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The effect of partial replacement of soyabean meal with sunflower meal on ileal adaptation, nutrient utilisation and growth performance of young turkeys
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A 4x2 factorial arrangement of treatments was used to investigate the effect of graded levels of sunflower meal (SFM; 0, 70, 140 and 210 g/kg) and enzyme supplementation on gut morphology, nutrient utilisation and growth performance of young turkeys from 0 to 8 weeks of age. The enzyme supplement used in the study contained non-starch polysaccharide (NSP)-degrading activities and supplied 500 U pectinase, 40 U cellulase, 1600 U xylanase, 800 U glucanase, 200 U mannanase, 20 U galactanase per kg diet.

2. The use of SFM resulted in an increase in the height and width of intestinal villi, and a linear decrease in crypt depth. Dry matter digestibility and energy metabolisability decreased in groups fed diets with a moderate (140 g/kg) and high (210 g/kg) SFM content.

3. A decrease in dry matter digestibility and energy metabolisability was most likely the reason for a reduction in body weights of 8-week-old turkeys fed on diets containing 140 g/kg (from 4.17 to 4.01 kg) and 210 g/kg (from 4.17 to 3.93 kg) of SFM.

4. The addition of enzyme resulted in a slight increase in villus height, a significant increase in the number of goblet cells and an increase in digestibility coefficients for crude fat.

5. The results of this study demonstrate that turkey diets can be effectively supplemented with high-quality sunflower meal at a concentration of approximately 70 g/kg. It should be noted, however, that at 8 weeks of age the body weight of turkeys fed on diets containing 140 and 210 g/kg of SFM could be lower by 4 and 6%, respectively, than in those receiving the soyabean meal-based diets.

INTRODUCTION

The European Union ban on the use of meat-and-bone meals (except for fish meals) in feedstuffs has contributed to the increasing popularity of soyabean meal (SBM) as an alternative protein source, in particular in diets for animals with high protein requirements.

Diets for young, fast-growing turkeys may contain SBM in excess of 400 g/kg (Jankowski et al., 2009), as their protein requirement at the first stages of growth is as high as 280 g/kg NRC 1994). As a result, turkey diets contain large amounts of α-galactosides (Baker, 2000).

High concentrations of these oligosaccharides in the diet (i.e., 24-26 g/kg) have been reported to cause a decrease in intestinal absorptive surface area and in calcium retention, as well as an undesirable increase in litter moisture content in 4-week-old turkeys (Juśkiewicz et al., 2009).

A reduction in dietary oligosaccharide content to 10 g/kg, following the replacement of SBM with a soyabean protein concentrate or isolate, had a beneficial effect on gut function and growth performance of young turkeys (Jankowski et al., 2009). The high costs of the alternative soyabean protein sources prompted interest in other high-protein feed ingredients with a reduced α-galactoside content, including sunflower meal (SFM).

In contrast to SBM or rapeseed meal, SFM contains lower quantities of antinutritional compounds (Canibe et al., 1999). However, a high content of indigestible carbohydrates and a low level of metabolisable energy limit the wide use of SFM in poultry nutrition (Düsterhöft et al., 1992). The crude fibre content of SFM may be three fold higher than that of SBM, with the portion of fibre originating from the husk being highly lignified and resistant to bacterial degradation in the digestive tract. The majority of non-starch polysaccharides (NSP) located in the hull fraction, including glucuronoxylans, xyloglucans or cellulose, are water-insoluble with most of the water-soluble NSP, primarily pectins and arabinans, being associated with the embryo and the cotyledons (Düsterhöft et al., 1992). Insoluble fibre components, including lignin, are known to accelerate the passage rate of digesta from the small intestine to the large intestine, which ultimately may shorten the transit time and the action of digestive enzymes, thus reducing nutrient digestibility (Bedford and Classen, 1992). This problem may be overcome by increasing the fat (energy) content of the diets or by adding NSP-degrading enzymes. Some promising results have been reported when broiler chickens and guinea fowl diets were supplemented with enzyme preparations containing β-glucosidase, β-Dxylanopyranosidase, xylanase, CM-cellulase, FTPase and amylase activities, which increased the metabolisable energy content of SFM meal from 6.1 to 6.5 MJ/kg DM [START_REF] Mandal | Effect of enzyme supplementation on the metabolisable energy content of solvent-extracted rapeseed and sunflower seed meals for chicken, guinea fowl and quail[END_REF].

It has been reported that SFM could be successfully used in broiler and layer rations [START_REF] Senkoylu | The possibilities of using high oilsunflower meal and enzyme mixture in layer diets[END_REF][START_REF] Rama Rao | Sunflower seed meal as a substitute for soybean meal in commercial broiler chicken diets[END_REF]. However, its use in diets for turkeys could be difficult as young turkeys are sensitive to a high fibre content in their diets. A considerable increase in the amount of crude fibre in diets may reduce feed intake and contribute to undesirable changes in the structure of the small intestine, including a decrease in the height of intestinal villi and in the absorptive surface area [START_REF] Sklan | The effect of dietary fibre on the small intestines and apparent digestion in the turkey[END_REF]. Therefore, there is a need to further determine the optimal levels of SFM and NSP-degrading enzymes to add to diets for young turkeys.

