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Introduction 
 

An animal nutritional system can be defined as a flow of compounds with inputs and 
outputs. Outputs can be separated into a part which is strictly useful to animal, and a residual 
part which is considered as wastage. So, it is possible to express this system in terms of 
efficiency. Concerning the organic matter flow, the useful part of outputs is represented by 1- 
the respiratory CO2 and H2O losses resulting from the heat production for body temperature 
maintenance, and 2- the production of organic compounds as growth or reproductive 
components. The wastage part of organic matter outputs is represented by 1- the respiratory 
CO2 and H2O losses resulting from what is called "heat increment", 2- the faeces and urine 
organic components and 3- the bacterial digestion gases (CO2, CH4, H2).  

The rates of useful output from organic matter inputs have been extensively studied in 
animals, using the combustion gross energy as an expression of organic matter. Such yields 
are called rates of "net energy". In practice, the net energy rates are about 60% and 55% for 
pigs and poultry, respectively (Noblet et al., 1989; Carré, 2001). So, energy wastage rates for 
these species are about 40% and 45%, respectively. Under practical conditions, energy 
wastage coming from digestive dry matter losses represent about 17% and 25% of the gross 
energy inputs in pigs and poultry, respectively.  Digestive gas losses represent less than 1% of 
the energy inputs. 

The improved net energy rate in pigs compared with poultry mainly comes from the 
fact that pigs, in contrast with poultry, recover a noticeable part of their dietary energy 
through bacterial digestion in the colon. 

The colon of poultry is very short and does not show bacterial digestion. In poultry, 
the only digestive parts devoted to bacterial digestions are caeca. However, caeca of poultry 
are small, their functionality in growing animals is low, and only liquids and very small 
particles can enter them. Thus, the extent of bacterial digestion in chickens is low (no more 
than 5% of total digestions), while it represents up to 20% of total digestions in pigs (Noblet 
et al., 1989). 

Concerning nitrogen, rates of body deposition from feeding are usually about 50% in 
growing pigs and chickens. Nitrogen wastage due to digestion represents about 20% of 
nitrogen inputs. The remaining 30% wastage comes from urinary losses. 

Variabilities in energy and nitrogen efficiencies originating from diets, animals and 
environments could be very high in pigs and poultry, especially that coming from diets. 
However, practical diet formulations are done in order to expect low efficiency variations 
between various diets. Environment is also more and more precisely controlled in order to 
avoid efficiency variabilities. 

Thus, at present, the main sources of variation in energy and nitrogen efficiencies are 
those associated with animals. Variations coming from animals could even be higher if diet 
formulation and environment were more variable. In fact, diet and environment parameters 



are often set taking into account the interactions between the individual factor (or the genetic 
factor) and the diet or environment factors. Thus, a greater stability in animal responses not 
only would improve efficiency predictions, but also would give more opportunities for 
variations in diet formulations and environment conditions. 

Efficiency variations among animals may come from post-absorption metabolisms or 
from digestive functions. We will focus here on digestive functions. 
 
Individual or genetic variabilities in digestion efficiencies 

 
 Individual digestion efficiencies are usually measured in pigs and poultry using 
individual cages set for the individual measurements of feed inputs and digestive outputs. An 
experimental plant for such measurements may include about 20 individual cages for pigs. 
For poultry, this number can reach 300. Thus, poultry seem to be well adapted to genetic 
experiments on digestion efficiency, as those require large number of animals. It may be 
noticed that such methods do not require the animals to be killed, which facilitates genetic 
selection. 

However, until now, only two genetic selection experiments on digestion efficiency 
have been performed in poultry, with an experiment conducted in France on the efficiency of 
gross energy digestion (Mignon-Grasteau et al., 2004), and another one in US on the 
efficiency of phytic acid digestion (Zhang et al., 2005). The parameter that was used in the 
former experiment was the apparent metabolisable energy value corrected to 0 nitrogen 
retention (AMEn) (Mignon-Grasteau et al., 2004). This correction allows the metabolism 
factor (uric acid losses) to be removed from the sources of variation. Thus, the AMEn 
variations come only from digestion efficiency variations. 

It is probable that such experiments are very few because they are very heavy. Heritability 
of phytic acid digestion was observed to be very low (Zhang et al., 2005). In contrast, 
heritabilities were high (0.33-0.47) for energy, lipid, starch and protein digestion efficiencies 
in 3 w old chickens fed on a wheat diet (Mignon-Grasteau et al., 2004). These latter genetic 
effects were only observed during growth and disappeared from 8 w of age (Carré et al., 
2005). Gizzard functions were probably involved in this divergence, as relative weights of 
gizzard were observed to be bigger in D+ (good digesters) than in D- (bad digesters) birds 
(Péron et al., 2006; Rougière et al., 2007). Moreover, a stimulation of gizzard growth by 
coarse particles resulted in digestibility improvements in D- and no effect in D+ birds 
(Rougière et al., 2007). 

