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2 Abstract 1. In a 6-week experiment with broilers, the effect of diet supplementation, using 1 prebiotic fructans, on the performance and biomechanical and geometrical parameters of the 2 tibia and femur bones was evaluated. 3 2. A total of 240, 1-d-old, Ross 308 chickens were randomly assigned to 1 of 6 treatments, 4 each comprising 5 replicate cages, with 8 birds (4♂ and 4♀) per cage. A 2 x 3 factorial 5 arrangement was employed, with two dietary concentrations of calcium and available 6 phosphorus (standard: 9.4/9.2 g Ca/kg and 4.3/4.0 g P available/kg; or reduced: 8.3/8.1 g 7 Ca/kg and 3.7/3.5 g P available/kg, for the starter/finisher feeding phases, respectively), and 8 with three diets supplemented by selected prebiotics (none; inulin, 7.0 g/kg; oligofructose, 7.0 9 g/kg). 10 3. The concentration of Ca and available P in the diet had no effect on performance 11 parameters at 21 and 42 d of age. At 42 d, reducing the dietary concentrations of Ca and P 12 significantly decreased such biomechanical parameters of bones as tibia stiffness (by 9.2%); 13 and femur breaking strength (by 5.8%) and stiffness (by 5.1%). The diet with a lower 14 concentration of Ca and P negatively affected such geometrical parameter of the tibia as the 15 cross section area, but had no effect on cortex thickness, or bone weight and length. 16 4. At 21 or 42 d of age, broilers fed on diets supplemented with inulin or oligofructose 17 displayed a performance similar to those fed on the unsupplemented diet. The prebiotics 18 under study also had no statistically significant effects on the biochemical and geometrical 19 parameters of either bone. There were no significant Ca and P concentration x prebiotics 20 interaction effects, on either performance parameters or on bone quality indices. 21 5. It was thus concluded that inulin and oligofructose do not improve the performance and 22 bone quality of broilers, either when fed on diets with a standard concentration of Ca and 23 available P, or with reduced concentrations of these macrominerals. Bone abnormalities and lameness caused by metabolic disorders are considerable problems in 2 heavy, rapid-growing broilers, leading to considerable economic losses and having a negative 3 effect on animal welfare (Julian, 2005;Waldenstedt, 2006;Dibner et al., 2007). It has been 4

reported that bones in modern lines of broilers are characterised by poor calcification and high 5 porosity, which may cause an increased affinity for bone damage (Williams et al., 2000). The 6 causes of bone abnormalities in broilers are usually complex; however, optimisation of 7 nutrition may mitigate leg disorders. 8

Prebiotics can be defined as non-digestible food that has a beneficial effect on the host 9 by selectively stimulating the growth and/or activity of one, or a limited number, of bacteria 10 in the colon (Gibson and Roberfroid, 1995). Inulin and oligofructose, i.e. the fructans that 11 naturally occur in many plants, are considered to have strong prebiotic properties. They are 12 not digested by the enzymes of monogastric animals, so they are fully available for 13 fermentation by intestinal microflora and may selectively stimulate the growth of lactic acid 14 bacteria, mainly Bifidobacterium. Inulin is a long chain fructan containing up to 60 fructose 15 molecules, whereas oligofructose is a partial enzymatic hydrolysate of inulin, with a chain 16 length of between three and 8 (Chen et al., 2005). The results of several model studies with 17 rats have indicated that prebiotic fructans have a beneficial effect on mineral absorption 18 (Delzenne et al., 1995;Ohta et al., 1995;Morohashi et al., 1998;Demigne et al., 2008); on 19 bone mineralisation (Roberfroid et al., 2002;Zafar et al., 2004;Nzeusseu et al., 2006;20 Demigne et al., 2008); and on bone architecture measured as femoral bone volume (Takahara 21 et al., 2000). In an experiment carried out on mice, Wang et al. (2010) found that fructans 22 counteract the negative effect of dietary phytic acids on mineral apparent absorption, probably 23 by a better hydrolysis of phytates promoted by enhanced caecal fermentation. However, 24 Kruger et al. (2003) reported that the effect of different fructooligosaccharides on the Ca 25 bioavailability and bone mineralisation in rats was not the same, and was dependent on the 1 degree of polymerisation of the fructans used. In laying hens, oligofructose or inulin 2 improved egg performance, mineral utilisation, eggshell percentage, eggshell breaking 3 strength and some bone quality indicators (Chen and Chen, 2004;Chen et al., 2005;4 Świątkiewicz et al., 2010). Added to the diet for broilers, inulin increased the length of the 5 intestinal villi (Rehman et al., 2007), which might stimulate the absorption of minerals. 6