The objective of the current study was to evaluate the effect of graded levels of SFM (at the expense of soyabean meal and wheat), with and without the addition of NSP-degrading enzymes, on any changes in the morphology of the small intestinal mucosa, nutrient digestibility and growth performance of young turkeys.

MATERIALS AND METHODS

Experimental design and diets

A 4x2 factorial arrangement of 8 dietary treatments was used to evaluate the effects of graded levels of SFM (0, 70, 140, and 210 g/kg) and enzyme supplementation on gut morphology, total tract nutrient digestibility and growth performance. A total of 1512 heavy-type Big 6 turkeys were purchased as one-day-old poults from the "Grelavi" Hatchery (Kętrzyn, Poland).

The birds were randomly assigned to 8 dietary treatments, with 7 pens per treatment and 27 birds per pen (10m 2 ), and were raised on deep litter. Light was provided for 16 h per d. Indoor temperature was 32° C at the beginning of the experiment and 22° C at the end of week 8. At the beginning of the study, poults were administered Aviffa-RTI (Rhone Merioux, Lyon, France), a vaccine against infectious rhinotracheitis. During the starter (0-4 weeks) and NRC (1994). They had free access to feed and water. At the end of each 4-week period, the birds were weighed and feed intake was recorded. Weight gain and feed efficiency for each period were determined and each pen was considered an experimental unit.

The composition of experimental diets containing different levels of SFM (0, 70, 140 and 210 g/kg) is given in Table 1. Each diet was fed without and with the NSP-degrading 

Sample collection

Digestibility tests were carried out in week 6 using the total collection method described by [START_REF] Lessire | Effect of feeding technique, ad libitum, dry or wet force feeding on the metabolisable energy values of raw materials for poultry[END_REF]. Five male birds close to the mean body weight of each group were placed in the individual metabolism cages (52 x 43 x 45cm). After a 5 d preliminary period, excreta samples were collected once a day at the same time for 5 consecutive days.

The samples were weighed and stored at -40°C until needed.

Gut morphometric analysis

Mucosa structure was measured in birds at 8 weeks of age. Eight toms representing an average body weight of each group were sacrificed by cervical dislocation, according to the recommendations for euthanasia of experimental animals (Close et al., 1997). One cm segments were collected from the ileum, at 1/3 of the distance between the Meckel's diverticulum and the caecal orifice. The samples were fixed in Bouin's solution (Gabe, 1976) Germany), and then stained with haematoxylin and eosin (Zawistowski, 1986).

A morphometric analysis was conducted on randomly selected sections (every 40 th section was chosen to obtain 10 sections per bird). Measurements were performed using the image analysis programme QuickPHOTO CAMERA 2.2 (Olympus Corporation, Shinjuku Monolith, 3-1, Nishi Shinjuku 2-chome, Shinjuku-ku, Tokyo, Japan). Images of 40 randomly selected areas of the ileum wall for each bird (4 per section) were registered at an objective magnification of 2x and 10x using an Olympus DP-12 digital camera ARTCAM-300MI (ARTRAY CO., LTD. Tokyo, Japan). The following measurements were performed: the height and width of intestinal villi, glandular layer thickness, and crypt depth. Goblet cells were counted over a 200 µm 2 villus surface area.

Chemical analyses

Feed ingredient, diet and excreta samples were analysed in duplicate for dry matter, crude protein (CP), fat, crude fibre (CF), and ash using Association of Official Analytical Chemists (2005) methods 934. 01, 976.05, 920.39, 978.10, and 942.05, respectively. For chemical analysis, the samples were ground to pass through a 0.5 mm sieve.

Nonstarch polysaccharides (NSP) were determined by gas-liquid chromatography using the procedure described by Englyst andCummings (1984, 1988) with some modifications [START_REF] Slominski | Non-starch polysaccharides of canola meal: Quantification, digestibility in poultry and potential benefit of dietary enzyme supplementation[END_REF]. Briefly, 100 mg samples were boiled with 2 ml dimethylsulphoxide for 1 h and then incubated at 45ºC overnight with a sodium acetate buffer solution (pH 5.2) of starch-degrading enzymes amylase, pullulanase, and amyloglucosidase (Sigma Chemical Co., St Louis, MO). Ethanol was then added and the mixture was left for 1 h at room temperature before being centrifuged at 1990 g, for 10 min at 21ºC. The supernatant was discarded and the dried residue was dissolved in 1 ml of 12 M 7 sulphuric acid and incubated for 1 h at 35ºC. 6 ml of water and 5 ml of myo-inositol (internal standard) solution were then added and the mixture was boiled for 2 h. 1 ml of the hydrolysate was taken and neutralised with 12 M ammonium hydroxide, reduced with sodium borohydride, and acetylated with acetate anhydride in the presence of 1-methylimidazole.