The D+ birds showed much lower excreta losses than D- ones. This was especially 
observed for nitrogen in birds fed on a wheat diet (Figure 1). In this experiment (Figure 1), 
protein digestion rate was not the main factor responsible for these responses, as the genetic 
divergence in protein digestion rate between lines is not so strong. With a wheat diet, genetic 
divergence is more pronounced on AMEn than on protein digestion (Mignon-Grasteau et al., 
2004). So, this nitrogen over-excretion of D- fed on a wheat diet (Figure 1) was explained by 
their high feed intake compensating the low AMEn value of their diet, which resulted in an 
over-consumption of proteins leading to a nitrogen over-excretion. 

Probably no experiment of genetic selection on digestion efficiency has been 
conducted in pigs. However, several studies showed in pigs that digestion efficiencies may 
depend on the genetic origin of animals (Varel et al. 1988; Février et al., 1988; Morales et al., 
2002ab, 2003; Yen et al., 2004; Hennig et al., 2004). Moreover, a highly significant effect of 
individuals on fibre digestibity was observed in pigs (Chwalibog et al., 1988) 
 
 
 



Genetic effects on digestion efficiencies as affected by interactions with feed composition 
 

Studies of D+ and D- chickens (Mignon-Grasteau et al., 2004) revealed pronounced feed x 
genetics interactions (Carré et al., 2005; Péron et al., 2006; Garcia et al., 2007; Rougière et 
al., 2007). For instance, differences between D+ and D- lines were more pronounced on wheat 
than on maize diet (Carré et al., 2005, 2007a). Interactions that involve D+ and D- birds 
probably come from the fact that D- birds reach the limits of the digestion physiology, while 
D+ birds are far from these limits. So, it can be expected that many factors can induce 
interactions with these lines. For instance, a soft wheat cultivar compared to a hard one 
resulted in an AMEn improvement in D+, not in D- birds (Péron et al., 2006), and antibiotics 
were shown to result in 14% AMEn improvement in D- birds against only 2.6% in D+ birds 
(Garcia et al., 2007). Coarse particles were shown to result in digestion improvements in D- 
birds, not in D+ ones (Rougière et al., 2007), which suggests that a fine grinding process 
reducing accessibility problems could improve digestibilities in D+ birds, while this could be 
negative in D- birds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Statistical analysis 
Genetics  *** 
Starch source  *** 
Protein level  *** 
Line x Starch source *** 

N losses / 
N Gain 
(Mean ± SE 
n= 16-40) 

Dietary protein content (%) 
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Figure 1. N losses relative to N gain in 3 w old chickens fed pelleted diets : effects of 
genetic origin of birds (D+, D- “Digestion” lines, or Ross), starch sources (wheat, maize or 
peas) and dietary protein levels (17, 19, 21 or 23%). 
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Generally speaking, it seems that AMEn values in D+ birds are very stable and rather 

close to the values predicted from diet composition. In contrast, AMEn values in D- birds may 
be affected by many unexpected factors and, thus, seem very volatile. 

As individual variations of wheat diet AMEn values in growing chicks are a major 
factor associated with individual feed efficiency variations, such diets would be efficient for 
selecting high digestibilities on the basis of a selection programme applied on feed efficiency 
(Carré et al., 2007b). 
  
References 
 
Carré, B. 2001. Evaluation de la valeur énergetique des aliments des oiseaux d'élevage. In : 
4èmes Journées de la Recherche Avicole; Nantes (F); 2001/03/27-29, 123-130. ITAVI, Paris. 
 
Carré, B.; Mignon-Grasteau, S.; Svihus, B.; Péron, A.; Bastianelli, D.; Gomez, J.; Besnard, J.; 
Sellier, N. 2005. Nutritional effects of feed form, and wheat compared to maize, in the D+ 
and D- chicken lines selected for divergent digestion capacity. In : 15th European Symposium 
on Poultry Nutrition; Balatonfüred (H); 2005/09/25-29, 42-44. WPSA, Budapest (H). 
 
Carré, B.; Mignon-Grasteau, S.; Péron, A.; Juin, H.; Bastianelli, D. 2007a. The wheat value: 
improvements by feed technology, plant breeding and animal genetics. World’s Poultry 
Science Journal, 63: 585-596. 
 
Carré, B.; Mignon-Grasteau, S.; Juin, H. 2007b. Breeding for feed efficiency and adaptation 
to feed. In : 16th European Symposium on Poultry Nutrition; Strasbourg (France); 
2007/08/27-29. In press. WPSA, Nouzilly (F). 
 
