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Poultry No. 15177 
 

 

Dietary nitrogen reduction did not compromise performance while blending 
diets with whole wheat impaired performance and economics in broilers 
 
Conclusions 

• A 2 x 2 factorial broiler feeding trial with dietary nitrogen level and whole wheat blending as factors was conducted.  

• Reduction of dietary nitrogen by 0.5 % across all 4 phases did not affect final body weight, feed conversion ratio 

nor breast meat deposition. Water intake, nitrogen excretion and litter weight were significantly reduced by 5.8 %, 

9.6 % and 11.0 %, respectively. Dry matter content of litter increased by 11.3 % while N-content in dry matter of 

litter decreased by 3.4 %. 

• Blending diets with 5 %, 10 %, and 15 % whole wheat in the grower I, grower II and finisher phases impaired final 

body weight, feed conversion ratio and breast meat yield by 3.8 %, 3.9 %, and 5.7 % on average. Water intake 

was decreased by 5.8 %, nitrogen excretion by 15.5 % and litter weight by 11.0 %. Dry matter content of litter 

increased by 11.3 % and N-content in litter dry matter by 4.4 %. 

• Economic calculations revealed that reduction of dietary nitrogen reduced net profit per pen by 14 % due to 

increased diet cost whereas wheat blending of the standard diets impaired net profit per pen by 18 %. Blending 

the N-reduced diet with wheat slightly improved net profit by 3.5 %.  

 

Introduction and objective 

In Europe, focus on protein nutrition and nitrogen management are of increasing relevance because of a European 

Directive on the reduction of national emissions (European Commission, 2013) concomitant with a Best Available 

Techniques Reference Document (BAT; Santonja et al., 2017) which set the frame for animal production. The latter 

recommends to lower dietary crude protein in animal feed by adding and balancing with supplemental amino acids. In 

Germany, a revised fertilizing ordinance as well as an ordinance on the management of nitrogen and phosphorous at 

farm level in force since 2017 (Ministry of Justice and Consumer Protection, 2017a, b) are expected to add pressure 

on the animal industry to further reduce emissions. In these documents, suggested values for the annual excretion of 

nitrogen per place and year are more ambitious than in the above-mentioned BAT paper. Furthermore, they set the 

basis for nitrogen (and phosphorous) balance calculations and define maximum excretions allowances. Rough 

calculations based on key numbers from the current broiler feeding practice imply that it will be challenging to meet 

those threshold values. Consequently, farmers might be forced to run less cycles per year or reduce animals per square 

meter (sqm). Alternatively, reduction of the dietary protein – as suggested in the BAT document - with subsequent 

reduced nitrogen excretions might be an appropriate strategy. 

 

Table 1:  Experimental design including analyzed and calculated (in brackets) crude protein (CP) levels in 

four feeding phases  

Phase 

Treatment 1 
Standard 

Treatment 2 
Standard+wheat  

Treatment 3 
N-reduced 

Treatment 4  
N-reduced+wheat 

CP, %  CP, %*  CP, %  CP, %*  

Starter 
(d1-7)   

21.9 
(21.0) 

Grower I 
(d8-21)  

20.1 
(20.0) 

19.7 
(19.6) 

 20.0 
(19.5) 

 19.6 
(19.1) 

 

Grower II 
(d22-28)  

18.9 
(19.5) 

18.2 
(18.7) 

 18.7 
(18.7) 

 18.0 
(18.0) 

 

Finisher 
(d29-36)  

18.5 
(19.0) 

17.4 
(17.9) 

 17.5 
(18.0) 

 16.6 
(17.1) 

 

* CP of treatments 2 and 4 were calculated from analyzed (calculated) CP of compound feed and wheat 

 

In Germany, many broiler growers are equipped to blend feed with whole wheat on farm. Often the wheat is produced 

on the farm and serves as an economically attractive ingredient. While sometimes compound feed producers take this 

feeding practice into account by adjusting nutrient levels of concentrates accordingly, many broiler farms blend 
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commercial feeds without the respective adjustment of feeds. The latter is common in the South of Germany and usually 

farmers argue that potential performance reduction is overcompensated by low wheat prices. The present broiler 

feeding trial was conducted as a partnership between the Bayerische Landesanstalt für Landwirtschaft, Kitzingen, 

a German feed compounder, and Evonik Nutrition & Care GmbH. Commercial diets with and without dietary nitrogen 

reduction were provided to broilers with and without blending with whole wheat in a 2x2 factorial design. The impact of 

these diets on performance, nutrient utilization and economics was evaluated.  