Component sugars were separated using a SP-2340 column and a Varian CP 3380 Gas Chromatograph (Varian Canada Inc., Mississauga, Ontario, Canada). Water-soluble NSP content was determined according to the method described by [START_REF] Slominski | New approach to watersoluble carbohydrate determination as a tool for evaluation of plant cell wall degrading enzymes[END_REF].

Oligosaccharides were analysed using the procedure described by [START_REF] Muzquiz | Effect of germination on the oligosaccharide content of lupin species[END_REF].

Amino acid analysis of SBM and SFM was performed by HPLC (Beckman 6300, Beckman Instruments Corp., Palo Alto, CA) after 24 h hydrolysis with 6 M hydrochloric acid at 120°C, using the methodology recommended by [START_REF] Nfia | Amino acids, special purpose, miscellaneous products[END_REF]. For sulphur amino acid analysis, a performic acid oxidation treatment was applied to prevent destruction of cystine [START_REF] Moore | On the determination of cystine as cysteic acid[END_REF]. Phenol was added [START_REF] Mason | Hydrolisate preparation for amino acid determinations in feed constituents[END_REF] to prevent a partial destruction of phenylalanine, histidine, and arginine.

The gross energy content of feed and excreta samples was measured using a KL-6 calorimeter (Precyzja, Bydgoszcz, Poland). The calcium content was determined using a Perkin-Elmer 1100B atomic absorption spectrophotometer. Phosphorus content was determined using the AOAC (2005) method 965.17.

Statistical analysis

The STATISTICA software package version 8.0 (StatSoft Corp., Krakow, Poland) was used to determine if variables differed among treatment groups. Two-way ANOVA was performed to assess the effects of the dietary level of SFM (0, 70, 140, 210 g/kg), of dietary addition of enzyme mixture preparation (without and with supplementation) and of the interaction between SFM level and NSP-degrading enzyme addition (D × E) [START_REF] Snedecor | Statistical methods[END_REF]. When the ANOVA indicated significant treatment effects, means were separated using Duncan's multiple range test. Linear and quadratic polynomial contrasts were used to evaluate the main effect of sunflower meal and the interaction effect. The quadratic effects for all variables were not significant, and thus were not included in the tables. Results are presented as mean values with pooled standard errors. Data were checked for normality before statistical analysis was performed. Differences were considered to be significant at P≤0.05.

RESULTS

The high-protein ingredients used for diet formulation were characterised by a higher crude protein content in SBM, and higher concentrations of non-starch polysaccharides and lignin in SFM (Table 2).

Lysine, isoleucine, leucine, phenyloalanine and threonine concentrations were lower in SFM than in SBM. In comparison with SBM, SFM contained less crude protein (468 vs 378 g/kg), less oligosaccharides (56 vs 15 g/kg), much more total NSP (270 vs 179 g/kg), lignin (86 vs 5 g/kg), crude fibre (153 vs 48 g/kg) and total dietary fibre (352 vs 197g/kg). Only the content of water-soluble NSP was lower in SFM than in SBM (8 vs 11 g/kg). On average for both phases, an increase in the SFM content of diets was accompanied by an increase in crude fibre concentrations, from 35 g/kg in diets without SFM to 56 g/kg in diets containing 210 g/kg of SFM. An increase was also noted in the content of total dietary fibre, from 145 to 17 g/kg, and lignin, from 15 to 46 g/kg. The concentrations of water-soluble NSP were comparable in all diets, and remained within the 12-15 g/kg range. Diets containing SFM were supplemented with fat to balance their energy content. The resulting increase in fat (ether extract) content was from 4.8 to 7.0 g/kg, respectively, for the starter and grower diets containing SFM.

Regardless of the addition of NSP-degrading enzymes, the increase in SFM content of experimental diets had a significant effect on the structure of the small intestinal mucosa (Table 3). Significant differences were found between treatments with respect to the height of Tables 2 and3 intestinal villi (SFM at 210 g/kg higher than SFM at 70 g/kg and 0 g/kg; P<0.05) and width (SFM at 210 and 140 g/kg higher than SFM at 0 g/kg; P<0.05); to crypt depth (SFM at 0 g/kg higher than SFM at 210 g/kg; P<0.05); and to the number of goblet cells (SFM at 210 g/kg higher than those at 0 and 70 g/kg; P<0.01). The height of villi linearly increased along with an increase in SFM levels (P=0.004). A linear increase was also noted in the ratio between villus height and the thickness of the glandular layer (P<0.001), which reflects the absorptive surface area of the small intestine. An opposite trend was observed with regard to crypt depth, which linearly decreased along with an increase in the SFM content of the diets (P=0.006).

