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INTRODUCTION

In commercial poultry production, birds are generally fed complete pelleted diets, formulated to meet their nutrient requirements throughout their life [START_REF] Abdollahi | Pelleting of broiler diets: An overview with emphasis on pellet quality and nutritional value[END_REF]. Feed represents the main economic [START_REF] Nolan | Economic analysis of manufacturing costs of pellet production in the Republic of Ireland using non-woody biomass[END_REF] and environmental costs of poultry rearing [START_REF] Boggia | Environmental impact evaluation of conventional, organic and organic-plus poultry production systems using life cycle assessment[END_REF]Leinonen et al., 2012a,b), especially in foie gras production (Arroyo et al., 2013b). Consequently, feeding the birds local raw material offered in a simplified form, such as whole grains, can reduce transportation and processing costs [START_REF] Henuk | Practical and economic advantage of choice feeding systems for laying poultry[END_REF][START_REF] Dozier | Effects of the addition of roller mill ground corn to pelleted feed on pelleting parameters, broiler performance, and intestinal strength[END_REF]. The value of whole seed has previously been demonstrated in poultry production [START_REF] Noirot | Whole cereal grains in broiler nutrition: The come back?[END_REF]. Three ways to use whole seed are described: 1) sequential feeding in which the whole cereal and the protein-rich complement are given in the same feeder but at different times of the day [START_REF] Bouvarel | Effects of various energy and protein levels on feed preferences in meat-type chickens used to sequential feeding[END_REF][START_REF] Umar Faruk | Sequential feeding using whole wheat and a separate protein-mineral concentrate improved feed efficiency in laying hens[END_REF]; 2) loose mixture in which the whole cereal and the protein-rich complement are mixed in the same feeder (yo et al., 1998) and provided at the same time, and 3) choice feeding in which the whole cereal and the protein-rich complement (pelleted or as whole grains) are given in 2 separate feeders at the same time [START_REF] Pousga | Choice feeding of poultry: A review[END_REF][START_REF] Özek | The effects of free choice feeding based on whole triticale on growth, meat quality, carcass characteristics and gastrointestinal traits in broilers[END_REF].

Most of the work on whole grains has been carried out on corn or wheat in broilers. Generally, whole seeds slightly increase feed intake while maintaining performance (yo et al., 1998; Özek et al., 2012). Data on other poultry such as waterfowl are scarce. Recently, Arroyo et al. (2012aArroyo et al. ( ,b, 2013a) ) studied loose-mix feeding system on growing geese destined to foie gras production. They showed that at the end of rearing period, ABSTRACT The aim of this trial was to study the influence of choice feeding and cereal type (corn or triticale) during the finishing period on performance of ducks. In total, 624 one-day-old male mule ducks (Cairina moschata × Anas platyrhynchos) were divided into 3 groups differing in the diet they received between 56 and 84 d of age: a commercial complete pelleted diet (control group; AME n 12.1 MJ/kg, CP 15%), or corn whole seeds (AME n 14.4 MJ/kg, CP 7.3%) and protein-rich pellets (AME n 9.9 MJ/kg, CP 22.7%) in 2 separated feeders [choice feeding with corn (CFC) group]; or triticale whole seeds (AME n 13.0 MJ/kg, CP 10.5%) and protein-rich pellets (AME n 11.2 MJ/kg, CP 19.5%) in 2 separated feeders [choice feeding with triticale (CFT) group]. From 85 to 96 d, 96 birds/group were overfed with corn. Feed intake (complete pellets or cereal and protein-rich pellets) per pen was measured at 60, 62, 65, 69, 78, and 84 d of age. Body weight and body traits were measured at 56 to 84 d of age. Over the entire period, from 56 to 84 d, the feed intake of the CFC group was 7% lower than the control group, and 5% lower than that in the CFT group (P = 0.002). Whatever the diet tested, at 56 and 84 d of age, the BW (4,099 and 4,779 g, P = 0.42 and P = 0.35, respectively) and the carcass traits (P > 0.05) of ducks were similar in the 3 groups. During and after overfeeding, the performances of the ducks were also similar (P > 0.05). The present results suggest that CFC during the finishing period is a solution to reduce the cost of diet destined to ducks. Indeed, using locally grown grains could reduce the economic and environmental impacts of duck feeding, reducing the transportation and crushing processes.