 

Material and Methods 

A total of 3,000-day-old male and female (as hatched) Ross 308 (41.5 g/chick) were equally allocated into 20 floor pens 

with 150 birds each. The temperature program was in line with breeder recommendations. From day 1 to 3 birds 

received 23 h light whereas thereafter a 18 h light and 6 h dark program was applied. Three days before slaughter, the 

lighting program was switched again to 23 h light and 1 h dark. Broilers received a standard vaccination program against 

infectious bronchitis and Newcastle disease. Floor pens had a size of 10 sqm (15 birds/sqm) and were each equipped 

with two round feeding troughs and 20 nipple drinkers for ad libitum consumption of feed and water. For bedding 10 kg 

straw granules per pen (1kg/sqm) were used and the volume was identical for each pen –no extra bedding was applied 

in any of the pens throughout the experiment. Generally, a 4-phase feeding program was applied comprising a starter 

(d1-7), a grower I (d8-21), a grower II (d22-28), and a finisher period (d29-36). 

 

Table 2:  Ingredients and calculated nutrient composition of experimental diets and wheat  

 Starter Grower I Grower II Finisher  Wheat 

  Trt 1 Trt 3 Trt 1 Trt 3 Trt 1 Trt 3   

Ingredients (%)          

Corn  16.0 20.0 16.2 20.0 20.0 20.0   

Wheat  48.6 45.5 47.6 46.7 44.9 49.2   

Soybean meal  18.0 16.8 16.7 13.8 15.2 11.0   

Rapeseed meal  2.0 3.0 - - - -   

Rapeseed expeller  5.0 4.0 7.0 7.0 8.0 8.0   

Peas  5.0 5.0 6.0 6.0 6.0 6.0   

Vegetable oil  1.9 1.9 3.5 2.9 3.2 2.6   

Amino acid premix  0.89 1.09 0.86 1.29 0.80 1.38   

Minerals + premix*  2.64 2.67 2.21 2.33 1.80 1.89   

          

Energy and nutrient composition (%)        

AMEn, MJ/kg** 12.4 12.5 12.6 12.8 12.7 12.9 12.8  13.0 

Ether extract*** 4.5 4.8 4.9 6.5 6.2 6.6 5.8  1.7 

Crude fibre*** 2.5 3.1 3.1 3.3 3.2 3.3 3.2  1.8 

Ash*** 5.6 5.4 5.1 4.9 5.1 4.9 4.6  1.4 

Starch*** 41.7 43.3 44.0 43.3 43.5 43.7 46.1  60.1 

Sugar*** 4.0 3.6 3.7 3.4 3.2 3.4 3.1  1.6 

Crude protein - 
expected 

21.0 20.0 19.5 19.5 18.7 10.0 18.0   

Crude protein*** 21.9 20.1 20.0 18.9 18.7 18.4 17.5  11.7 

Lysine**** 1.35 1.17 1.15 1.15 1.19 1.12 1.10  0.31 

Met+Cys**** 0.93 0.88 0.89 0.83 0.85 0.81 0.78  0.44 

Threonine**** 0.91 0.79 0.78 0.76 0.78 0.75 0.72  0.33 

Arginine**** 1.39 1.23 1.22 1.21 1.24 1.15 1.12  0.54 

Valine**** 1.04 0.95 0.95 0.90 0.93 0.88 0.85  0.49 

Isoleucine**** 0.89 0.79 0.81 0.78 0.79 0.74 0.71  0.40 

Glyequiv 1.64 1.47 1.48 1.42 1.37 1.40 1.27  0.84 

          

Calcium***** 0.98 0.82 0.80 0.97 1.00 0.65 0.60  ND 

Phosphorous***** 0.69 0.50 0.51 0.47 0.46 0.41 0.39  0.23 
* containing phytase and xylanase, starter and grower diets contained coccidiostatica **Average AMEn calculated based on proximates of 5 laboratories *** Average of 

5 laboratories **** analyzed by Evonik Nutrition & Care GmbH ***** Average of 3 laboratories 

 

Wheat-corn-soybean meal-based diets were formulated according to commercial practice (Table 2). Therefore, 

treatment 1 represented commercial feeding practice. A second set of diets with reduced dietary crude protein was 

formulated (treatment 3) in which crude protein was reduced by 0.5 %, 0.8 % and 1.0 %-points in grower I, grower II 

and finisher diets, respectively whereas in starter feeds, crude protein was not reduced. As farmers commonly dilute 

feed by 10 % on average, diets were blended with whole wheat at 5 %, 10 %, and 15 % in the grower I, grower II and 

finisher phase in treatments 2 and 4, respectively. During the starter phase, no wheat blending was applied. Analysis 

of amino acids revealed some slight numerical deviations from expected values in a couple of cases (Table 2). 

