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ABSTRACT: Digestive efficiency (DE) has a large impact 
on excretion traits and on environmental impact of poultry 
production. A F2 cross between 2 lines of chickens 
divergently selected on DE has been used to detect QTL. A 
total of 865 birds were measured for the quantity of fresh 
and dry excreta as raw values (FEW, DEW) or as relative to 
consumption values (FEWC, DEWC), for water content 
(WC), pH (PHE) and nitrogen to phosphorus content ratio 
(NP) of excreta, and for pH of gizzard and jejunum contents 
(PHG, PHJ). Eleven QTL were found for: DEW (GGA19, 
GGA26), FEWC (GGA8), DEWC (GGA16), NP (GGA11, 
GGA26), WC (GGA28), PHG (GGA2, GGA16, GGA27), 
PHJ (GGA19). On chromosomes 16 and 27, QTL co-
localized with QTL for DE. On chromosomes 8, 16 and 26, 
QTLs for excretion traits co-localized with QTLs for 
relative intestine length. 
Keywords: poultry;  QTL;  excretion;  feed efficiency;  
digestibility; environment 
 

Introduction 
 

Digestive efficiency is a component of feed 
efficiency which has a great impact both on performance 
and on excretion and then on environmental impact of 
poultry production, especially when birds are fed with diets 
including suboptimal feedstuffs. Mignon-Grasteau et al. 
(2004) selected two divergent lines for a high (D+) or low 
(D-) digestive efficiency (DE) using a wheat variety 
difficult to digest. After 8 generations, the difference 
between D+ and D- birds for DE was 30 to 40% depending 
on experiments (Carré et al., 2008, de Verdal et al., 2011a). 
De Verdal et al. (2013) showed that excretion was 56 to 
61% higher in D- than in D+ lines. Nitrogen and 
phosphorus excretion rates were also 13 to 30% higher in 
D- birds. Taking into account European regulation on 
manure spreading, it implies that rearing D+ birds requires 
only 50% of the surface needed for D- birds to spread 
manure.  

In order to understand the genetic architecture of 
DE and to provide markers that could be used in selection 
schemes, a QTL detection has been undertaken in a F2 
cross between these D+ and D- lines, which revealed the 
existence of 9 QTL for DE (Tran et al., 2014). During this 
program, a large panel of phenotypes has been recorded, 
including a set of traits related to the quantity and to the 
composition and physical characteristics of excreta known 
to influence the transformation of excreta into manure. 
Water content and pH of excreta are for example important 

for the development of bacteria implied in the production of 
ammonia affecting the final N content of manure (Lefcourt 
and Meisinger, 2001). The ratio of nitrogen to phosphorus 
has also to be considered as it determines the surface 
required for manure spreading according to regulations. The 
goal of the present study was to detect QTL for traits 
related to excretion in this F2 population. 

 
Materials and Methods 

 
Animals. A total of 865 male and female birds 

were used in this study, coming from a F2 cross between 
D+ and D- lines divergently selected for DE at 3 weeks. 
There were hatched between January and June 2009 from 6 
F1 sires and 60 F1 dams. Birds were reared on floor until 
10 d and transferred to individual cages from 10 to 23 d. 
They were fed ad libitum with a diet containing 52.5% of 
Rialto Wheat, 21.1% CP and 3,110 kcal.kg-1 DM.  

 
Data. A total collection of excreta was performed 

between 17 and 20 d to measure DE. Excreta were weighed 
individually (FEW) and their pH measured (PHE). Excreta 
were freeze-dried and weighed again (DEW). Individual 
feed intake was also measured during the same time span 
and the fresh and dry excreta weights relative to feed intake 
calculated (FEWC, DEWC). The water excreta content 
(WC) was measured as the difference between FEW and 
DEW divided by FEW. The nitrogen content of excreta was 
measured for all birds using near-infrared 
spectrophotometry (NIRS; Foss NIRSystems, Inc., Silver 
Spring, MD), using the method of Bastianelli et al. (2010). 
Phosphorus content of excreta was measured by 
colorimetric analysis. The ratio of nitrogen to phosphorus 
content of excreta was calculated (NP). At 23 d, a sample of 
blood was taken on each bird for genotyping. Birds were 
slaughtered and the content of their gizzard and jejunum 
removed and homogenized before pH measurement (PHG, 
PHJ). 