geese BW was higher (Arroyo et al., 2012a(Arroyo et al., ,b, 2013a) ) and their volume of crop (Arroyo et al., 2012b) was smaller when the diet contained whole grains, which decreased their performance during the overfeeding period (Arroyo et al., 2012b). However, in France, the production of foie gras mainly comes from duck livers (95%) rather than geese (5%; CIFOG, 2012). Therefore, it seems interesting to explore the possibility of using whole seed in ducks, compatible with the preparation for overfeeding [START_REF] Leprettre | Food restriction in Landese geese breeding: Influences on growth and carcass composition during the growing period and after force-feeding[END_REF][START_REF] Guéméné | The past, present and future of force-feeding and "foie gras" production[END_REF]Arroyo et al., 2012c), and limiting the negative effects of the whole grain utilization on crop development and overfeeding performance. This trial aimed to study the effects of choice feeding and cereal type (corn or triticale) during the finishing period on performance of ducks. [START_REF] Guéméné | The past, present and future of force-feeding and "foie gras" production[END_REF]. For this purpose, birds were fed ad libitum from 1 to 55 d. Then, they had a controlled access to the diet from 56 to 84 d of age. Protein-rich pellets and whole cereals were distributed according to an hourly rationing program for 2 h/d. Only in the case of the protein-rich pellet distribution, to optimize the cereal consumption by the ducks, this diet was distributed also according to restricted rationing at 60% of the theoretical diet.

MATERIALS AND METHODS

Birds and Experimental Groups

The diets used during the rearing period met requirements of [START_REF] Baéza | Protein requirements for growth, feed efficiency, and meat production in growing mule ducks[END_REF] and were manufactured by Sud-Ouest Aliment (Haut Mauco, Landes, France). The diet composition is shown in Table 1. From 85 to 96 d, 96 birds/group were overfed with a mixture of 390 g of corn flour, 167 g of whole corn, 425 g of water, and 18 g of a vitamin (A: 180,000 IU/kg; D 3 : 50,000 IU/kg; E: 2,250 IU/kg; B 1 : 100 mg/kg; K 3 : 200 mg/kg; CON: 1,170 mg/kg) and mineral premix [CuSO 4 : 667 mg/kg; ZnO: 3,600 mg/kg; SeSO 4 : 74.00 mg; Na 2 SeO 3 : 13.5 mg/kg; clay (bentonite): 580 g/kg] manufactured by Sanders (Chateau-Gontier, Mayenne, France). The planned overfeeding program is shown in Figure 1. At 85 d, ducks were overfed once a day; from d 86 to 96, the diet was given twice a day.

The birds used for overfeeding were chosen according to their live weight at 84 d to be representative of the live weight variability within groups.

Housing and Management Conditions

During the rearing period, the birds were housed in pens of 19 m 2 containing 52 male mule ducks. The pens were equipped with 1 drinker, 2 feeders, and outdoor access (91.5 m 2 /pen). The feeders were managed similarly in the 3 groups. Ducks had outdoor access between 0700 and 1800 h from 28 to 84 d of age. From 56 to 84 d, outdoor access was denied during the time when birds received experimental diets, and consequently the time of outdoor access was reduced (0900 to 1800 h).

Room temperature was maintained at 28°C from the first week after hatching and was subsequently gradually reduced to 20°C at 28 d of age, after which no heat was provided.

During the overfeeding period, the 288 birds were divided in 24 pens (3 × 1 m 2 for 12 ducks). Each pen was equipped with drinkers. The room was maintained at a temperature lower than 20°C and a RH below 90%.