To our knowledge, to date no studies have been performed in order to examine the 7 bone quality of broilers fed on diets supplemented with prebiotic fructans. However, in the 8 experiment conducted by Ortiz et al. (2009) dietary inulin improved the apparent retention of 9 Ca, Zn and Cu and increased the ash and Ca concentration in the tibias; the authors therefore 10 suggested that inulin may have a beneficial effect on bone quality. The aim of this 11 experiment was thus to study the effect of inulin or oligofructose on the performance indices, 12 and biomechanical and geometrical properties, of the tibia and femur bones of broilers fed on 13 diets with different concentrations of Ca and available P. 14

MATERIALS AND METHODS 15

Birds and experimental diets 16

The Local Krakow Ethic Committee for Experiments with Animals gave its approval to all 17 the experimental procedures relating to the use of live animals. A total of 240, one-day-old, 18

Ross 308 chickens were used, obtained from a commercial hatchery and with an average 19 initial weight of 40 g. 1) contained standard (9.4/9.2 g Ca/kg and 4.3/4.0 g available P/kg) or reduced 4 (8.3/8.1 g Ca/kg and 3.7/3.5 g available P/kg) concentrations of these macroelements, for the 5 starter/finisher feeding phases, respectively. These diets were either unsupplemented, or 6 supplemented with prebiotic fructans as follows (per kg of diet): 7.0 g inulin (BENEO TM IPS, 7

Orafti, Belgium), 7.0 g oligofructose (Beneo TM OPS, Orafti). 8

The experimental diets were fed from one to 42 d, including the starter (1-21 d) and 9 finisher (22-42 d) phases. The nutrient content of the diets was calculated on the basis of the 10 chemical composition of raw feedstuffs, and metabolisable energy value, in line with 11 equations from the European Tables (Janssen 1989). Samples of feed components were 12 analysed, using standard methods (AOAC, 1990), for moisture (method 930.15), crude 13 protein (984.13), crude fat (920.39) and ash (942.05). Amino acids were analysed in acid 14 hydrolysates, after initial performic acid oxidation of sulphur amino acids, and after alkaline 15 hydrolysis of tryptophan (AOAC, 1990;method 982.30). The Ca content of the ingredients 16 and diets was analysed by flame atomic absorption spectrophotometry (AOAC, 1990;method 17 968.08) and the total P content by colorimetry, using the molybdo-vanadate method (AOAC, 18 1990;method 965.17). 19

Measurements 20

The chickens' body weight and feed intake were recorded at 21 and 42 d of age and mortality 21 was registered. The body weight gain (BWG) and feed conversion ratio (FCR) were 22 calculated for the starter period (1-21 d), the finisher phase (22-42 d) and the entire feeding 23 period (1-42 d of age). Mortality rate was recorded on a daily basis and the weights of all 24 mortalities were registered to correct the FCR. The production index (PI) was calculated for 25 At the end of the experiment, and after 12 h of starvation, 5 representative males and 3 5 females were chosen from each group and decapitated. The mass of the cooled carcases and 4 edible giblets was estimated, and the carcase and breast meat yields, and relative weights of 5 abdominal fat, liver and heart were calculated. 6

The tibia and femur from the right leg were collected, cleaned of soft tissues, 7 weighed and frozen (-20ºC) until analysis. Measurements of the bones' biomechanical 8 properties were taken by means of the three-point bending test, using an Instron 5542 testing 9 machine (constant speed of crosshead = 10 mm/min, and distance between supports = 50 10 mm). Bone breaking strength and yielding load were measured as a graphical record from 11 post deformation curves. Stiffness in elastic conditions was calculated as a yielding 12 load/elastic deformation ratio. 13 Tibia length, cortex wall thickness, and external and internal diameters (for cross 14 section area calculations) were measured in the breaking place, using an electronic slide 15 calliper. The cross section area was calculated from the equation: 3.14 where H 16 = external,vertical diameter;B = external,horizontal diameter;h = internal,vertical diameter;17 and b = internal,horizontal diameter. 18 19

