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			Abstract 

			This study was carried out to determine the influence of adding sepiolite to the diet on performances of turkey. A total of 960 male broilers of the Hybrid strain were used. The animals received a DFIE starter food crumbled from day 1 to day 28, a growth food1 DF2G granulated from day 29 to day 42, a growth food 2 DF2-3G granulated from day 43 to day 63, a growth food. 3 DF3G pellet day 64 to day 84, and a DF4G finish growth food from day 85 to slaughter (day 119). The chicks have a starting average weight of about 56.8 g. Overall the rearing periods, the standard feed gave the best results in terms of average weight (56.9g) versus (13334.33g), respectively, during periods 1 and 10. The T1 food improved the consumption index and the T2 showed no significant effect. On the other hand, there were no significant differences between the three ST, T1 and T2 treatments and between the two litter types C and PB for the mortality rate. Although no significant difference between the two types of litter (C, PB), the wood chips have the best results in terms of improvement of performance and reduction of poultry diseases.
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			Introduction

			Antimicrobial compounds are commonly included in poultry diets for promoting of growth and control of diseases. Feeds containing no chemical additives are increasingly used in poultry nutrition.  Therefore, antibiotic growth promoters were discredited by consumers as well as by scientists (Humphrey et al., 2002).  Many scientists searched for alternatives to antibiotic growth promoters [1,2]. Traditionally, clays have been incorporated in diets (10±20 g/kg) as a technological additive (lubricant) to improve feed manufacture [3]. Sepiolite is a feed additive (E-562) used as a binder and anti-caking agent up to 2% in all feeds for all animal species [4]. Sepiolite has effects on the productive performance of broilers and laying hens [5,6] by affecting on the physical and kinetic properties of digesta. Sepiolite may replace growth factors, antibiotics and anticoccidials in poultry diets as therapeutic agents [6-8]. Eser et al. [9] reported that 1% sepiolite in broiler diets increased body weight gain and 

reduced the relative weight of abdominal fat and the levels of serum cholesterol and triglyceride. Fernandez et al. [10] stated the effects of sepiolite on bone characteristics in broiler. The main objective of this study was to evaluate the effects sepiolites’ incorporation on the performance and welfare of turkey reared on two types of litter.

			Material and Methods

			Feed Formulation, Broilers and Experimental Design

			The trial protocol was conducted during 119 days from 29 December 2015 to 26 April 2016, in the animal nutrition company (SNA) in its experimental station “Ben Khelifa” spread over a perimeter of 3 ha. A total of 960 one-day-old turkeys from the SABA company hatchery were used in this study. Poultry received diets with high-energy concentrations in the order of 2850, 2920, 3025, 3100 and 3200 kcal of metabolizable energy for foods, respectively, starter, growth, fattening and finishing. The three tested diets are ST: standard diet (control), T1: diet with sepiolite in top (1% of EXAL sepiolite) and T2: diet with sepiolite in reformulation obtained by the replacement of 1% of the quantity but introduced in the standard formula by 1% of EXAL sepiolite. Groups of 40 chicks were divided into separate lots randomly selected for one of the experimental treatments. Throughout the trial, commercial management procedures were employed, and ambient temperature was controlled. Natural and artificial light was provided on a basis of 23 h for the first 2 days, 16 h from day 3 to day 14, 21 h from day 15 to the slaughter days. All birds were vaccinated against Newcastle disease, Infectious Bronchitis and Gumboro during the second week of their life.

			Measured parameters and statistical analysis

			The measured parameters are: live weight (LW) at different dates (LW28, LW42, LW56, LW70, LW84, LW98, LW112, LW119), average weights (AW): (AW1-14, AW14-28; AW28-42, AW42-56, AW56-70, AW70-84, AW84-98, AW98-112, AW112-119, average daily gain (ADG): (ADG1-14, ADG14-28, ADG28-42, ADG42-56, ADG56-70, ADG70-84, ADG84-98, ADG98-112, ADG112-119 and ADG1-119), the amount of food ingested (IQ), the consumption index  (CI), the mortality rate (TM), the relative humidity of litter (HR) and the health status of turkeys. The data was analyzed as a 2 × 3 factorial randomized complete block design to determine main effects and interactions, three feed forms (ST, T1 and T2) and two litter types (C, PB). All data were analyzed using PROC GLM of the SAS program [11] (Version 9.1, SAS Institute Inc., Cary, NC). Differences were considered significant at P < 0.05 and the differences between means were separated by least significant difference

			Results and discussions

			Average Weight

			Table 1: variation of average weight during trial.