Measurements and Analytical Methods

During the rearing period, birds were individually weighed at 56 and 84 d after 18 h of fasting. Conversely, the weight at 97 d was measured after 8 h of fasting. Indeed, foie gras exhibited strong weight losses during fasting, and [START_REF] Babilé | Réversibilité de la stéatose hépatique chez le canard mulard[END_REF] showed that, at the end of the overfeeding period, fasting should not exceed 8 h to preserve foie gras weight and quality. Mortality was recorded daily. Feed intake per pen was measured at 60, 62, 65, 69, 78, and 84 d. In the CFC and CFT groups, between 56 to 84 d, the quantities of whole cereal and protein-rich pellets intake were also measured. During overfeeding, the quantity of corn distributed was measured for each meal. Mortality was recorded daily. Birds were slaughtered at 56 d (8 birds per group) and 84 d of age (16 birds per group) to study gizzard, gut, and liver development and carcass traits according to the World's Poultry Science Association method [START_REF] Fris Jensen | Working Group V: Method of dissection of broiler carcases and description of parts. Terms used for parts of poultry in different languages[END_REF]. The weights of gut (small intestine, duodenum, jejunum, ileum, and cecum), gizzard, liver, carcass (eviscerated carcass with skin), and abdominal fat were measured as well as breast and thigh weights (without skin and subcutaneous fat). Also, birds (96 ducks per group) were slaughtered at 97 d at the end of the overfeeding period, after 8 h of fasting according to the recommendation of [START_REF] Babilé | Réversibilité de la stéatose hépatique chez le canard mulard[END_REF], to measure the weight of fatty liver and breast with skin (22 ducks per group). Birds were killed according to European Council regulations (EU Council Directive, 2009). The experiments described here fully comply with legislation on research involving animal subjects according to the European Communities Council Directive of November 24, 1986 (86/609/EEC). Investigators were certified by the French governmental authority for carrying out these experiments (agreement n°31-11.43.501).

A commercial grading was carried out by a specialist from the industry (EPLEFPA, Dordogne, France), trained to classify raw foie gras according to its potential commercial use. The livers were graded on a 3-point scale. The first point of the scale represented the best commercial class, representing livers with no defects, appropriate texture, usually used for processing as entire canned livers. The second point of the scale represented livers with no defects but too heavy to be processed as entire canned livers, and the third point of the scale represented livers with numerous defects, either in terms of visual appearance or texture, leading to a decreased commercial value.

Statistical Analysis

All data were analyzed using PASW Statistics 18 (version 18.0.2, SPSS Inc., Chicago, IL). For all data, the pen during the rearing period (n = 4/group) was the statistical unit according to [START_REF] Gill | Statistical aspects of design and analysis of experiments with animals in pens[END_REF]. Data for bird performance (BW, FCR, feed intake, and carcass composition) were analyzed including the experimental group in the model (3 levels: CON, CFC, or CFT). Means between treatments were compared using the Duncan test, except the means of intake of whole cereal and rich-protein pellets intake, which were compared using the Student test. Mortality and commercial grading were analyzed using the chi-squared test. Differences were treated as significant when P ≤ 0.05. 

RESULTS

Feed Intake During the Rearing Period

Total feed intake (complete pellets or cereal + protein-rich pellets) was similar between the 3 groups from 56 to 60 d, (263 g/d, P = 0.065), 61 to 62 d (299 g/d, P = 0.62), 63 to 65 d (285 g/d, P = 0.27), 66 to 69 d (329 g/d, P = 0.21), and 78 to 84 d (293 g/d, P = 0.094; Table 2). On the contrary, between 70 to 78 d, the total feed intake was 10% higher in the CPM group than in the 2 other groups (P = 0.004, Table 2).

For each period, the respective intakes of whole cereal (corn or triticale) and of the protein-rich pellet (measured independently) were similar (P > 0.05, Table 2) between the CFC and CFT groups. Between 56 and 60 d, the intake of whole cereal was similar to the intake of protein-rich pellet (P > 0.05). For the other periods, whole cereal intake was always higher than the proteinrich pellet diets whatever the type of cereal used.