All F0, F1 and F2 animals were genotyped on 
6,000 SNP by mean of the dedicated Illumina Infinium 
custom array. These 6,000 SNP markers were distributed on 
28 autosomes, on 1 unassigned linkage group and on the Z 
chromosome. Markers deviating from the Hardy-Weinberg 
equilibrium within families or presenting inconsistent 
genotyping relative to pedigree or genetic map information 
were discarded from the analysis. Finally, 3,379 markers 
were used. The genetic map was deduced from the physical 
position of the SNP markers and from the genetic 



consensus reference map published by Groenen et al. 
(2009). This set of markers covers 3,099.1 cM. 

 
Statistical analyses. An analysis of variance was 

performed with the PROC GLM of SAS to correct data for 
effect of hatch (N=5), sex, rearing cell (N=3), cage row 
(N=3) and data were corrected for significant effects before 
QTL detection. QTL detection was carried out with the 
QTLMap software (Filangi et al., 2010) using a half-sib 
model (Le Roy et al., 1998, Elsen et al., 1999) with interval 
mapping based on maximum likelihood estimations (Lander 
and Botstein, 1989). For each trait on each chromosome, 
the significance threshold at the chromosome-wide level 
was calculated from the results of 5,000 simulations of 
performance under the null hypothesis, with a trait 
heritability estimated on our design (Table 1). The genome-
wide p-value was derived from the chromosome-wide p-
value using an approximate Bonferroni correction (Tilquin 
et al., 2005). Confidence intervals for QTLs (95%) were 
estimated using the LOD drop-off method as proposed by 
Lander and Botstein (1989). The significance of the QTL 
effects within each sire family was tested using a Student 
test, by assuming an equal distribution of the QTL alleles in 
the progeny. A QTL effect was retained as significant for 
Student test p-values <0.05, and the corresponding sire 
families were assumed to segregate for this QTL. These 
familial substitution effects were estimated in families 
found to significantly segregate for the QTL. 

 
Table 1. Elementary statistics on corrected data1 and 
heritability on excretion-related traits. 

Trait2 N Mean Standard 
Deviation Heritability 

FEW (g) 854 121.4 49.96 0.18+0.06 
DEW (g) 856 45.40 12.57 0.40+0.09 

FEWC (%) 849 77.85 26.58 0.13+0.04 
DEWC (%) 846 32.38 5.07 0.28+0.04 

WC (%) 851 60.27 8.88 0.26+0.06 
NP (g:g) 865 4.36 0.40 0.29+0.07 

PHE 775 7.21 0.54 0.46+0.09 
PHG 667 4.44 0.56 0.27+0.06 
PHJ 798 6.27 0.18 0.12+0.04 

1Data corrected for cell, hatch, sex, and cage row effects 
2FEW: fresh excreta weight, DEW: dry excreta weight, FEWC: FEW 
divided by feed intake; DEWC: DEW divided by feed intake; WC: water 
content of excreta; NP: ratio of nitrogen to phosphorus in excreta; PHE, 
PHG, PHJ: pH of excreta, gizzard content and jejunum content 

 
Results and Discussion 

 
Excretion data and heritability. Table 1 shows 

the elementary statistics on corrected data and heritability 
estimates for excretion traits. Quantities excreted relatively 
to feed intake, NP and WC were close to or slightly lower 
to values previously found on the same lines (de Verdal et 
al., 2011b). Comparison is more difficult for FEW and 
DEW, as they were measured at different ages. Values of 
pH of gizzard and intestinal contents were in the expected 
range and comparable to a previous study in the D+/D- 
lines, i.e. 2.5 to 4.0 for gizzard and 5.8 to 7.0 for the 
jejunum, the latter being in the middle of pH in the 

duodenum and in the ileum (de Verdal et al., 2011b). 
Heritability estimates were moderate to high, except for 
FEW, FEWC and for PHJ, which were more difficult to 
measure. Heritability estimates were close to those of de 
Verdal et al. (2011a, b) for DEWC (0.28 vs. 0.30) and for 
FEWC (0.18 vs. 0.17), but higher for WC (0.26 vs. 0.13) 
and NP (0.29 vs. 0.18). 

 
QTL. A total of 11 QTLs were detected which 

were significant at the chromosome-wide level (p<0.05). 
None of them reached a 5% significance level at the 
genome-wide level. This is probably partly due to the fact 
that the QTLs were not fixed in the population and were 
significant in only 2 to 5 of the 6 F1 sire families. All of 
them have moderate effects. However, as these traits show 
quite a large phenotypic variability, even moderate QTL 
effects can have non negligible consequences. For example, 
the QTL on WC has an effect of 0.171 standard deviation. 
It represents a difference in feces humidity of 1.5%, i.e. 
29% of the total difference between D+ and D- (de Verdal 
et al., 2011b). Similarly, the cumulated effect of the 3 QTLs 
on pH in the gizzard is 0.35 point of pH, i.e. 73% of the 
difference between the two lines (de Verdal et al., 2011b). 