Regarding the feed manufacturing at a commercial feed mill, the observed deviations were deemed acceptable and 

amino acid supply was considered sufficient. Analyses of crude protein (nitrogen x 6.25) which were done in five 

different laboratories also showed some variation and deviation from calculated values but also between laboratories. 

Deviations from calculated values might be explained by a discrepancy between the matrix values used for feed 
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formulation and the actual nutrient composition of ingredients. As diets were produced in a commercial feed factory, it 

was not possible to analyze ingredients before production of experimental diets. However, this finding may reflect the 

challenge of commercial feed production with respect to nutrient variability but does not explain variation between 

laboratories. For the nitrogen balance calculation, the average of five analyses per diet were used resulting in a crude 

protein reduction of 0.45 %-points of all feed consumed compared to the calculated 0.75 %-points. In fact, wheat 

blending resulted in a crude protein dilution of 0.74 % and 0.68 %-points (analyzed) and therefore average nitrogen 

supply of treatments 2 and 3 was similar. 

 

Feeds were formulated on basis of total amino acids and respective Lys levels in grower I, grower II and finisher diets 

were 1.18, 1.15, and 1.12 % corresponding to 1.05 % and 1.06 %, 1.02 % and 1.03 % and 0.99 % and 1.01 % 

standardized ileal digestible Lys in standard and N-reduced feeds, respectively (SID values were recalculated). All diets 

contained phytase and xylanase but no amino acid releasing impact was considered in feed formulations. Starter, 

Grower I and Grower II feeds contained coccidiostats while finisher feeds did not. Pelleted feeds were produced in 

commercial feed mill. In treatments 2 and 4, diets were blended with whole, unground wheat on the experimental farm. 

 

Feed consumption, body weights and number of birds were recorded after each feeding phase for each pen and 

average body weights, average feed intake, feed conversion ratio (body weights of losses considered) and mortality 

were calculated accordingly. The European Efficiency Factor (EEF) was calculated ([Survival rate, % * final body 

weight, kg] / [FCR * age, d] * 100) while income over feed cost and net profit were determined considering feed prices, 

litter cost (10 €/t), labor cost (8 cent/broiler), water and electricity cost (8 cent/broiler), veterinary and medical cost (7 

cent/broiler) and broiler revenues (0.86 €/kg live weight). Cost for labor, electricity, and medical treatment were obtained 

from Damme (2017).  

 

Table 3: Biological and economic performance of mixed-sex broilers fed standard or N-reduced diets with or 

without whole wheat blending 

 Treatment 
1 

Treatment 
2 

Treatment 
3 

Treatment 
4 

Pooled 
SEM 

P-values 

 
Standard 

Standard 
+ wheat 

N-reduced 
N-reduced 

+ wheat 
 CP-level Wheat Inter-

action 

Body weight (g) 2,483 2,373 2,477 2,398 20.2 0.610 <0.001 0.394 

Feed intake (g) 3,565 3,578 3,585 3,567 36.9 0.892 0.935 0.642 

Wheat intake (% 
of total) 

 10.2 %  10.2 % 
    

Feed per gain 
(g/g) 

1.46 1.54 1.47 1.51 0.013 0.697 <0.001 0.164 

Mortality (%) 1.62 3.11 1.89 1.62 0.748 0.377 0.377 0.208 

Feed per gain* 
(g/g) 

1.46 1.53 1.47 1.51 0.013 0.701 <0.001 0.235 

European 
efficiency factor 
(EEF) 

465 417 459 433 7.6 0.462 <0.001 0.257 

 IOFC**  
(€/kg) 

0.354 0.355 0.340 0.353 0.0043 0.047 0.084 0.146 

Net profit 
(€/kg)*** 

0.105 0.092 0.091 0.097 0.0062 0.428 0.514 0.093 

 IOFC**  
(€/pen) 

128.08 120.86 122.27 123.23 2.499 0.452 0.180 0.086 

Net profit 
(€/pen)*** 

38.18 31.24 32.70 33.84 2.493 0.527 0.213 0.089 

* corrected for mortality by considering weight of lost birds ** IOFC: Income over feed cost, assuming 86 cent/kg bird weight, 397.00 €/t Starter; Standard: 349.50 €/t 