Regardless of the SFM level, dietary supplementation with enzymes had no effect on the analysed parameters of intestinal mucosa, except for the increased number of goblet cells. A significant interaction between SFM content and enzyme supplementation affected the height and width of intestinal villi, and the number of goblet cells (P=0.033, P=0.022 and P=0.036, respectively). Enzyme addition caused a significant increase in villus height and number of goblet cells for the 0 and 70 g/kg SFM treatments, respectively (P<0.05). When 210 g/kg SFM was used, the NSP-degrading enzymes preparation significantly lowered the width of intestinal villi.

The changes in the morphological structure of small intestinal mucosa had a limited effect on the coefficients of nutrient digestibility and retention (Table 4).

Neither an increase in SFM content nor the addition of enzymes affected the retention of nitrogen, calcium and phosphorus. When SFM content is considered, statistically significant differences were found between groups with respect to dry matter digestibility (P=0.013), and the differences in energy metabolisability were close to the significance level (P=0.075). In both cases an increase in the SFM content of diets caused a linear decrease in dry matter digestibility and energy metabolisability (P=0.001 and P=0.010, respectively). The values for crude fat and fibre digestibilities were similar. The former tended to be higher (P=0.071) and 10 the latter to be lower (P=0.060) in the enzyme-supplemented diets. The effect of enzyme addition on crude fat digestibility was significant (P=0.039) for the 0 g/kg SFM treatment, (P=0.039).

After 4 weeks of the experiment there were no differences in body weights of turkeys receiving graded levels of SFM. After 8 weeks, the body weights of turkeys fed diets containing 140 and 210 g/kg SFM were significantly (P<0.05) lower when compared with the control group (Table 5). Neither SFM levels nor enzyme supplementation affected FCR during the entire trial.

DISCUSSION

The protein and crude fibre contents of SBM were 468 and 480 g/kg, respectively, which is consistent with the findings of other authors (Grieshop et al., 2003). Among the protein sources, SBM is considered an excellent protein source due to its good amino acid (AA) profile and high digestibility values [START_REF] Arija | Nutrition of the chicken[END_REF]. When compared with SFM, SBM used in the current study was higher in lysine, isoleucine, leucine, phenyloalanine and threonine which agrees well with the literature data [START_REF] Mushtaq | The influence of exogenous multienzyme preparation and graded levels of digestible lysine in sunflower meal-based diets on the performance of young broiler chicks two weeks posthatching[END_REF][START_REF] Mushtaq | Influence of sunflower meal based diets supplemented with exogenous enzyme and digestible lysine on performance, digestibility and carcass response of broiler chickens[END_REF][START_REF] Villamide | Effect of chemical composition of sunflower seed meal on its true metabolizable energy and amino acid digestibility[END_REF][START_REF] San | Nutritional evaluation of sunflower products for poultry as affected by the oil extraction process[END_REF][START_REF] Vieira | A nutritional evaluation of a high fiber sunflower meal[END_REF].

Because of the differences in chemical composition, the inclusion of SFM in turkey diets to replace 0, 110, 220 and 330 g/kg of SBM (and part of wheat) resulted in an increase in the concentrations of crude fibre, total dietary fibre and lignin. However, no increase was noted in the content of water-soluble NSP, which are considered to be anti-nutritional factors (Bach Knudesen, 1997).

As demonstrated by earlier research, chemical composition of SFM could vary in crude protein content (from 315 to 418 g/kg DM), fat content (from 7 to 36 g/kg DM), and crude fibre content (from 190 to more than 300 g/kg DM) [START_REF] Villamide | Effect of chemical composition of sunflower seed meal on its true metabolizable energy and amino acid digestibility[END_REF]. In comparison with earlier research on SFM use in poultry nutrition (Villamide and San Juan, Kocher et al., 2000;Senkoylu andDale, 2006, Rezaei and[START_REF] Rezaei | Use of different levels of high fiber sunflower meal in commercial leghorn type layer diets[END_REF], SFM used in the present study was higher in protein content (378 g/kg) and somewhat lower in crude fibre content (153 g/kg).

In the current study, an increase in SFM content of the diets contributed to an increase in the height and width of intestinal villi and in the number of goblet cells, as well as to a decrease in crypt depth. The noted changes point to an increase in the absorptive surface area of the small intestine, which is determined by the ratio between villus height and the thickness of the glandular layer. This result is the opposite of a previous report of shorter and narrower villi and a higher number of goblet cells in the jejunum of broiler chickens fed diets containing 150 g/kg full-fat sunflower seeds (Arija et al., 2000). In another study with broiler chickens, villus height and villus width decreased in response to the replacement of maize with barley [START_REF] Onderci | β-Glucanase-producing bacterial culture improves performance and nutrient utilization and alters gut morphology of broilers fed a barleybased diet[END_REF]. A decrease in villus length was also reported in turkeys fed diets with very high (90 g/kg) crude fibre content [START_REF] Sklan | The effect of dietary fibre on the small intestines and apparent digestion in the turkey[END_REF]. An increase in villus height was demonstrated in turkeys [START_REF] Sklan | The effect of dietary fibre on the small intestines and apparent digestion in the turkey[END_REF] and chickens [START_REF] Shamoto | Recovery responses of chick intestinal villus morphology on different refeeding procedures[END_REF] whose diets had an average crude fibre content of up to 60 and 77 g/kg respectively, compared with the control birds fed diets containing approximately 30 g/kg crude fibre. The morphometric changes in the small intestines of turkeys, observed in the current study, can be considered beneficial. They are not indicative of any negative impact of SFM inclusion in the diet, but rather illustrate the response of turkeys to the diets with a high SFM content.

