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Wheat is often 
a major ingredient 

of broiler diets 
in Europe
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Differences between mean measured and calculated 
AMEn values of 30 diets in 4w broilers 

After Carré et al., 2002. ENC, Guelph. 139-149.



Unexpected low energy values
can be observed 

with wheat introduced 
in broiler diets
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Wheat in broiler diets
induce a great variation 
in AMEn value of diets, 

coming both from 

wheat cultivar 
and 

individual birds (900 Kcal/kg)
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Relationship between  viscosity  of wheat water-extract 
[potential applied  viscosity  (PAV)]

and water-soluble arabinoxylan content of wheat
among 22 wheat cultivars 
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R2 = 0.92

Carré et al., 2002
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Digestibility variations due to intestinal  viscosity ,
in broilers fed with maize diets

added with graded levels of guar gum (0, 0.1 and 0.3 %)

Range of intestinal   viscosity values
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Effect of wheat RAV:
P = 0.008
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Maize + guar gum
(0, 0.1 or 0.3 %)

Wheat

After Maisonnier et al. 2001
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3 % variation
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due to viscosity

Starch digestibility variations due to intestinal  viscosity , in broilers
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Photomicrograph of a wheat particle in chicken ileum content : 
undigested starch granules (SG), endosperm cell walls (ECW),

aleurone+bran layer (ABL).
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Péron et al., 2007



R2 = 0.072 
RSD = 172
P       = 0.0001
n       = 858 

broilers

AMEn = 3708 – 34.5 WICW – 1.12 H – 33.4 RAV

Regression using 9 assays (Carré et al. (2002, 2005, 2010), 
combining 77 different wheat samples and 893  3w broilers
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RAV: Real Applied Viscosity (ml /g DM)

*Values 
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8% variation
in wheat AMEn

Carré et al., 2010. 
13th EPC, Tours



Wheat variations
from cultivars and environments
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The energy value of wheat for broilers
can be improved using cultivars with 

low hardness,
low viscosity

low insoluble fibre



d0 d7 d13 d20 d23
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Mignon-Grasteau et al., 2004
Poultry Sci. 83: 860.
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Heritabilities and genetic correlations
in   Digestion lines   (G0 + G1) (n=864)

Dig. of
Lipids

Dig. of
Starch

Feed
conv.

d13-d20

DL 0.54 0.70 - 0.89 0.91

DS 0.74 - 0.51 0.83

DP - 0.55 0.86

FC -0.82
AMEn

Dig. of
Prot.

AMEn
d21

0.47±0.04

0.33±0.03

0.37±0.03

0.37±0.03

±0.030.30

Diet : 55% wheat from the Rialto cultivar
Mignon-Grasteau

et al., 2004
Poultry Sci. 

83: 860.



A genetic divergent selection on AMEn
measured at 3 weeks using a Rialto wheat diet*

(Mean and SE, n= 210)

*Mignon-Grasteau
et al., 2004.

Poultry Sci.,
83: 860.

Selection :12     ,  36       per line
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Origine : commercial pure sire broiler line

6420 531 7 8
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Distribution of AMEn values (Kcal/kg DM) 
of a Rialto wheat diet measured at 3w in chickens
from Digestion lines (G7) and Ross (PM3) strain
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Residual feed intake (equation from G0) : 
Feed int.(g DM/day) - 0.768 Wgt gain (g/day) – 28.5

AMEn (Kcal/kg DM)

Digestion lines (G0 – G8) from 20d to 23d
(n=3780)

2010

Rialto 
wheat
diet
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4th generation.
Rialto wheat diets.

Means and SE.
n= 8 floor pens.
10 birds / pen.

Carré et al., 
2005. 

15th ESPN:
42-44.

Week of age12th10th8th6th2nd 4th

Residual feed intake from the multiple regression line giving
feed intake as a function of metabolic weight and growth.
Data are expressed as per cent of the mean feed intake
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Residual feed intake from the multiple regression line giving
feed intake as a function of metabolic weight and growth.
Data are expressed as per cent of the mean feed intake

D+
D-



Digestion lines
(4th generation)

Corn diet
Wheat diet 1
Wheat diet 2

Wheat diet 3
3000

3200

3400

3600

D+ D-

Kcal/kg DM

Carré et al., 2007. 
W. Poultry Sci. J. 63: 585

Effects

Line              ***

Cereal *

Line x cereal *

AMEn (3 weeks) (Means and SE)



Individual AMEn at 3 weeks

Relationships between FCR (3rd week of life) and AMEn.
D+ and D- chickens are from 4, 6, 7 and 8th generation.

Data are corrected for assay effect.

Rialto wheat diets Corn diets
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FCR
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R2 = 0.18
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R2 = 0.43
n = 1484



Wheat

Corn

Wheat

Corn

Wheat

Corn

Wheat
Corn

AMEn
Dig. of 
starch

Dig. of 
lipids

Dig. of 
proteins

Wheat Corn Wheat Corn Wheat Corn Wheat Corn

0.32 0.73 0.84 0.35 0.82 0.92 0.80 0.66

0.15 0.84 0.77 0.31 0.61 0.81 0.58

0.28 0.63 0.57 0.59 0.66 0.54
0.26 0.04 0.20 0.47 0.48

0.25 0.84 0.65 0.76

0.04 0.86 0.75

0.29 0.88

0.09

Heritabilities and genetic correlations
in   Digestion lines   (G0 – G8)

AMEn

DS

DL

DP

Mignon-Grasteau et al.,  2010. 
9th W.Congr. Gen. Livestock Prod.; 
Leipzig. CD : 4 pages.
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Carré et al., 2005. 15th ESPN: 42-44.

AMEn values and relative daily feed intakes at 3 w 
in   Digestion lines (G3) fed a wheat (Rialto cultivar) diet

given as mash or pellet
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Carré et al., 2008. 
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Mean retention times (min) of fine particles
in gizzard + proventriculus of 4 w old chickens

from D+ and D- lines (G8).

Rougière and Carré, 2010.
Animal, 4: 1861.
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Measured AMEn / 
calculated AMEn

Protein 
digestibility (%)

Mean retention time (min) of  fine particles in gizzard-proventriculus system
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Effects of D+ and D− lines on 
gizzard activities observed for 500 s

over various periods during a continuous 24-h recording 
(6 birds per line) (df = 1984).

Rest
periods

Stimu-
lation

periods
Rest

periods

Stimu-
lation

periods

Rougière et al., 2012.  Poultry Sci., 91 :460.
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Digestive efficiency of broilers can be improved
by a genetic selection on FCR 

during growth (2-5 weeks) 
with birds being fed on a wheat diet

Recent QTL analyses at INRA revealed 
at least 4 candidate genes

associated with 
broiler digestive efficiency variations

A great part of differences in digestive efficiency
between D+ and D- lines were due to differences in 

functions of upper digestive tract
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