Statistical analysis 20

The data were subjected to statistical analysis using a completely randomised design, in 21 accordance with the GLM procedure, on Statistica 5.0 (Statsoft, Inc., Tulsa, OK). All the data 22 were analysed using two-way ANOVA. When significant differences in treatment means 23 were detected by ANOVA, Duncan's multiple range test was applied to the separate means. 24

Statistical significance was considered at P≤0.05. 25 

Performance and results of slaughter analysis 4

Cumulative mortality rate during the first 21 d averaged 0%; from 22 to 42 d -1.7%; for the 5 entire feeding period -1.7%, and was random across treatments. Compared with the standard 6

Ca and available P diet, the use of a diet with reduced concentration of these macroelements 7 had no statistically confirmed effect on body weight gain, feed intake and feed conversion 8 ratio in any of the feeding periods, (Tables 2, 3 and4). Similarly, performance parameters 9

were not affected (P>0.05) by the addition of 0.7% inulin or oligofructose, in either the starter 10 or the finisher feeding period. The lack of statistically confirmed diet x additive interactions 11 (Tables 2, 3 and4) for performance indices indicates that the efficacy in broilers of the 12 prebiotic used is not connected with the dietary concentration of Ca and P. 13

The results of previous studies on the effect of prebiotic fructans on broiler 14 performance are inconsistent. Findings corresponding to our results were obtained by Biggs et 15 al. (2007), who observed no effect on body weight gain, feed intake and gain-to-feed ratio in 16 chickens from 1 to 21 d of age when inulin or oligofructose (4 and 8 g/kg) were added. 17

Similarly, the use of different dietary concentrations of inulin (5, 10, 15 or 20 g/kg) did not 18 affect broiler performance indices (Ortiz et al., 2009). No significant effect of inulin was 19 found in the growth performance of young turkeys, either (Zdunczyk et al., 2004;Stanczuk et 20 al., 2005). Yusrizal and Chen (2003) reported no effect on body weight and carcase weight in 21 male broilers when inulin (10 g/kg) or oligofructose (10 g/kg) were added; however 22 did not influence the feed conversion ratio. In contrast, Józefiak et al. (2008) reported that 1 adding inulin to a maize-soyabean diet (3 g/kg) negatively affected the body weight gain and 2 feed conversion ratio in broilers from 1 to 42 d of age. The abovementioned authors 3 speculated that this negative influence of inulin on performance could be related to its 4 stimulating effect on native microflora, the increased activity of which lead to the 5 deconjugating of bile salts and competition with the host for nutrients. Differences in the 6 growth performance of broilers fed on diets supplemented with prebiotic fructans may be 7 related to the fact that their efficiency depends on many factors, such as the composition of 8 the basal diet (i.e. the content of non-digestible oligosaccharides, the source and dietary 9 concentration of the additives used, the characteristics of the animal, and the farm's 10 environmental and hygiene conditions (Verdonk et al., 2005). 11

The results of the slaughter analysis were similar (P>0.05) for chickens fed on diets 12 with different concentrations of Ca and available P (Table 5). The carcase yield, breast meat 13 yield, abdominal fat pad and relative weight of the liver were not affected by inulin and 14 oligofructose, either. In the literature, the data on the effect of prebiotic fructans on the results 15 of slaughter analysis is limited; however Yusrizal and Chen (2003) found that inulin added to 16 a control diet significantly increased carcass yield and decreased abdominal fat content. 17

Bone quality indicators 18

The dietary concentrations of Ca and available P affected some of the biomechanical 19 parameters of the bones (Tables 6 and7). Reducing the concentrations of dietary Ca and 20 available P decreased tibia stiffness by 6.0% (P≤0.05), femur breaking strength by 5.9% 21 (P≤0.05) and femur stiffness by 5.4% (P≤0.05). A diet with a lower concentration of Ca and 22 available P also had a negative effect (P≤0.05) on the cortex cross section area of the tibias 23 (Table 8), but had no influence on other biomechanical and geometrical indices in the tibias 24 and femurs (Tables 6, 7, 8, 9). The results obtained suggest that the supplies of 8.4/8.2 g 25 Ca/kg and 3.7/3.5 g available P/kg (for the starter/finisher feeding phases, respectively) may 1 be insufficient for maximal bone mineralisation and that, for proper bone development, 2 broiler demands for these macroelements are higher than for achieving maximum growth rate. 3

