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Introduction 

Roughly two-thirds of consumed nitrogen (N) is excreted by poultry (Veldkamp et al., 2012), about 
50% is in the form of uric acid (Ritz et al., 2004). Approximately 50 to 80% of N (Ritz et al., 2004) can 

be converted to ammonia (NH3) by microbial enzymes in the manure (Veldkamp et al., 2012). Factors 

influencing NH3 volatilization include temperature, pH, moisture and N content of the litter or manure 
(Ritz et al., 2004). A reduction in dietary crude protein (CP) is an effective way to reduce N excretion 

in broilers provided that the amino acid (AA) requirements are met (Veldkamp et al., 2012). 

Furthermore, feed form (mash vs. pellets) influences the development of the gastrointestinal tract as 

well as feed intake (FI) (Mirghelenj and Golian, 2009) and water intake and therefore the N and moisture 
level of the excreta (Huang et al., 2011). A reduction in N excretion and NH3 emissions will benefit not 

only the environment, but also the farmer and animals by optimising the indoor climate. This study 

therefore investigated the extent to which feed form and CP content influences performance, meat and 

litter quality of broilers.  

Material and Methods 

A total of 2232 1-day-old Ross 308 male chicks were randomly assigned to 36 pens (62 birds/pen; 6 

pens/treatment). Each pen was equipped with 14 kg of wood shavings and no additional filling or 

cleaning of the floor was carried out during the trial. All birds received a starter diet with a CP content 

of 22.0% - fed in mash or pellet form. During the grower and finisher phases, dietary treatments with a 
standard and a reduced (approximately 10 and 20% reduction) CP content was compared - fed also in 

mash and pellet form, which resulted in a 3×2 (CP level x feed form) experimental design with 6 

treatments, each with 6 replications. Diets were supplemented with individual AA to maintain digestible 
AA:Lysine ratios. On day 0, 10, 28 and 39, the birds were weighed and feed consumption was recorded 

per pen to calculate average FI, BW gain (BWG) and feed conversion ratio (FCR) (after correcting for 

mortalities) for each phase. At the end of the experimental period, 8 birds per treatment were randomly 

selected to determine carcass and breast meat yields. Breast meat samples were analysed for 
temperature, pH, colour, drip loss, thawing loss, cooking loss and shear force. On day 14, 28 and 38 

litter quality and temperature were determined and litter was analysed for pH, CP, NH4-N and moisture 

content, while foot- and hock lesions were evaluated from 16 birds per pen. 

Results and Discussion 

As expected, feed form had a significant effect (p<0.01) on FI, BWG and FCR during the starter phase 
with birds receiving pellets performing better than birds receiving mash. During the grower and finisher 

phase, pelleted diets led to an increase in FI (p<0.01). During the finisher phase, the 20% reduced CP 

treatments had a lower FI than the 10% reduced CP treatments (p<0.01). Also, birds receiving pellets 

with 20% reduced CP had a lower BWG (p<0.01) than those receiving the control and 10% reduced CP 
diets. In accordance with Attia et al., 2014, carcass yield was higher (p<0.01) for birds receiving pellets 

than for birds receiving mash. CP content (p<0.05) as well as feed form (p<0.05) had an effect on 

thawing loss, with mash treatments resulting in a higher thawing loss than pellet treatments and thawing 
loss increasing with a decreasing CP content. Litter quality appeared to be better when birds were fed 

mash diets. In addition, a lower incidence of foot- and hock lesions was observed with mash diets but 

also when the CP content was reduced in both mash and pelleted diets. Litter CP and ammonia N content 



increased towards the end of the trial, was higher for the pellet treatments in comparison with the mash 

treatments and appeared to be lower with a decreasing CP content. A decreasing litter N content with 
decreasing feed CP content was also reported by Belloir et al., 2017. The present findings show that 

mash diets lead to a better litter quality and a lower occurrence of foot- and hock lesions, while pellets 

result in better performance. Considering broiler performance, reducing CP content to 18.8% in the 

grower phase and 18.0% in the finisher phase seems achievable.   

Table 1 Performance of broilers fed with diets differing in CP content and feed form during the grower 

and finisher phase 

Treatment 

Grower (d10-28) Finisher (d28-39) 

FI 
(g/bird/day) 

BWG 
(g/bird/day) 

FCR FI 
(g/bird/day) 

BWG 
(g/bird/day) 

FCR 

Control 

Mash 

84.15±3.3b 53.34±2.8d 1.58±0.11c 163.29±3.3b, 

AB 

88.38±3.2c 1.85±0.07b 

Control 
Pellets 

90.99±1.7a 64.69±0.9a 1.41±0.02a 176.93±4.2a, 

AB 
110.26±2.6a 1.60±0.02a 

Min 10% CP 

Mash 

83.71±2.7b 54.54±1.7cd 1.54±0.04bc 166.08±5.1b, 

A 

93.28±3.4c 1.78±0.07b 

Min 10% CP 
Pellets 

91.45±1.5a 63.54±1.6ab 1.44±0.04a 180.14±3.1a, 

A 
112.52±4.2a 1.60±0.04a 

Min 20% CP 

Mash 

82.78±2.5b 57.53±1.9c 1.44±0.01a 164.17±4b, B 91.73±2.8c 1.79±0.03b 

Min 20 % CP 
Pellets 

88.68±1.3a 61.50±2.2b 1.44±0.05ab 171.02±3.4a, 

B 
104.73±3.2b 1.63±0.06a 

P-value CP 

content 

ns ns ns <0.01 ns ns 

P-value Feed 
form 

<0.01 ns ns <0.01 ns <0.01 

P-value CP 

content×Feed 

form 

ns <0.01 <0.01 ns <0.01 ns 

ns = not significant 
a,bValues within a column with different superscripts differ significantly at P<0.05. 
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