The addition of NSP-degrading enzymes to experimental diets caused no major morphometric changes in the small intestines of turkeys. A slight increase in villus height and a significant (P=0.03) increase in the number of goblet cells in the small intestine were noted.

Dietary supplementation of endoxylanases had a similar, relatively insignificant effect on the morphometric parameters of the intestines in turkeys [START_REF] Santos | Poultry intestinal health through diet formulation and exogenous enzyme supplementation[END_REF]. Regarding villus height The inclusion of SFM in diets for young growing turkeys caused a decrease in dry matter digestibility, which was highly significant (P=0.013) at the SFM level of 210 g/kg. When compared with the control, the highest concentration of SFM decreased (P=0.056) the coefficient of energy metabolisability. The increasing levels of SFM in diets resulted in a gradual increase in crude fibre digestibility. However, the differences between groups were not significant. The SFM content of the diets had no effect on the remaining physiological parameters, and on the coefficients of nitrogen, calcium and phosphorus retention. As demonstrated by other authors, the quantity and chemical composition of SFM fed to poultry are important considerations. In adult cockerels, the crude fibre content of diets in the 192 -301 g/kg range linearly decreased true metabolisable energy. In addition, true amino acid digestibility decreased from 89.4% to 88.0% and 85.5% as the crude protein content of SFM increased from 320, to 350 and 370, g/kg, respectively [START_REF] Villamide | Effect of chemical composition of sunflower seed meal on its true metabolizable energy and amino acid digestibility[END_REF]. In a study with broiler chickens, the AME n of a diet containing 350 g/kg of SFM did not decrease when compared with a diet containing canola meal (Kocher et al., 2000).

Sunflower meal used in our study had a relatively high crude protein content and a low crude fibre content, i.e. 378 and 157 g/kg respectively (as-fed basis), which is why high SFM levels in experimental diets had no significant effect on the coefficients of nitrogen, calcium and phosphorus retention. This suggests that the amount of crude fibre contained in diets did not decrease mineral bioavailability, which is often the case as minerals bind to fibre components of the intestinal contents (Harland, 1989). Calcium can also form complexes with fatty acids in the intestine, which leads to the formation of sparingly soluble soaps that reduce calcium and energy utilisation (Yuangklang et al., 2005). The results of other studies show 13 that an increased content of NSP in the diet exert a negative effect on protein utilisation especially if accompanied by the increased levels of water-soluble NSP [START_REF] Angkanaporn | Effects of wheat pentosans on endogenous amino acid losses in chickens[END_REF]. In our study, SFM did not increase the dietary concentrations of water-soluble NSP, and the increased content of lignin and crude fibre only slightly decreased nitrogen, calcium and phosphorus retentions.

It is known that NSP-degrading enzymes may contribute to higher digestibility of fat, most probably because they reduce digesta viscosity and support the action of lipolytic enzymes [START_REF] Taibipour | Effect of dietary levels of tallow and NSPdegrading enzymes supplements on nutrient efficiency of broiler chickens[END_REF]. In our study the coefficient of fat digestibility determined for a diet supplemented with NSP-degrading enzymes was substantially higher, compared with diets containing no enzyme. The addition of enzyme also resulted in a considerable decrease in crude fibre digestibility, but had no impact on body weight gain and FCR. In another study, the addition of NSP-degrading enzymes to a diet containing 350 g//kg of SFM increased NSP digestibility in the jejunum and protein digestion in the ileum. However, this did not result in a significant improvement in growth performance of broilers (Kocher et al., 2000).

The results of earlier research on the effect of varying levels of SFM in poultry diets on production efficiency are inconsistent. In a study with laying hens, dietary inclusion of 100 g/kg SFM did not decrease feed consumption and egg production parameters, compared with a diet containing SBM. However, a further increase in the content of SFM (from 100 to 150 g/kg) and crude fibre (from 53 to 61 g/kg) was found to exert an adverse effect [START_REF] Rezaei | Use of different levels of high fiber sunflower meal in commercial leghorn type layer diets[END_REF]. Good results were reported when broiler chickens were fed rations containing 120 g/kg SFM [START_REF] Pinheiro | Farelo de girassol na alimentação de frangos de corte em diferentes fases de desenvolvimento[END_REF] or 160 g/kg SFM (Homayouni and Shivazad, 2003). According to some studies, SFM content could be as high as 210 g/kg % in the prestarter diets and 270 g/kg in the starter diets [START_REF] Rama Rao | Sunflower seed meal as a substitute for soybean meal in commercial broiler chicken diets[END_REF]. In the present study, a moderate (14%) and high (21%) SFM content of diets for young turkeys caused a decrease in 5). This could be due to the high energy and protein requirements of growing turkeys. The decrease in body weights of turkeys fed diets containing the highest SFM content was most likely a consequence of lower energy metabolisability. The results (data not shown) covering the entire rearing period (until 18 weeks of age) indicate that turkeys receiving a diet with 140 g/kg SFM were able to compensate for the body weight reduction, while the difference between the control group and the group fed a diet containing 210 g/kg of SFM was observed until the end of the 18-week experiment.