			
				
					
					
					
					
				
				
					
							
							Period

						
							
							Average weight (g)

						
							
							Standard error

						
							
							Pr > t

						
					

					
							
							P1

						
							
							56.9229

						
							
							89.883

						
							
							0.5273

						
					

					
							
							P10

						
							
							13334.33

						
							
							89.883

						
							
							<.0001
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							318.9394

						
							
							92.346

						
							
							0.0007
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							979.3542

						
							
							89.883

						
							
							<.0001
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							1986.708

						
							
							89.883

						
							
							<.0001
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							3640.583

						
							
							89.883

						
							
							<.0001

						
					

					
							
							P6

						
							
							5577.708

						
							
							89.883

						
							
							<.0001
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							7526.896

						
							
							89.883

						
							
							<.0001
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							10076

						
							
							89.883

						
							
							<.0001
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							12356

						
							
							89.883

						
							
							<.0001

						
					

				
			

			The average live weight of turkey broilers is similar for all diets. Indeed, the initial weight of 56.8 g to reach a live weight of 13334.33 g at period 10 (Table 1). Live weight at day 0 of chicks belonging to the three treatments was statistically identical (P> 0.05). This proves that the lots were homogenous and did not exhibit weight variability. However, analysis of the variance showed a significant effect (p <0.001) of the diet on live weight (Figure 1). Several authors admit the same results. Castaing [12] showed that the incorporation of 1% sepiolite into the flesh turkey feed leads to an improvement in weight: 5.7% at 6 weeks, 3.9% at 9 weeks and 1.2% at the age of slaughter. Tolsa Group [13] has shown that the addition of a higher level (2%) of EXAL leads to an improvement of 3.23% in total average weight (11.701 kg vs 12.092 kg) against the control diet and 2.69% against other clays.
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			In fact, the subjects who received the standard control diet (ST) had significantly greater weights than the groups receiving the treatments (T1) and (T2) (P <0.05) with respective average weights, 5685.45; 5569.51 and 5501.06 g. On the other hand, during the first period (14 days) we recorded average weights of 56.91 and 57.1 g for treatments T1 and T2, respectively, versus 56.92 g for (ST). Whereas during the last week of rearing, the animals fed the regimes with sepiolite in Top, (T1) and reformulation (T2) respectively have average weights of 13334.33 and 9900.42 g against 14803.43g for the batch receiving the standard food control. This was demonstrated by statistical analysis which revealed a significant difference (P = 0.0298) between these three treatments during the study period. This may be due to an interaction between the energy concentration and the presence of EXAL. With the incorporation of 1% of EXAL, growth tends to be 1.03% lower with the least energy-dense food 3100 kcal (T1) and 1.64% with the more energy-dense food. The synergy between the diets and the period has no significant effect on the evolution of turkey average weight. However, we found no effect of litter types (C, PB) on weight (P = 0.3913).

			Average Daily Gain (ADG)

			Results shows the evolution of ADG, depending only on the period effect. It is noted that this parameter changes significantly from 60.34% (18.71 vs 47.19 g / d) in start-up period (weeks 1, 2, 3, 4), to 47.99% (138.36 vs 71.95 g/d) during the growing season, 23.53% (182.07 vs. 139.22 g / day) during the fattening period then decreases by 16.52% (162.85 vs 139.76 vs 3.29 g/d) during the finishing period. This coincides with the results obtained by Tolsa Group [13], which has shown a significant increase in turkey weight gain during all breeding periods. The analysis of the variance revealed no significant difference between the three diets (ST, T1 and T2), and despite the absence of significant effect on the evolution of weight gain (P> 0.05) during the whole control period (ST) seems to have a slightly higher weight gain compared to treatments with sepiolite (T1, T2) (Table2).

			Table 2: Effects of diet and litter on average daily gain.
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							111,99 ± 0,027a
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							111.46 ± 0,022a

						
					

					
							
							ST

						
							
							112.49 ± 0,023a

						
					

					
							
							Litter

						
					

					
							
							PB

						
							
							111.515 ± 0,21a

						
					

					
							
							C

						
							
							112.769 ± 0,25a

						
					

				
			

			In addition, litter types (C, PB) have no significant effect on the evolution of ADG during the four rearing phases (P = 0.21) (Table 2). In the same context, Ritez [14], in studying the impacts of strawberries and straw on the zootechnical performance of turkeys, showed that chopped straws and wood chips have no significant effect on weight gain. Analysis of variance showed the absence of any significant effect of the food-litter interaction (Table 3). But it appears that the ADG recorded for the control (ST) are slightly improved on straw litter in corks compared to the cuttings (115.35 vs. 109.22 g/d) whereas for the treatments with sepiolite (T1, T2), ADG are better for litter animals respectively, 115.35 (T1, C) vs 113.5 g/d (T1, PB) and 113.72 (T2, C) vs 111.28 g/d (T2, PB).

			Table 3: Effect of the interaction feed-litter on average daily gain.
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							109.22 ± 0,364
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							115.35 ± 0,370

						
					

					
							
							C
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							113.72 ± 0,367
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							115.75 ± 0,374
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							-

						
					

				
			

			Ingested Feed (IF)