Corresponding observations were made by Rama Rao et al. (2003), who reported that the Ca 4 requirement of broiler chickens (1-39 d of age) for tibia ash content was 9.83 g/kg and was 5 much higher than that for maximum growth rate (7.56 g/kg). 6

The data in the literature on experiments on the effect of prebiotic fructans on bone 7 quality in poultry are limited but, in contrast to the results presented here, they usually 8 indicate the possibility of fructans having a positive influence. In our previous study with 9 laying hens, oligofructose (but not inulin) had a beneficial effect on the tibia breaking strength 10 and yielding load, but had no statistically confirmed effect on the biomechanical and 11 geometrical indices of femurs (Świątkiewicz et al., 2010). Similarly, Chen and Chen ( 2004) 12 reported that supplementing the diet with 10 g/kg of oligofructose or inulin increased the total 13 ash, Ca and P concentration in the tibia of layers. In moulted hens, supplementation of an 14 alfalfa diet with fructooligosaccharides (7.5 g/kg of diet) prevented a decrease in tibia and 15 femur breaking strength and in tibia mineral content during moulting (Kim et al., 2006). The 16 authors of this study have concluded that, probably owing to their beneficial effect on Ca 17 absorption, fructooligosaccharides have the potential to maintain bone strength, which is often 18 reduced during moulting. Ortiz et al. (2009) found that dietary inulin increased the content of 19 ash and Ca in broiler tibias; however this effect was not reflected in the bone morphology. 20

The authors have concluded that the results obtained in their study, i.e. the positive effect of 21 inulin on apparent absorption of Ca and microelements, and on tibia mineralisation, suggest 22 (2007), the mechanism of the potential positive effect of prebiotic fructans on mineral 2 utilisation is complex, and can be related to such factors as the high solubility of minerals 3 brought about by the increased production of short chain fatty acids by probiotic bacteria, due 4 to an increased supply with substrate (fructans); an alteration of intestinal mucosa and an 5 increase of the absorption surface, brought about by the beneficial effect of bacterial 6 fermentation products on the proliferation of enterocytes; the increased expression of Ca-7 binding proteins; the release of bone modulating factors; the degradation of phytates by 8 probiotic bacteria enzymes; and an overall improvement in gut health. 9

In conclusion, the results of this study on broilers did not confirm the beneficial effect 10 of prebiotic fructans (inulin or oligofructose) on bone quality which has been observed in 11 experiments with model animals and laying hens. 12 13 ACKNOWLEDGEMENT 14
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  oligofructose improved the performance indices and increased the small intestine length in 23 female broilers. In a recent study carried out by Rebole et al. (2010), inulin added to a broiler 24 diet at concentrations of 10 or 20 g/kg had a positive effect on body weight gain; however, it 25 Tables 2,3 & 4 near here

  that the feeding of inulin may have a beneficial influence on bone quality. Basing their work 23 on the model study with ovariectomised rats, Zafar et al. (2004) indicated that the protective 24 effects of fructans on bone was established through increased Ca absorption and Ca balance, and decreased bone turnover rate. According to Scholz-Ahrens 1 et al.
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Table 1 .