In may be concluded that high-quality SFM can be used as a substitute for 1/3 of SBM and part of the wheat present in the young turkey diets. SFM may induce desirable adaptation processes in intestinal mucosa which, however, cannot prevent a decrease in dry matter digestibility and energy metabolisability when high levels of SFM are used. This is most probably due to the increased fibre content of the ration. Dietary inclusion of SFM at a moderate level of 140 g/kg leads to less pronounced changes in the gastrointestinal tract of turkeys, and any body weight reduction observed in 8-week-old birds may be compensated for at the later stages of growth. 8.25, and 7.15 mg; vitamin E, 40, and 35 mg, respectively. For 1 to 8 weeks of feeding, the vitamin and mineral premix supplied the following per kilogram of diet: Se, 0.3 mg; Mn, 150 mg; Zn, 90 mg; Fe, 60 mg; Cu, 15 mg; I, 1 mg; Diclazuril, 1 mg; vitamin D 3 (cholecalciferol), 0.11 mg; vitamin K 3 , 2.5 mg; thiamin, 3,5 mg; riboflavin, 10 mg; vitamin B 6 , 6 mg; vitamin B 12 , 0.03 mg; folic acid, 2 mg; biotin, 0.36 mg; niacin, 75 mg; pantothenic acid, 21 mg; choline, 600 mg. 5. The effect of different levels of sunflower meal (SFM) and enzyme (E) 
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Table 1 .

 1 Composition of experimental diets containing graded levels of sunflower meal (SFM)

								21
				(g/kg)					
		Starter (0 to 4 weeks)	Grower (5 to 8 weeks)	
		SBM,	SFM,	SFM,	SFM,	SBM,	SFM,	SFM,	SFM,
		control	70	140	210	control	70	140	210
	Ingredient, g/kg								
	Wheat	245.8 211.9 178.5	144.3	244.9	207.9	171.0	134.0
	Maize	200.0 200.0 200.0	200.0	200.0	200.0	200.0	200.0
	Soyabean meal	433.0 384.0 335.0	286.0	471.5	424.5	377.4	330.2
	Sunflower meal (SFM)	-	70.0 140.0	210.0	-	70.0	140.0	210.0
	Potato protein	50.0	50.0	50.0	50.0	-	-	-	-
	Soyabean oil+animal fat, 1:1 Sodium bicarbonate o r Sodium chloride	24.5 1.5 2.6	37.5 1.5 2.6	50.0 1.5 2.6	63.0 1.5 2.6	25.5 1.5 2.1	59.1 1.5 2.1	72.7 1.5 2.2	86.3 1.5 2.2
	Limestone Monocalcium phosphate DL-Methionine L-Lysine-HCl L-Threonine Mineral & vitamin premix 1 P 18.0 20.0 1.7 e 0.4 -e 17.5 20.0 1.5 1.0 -r 2.5 2.5	17.0 20.0 1.3 1.6 -2.5	16.7 20.0 1.1 2.3 -2.5	14.4 14.8 1.5 1.3 -2.5	14.1 14.9 1.4 2.0 -2.5	13.7 15.1 1.2 2.7 0.1 2.5	13.4 15.2 1.1 3.4 0.2 2.5
	Calculated composition, g/kg								
	Crude protein, g/kg ME, MJ/kg Calcium, g/kg	279.9 280.0 280.1 R 11.72 11.72 11.71 e 12.1 12.1 12.0	279.8 11.71 12.0	260.0 12.14 10.0	260.0 12.14 10.0	260.0 12.14 10.0	260.0 12.14 10.0
	Available phosphorus, g/kg Lysine, g/kg Methionine, g/kg Methionine + cystine, g/kg Threonine, g/kg Arginine, g/kg	6.1 16.0 6.0 11.0 17.8	6.0 16.0 6.0 10.9 18.2	6.0 v 16.0 i 6.0 16.0 6.0 6.0 e 10.9 10.9 w 18.6 18.9	5.0 15.0 5.2 9.6 17.2	5.0 15.0 5.2 9.5 17.4	5.0 15.0 5.2 9.5 17.6	5.0 15.0 5.2 9.5 17.8
	Tryptophan, g/kg Sodium, g/kg Crude fibre, /kg Analysed composition, g/kg Crude protein Crude fibre	3.6 1.7 32.7 290.5 293.6 296.1 3.6 3.6 1.7 1.7 40.6 48.5 38.8 42.5 46.1	3.6 1.7 O 3.3 1.5 56.4 34.3 n l 3.3 1.5 42.5 297.5 262.4 265.8 y 55.5 30.7 36.9	3.2 1.5 50.8 267.6 46.7	3.2 1.5 59.2 272.5 57.2
	Nonstarch polysaccharides	108.3 115.8 123.3	130.7	115.1	122.7	130.3	137.8
	Total fibre	141.0 151.2 164.4	171.5	148.5	158.5	168.8	178.9
	Ether extract	48.0	56.3	70.1	80.5	69.7	77.9	90.8	106.7
	1 Provided the following per kilogram of diet in the starter (1 to 4 weeks) and grower (5 to 8 weeks)
	phases: vitamin A (all-trans-retinyl palmitate),						