Over the entire period, from 56 to 84 d, the feed intake of the CFC group was 7% lower than the CON group, and 5% lower than that in the CFT group (P = 0.002, Table 2). The total intake of protein-rich pellets was similar (3,513 g, P = 0.12) in CFC and CFT groups. On the other hand, the intake of whole triticale was higher (5%) than that of whole corn (4,648 g vs. 4,425 g, P = 0.007, Table 2). However, the ratio of protein-rich pellet/whole cereal was similar (0.77; P = 0.76, data not shown) in the CFC and CFT groups.

Bird Growth, Mortality, and Body Traits During the Rearing Period

Mortality rate was similar in the 3 groups throughout the trial (0.48%; P = 1.00). Whatever the diet tested, at 56 and 84 d of age, the BW of ducks was similar (4,099 and 4,779 g, P = 0.42 and P = 0.35, respectively, Table 3). Between 56 and 84 d, the ADG and the FCR a,b Within a row, means with no common superscript differed at P < 0.05. 1 The individual feed intake was calculated from the intake per pen (n = 4 pens/group) and the numbers of birds in the pen during the period (52 birds per pen at the beginning of the experimental period).

2 CON: commercial complete pelleted diet; CFC: corn whole seeds and protein-rich pellets in 2 separated feeders; CFT: triticale whole seeds and protein-rich pellets in 2 separated feeders.

were also similar (24.2 g/d and 12.1, P = 0.84 and P = 0.28, respectively, Table 3) between the 3 groups.

Whatever the slaughter stages (56 and 84 d of age), the body traits were similar (P > 0.05, Table 4) in the 3 groups.

Bird Performance During Overfeeding and Quality of Products

Mortality rate was similar in the 3 groups throughout the trial (1/288 = 0.3%, P = 0.37). The diet used during the rearing period had no effect on feed intake (9,467 g, P = 0.41), weight gain (2,011 g, P = 0.55), FCR during overfeeding period (4.7, P = 0.51), or on the BW at the end of the overfeeding (6,807 g, P = 0.21; Table 5).

After overfeeding, the weight and commercial grading of the fatty liver were similar (P = 0.79 and P = 1.00, respectively, Table 6) between the 3 groups. The weight of pectoral muscle (316 g) and the skin and subcutaneous fat of pectoral muscle (217 g) were also similar (P = 0.78 and P = 0.84, respectively, Table 6) between the 3 groups.

DISCUSSION

The aim of this study was to evaluate the influence of choice feeding and cereal type (corn or triticale) during the finishing period on performance of ducks. [START_REF] Hughes | The principles underlying choice feeding behavior in fowls with special reference to production experiments[END_REF] suggested that when poultry are given a choice, feed intake results from a compromise between the nutritional needs of the bird and the relative palatability of the food. In the present work, the ducks were given a pelleted feed before the trial, from 1 to 55 d of age. During the 4 first days of the trial, the birds offered a choice showed a similar feed intake of the whole cereal than the protein-rich pellets. However, at the end of the trial, the intake of whole grains increased in ducks receiving whole cereals. Indeed, the protein needs decreased with age in birds and it has been shown that 1 FCR per bird was determined using measured live weight (individual measure) and estimated feed intake (measure per pen).

2 CON: commercial complete pelleted diet; CFC: corn whole seeds and protein-rich pellets in 2 separated feeders; CFT: triticale whole seeds and protein-rich pellets in 2 separated feeders.

3 52 birds/pen at the beginning of the experimental period. birds can naturally equilibrate their diet [START_REF] Emmans | Diet selection by animals: Theory and experimental design[END_REF][START_REF] Forbes | Diet selection for protein by poultry[END_REF]. It was found that in a choice-feeding trial offering protein-rich pellets and whole cereals, broilers progressively increased their intake of whole grains with increasing age to meet their decreasing protein needs [START_REF] Leeson | Production and carcass yield of broilers using free-choice cereal feeding[END_REF].

The difference observed between the consumption of cereal type (corn or triticale) could be explained by the various sensory and physico-chemical characteristics of food, such as color, texture, particle size, water retention, nutrient composition, and nature of the starch such as described by Arroyo et al. (2012a).