 1 Composition and nutrient content of experimental diets, g/kg air dry matter 1

		Item	Starter (1-21 d)	Finisher (22-42 d)
			Control	Reduced level	Control	Reduced level
				of Ca and P		of Ca and P
		Maize	554	560	600.5	607
		Soyabean meal	378	379	320	320
		Rapeseed oil	27	25	38	36
		Limestone	17	15	17	15
		Monocalcium phosphate	14	11	13.5	11
		Sodium chloride	3	3	3	3
		DL-Methionine	2	2	2	2
		L-Lysine HCl	-	-	1	1
		Vitamin-mineral premix 1	5	5	5	5
		Calculated composition:			
		Metabolisable energy, MJ/kg 2	12.6	12.6	13.0	13.0
		Crude protein	225	225	200	200
		Lys	12	12	11.2	11.2
		Met	5.4	5.4	5.1	5.1
		Ca	9.4	8.3	9.2	8.1
		Total P	6.9	6.4	6.5	6.1
		Available P	4.3	3.7	4.0	3.5
	2	1 The premix provided, per 1 kg of starter diet: vitamin A (retinol), 4.05 mg; vitamin D 3 (cholecalciferol), 0.0875
	3	mg; vitamin E (alpha-tocopherol), 45 mg; vitamin K 3 (menadione), 3 mg; vitamin B 1 (thiamine), 3.25 mg;
	4	vitamin B 2 (riboflavin), 7.5 mg; vitamin B 6 (pyridoxine), 5 mg; vitamin B 12 (cyanocobalamin), 0.0325 mg;
	5	biotin, 0.15 mg; Ca-pantothenate, 15 mg; niacin, 45 mg; folic acid, 1.5 mg; choline chloride, 600 mg;
	6	manganese, 100 mg; zinc, 75 mg; iron, 67.5 mg; copper, 17.5 mg; iodine, 1 mg; selenium, 0.275 mg, cobalt, 0.4
	7	mg; per 1 kg of finisher diet: vitamin A (retinol), 3.6 mg; vitamin D 3 (cholecalciferol), 0.8125 mg; vitamin E
	8	(alpha-tocopherol), 40 mg; vitamin K 3 (menadione), 2.25 mg; vitamin B 1 (thiamine), 2 mg; vitamin B 2
	9	(riboflavin), 7.25 mg; vitamin B 6 (pyridoxine), 4.25 mg; vitamin B 12 (cyanocobalamin), 0.03 mg; biotin, 0.1 mg;
	10	Ca-pantothenate, 12 mg; niacin, 40 mg; folic acid, 1.0 mg; choline chloride, 450 mg; manganese, 100 mg; zinc,
	11	65 mg; iron, 65 mg; copper, 15 mg; iodine, 0.8 mg; selenium, 0.25 mg, cobalt, 0.4 mg.
	12	2 Calculated according to European Table (Janssen, 1989) as a sum of the ME content of components.
	13				

Table 2 .

 2 Effects of dietary treatments on broiler performance in starter period of feeding 1 , 1-

	1								
	2				21 d of age			
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
				Standard Reduced Mean		Level of	Additives Inter-
								Ca and P		action
		Body	None	653	649	651			
		gain (g) weight	Inulin	647	653	650	4.38	NS 1	NS	NS
			Oligofructose	635	643	639			
			Mean	645	648				
		Feed	None	1007	995	1001			
		intake (g)	Inulin	985	996	990	4.52	NS	NS	NS
			Oligofructose	983	992	988			
			Mean	992	994				
		Feed	None	1.55	1.54	1.54			
		(g/g) sion ratio conver-	Inulin Oligofructose	1.52 1.55	1.53 1.54	1.55 1.52	0.01	NS	NS	NS
			Mean	1.54	1.54				
	3	1 Means of 5 replicates of 8 chickens kept in one cage.			
	4	2 NS-P>0.05.						
	5								
	6								
	7								
	8								
	9								
	10								
	11								
	12								
	13								
	14								
	15								
	16								
	17								
	18								
	19								
	20								
	21								
	22								
	23								
	24								
	25								
	26								
	27								
	28								

Table 3 .

 3 Effects of dietary treatments on broiler performance in finisher period of feeding 1 ,

	1								
	2				22-42 d of age			
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
				Standard Reduced Mean		Level of	Additives Inter-
								Ca and P		action
		Body	None	1625	1571	1598			
		gain (g) weight	Inulin	1575	1613	1594	10.2	NS 2	NS	NS
			Oligofructose	1596	1562	1579			
			Mean	1599	1582				
		Feed	None	2918	2938	2928			
		intake (g)	Inulin	2943	2950	2947	10.8	NS	NS	NS
			Oligofructose	2972	2940	2956			
			Mean	2944	2943				
		Feed	None	1.80	1.87	1.83			
		(g/g) sion ratio conver-	Inulin Oligofructose	1.87 1.86	1.83 1.87	1.87 1.85	0.01	NS	NS	NS
			Mean	1.84	1.86				
	3	1 Means of 5 replicates of 8 chickens kept in one cage.			
	4	2 NS-P>0.05.						
	5								
	6								
	7								
	8								
	9								
	10								
	11								
	12								
	13								
	14								
	15								
	16								
	17								
	18								
	19								
	20								
	21								
	22								
	23								
	24								
	25								
	26								
	27								
	28								

Table 4 .

