin, 1000 mg/l enrofloxacin) were 23 prepared in 0.01 M nitric acid, stored in dark glass bottles at 4 ºC and used within 1 24 analyses were performed on an HPLC system equipped with a 250 x 4.6 mm, 5 µm 2 Inertsil C8 column with a 50 µl injection loop. The mobile phase consisted of 18 % 3 acetonitrile in 10 mM oxalic acid and the flow rate was 1.0 ml/min. A volume of 50 µl 4 was injected into the column. Detection was performed by fluorescence at excitation 5 wavelength of 280 nm and emission wavelength of 444 nm. 6

Statistical analysis 7

All the data were analysed using the procedure GLM from SAS statistical package 8 (SAS Institute Inc., 2000). One way ANOVA was performed for each tissue in order to 9 assess the differences between treatments. Then, and for each treatment, an additional 10 one-way ANOVA was carried out in order to assess the differences between tissues. 11 Mean comparisons were performed using the Duncan test. 12 RESULTS AND DISCUSSION 13 Table 3 shows the enrofloxacin and ciprofloxacin contents of the three tissues studied. 14 Antibiotic determination in liver was done to assess the general condition of the birds. 15

Neither enrofloxacin nor ciprofloxacin were detected (LOD < 0.01 µg/g of tissue) in 16 control group and in the treatments with a withdrawal period. A parallel study carried 17 out in broilers showed higher concentrations of enrofloxacin and ciprofloxacin than 18 those reported in turkeys and also a considerable concentration of residual antibiotic in 19 tissues even after the withdrawal period (Carreras et al., 2004b). Although antibiotic 20 doses were the same in both cases, the observed differences could account for antibiotic 21 absorption and metabolism. According to a recent study (Bayer, 2000), turkeys 22 receiving the antibiotic for a longer period showed lower drug concentrations than 23 broilers. [START_REF] Anadón | Pharmacokinetics and residues of enrofloxacin in 19 chickens[END_REF] The extent of the metabolism of enrofloxacin to ciprofloxacin was low, since the 3 percentage of ciprofloxacin detected over the sum of enroflaxacin plus ciprofloxacin 4 was around 6% in breast and the metabolite was not detected in leg samples. Liver 5 samples showed the highest ciprofloxacin percentage (20%), probably owing to the 6 antibiotic metabolism occurring in the hepatic tissue (Otero et al., 2001). 7

Globally, no significant differences were found between tissues, even though a 8 higher concentration could be expected in liver samples because of the antibiotic 9 metabolism. Enrofloxacin levels found in samples from turkeys of T4 (200 mg/kg of α-10 tocopheryl acetate plus 50 mg/kg of enrofloxacin without withdrawal period) were 11 significantly higher than those from T2 (50 mg/kg of enrofloxacin without withdrawal 12 period) (Table 3). Significant differences were found in vitamin E and TBARS levels 13 between treatments and tissues samples (Table 4). TBARS values were negatively 14 related to vitamin E content, being significantly lower in vitamin E supplemented 15 groups (T4 and T5) than in the rest, mainly in leg samples. The results obtained showed 16 no significant differences in TBARS between T2, T3 (enrofloxacin administration with 17 and without withdrawal period) and T1 (control group) samples. 18 Vitamin E accumulation was significantly higher in legs than in breasts, which 19 compared with the same treatment witout vitamin E (T2). At the same time, higher 5 vitamin E concentration and lower TBARS values were observed in meat when vitamin 6 E and enrofloxacin were administered simultaneously, suggesting some kind of 7 synergistic metabolic effect. A possible explanation could be that, as a consequence of 8 enrofloxacin metabolism, there is an induction of oxidative stress which promotes the 9 accumulation of vitamin E to prevent it. Furthermore, the lipid solubility of the two 10 compounds may induce a competitive mechanism for penetration into cell membranes, 11 influencing the distribution volume, the metabolism and the excretion rates of the drug, 12 as well as the incorporation of the antioxidant into the subcellular membranes and the 13 level of association with the membrane. The high concentrationt of α-tocopherol and 14 enrofloxacin found in T4 could be also the consequence of a mutual stabilisation of both 15 compounds by reducing the effect of radicals or by affecting the adsorption of the 16 compounds. 17

Conclusions 18

The observed interactions between components of the animal diets affected enrofloxacin 19 metabolism in a significant way. Such interactions should be taken into account for a 20 better estimation of the withdrawal period in pharmacokinetics studies, and should 21 allow the extrapolation of the results in a general context. 22

Vitamin E supplementation resulted in increased antibiotic residues. Our results 23 support the idea that the use of antibiotics as feed additives may produce unexpected 24 physiological effects and influence meat quality. If we consider that antimicrobials may 25 
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  Means in the same column not sharing a common superscript are significantly different (Means in the same row not sharing a common superscript are significantly different (Experimental treatments: T1, basal diet; T2, basal diet and 50 mg of enrofloxacin/l of water for 10 5 d; T3, basal diet supplemented with 50 mg of enrofloxacin/l of water for 5 d and 12 d of pre-11 slaughter withdrawal time; T4, basal diet plus 200 mg/kg of α-tocopheryl acetate and 50 mg of 12 enrofloxacin/l of water for 5 d and T5, basal diet supplemented with 50 mg of enrofloxacin/l of 13 water for 5 d, 12 d of pre-slaughter withdrawal and 200 mg/kg of α-tocopheryl acetate. 14 N.D. non detected = < LOD (< 0.01 µg/ g).