Several studies showed that whole grains increase the gizzard [START_REF] Gabriel | Effects of whole wheat feeding on the development of the digestive tract of broiler chickens[END_REF][START_REF] Lu | Influence of whole corn feeding on the performance, digestive tract development, and nutrient retention of geese[END_REF], liver development [START_REF] Guy | Natural induction of spontaneous liver steatosis in Greylag Landaise geese (Anser anser)[END_REF], and abdominal fat [START_REF] Leeson | Production and carcass yield of broilers using free-choice cereal feeding[END_REF][START_REF] Auvergne | Utilisation de protéagineux métropolitains dans des mélanges fermiers par les oies grises du sud-ouest en phase de finition[END_REF]. This phenomenon depends on the grain type as reported by [START_REF] Amerah | Influence of method of whole-wheat feeding on the performance, digestive tract development and carcass traits of broiler chickens[END_REF] on broilers, and to the time required to the digestive tract to adapt to a change in nutrient supply [START_REF] Bedford | Interaction between ingested feed and the digestive system in poultry[END_REF]. However, in the present study, we observed no difference on the body traits at the end of the rearing period. Similar body traits at 84 d with both cereals suggest that, 4 wk after the beginning of the distribution, the digestive tract of the ducks were adapted to whole grain ingestion.

Like in geese, the rearing of ducks for fatty liver production should prepare the birds for a high feed in-take over a short period. For this reason, the feeding program used, with a restricted access to the feeder aims to enlarge the volume of the crop [START_REF] Guéméné | The past, present and future of force-feeding and "foie gras" production[END_REF]). In the case of geese, Arroyo et al. (2012a) showed that the use of whole cereal could prevent this goal from being fully achieved. In the present study, we observed no differences on the performances of ducks during overfeeding due to the distribution of whole cereals during the rearing period. This lack of consistency between the 2 species could be explained by the higher volume of the crop in ducks compared with geese. Moreover, [START_REF] Savory | An investigation into the role of the crop in control of feeding in Japanese quail and domestics fowls[END_REF] showed that the size of the crop influences feed intake, which could explain the differences observed between geese and ducks.

In conclusion, the present results showed that 1) separation of the sources of energy and proteins enables the birds to adapt their ingestion to the change in their nutritional needs, and 2) choice feeding during the finishing period and especially whole corn and protein-rich pellets in 2 separated feeders reduced the feed intake and maintained the performance of birds at the end of the rearing period and after overfeeding compared with a complete pelleted diet. This system offers interesting prospects for a more sustainable rearing method. Indeed, using locally grown grains could reduce the economic and environmental effects of feeding ducks, reducing the transport and crushing processes. 

Figure 1 .

 1 Figure 1. Planned feed intake (without water) of birds during the overfeeding period.

Table 1 .

 1 Ingredients and chemical composition of the experimental diets

				Group 1		
			CFC		CFT	
	Item	CON	PRC	CW	PRT	TW
	Ingredient (%)					
	Corn	47.4	-	100	39.6	-
	Wheat	20.0	35.2	-	8.0	-
	Triticale	-	-	-	-	100
	Soybean meal	-	-	-	3.8	-
	Sunflower cake	9.8	19.3	-	3.7	-
	Defatted rapeseed meal	10.0	24.0	-	24.0	-
	Corn distillers	8.0	16.0	-	16.0	-
	Beet molasses	2.0	-	-	-	-
	Calcium carbonate	1.5	3.0	-	3.0	-
	Dicalcium phosphate	0.4	0.8	-	0.4	-
	Salt	0.3	0.6	-	0.4	-
	Lysine	0.2	0.4	-	0.3	-
	Methionine Vitamin and mineral premix 2	0.1 0.3	-0.7	--	-0.8	--
	Calculated composition (% raw material except AME n )					
	AME n (MJ/kg)	12.1	9.9	14.4	12.1	13.0
	CP	15.0	22.7	7.3	19.5	10.5
	Fat	3.2	3.4	3	4.1	2.3
	Cellulose	5.4	9.4	1.4	6.2	4.6
	Ash	5.0	8.8	1.2	7.7	2.3
	Lysine	0.7	1.1	0.3	1.0	0.4
	Methionine	0.4	0.7	0.1	0.6	0.2
	Methionine + cysteine	0.7	1.2	0.2	1.1	0.3
	Threonine	0.6	0.9	0.3	0.8	0.4

Table 2 .