Table 2 .

 2 Chemical composition of sunflower meal and soyabean meal used in the study (g/kg,

					22
				as-fed basis)
	Component				Soyabean meal	Sunflower meal
	Crude protein				467.5	377.8
	Essential amino acids		
	Arginine				33.4	29.4
	Histidine				12.2	9.0
	Isoleucine				21.2	14.4
	Leucine Lysine	o r		35.4 28.2	22.6 12.9
	Methionine Cystine	P		6.2 6.8	8 0 6.2
	Phenylalanine	e		23.5	16.2
	Threonine Tryptophan		e r	18.3 6.0	13.0 5.0
	Valine Ether extract Ash Oligosaccharides Dietary Fibre Fractions Crude fibre Nonstarch polysaccharides (NSP)	22.1 25.9 58.9 56.2 v R e i e 47.7 w 178.5	17.3 19.1 64.8 15.4 152.7 270.2
	Water-soluble NSP Water-insoluble NSP Lignin Total dietary fibre			10.5 168.0 5.0 197.4	7.8 262.4 85.7 y n O l 350.5

Table 3 .

 3 Small intestinal mucosal structures in turkeys at 8 weeks of age fed diets with different levels of sunflower meal (SFM) without and withenzyme(E) supplementation Number of goblet cells per 200µ m 2 of villus area; Values within each row with no common superscripts differ significantly (P≤0.05).

	Treatment	Villus height (mm)	Villus width (mm)	Thickness of the glandular layer (mm)	Crypt depth (mm)	Number of goblet cells 1	Villus height : thickness of the glandular layer ratio
	SFM, 0 g/kg	5.77 ab	0.34 bcd	0.49	0.26	6.17 c	22.81
	SFM, 0 g/kg + E	5.34 b	0.32 d	0.49	0.27	8.00 ab	20.30
	SFM, 70 g/kg	5.40 b	0.34 bcd	0.46	0.25	6.33 c	21.64
	SFM, 70 g/kg + E	5.95 a	0.39 abc	0.45	0.25	7.33 bc	23.38
	SFM, 140 g/kg	5.78 ab	0.36 abcd	0.46	0.25	6.83 bc	23.23
	SFM, 140 g/kg + E	5.98 a	0.40 ab	0.43	0.24	8.17 ab	24.76
	SFM, 210 g/kg	5.86 ab	0.41 a	0.43	0.23	9.00 a	25.17
	SFM, 210 g/kg + E	6.20 a	0.35 bcd	0.45	0.22	8.00 ab	27.96
	SEM	0.168	0.022	0.024	0.008	0.504	1.147
	Diet						
	SFM, 0 g/kg	5.55	0.33	0.49	0.26	7.08	21.56
	SFM, 70 g/kg	5.67	0.36	0.45	0.25	6.83	22.51
	SFM, 140 g/kg	5.88	0.38	0.45	0.25	7.50	23.99
	SFM, 210 g/kg	6.03	0.38	0.44	0.23	8.50	26.56
	SEM	0.118	0.012	0.013	0.009	0.349	0.818
	P value	0.033	0.037	0.063	0.041	0.009	0.001
	Enzyme						
	No enzyme	5.70	0.36	0.46	0.25	7.08	23.21
	Enzyme	5.86	0.36	0.46	0.25	7.87	24.10
	SEM	0.077	0.011	0.012	0.010	0.248	0.582
	P value	0.179	0.932	0.903	0.871	0.030	0.285
	Interaction Diet × Enzyme	0.033	0.022	0.633	0.795	0.036	0.123
	Polynomial contrast						
	Diet: linear	0.004	0.011	0.015	0.006	0.003	<0.001
	Diet × Enzyme: linear	0.072	0.297	0.814	0.344	0.013	0.037
	1						

Table 4 .

 4 Coefficients of dry matter retention, energy digestibility, and apparent retention of nitrogen, calcium and phosphorus in turkeys of 6 weekss of age fed diets containing different levels of sunflower meal (SFM) without and with enzyme (E) supplementationGross energy -energy of excreta). Values within each row with no common superscripts differ significantly (P≤0.05).