Grower I, 357.00 €/t Grower II, 347.00 €/t Finisher; N-reduced: 352.00 €/t Grower I, 364.00 €/t Grower II, 357.50 €/t Finisher; Wheat: 180.00 €/t *** considering cost of 

10.00 €/t litter, 0.08 €/broiler for labor, 0.08 €/broiler for electricity, 0.07 €/broiler veterinarian & medical cost (for all treatments the same)  

 

At termination of the experiment, 5 male and 5 female broilers were selected for carcass evaluation from each pen in 

a manner that their body weights represented the average of the pen. Dissection of the carcasses was performed at 

the slaughter facility of Bayerische Landesanstalt für Landwirtschaft, Kitzingen. Carcasses were cut into breast, legs, 

wings and remainder. Weights of abdominal fat pad, liver and gizzard were also determined. 

 

Water consumption was recorded for each pen and water:feed ratio was calculated accordingly. Moreover, at 

termination of the experiment litter quality was scored (0 = very good; 10 = wet litter). An attempt was made to collect 

representative litter samples from each pen and subsequent the weight of the litter was determined for each pen. Litter 

samples were analyzed for dry matter, nitrogen and phosphorous. Finally, nitrogen balance and nitrogen utilization 

were calculated assuming 30 g N/kg body weight (Hiller et al., 2014). 
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Data were analyzed by two-way ANOVA with interactions. In case of significant interactions, Tukey multiple range test 

was applied. Pen served as experimental unit for performance and nitrogen balance data. For carcass evaluation, data 

were analyzed separately for male and female birds.  

 

Table 4: Carcass evaluation of male and female broilers* fed standard or N-reduced diets with or without 

whole wheat blending at day 37 

 Treatment 
1 

Treatment 
2 

Treatment 
3 

Treatment 
4 

Pooled 
SEM 

P-values 

 
Standard 

Standard 
+ wheat 

N-reduced 
N-reduced 

+ wheat 
 CP-

level 
Wheat Inter-

action 

Male broilers         

Body weight, kg 2.719 2.646 2.665 2.661 0.1040 0.664 0.347 0.413 

Carcass weight, 
kg 

2.025 1.946 2.001 1.973 0.0809 0.973 0.099 0.442 

Carcass yield,  
% of BW 

74.5 73.5 75.1 74.1 0.67 0.025 <0.001 0.908 

Breast, % of BW 23.9 22.1 23.4 22.5 0.74 0.824 <0.001 0.089 

Legs, % of BW 22.2 22.5 21.7 22.1 0.675 0.146 0.202 0.720 

Wings, % of BW 8.1 7.9 8.1 8.1 0.222 0.233 0.232 0.492 

Abdominal fat 
pad, % of BW 

1.05 1.19 1.15 1.07 0.138 0.846 0.551 0.046 

Liver, % of BW 2.55 2.60 2.42 2.48 0.183 0.127 0.420 0.865 

Gizzard,  
% of BW 

0.89 1.03 1.04 1.22 0.093 <0.001 <0.001 0.560 

Female broilers         

Body weight, kg 2.258 2.162 2.322 2.224 0.0860 0.071 0.006 0.972 

Carcass weight, 
kg 

1.702 1.606 1.745 1.662 0.0662 0.634 0.001 0.821 

Carcass yield,  
% of BW 

75.4 74.2 75.2 74.7 0.66 0.508 0.003 0.209 

Breast, % of BW 24.2 22.9 24.1 22.6 1.16 0.648 0.004 0.811 

Legs, % of BW 22.2 22.2 21.5 21.9 0.83 0.152 0.514 0.669 

Wings, % of BW 8.0 7.9 8.0 8.2 0.27 0.082 0.696 0.192 

Abdominal fat 
pad, % of BW 

1.27 1.45 1.32 1.39 0.164 0.881 0.061 0.412 

Liver, % of BW 2.69 2.56 2.57 2.72 0.153 0.718 0.905 0.024 

Gizzard,  
% of BW 

1.03 1.16 1.10 1.35 0.105 0.003 <0.001 0.188 

 