 2 Individual feed intake 1 during the experimental period (56 to 84 d)

			Group 2			
	Item	CON	CFC	CFT	SEM	P-value
	Number of pen by group	4	4	4		
	Experimental period					
	56 to 60 d (g/d)					
	Total	286	256	249	6.9	0.065
	Whole cereals	-	124	116	9.1	0.71
	Protein-rich pellets	-	132	133	2.2	0.86
	Proportion (P-value)	-	0.647	0.188		
	61 to 62 d (g/d)					
	Total	304	295	297	3.4	0.62
	Whole cereals	-	182	181	5.1	0.27
	Protein-rich pellets	-	114	116	1.1	0.95
	Proportion (P-value)	-	<0.001	<0.001		
	63 to 65 d (g/d)					
	Total	295	283	278	4.4	0.27
	Whole cereals	-	178	173	5.5	0.68
	Protein-rich pellets	-	105	105	0.3	0.36
	Proportion (P-value)	-	0.001	<0.001		
	66 to 69 d (g/d)					
	Total	334	320	334	3.5	0.21
	Whole cereals	-	216	229	5.0	0.20
	Protein-rich pellets	-	105	105	0.3	0.36
	Proportion (P-value)	-	<0.001	<0.001		
	70 to 78 d (g/d) Total	279 a	248 b	261 b	4.6	0.004
	Whole cereals	-	144	155	4.4	0.22
	Protein-rich pellets	-	104	106	0.5	0.11
	Proportion (P-value)	-	0.002	<0.001		
	78 to 84 d (g/d)					
	Total	323	270	285	10.4	0.094
	Whole cereals	-	166	179	3.8	0.082
	Protein-rich pellets	-	104	106	0.5	0.097
	Proportion (P-value)	-	<0.001	<0.001		
	56 to 84 d (g) Total Whole cereals	8,456 a -	7,863 b 4,425 b	8,235 a 4,648 a	90.3 50.4	0.002 0.007
	Protein-rich pellets	-	3,438	3,588	47.1	0.12
	Proportion (P-value)	-	<0.001	<0.001		

Table 3 .

 3 Live weight, ADG, and feed conversion ratio 1 (FCR) during the experimental period (56 to 84 d)

			Group 2			
	Item	CON	CFC	CFT	SEM	P-value
	Number of pens 3	4	4	4		
	BW (g)					
	56 d	4,067	4,116	4,115	16.4	0.42
	84 d	4,751	4,808	4,779	15.1	0.35
	ADG (g/d)					
	56 to 84 d	24.3	24.6	23.8	0.48	0.84
	FCR					
	56 to 84 d	12.5	11.3	12.3	0.33	0.28

Table 4 .

 4 Ducks carcass composition at 56 and 84 d of age

			Group 1			
	Item	CON	CFC	CFT	SEM	P-value
	56 d of age (n = 8 birds/group)					
	BW (g)	4,180	4,221	4,206	4.8	0.84
	Carcass (g)	2,492	2,568	2,566	4.1	0.34
	Liver (% of BW)	1.99	1.92	2.04	0.009	0.49
	Gizzard (% of BW)	2.61	2.53	2.27	0.012	0.081
	Gut (% of BW)	3.58	3.75	3.46	0.014	0.13
	Abdominal fat (% of BW)	1.20	1.60	1.50	0.021	0.19
	Pectoral muscle (% of carcass) Thigh with bones 2 (% of carcass)	5.15 10.20	5.13 9.57	5.28 9.39	0.013 0.034	0.87 0.068
	84 d of age (n = 16 birds/group)					
	BW (g)	4,752	4,816	4,712	13.7	0.21
	Carcass (g)	3,013	3,090	2,988	10.8	0.051
	Liver (% of BW)	3.52	3.68	3.69	0.010	0.88
	Gizzard (% of BW)	1.53	1.51	1.52	0.022	0.79
	Gut (% of BW)	2.04	2.06	2.00	0.036	0.52
	Abdominal fat (% of BW)	1.67	1.89	1.66	0.037	0.30
	Pectoral muscle (% of carcass) Thigh with bones 2 (% of carcass)	10.57 8.47	10.36 8.21	10.80 8.36	0.062 0.033	0.26 0.17