	Treatment	Dry matter	Energy	Crude fibre	Crude fat	N retention	P retention Ca retention
		retention	metabolisability	digestibility	digestibility			
	SFM, 0 g/kg	0.65	0.70	0.18	0.88 b	0.53	0.39	0.37
	SFM, 0 g/kg + E	0.68	0.74	0.17	0.93 a	0.51	0.44	0.32
	SFM, 70 g/kg	0.66	0.73	0.16	0.91 ab	0.52	0.41	0.33
	SFM, 70 g/kg + E	0.63	0.70	0.14	0.90 ab	0.51	0.37	0.40
	SFM, 140 g/kg	0.63	0.70	0.21	0.87 b	0.50	0.39	0.42
	SFM, 140 g/kg + E	0.63	0.69	0.17	0.91 ab	0.49	0.37	0.35
	SFM, 210 g/kg	0.61	0.68	0.25	0.90 ab	0.50	0.40	0.37
	SFM, 210 g/kg + E	0.59	0.67	0.17	0.89 b	0.50	0.34	0.32
	SEM	0.019	0.019	0.031	0.014	0.022	0.030	0.036
	Diet							
	SFM, 0 g/kg	0.67	0.72	0.18	0.91	0.52	0.42	0.35
	SFM, 70 g/kg	0.65	0.71	0.15	0.91	0.51	0.39	0.37
	SFM, 140 g/kg	0.63	0.69	0.19	0.89	0.50	0.38	0.38
	SFM, 210 g/kg	0.60	0.67	0.21	0.89	0.50	0.37	0.34
	SEM	0.013	0.013	0.021	0.010	0.015	0.021	0.026
	P value	0.013	0.075	0.177	0.605	0.544	0.174	0.604
	Enzyme							
	No Enzyme	0.64	0.70	0.20	0.89	0.51	0.39	0.37
	Enzyme	0.63	0.70	0.16	0.91	0.50	0.38	0.35
	SEM	0.009	0.009	0.014	0.007	0.010	0.015	0.018
	P value	0.604	0.887	0.060	0.071	0.385	0.426	0.316
	Interaction Diet×Enzyme	0.369	0.206	0.667	0.039	0.966	0.098	0.173
	Polynomial contrast							
	Diet: linear	0.001	0.010	0.117	0.236	0.229	0.008	0.993
	Diet × Enzyme: linear	0.274	0.332	0.286	0.120	0.730	0.386	0.412
	Energy metabolisability = (							

  supplementation on growth performance of turkeys at 4 and 8 Values within each row with no common superscripts differ significantly (P≤0.05).

			weeks of age			
	Treatment	Diet intake, kg	Body weight, kg	FCR	
		0 -4 weeks	0 -8 weeks	4 weeks	8 weeks	0 -4 weeks	0 -8 weeks
	SFM, 0 g/kg	1.50	8.01	1.00	4.13	1.64	1.94
	SFM, 0 g/kg + E	1.45	7.58	1.00	4.21	1.55	1.80
	SFM, 70 g/kg	1.44	7.64	0.97	4.11	1.59	1.86
	SFM, 70 g/kg +E	1.48	7.58	1.00	4.14	1.58	1.83
	SFM, 140 g/kg	1.46	7.22	0.96	4.01	1.64	1.80
	SFM, 140 g/kg + E	1.44	7.60	0.98	4.02	1.58	1.89
	SFM, 210 g/kg	1.40	7.29	0.98	3.90	1.55	1.87
	SFM, 210 g/kg + E	1.45	7.40	0.98	3.96	1.61	1.95
	SEM	0.042	0.148	0.013	0.066	0.034	0.051
	Diet						
	SFM, 0 g/kg	1.47	7.80	1.00	4.17	1.59	1.87
	SFM, 70 g/kg	1.46	7.60	0.99	4.13	1.59	1.84
	SFM, 140 g/kg	1.45	7.42	0.97	4.01	1.62	1.85
	SFM, 210 g/kg	1.43	7.51	0.98	3.93	1.58	1.91
	SEM	0.033	0.108	0.012	0.054	0.022	0.040
	P value	0.648	0.068	0.201	0.003	0.715	0.549
	Enzyme						
	No enzyme	1.45	7.54	0.98	4.03	1.61	1.87
	Enzyme	1.45	7.65	0.99	4.09	1.58	1.87
	SEM	0.019	0.067	0.011	0.027	0.026	0.023
	P value	0.883	0.276	0.188	0.304	0.269	0.938
	Interaction Diet x Enzyme	0.436	0.059	0.653	0.960	0.136	0.087
	Polynomial contrast						
	Diet: linear	0.207	0.027	0.061	0.001	0.743	0.438
	Diet × Enzyme: linear	0.287	0.012	0.707	0.799	0.056	0.019
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