  Means in the same column not sharing a common superscript are significantly different (were statistically different (P < 0.05) between tissues in all 7 treatments and for both parameters determined. 8 n = 10 for each dietary treatment. 9 1 TBARS: Thiobarbituric reactive substances; MDA: malonaldehyde 10 2 Experimental treatments: T1, basal diet; T2, basal diet and 50 mg of enrofloxacin/l of water for 11 5 d; T3, basal diet supplemented with 50 mg of enrofloxacin/l of water for 5 d and 12 d of pre-12 slaughter withdrawal time; T4, basal diet plus 200 mg/kg of α-tocopheryl acetate and 50 mg of 13 enrofloxacin/l of water for 5 d and T5, basal diet supplemented with 50 mg of enrofloxacin/l of 14 water for 5 d, 12 d of pre-slaughter withdrawal and 200 mg/kg of α-tocopheryl acetate.

Table 1

 1 

	), containing lard as saturated fat

  indicated that chickens eliminated fluoroquinolones more 24 slowly than others animals. These results suggest that 12 d is an appropriate withdrawal 25

		8
	1	period for turkeys while higher concentrations than MRL were found after the same
	2	withdrawal period in broiler meat (Carreras et al., 2004b)
		F o r
		P
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		w
		O n l
		y

Table 1 .

 1 Composition and estimated nutrient content of the basal diets

		Ingredient	0 to 4 weeks	5 to 8 weeks	9 to 12 weeks
			(g/kg)	(g/kg)	(g/kg)
		Wheat	418.34	484.63	564.77
		Lard	34.09	39.78	60.00
		Soybean meal 48%	473.63	416.18	328.16
		Extruded soybean	20.0	20.0	-
		DL-methionine	2.27	1.69	1.16
		L-lysine	0.37	0.95	1.90
		Calcium carbonate	19.50	11.09	22.63
		Dicalcium phosphate	23.64	18.46	15.01
		Sodium chloride	3.74	3.18	2.38
		Choline chloride 50%	0.42	0.04	-
		Monensin (mg/kg)	90	90	-
		Minerals and vitamins 1	4.00	4.00	4.00
		ME (MJ/kg)	11.7	12.1	12.55
		Crude protein (g/kg)	280	260	220
		Crude fibre (g/kg)	31	31	28
	1			
	2	1 One kg of feed contained the following: retinol, 4128 µg; cholecalciferol, 60 µg; all-
	3	rac-α-tocopheryl acetate, 30 mg; menadione, 3 mg; thiamine, 2.2 mg; riboflavin, 8 mg;
	4	pyridoxine, 5 mg; cyanocobalamin, 11 µg; folic acid, 1.5 mg; biotin, 150 µg; calcium
	5	pantothenate, 25 mg; nicotinic acid, 65 mg; Mn, 60 mg; Zn, 40 mg; I, 0.33 mg; Fe, 80
	6	mg; Cu, 8 mg; Se, 0.15 mg; ethoxyquin, 150 mg.	

Table 2 .

 2 Dietary treatments 1

	2		
		Treatments 1 α-tocopheryl acetate 2	Enrofloxacin treatment 3
		T1	-	-
		T2	-	50 mg/l of water without withdrawal
		T3	-	50 mg/l of water with 12 d of withdrawal
		T4	200 mg/kg	50 mg/l of water without withdrawal
		T5	200 mg/kg	50 mg/l of water with 12 d of withdrawal
	3		
	4	1 Ten animals per treatment (n = 10).
	5	2 α-tocopheryl acetate was supplemented for the last 4 weeks of the experiment.
	6	3 The antibiotic was administered in the drinking water for 5 d.

Table 3 .

 3 Tissue concentration (µg/g) of enrofloxacin and ciprofloxacin in turkeys in the 1

	2			different treatments		
	3						
			Enrofloxacin			Ciprofloxacin
	Treatments 1 Breast	Leg	Liver RMSE Breast Leg Liver RMSE
	T 1	N.D.	N.D.	N.D.	-	N.D. N.D. N.D.	-
	T2	0.49 b	0.42 b 0.62 b	0.23 0.04 bB N.D. 0.14 bA 0.08
	T3	N.D.	N.D.	N.D.	-	N.D. N.D. N.D.	-
	T4	1.03 aAB 0.88 aB 1.18 aA 0.23 0.06 aB N.D. 0.35 aA 0.07
	T5	N.D.	N.D.	N.D.	-	N.D. N.D. N.D.	-
	RMSE	0.25	0.16	0.26		0.01	-	0.11

Table 4 .

 4 α-Tocopherol (µg/g of tissue) concentration and TBARS 1 (nmol of MDA/mg of 1 tissue) values in tissues from turkeys fed supplemented diets 2 2

	3						
				Tissues *		
			Vitamin E			TBARS	
	Treatments 2	Breast	Leg	RMSE	Breast	Leg	RMSE
	T 1	0.66 bc	1.60 c	0.14	0.13 a	0.51 a	0.08
	T2	0.49 c	1.17 d	0.26	0.14 a	0.58 a	0.07
	T3	0.50 c	1.31 cd	0.15	0.12 a	0.61 a	0.09
	T4	1.56 a	3.90 a	0.50	0.07 b	0.03 c	0.08
	T5	0.78 b	1.95 b	0.32	0.10 a b	0.38 b	0.02
	RMSE	0.22	0.37		0.03	0.10	
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