Results & Discussion 

Performance of broilers is shown in Table 3. Accordingly, average final body weight was well above 2239 g, which is 

suggested by the breeder (Aviagen, 2014) for mixed-sex broilers at 36 days of age. While N-reduction in the diets had 

no impact on final body weight, feed intake and feed conversion ratio, blending the diets with on average 10.2 % wheat 

resulted in 3.8 % lower final body weight and 3.9 % higher feed conversion ratio. These responses were mirrored in 

the European efficiency index suggesting similar economic performance of treatments 1 and 3 or treatments 2 and 4, 

respectively, indicating that average crude protein reduction of 0.45 % was successful but wheat blending detrimental 

to performance (P < 0.05). However, calculation of IOFC per kg body weight indicated lower profitability with protein 

reduction (P = 0.047) whereas wheat blending tended to increase IOFC. This clarity of effects was not confirmed for 

net profit per kg live weight nor for IOFC and net profit per pen. Still, protein reduction impaired economics numerically 

due to higher diet cost brought about by the relatively high prices for L-Isoleucine and L-Valine. Basically, statistical 

analysis indicated interaction tendencies between factors (P < 0.10) as with standard feeds wheat dilution reduced 

profitability while at reduced dietary nitrogen, wheat blending had slightly positive impact on profitability parameters. It 

should be noted that the latter effect can be attributed to the higher diet cost with protein reduction and that, with 

decreasing prices for amino acids, this advantage would disappear. Surprisingly, and contrarily to the believe of many 

farmers, under this price scenario wheat blending had no economic advantage under standard feeding conditions.  

 

Treatments 2 and 3 provide evidence that growth performance and feed and nutrient utilization is a matter of adequate 

amino acid supply rather than crude protein or nitrogen. Crude protein levels of corresponding diets were very similar 

but performance of treatment 2 was lower, indicating that performance was limited by amino acids. This was 

underpinned by carcass and meat yields (Table 4).  
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Table 5: Water consumption, litter volume and litter quality of mixed-sex broilers fed standard or N-reduced 

diets with or without whole wheat blending 

 Treatment 
1 

Treatment 
2 

Treatment 
3 

Treatment 
4 

Pooled 
SEM 

P-values 

 
Standard 

Standard 
+ wheat 

N-reduced 
N-reduced 

+ wheat 
 CP-

level 
Wheat Inter-

action 

Water 
consumption, 
(l/pen) 

948.8 a 864.6 b 926.8 a 902.4 ab 15.23 0.570 0.001 0.043 

Water 
consumption, 
(ml/bird) 

6,517 6,032 6,383 6,198 110.0 0.872 0.004 0.148 

Water:Feed ratio 1.83 1.69 1.78 1.74 0.04 0.944 0.009 0.128 

         

Litter scoring* 3.6 2.6 3.2 2.2 0.23 0.074 <0.001 1.000 

Litter weight (kg) 236.6 207.2 203.0 184.2 4.71 <0.001 <0.001 0.227 

Litter dry matter 
(%) 

50.86 58.96 58.13 62.40 1.818 0.005 0.002 0.256 

Litter weight (kg 
DM**) 

120.2 122.1 118.0 114.6 3.33 0.122 0.810 0.389 

Litter nitrogen (% 
in DM) 

4.72 4.96 4.56 4.73 0.096 0.040 0.029 0.695 

Litter 
phosphorous (% 
in DM) 

0.700 0.695 0.732 0.756 0.0120 <0.001 0.384 0.198 

* 0 = very good – 10 = wet litter ** DM: dry matter 

 

Table 4 shows results of the carcass evaluation for male and female broilers. Carcass yield was reduced by wheat 

blending in both sexes while dietary N-reduction improved carcass yield in male broilers. Also breast meat yield was 

lower in broilers of wheat blending treatments suggesting that, especially the dilution of the amino acid supply, limited 

deposition of meat. If economic evaluation would consider meat yields, wheat blending would in any case 

counterproductive. Obviously, dietary N-reduction of treatment 3 allowed for same meat yields than in treatment 1, 

which again provides evidence that amino acid requirements of broilers were met.  

 

Abdominal fat pad and liver weights (% of live weights) did not show consistent effects but indicated, especially in 

female broilers, higher fat deposition due to whole wheat blending. 