Table 5 .

 5 Performance of ducks at the start (84 d), during, and at the end (97 d) of overfeeding CON: commercial complete pelleted diet; CFC: corn whole seeds and protein-rich pellets in 2 separated feeders; CFT: triticale whole seeds and protein-rich pellets in 2 separated feeders.2 FCR = feed conversion ratio.

			Group 1			
	Item	CON	CFC	CFT	SEM	P-value
	Number of birds at the start of overfeeding	96	96	96		0.37
	Number of birds at the end of overfeeding	96	95	96		
	84 d					
	BW (g)	4,789	4,824	4,774	18.8	0.27
	84 to 97 d					
	Feed intake (g)	9,464	9,469	9,469	1.6	0.41
	Weight gain (g) FCR 2	1,990 4.80	2,025 4.70	2,019 4.72	15.7 0.039	0.55 0.51
	97 d					
	BW (g)	6,779	6,849	6,793	17.5	0.21

1

Table 6 .

 6 Quality of products of overfed ducks before cooking

			Group 1			
	Item	CON	CFC	CFT	SEM	P-value
	Fatty liver (foie gras)					
	Number of samples	96	95	96		
	Fatty liver weight (g)	648	649	655	8.3	0.79
	Commercial grading (%)					
	Class 1	23	22	25		1.00
	Class 2	55	58	55		
	Class 3	22	20	20		
	Magret (n = 22/group)					
	Pectoral muscle (g)	320	315	313	3.2	0.78
	Skin and subcutaneous fat of pectoral muscle (g)	217	221	214	3.7	0.84

at INRA Institut National de la Recherche Agronomique on July 7, 2014 http://ps.oxfordjournals.org/ Downloaded from

CON: commercial complete pelleted diet; CFC: corn whole seeds (CW) and protein-rich pellets (PRC) in

separated feeders; CFT: triticale whole seeds (TW) and protein-rich pellets (PRT) in 2 separated feeders.2 Vitamins: A: 9,990 IU/kg; D

: 1,998 IU/kg; E: 10 IU/kg; B 1 : 2.0 mg/kg; K 3 : 1.0 mg/kg; B 2 : 2.5 mg/kg; pantothenate: 5.1 mg/kg; B 6 : 1.0 mg/kg; niacin: 24.9 mg/kg; folacin: 0.3 mg/kg; choline: 300 mg/kg. Oligo elements: Cu: 9.3 mg/kg; Fe: 29.0 mg/kg; I: 0.99 mg/kg; Co: 0.16 mg/kg; Mn: 70 mg/kg; Zn:

mg/kg; Se: 0.20 mg/kg; clay (sepiolite): 2 g/kg.

CON: commercial complete pelleted diet; CFC: corn whole seeds and protein-rich pellets in

separated feeders; CFT: triticale whole seeds and protein-rich pellets in 2 separated feeders.2 Without skin and subcutaneous fat. 5 CHOICE FEEDING IN DUCKS at INRA Institut National de la Recherche Agronomique on July 7, 2014 http://ps.oxfordjournals.org/ Downloaded from

CON: commercial complete pelleted diet; CFC: corn whole seeds and protein-rich pellets in

separated feeders; CFT: triticale whole seeds and protein-rich pellets in 2 separated feeders.

CHOICE FEEDING IN DUCKS at INRA Institut National de la Recherche Agronomique on July 7, 2014 http://ps.oxfordjournals.org/ Downloaded from
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