 4 Effects of dietary treatments on broiler performance in the entire period of feeding 1 ,

	1								
	2				1-42 d of age			
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
				Standard Reduced Mean		Level of	Additives Inter-
								Ca and P		action
		Body	None	2278	2220	2249			
		gain (g) weight	Inulin	2222	2266	2244	9.14	NS 2	NS	NS
			Oligofructose	2230	2205	2217			
			Mean	2244	2230				
		Feed	None	3925	3933	3929			
		intake (g)	Inulin	3926	3988	3957	14.4	NS	NS	NS
			Oligofructose	3940	3932	3936			
			Mean	3931	3951				
		Feed	None	1.72	1.77	1.75			
		(g/g) sion ratio conver-	Inulin Oligofructose	1.77 1.77	1.76 1.78	1.77 1.76	0.01	NS	NS	NS
			Mean	1.75	1.77				
		Prod-	None	320	304	312			
		index uction	Inulin	298	297	297	2.87	NS	NS	NS
			Oligofructose	299	300	299			
			Mean	306	300				
	3	1 Means of 5 replicates of 8 chickens kept in one cage.			
	4	2 NS-P>0.05.						
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Table 5 .

 5 Effects of dietary treatments on results of slaughter analysis 1

	1								
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
				Standard Reduced Mean		Level of	Additives Inter-
								Ca and P		action
		Carcase	None	74.9	75.1	75.0			
		yield (%)	Inulin	74.7	74.9	74.8	0.19	NS 2	NS	NS
			Oligofructose	75.1	75.6	75.3			
			Mean	74.9	75.2				
		Breast	None	25.1	25.0	25.0			
		yield (%) meat	Inulin Oligofructose	25.1 24.7	24.7 24.7	24.7 24.9	0.15	NS	NS	NS
			Mean	25.0	24.8				
		Abdo-	None	1.70	1.74	1.72			
		pad (%) minal fat	Inulin Oligofructose	1.67 1.97	1.81 1.72	1.84 1.74	0.07	NS	NS	NS
			Mean	1.78	1.76				
		Liver (%	None	2.37	2.34	2.35			
		weight) of body	Inulin	2.41	2.35	2.38	0.04	NS	NS	NS
			Oligofructose	2.12	2.45	2.28			
			Mean	2.30	2.38				
	2	1 Means of 10 replicates (samples).					
	3	2 NS-P>0.05.						
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Table 6 .

 6 Effects of dietary treatments on biomechanical parameters of tibia bones 1

	1								
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
			Standard Reduced Mean		Level	Addi-	Inter-
								of Ca	tives	action
								and P	
		Bone breaking	None	416	385	401			
		strength (N)	Inulin	419	415	417	5.28	NS 2	NS	NS
			Oligofructose	436	416	426			
			Mean	424	406				
		Bone breaking	None	10.10	9.82	9.62			
		(N/mm 2 ) section area ratio strength/cross	Inulin Oligofructose 10.67 10.45	10.73 10.92	10.80 10.59	0.22	NS	NS	NS
			Mean	10.40	10.49				
		Yielding load	None	258	248	253			
		(N)	Inulin	264	262	263	3.46	NS	NS	NS
			Oligofructose	275	265	270			
			Mean	266	258				
		Stiffness	None	183	165	174			
		(N/mm)	Inulin	180	174	177	2.44	*	NS	NS
			Oligofructose	184	176	180			
			Mean	183 a	172 b				
	2	1 Means of 10 replicates (samples).						
	3	2 NS-P>0.05.							
	4	* -P≤0.05.							
	5	a, b -values with different letters differ significantly (P≤0.05).			
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Table 7 .