 

Table 6: Nitrogen balance of mixed-sex broilers fed standard or N-reduced diets with or without whole wheat 

blending 

 Treatment 
1 

Treatment 
2 

Treatment 
3 

Treatment 
4 

Pooled 
SEM 

P-values 

 
Standard 

Standard 
+ wheat 

N-reduced 
N-reduced 

+ wheat 
 CP-

level 
Wheat Inter-

action 

Nitrogen intake, 
mg/pen 

15,824 15,045 15,333 14,769 156.5 0.014 <0.001 0.453 

Nitrogen 
retention, 
mg/pen* 

10,680 10,040 10,619 10,307 121.7 0.385 <0.001 0.152 

Nitrogen 
excretion, 
mg/pen 

5,144 5,005 4,714 4,462 107.5 <0.001 0.058 0.783 

Nitrogen 
utilization, % of 
intake 

67.5 66.7 69.3 69.8 0.57 <0.001 0.840 0.219 

* assuming 30 g N/kg body weight 

 

Interestingly both dietary N-reduction and wheat blending increased relative gizzard weight (P < 0.05). While whole, 

unground wheat was expected to have such an effect due to the increased grinding activity of the gizzard, there is no 

explanation why lower dietary crude protein would increase gizzard weight. It remains speculation whether higher grain 

and lower protein source proportion could have contributed to this phenomenon.  

 

Water consumption per pen and per bird as well as water:feed ratio were significantly reduced by whole wheat blending 

(P < 0.05) whereas dietary N-reduction had no clear effect (Table 5). Low protein strategy is known to reduce water 

consumption. However, in the current trial this was only observed without wheat blending (interaction P < 0.05, water 

consumption per pen). On the other hand, weight of litter was 14 % lower in treatment 3 compared to treatment 1 and 
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dry matter content of litter was about 8 %-points higher, which suggests lower water consumption and excretion. Also, 

whole wheat blending significantly reduced litter weight and increased the dry matter content in the litter by 11 %. 

Consequently, both strategies are beneficial for reducing litter volume, improving litter quality and related impact on 

broiler welfare. It remains unclear why N-reduction of feed increased the P-concentration in the litter. 

 

Nitrogen intake was reduced by whole wheat feeding due to the low N-content of wheat and only little but significantly 

by dietary N-reduction due to relatively low crude protein reduction (Table 6). Feed analyses revealed that only a crude 

protein reduction of 0.45 %-points was achieved in contrast to the calculated 0.75 %-points, which reduced the impact 

on N-intake. However, N-excretion was reduced by 9.6 % and N-utilization could be increased by about 3.6 % with the 

low nitrogen diets. It should be noted that N-utilization achieved with standard feeds in treatment 1 was already 

reasonably high and further improvements by N-reduction without impacting performance can be considered as a 

success. Wheat blending had no impact on N-utilization as reduced N-retention came along with reduced N-intake.  

 

Table 7: Phosphorous balance of mixed-sex broilers fed standard or N-reduced diets with or without whole 

wheat blending 

 Treatment 
1 

Treatment 
2 

Treatment 
3 

Treatment 
4 

Pooled 
SEM 

P-values 

 
Standard 

Standard 
+ wheat 

N-reduced 
N-reduced 

+ wheat 
 CP-

level 
Wheat Inter-

action 

Phosphorous 
intake, mg/pen 

2,402 2,265 2,368 2,261 23.6 0.385 <0.001 0.501 

Phosphorous 
retention, 
mg/pen* 

1,422 1,337 1,414 1,372 16.2 0.358 <0.001 0.152 

Phosphorous 
excretion, 
mg/pen 

980 929 954 889 15.9 0.036 <0.001 0.614 

Phosphorous 
utilization, % of 
intake 

59.2 59.0 59.7 60.7 0.48 0.022 0.375 0.184 

* assuming 4 g P/kg body weight 

 

Analogue to the N-balance, the balance for phosphorous was calculated using analyzed levels in the diets and 

assuming 4 g P/kg body weight (Hiller et al., 2014). Due to the low P-content of wheat compared to the 

concentrations in the compound feeds, P-intake was lower with wheat blending (P < 0.05, Table 7). Apart from 

potentially having contributed to growth depression, wheat blending potentially undersupplies P needed for healthy 

bone development. Lower body weights with wheat blending resulted in lower P-deposition which did not compensate 

the lower P-intake, and consequently, also P-excretions were reduced. Interestingly, this effect was not visible in P-

concentrations in litter nor in total amounts of phosphorous in litter (multiplying concentrations with litter quantities; 

Table 5). All together P-utilization was not affected by wheat blending in contrast to N-reduction in feeds which 

increased P-utilization due to reduced P-excretions (P < 0.05). Although statistically significant, the magnitude of 

response on P-utilization was much smaller than for N-utilization. 
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