			The amount of food ingested varies significantly with changes in turkey age (P <0.0001). Indeed, we recorded significant improvements towards the third period of 1.18% (22.95 vs 35.91 g), the sixth period of 5.94% (69.5 vs134.26) g and towards the ninth period of 5.83% (167.33 vs 230.94 g). The daily consumption of animals is in line with the application of the energy ration plan. The difference in energy concentration of 200 kcal between foods (ST and T2) leads to a significant difference (P <0.001) of average consumption greater than 1.15%, (124.83 g / floor / period vs 120.65 g / floor / period). Foods with sepiolite in top (T1) allowed to consume a quantity lower than the control of 1.9% (124.83 g / office / period vs 117.74 g / office / period). Knowing that the same daily energy intake was assured with all foods. These results confirm those obtained previously under similar conditions [12, 15]. The litter had no effect on the quantity of food ingested, but it showed, in synergy with the different diets (ST, T1, T2), significant differences (P <0.05). In fact, feed consumption (ST and T2) by turkeys reared on straw corks improved by about 0.7% and 2.42%, respectively. Only the regimen with sepiolite in top (T1) shows an improvement on wood chips of 2.16%. In the same context, many studies admitted the lack of significant litter effect on performance while others showed that the wood chips [12,15]. In contrast, others studies showed the significant effect of both litter types (C, PB) on flesh poultry performance [13,16].

			Consumption Indice 

			For the evolution of food consumption per week, we observe a significant increase (P <0.001) in the consumption index over all rearing periods. These fluctuations in C-teeth can be explained by the presence of a latency time necessary for the turkey to adapt after each food transition (starter food. growth food. fattening feed and finishing food). The type of food has no significant effect on the consumption index (P = 0.22). Besides, there is no significant difference between the three diets (ST. T1. T2). The incorporation of 1% sepiolite in top or reformulation into the fleshed turkey feed has no significant effect (P> 0.005) on palatability (Table 4). On the other hand, there is a slight non-significant increase (P = 0.22) in the consumption index for the lots receiving the control diet (ST). (2.47) against the batches receiving the T1 and T2 regimens which respectively (2.377 and 2.432). 

			Table 4: Effect of feed type on consumption indice.
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							Consumption indice
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							2.470 ± 0.226a

						
					

					
							
							T1

						
							
							2.377 ± 0. 228a
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							2.432 ± 0.226a

						
					

				
			

			Our results disagree with those of Castaing et al. [17]. The incorporation of 2% Sepiolite in turkey food significantly improves the consumption index with a rate of 4.3%. This can be explained by the fact that the addition of sepiolite at a rate of 1% in the diet can never pass without leaving effects on the feeding behavior of the animals. In fact. the food that contains sepiolite is often characterized by a slightly increased hardness compared to the control food and its ability to slow food transit. Besides the bibliographies provide the best feed efficiency is guaranteed for the most energy intake which coincides in our case. The diet with sepiolite in top (ST) is in cumulates on all breeding periods more consumed. The litter type did not show any significant effect (P = 0.082) on the turkey consumption index.

			Mortality Rate 

			Mortalities are recorded every day at each level during the breeding period and at the end of the experiment collected per week. During all the breeding periods, mortality rate varies significantly (p <0.001). Indeed, during the first phase of growth that the mortality rate is highest during the 17 weeks exceeding 6, 04% (Figure 2). Mortality was recorded in the first few days after litter renewal. especially in straw and cork flooring. The analysis of cadavers showed that this increase in mortality due mainly due to litter consumption. The diet has no significant impact on the mortality rate (P> 0.05) (Table 5). The litter has not a significant impact on the mortality rate (P = 0.34). This is confirmed by previous studies that showed that litter has no direct effect on turkey mortality rate although it may be origin of certain pathologies [18,19].
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			Table 5: Effect of diet and litter types on mortality rate of birds.
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							1.11 ± 0.420a
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							1.92 ± 0.424a
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							1.49 ± 0.424a

						
					

					
							
							Litter

						
					

					
							
							PB

						
							
							1.50 ± 0.34a
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							1.51 ± 0.34a

						
					

				
			

			Health Status of Birds

			During breeding period (19 weeks), the bulbs at the keel bone level changes significantly (P <0.001) with the turkey age (5%), this can be explained by the accumulation of waste and droppings and the lowering of building hygiene status and the higher of litter moisture level. Birds reared on wood chunks had significantly lower (P <0.001) keel bone infections and ampoules (0.53%) than those raised on straws. It is therefore the cutters that seem to allow the best results in terms of slowing down the evolution of the keel bulbs. These results confirm the positive effects of the use of the cuttings on the performances of birds [14], notably by decreasing litter crusting [16].

			Conclusion 

			This study aims to use food additives and litter in poultry farming. Our results showed the effectiveness of additives and bedding as a promising approach to poultry farming to improve feed quality, growth performance and bird health status. In this study, we used sepiolite as a technological additive and straw straw as litter. To this end, three diets were studied on a large turkey population on two types of bedding to determine their effectiveness from the first day to age at slaughter. The ST standard control diet allowed the highest zootechnical performance in terms of average weight and average weight gain. The diet with sepiolite in top T1 allowed the best consumption index and the ration with sepiolite in reformulation has no improvement effect (P>0.01). The two regimens with sepiolite did not show any effects on the mortality rate for the different litter types. For the litter, the cuttings have the best results in terms of slowing of the evolution of the cornet bulbs. While, it does not show any significantly effect on the buttons of the breast, the scratches and the lesions of foot pad. Straw plugs have no effect on zootechnical performance and on health status during the four rearing phases.
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