We found several co-localizations between QTLs 
of excretion traits and of digestive efficiency or anatomy of 
the digestive tract detected in the same population (Tran et 
al., 2014). On GGA16, QTLs were found both for PHG and 
DEWC and for AMEn, coefficients of the digestive use of 
dry matter, starch, and proteins and for the relative length of 
intestine. These QTLs are also close to the QTL detected on 
feed conversion ratio by Ewald et al. (2007). These co-
localizations will however have to be confirmed, due to the 
low number of markers on this chromosome.  We also 
found co-localization between QTLs for FEWC and relative 
length of intestine on GGA8, for NP and relative length of 
intestine and digestibility of starch on GGA26 and for PHG 
and digestibility of dry matter on GGA27. These co-
localizations between excretion traits and anatomy of the 
digestive tract were expected, as anatomy of the digestive 
tract appears as one of the main factors explaining the 
differences of digestive efficiency between the D+ and D- 
lines (Rougière et al., 2009, de Verdal et al., 2010). 

As for digestive efficiency, our QTLs were not 
detected at the same places as QTLs detected for feed 
efficiency (Tran et al., 2014). This may be due to the fact 
that we used a medium growth rate genotype (market 
weight of 2 kg is reached at 7 weeks). Moreover at the 
opposite of the other published studies, our diet was not 
based on a corn-soybean base (easy to digest), but included 
a poor quality wheat variety to stimulate digestive 
capacities of birds. It is thus not surprising that the genetic 
basis of digestion may differ between these 2 diets. 

Finally, the QTL for DEW and NP on GGA26 co-
localized with a QTL on body weight at 23 d (Tran et al., 
2014). Former studies also detected QTLs for growth at this 
location (Park et al., 2006, Ankra-Badu et al., 2010). On 
chromosomes 11 and 27, QTLs detected in this study on NP 
and PHG also co-localized with QTLs of growth (Kerje et 
al., 2003, Carlborg et al., 2003), fatness (Ankra-Badu et al., 
2010) and glycemia in fasted birds (Nadaf et al., 2009). The 
genetic correlation between NP, PHG or DEW and body 



weight at 3 weeks is moderate (between 0.24 and 0.60, data 
not shown). However, NP, DEW and PHG are more highly 
correlated to feed intake (0.71 to 0.95, data not shown), the 
latter being also strongly correlated to growth, fatness and 
glycemia. Feed consumption could thus be the link between 
these QTLs for excretion and growth. 

 
Conclusion 

 
Results suggest that there was significant genetic 

basis for excretion traits in broilers that can be linked both 
to digestive efficiency, anatomy of the digestive tract and 
growth. Further research is now required to seek for 
candidate genes in these regions. 
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Table 2. QTLs detected for excretion-related traits 

Trait1 Chr. Position 
(cM) 

Confidence 
interval (cM) 

Effect (in phenotypic standard 
deviation of the trait)3 

N of families in which 
QTL is significant 

Chromosome wide 
significance level 

PHG 2 0.480 0.474-0.602 0.241 4 0.025 
FEWC 8 0.040 0.000-0.053 0.178 5 0.027 

NP 11 0.550 0.510-0.600 0.177 4 0.047 
PHG 16 0.000 -2 0.186 4 0.047 

DEWC 16 0.000 -2 0.170 4 0.050 
PHJ 19 0.000 0.000-0.055 0.254 2 0.048 

DEW 19 0.090 0.000-0.185 0.161 3 0.050 
DEW 26 0.250 0.207-0.275 0.248 2 0.042 

NP 26 0.340 0.281-0.370 0.184 5 0.010 
PHG 27 0.197 0.000-0.321 0.214 3 0.045 
WC 28 0.080 0.000-0.141 0.171 5 0.030 

1FEW: fresh excreta weight, DEW: dry excreta weight, FEWC: FEW divided by feed intake; DEWC: DEW divided by feed intake; WC: water content of 
excreta; NP: ratio of nitrogen to phosphorus in excreta; PHG, PHJ: pH of gizzard and jejunum contents 
2Confidence interval non estimable due to the low number of markers on this chromosome 
3 Effect estimated in families in which the QTL was significant, expressed in phenotypic standard deviation of the trait 
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