Chwalibog, A.; Henckel, S.; Thorbek, G. 1988. Digestibility of crude fibre. In-between 
animal variation and the influence of age. In: Digestive physiology in the pig. Proceedings of 
the 4th International Seminar held in Jablonna, Poland, Buraczewska, L.; Buraczewski, S.; 
Pastuszewska, B.; Zebrowska, T. eds, 155-162. 
 
Février, C.; Bourdon, D.; Aumaitre, A. 1988. Digestive capacity of the Chinese pig - effect of 
dietary fibre on digestibility and intestinal and pancreatic enzymes. In: Digestive physiology 
in the pig. Proceedings of the 4th International Seminar held in Jablonna, Poland,: 
Buraczewska, L., Buraczewski, S.; Pastuszewska, B.; Zebrowska, T. eds, 172-179. 
 
García, V.; Gomez, J.; Mignon-Grasteau, S.; Sellier, N.; Carré B. 2007. Effects of xylanase 
and antibiotic supplementations on the nutritional utilization of a wheat diet in growing chicks 
from genetic D+ and D- lines selected for divergent digestion efficiency. Animal 1: in press. 
 
Hennig, U.; Metges, C. C.; Berk, A.; Tuchscherer, A.; Kwella, M. 2004. Relative ileal amino 
acid flows and microbial counts in intestinal effluents of Goettingen Minipigs and Saddleback 
pigs are not different. Journal of Animal Science 82  : 1976-1985. 
 
Mignon-Grasteau, S.; Muley, N.; Bastianelli, D.; Gomez, J.; Péron, A.; Sellier, N.; Millet, N.; 
Besnard, J.; Hallouis, J.M.; Carré, B. 2004. Heritability of digestibilities and divergent 
selection for digestion ability in growing chicks fed a wheat diet. Poultry Science, 83:860-
867, 1249. 
 



Morales, J.; Perez, J. F.; Baucells, M. D.; Mourot, J.; Gasa, J. 2002a. Comparative 
digestibility and lipogenic activity in Landrace and Iberian finishing pigs fed ad libitum corn- 
and corn-sorghum-acorn-based diets. Livestock Production Science 77  : 195-205.  
 
Morales, J.; Perez, J. F.; Martin-Orue, S. M.; Fondevila, M.; Gasa, J. 2002b. Large bowel 
fermentation of maize or sorghum-acorn diets fed as a different source of carbohydrates to 
Landrace and Iberian pigs. British Journal of Nutrition 88  : 489-497. 
 
Morales, J.; Perez, J. F.; Anguita, M.; Martin-Orue, S.; Fondevila, M.; Gasa, J. 2003. 
Comparison of productive and digestive parameters in Iberian and landrace finishing pigs fed 
corn- or acorn-sorghum-based diets. Archivos de Zootecnia 52  : 35-45.  
 
Noblet, J.; Fortune, H.; Dubois, S.; Henry, Y. 1989. Nouvelles bases d'estimation des teneurs 
en énergie digestible, métabolisable et nette des aliments pour le porc. INRA, Paris. 
 
Péron, A.; Gomez, J.; Mignon-Grasteau, S.; Sellier, N.; Besnard, J.;Derouet, M.; Juin, H.; 
Carré, B. 2006. Effects of wheat quality on digestion differ between the D+ and D- chicken 
lines selected for divergent digestion capacity. Poultry Science, 85: 462-469. 
 
Rougière, N.; Gomez, J.; Carré, B. 2007. Effects of diet particle size on digestive parameters 
in D+ and D- chicken lines selected for divergent digestion efficiency. In : 16th European 
Symposium on Poultry Nutrition; Strasbourg (France); 2007/08/27-29, 75-78. WPSA, 
Nouzilly (F) 
 
Varel, V. H.; Jung, H. G.; Pond, W. G. 1988 .Effects of dietary fiber on young adult 
genetically lean, obese and contemporary pigs: rate of passage, digestibility and 
microbiological data. Journal of Animal Science 66  : 707-712. 
 
Yen, J. T.; Varel, V. H.; Nienaber, J. A. 2004. Metabolic and microbial responses in western 
crossbred and Meishan growing pigs fed a high-fiber diet.  Journal of Animal Science 82  : 
1740-1755.  
 
 Zhang, W.; Aggrey, S. E.; Pesti, G. M.; Bakalli, R. I.; Edwards, H. M., 2005. Genetic 
analysis on the direct response to divergent selection for phytate phosphorus bioavailability in 
a randombred chicken population. Poultry Science 84 : 370-375. 
 
 
 
 
 