 7 Effects of dietary treatments on biomechanical parameters of femur bones 1

	1								
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
			Standard Reduced Mean		Level	Addi-	Inter-
								of Ca	tives	action
								and P	
		Bone breaking	None	355	329	342			
		strength (N)	Inulin	360	343	351	4.20	*	NS 2	NS
			Oligofructose	363	344	353			
			Mean	359 a4	338 b4				
		Bone breaking	None	8.41	8.48	8.45			
		(N/mm 2 ) section area ratio strength/cross	Inulin Oligofructose 8.39 8.64	8.23 8.65	8.51 8.44	0.15	NS	NS	NS
			Mean	8.48	8.45				
		Yielding load	None	225	225	225			
		(N)	Inulin	243	233	238	2.98	NS	NS	NS
			Oligofructose	243	227	235			
			Mean	237	229				
		Stiffness	None	161	158	159			
		(N/mm)	Inulin	172	163	167	1.97	*	NS	NS
			Oligofructose	172	157	164			
			Mean	168 a	159 b				
	2	1 Means of 10 replicates (samples).						
	3	2 NS-P>0.05.							
	4	* -P≤0.05.							
	5	a, b -values with different letters differ significantly (P≤0.05).			
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Table 8 .

 8 Effects of dietary treatments on geometrical parameters of tibia bones 1

	1								
		Item	Additives	Dietary level of Ca and P	SEM		Effect of:
			Standard Reduced Mean		Level	Addi-	Inter-
								of Ca	tives	action
								and P	
		Cortex thickness	None	1.89	1.73	1.81			
		(mm)	Inulin	1.89	1.94	1.91	0.03	NS 2	NS	NS
			Oligofructose 1.79	1.94	1.86			
			Mean	1.86	1.87				
		Cross section	None	42.3	39.3	40.8			
		area (mm 2 )	Inulin	40.4	39.0	39.7	0.69	*	NS	NS
			Oligofructose 41.9	38.3	40.1			
			Mean	41.5 a	38.9 b				
		Tibia weight (g)	None	15.4	14.0	14.7			
			Inulin	14.7	15.2	15.0	0.30	NS	NS	NS
			Oligofructose 15.1	14.6	14.8			
			Mean	15.1	14.6				
		Relative tibia	None	0.566	0.534	0.551			
		of body weight) weight (g/100 g	Inulin	0.558	0.549	0.554	0.008 NS	NS	NS
			Oligofructose 0.581	0.546	0.564			
			Mean	0.568	0.544				
		Tibia length	None	102	102	102			
		(mm)	Inulin	103	103	103	0.51	NS	NS	NS
			Oligofructose	104	104	104			
			Mean	103	103				
	2	1 Means of 10 replicates (samples).						
	3	2 NS-P>0.05.							
	4	* -P≤0.05.							
	5	a, b -values with different letters differ significantly (P≤0.05).			
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Table 9 .

 9 Effects of dietary treatments on geometrical parameters of femur bones 1

	1								
	Item	Additives	Dietary level of Ca and P	SEM		Effect of:	
			Standard Reduced Mean		Level	Addi-	Inter-
							of Ca	tives	action
							and P		
	Cortex thickness	None	1.56	1.46	1.51				
	(mm)	Inulin	1.55	1.53	1.54	0.02	NS 2	NS	NS
		Oligofructose 1.64	1.52	1.58				
		Mean	1.59	1.51					
	Cross section	None	42.9	39.8	41.4				
	area (mm 2 )	Inulin	42.2	42.0	42.1	0.84	NS	NS	NS
		Oligofructose 43.7	40.0	41.8				
		Mean	42.9	40.6					
	Femur weight	None	10.9	10.3	10.6				
	(g)	Inulin	10.2	10.7	10.5	0.21	NS	NS	NS
		Oligofructose 10.6	10.2	10.4				
		Mean	10.6	10.4					
	Relative femur	None	0.400	0.391	0.396				
	of body weight) weight (g/100 g	Inulin	0.384	0.398	0.387	0.005 NS	NS	NS
		Oligofructose 0.408	0.383	0.396				
		Mean	0.398	0.388					
	Femur length	None	75.6	74.5	75.0				
	(mm)	Inulin	74.3	76.5	75.4	0.38	NS	NS	NS
		Oligofructose 76.0	75.7	75.8				
		Mean	75.3	75.5					
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