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Abstract— Growth, carcass composition and certain meat quality traits were studied in fast (F), me-
dium (M) and slow (S) growing broilers fed with 3 regimes appropriate for each chicken type and dif-
fering on average by 418 kJ-kg”' AMEn and 1% crude protein (P1 > P2 > P3). No significant
interactions between chicken types and feed were measured before 3 weeks and after 6 weeks of age,
indicating that the 3 genotypes had similar responses to the 3 diets during these periods. Before
3 weeks of age, body weight was 5% higher for P1 compared to P2 and P2 compared to P3 fed chick-
ens for a comparable feed intake. After 6 weeks of age, a 10% reduction in feed intake occurred in P3
compared to P1 and P1 compared to P2 fed chickens for similar body weight gains. The differing re-
sponses after 6 weeks of age might be linked to high heat stress that occurred at 7 weeks of age. Be-
tween 3 and 6 weeks of age, interactions between chicken type and dietary concentration on feed
intake, body weight gain characterised an “after 6 weeks of age” response for F-chickens whereas M-
and S-chickens had a “before 3 weeks of age” response. These interactions might be explained by a
higher sensitivity of fast-growing chickens to environmental conditions. For chickens slaughtered at
market age (F =6, M =8 and S = 12 weeks of age), higher breast meat yield (Pectoralis major + mi-
nor) and lower abdominal fat content were observed in the F-chickens (17.2% and 2.64%, respec-
tively) compared to the M- (15.7% and 2.86%, respectively) and S-chickens (14.4% and 3.44%, re-
spectively; P < 0.05). Breast meat was more coloured in the S-chickens with lower L* and higher b*
and a* 72 hours after slaughter than in the M- and F-chickens (P < 0.05). Dietary concentration had
no significant effect on carcass composition, ultimate pH or drip loss of breast meat. Our results sug-
gest that changes in dietary concentration alter growth performance but have little effect on carcass
composition and meat quality traits.
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Résumé — Effet de la concentration de I’aliment sur la croissance, la composition de la carcasse
et la qualité de la viande de poulets de chair a croissance rapide, moyenne ou lente. La crois-
sance, la composition de la carcasse et quelques parametres de qualité de la viande ont été étudiés
chez des poulets a croissance rapide (F), moyenne (M) et lente (S) alimentés par 3 régimes de concen-
tration énergétique et protéique croissante (+418 kJ-kg™' EMAn et+ 1 % de protéine brute, P1>P2 >
P3). Aucune interaction significative entre le génotype et I’aliment n’a été mesurée avant 3 semaines
et aprés 6 semaines d’age indiquant que les 3 types de poulets ont des réponses semblables aux 3 régi-
mes. Avant 3 semaines d’age, le poids vif est augmenté de 5 % avec P1 comparé a P2 et avec P2 com-
paré a P3 pour une consommation semblable des 3 aliments. Apres 6 semaines d’age, une réduction
de 10 % de la consommation est observée entre les aliments P1 par rapport a P2 et P2 par rapport a P3
pour un gain de poids semblable avec les 3 aliments. Ces différentes réponses peuvent étre liées aux
fortes chaleurs survenues a 7 semaines d’age et a la sensibilité des poulets a ce paramétre. Entre 3 et
6 semaines, les poulets F ont été plus sensibles aux conditions environnementales que les poulets M et
S ; ce qui peut expliquer I’interaction significative entre le type de poulet et I’aliment pour les parame-
tres zootechniques. Cette interaction est due a une réponse a la concentration énergétique de I’aliment
des poulets F du méme type que celle observée apres 6 semaines d’age alors que les poulets M et S ont
une réponse similaire a la période précédant 3 semaines d’age. Pour des poulets abattus a I’age com-
mercial (F=6, M =8 et S =12 semaines d’age), un rendement en muscles pectoraux (Pectoralis ma-
Jjor + minor) plus élevé et une teneur en gras abdominal plus faible des poulets F (17,2 %, 2,64 %
respectivement) par rapport aux M (15,7 %, 2,86 % respectivement) et S (14,4 %, 3,44 % respective-
ment) sont observés (P <0,05). Une couleur plus intense des viandes S par rapport aux viandes M et F
se caractérise par un L* plus faible et des indices b* et a* plus élevés 72 heures aprés I’abattage
(P < 0,05). La densité du régime n’a pas d’effets sur la composition de la carcasse tout comme sur le
pH ultime et la perte en eau de la viande de poulet. Nos résultats suggerent que malgré les effets de la
concentration du régime sur la croissance des différents poulets de chair étudiés, la composition de la
carcasse et la qualité de la viande sont peu affectés.

poulet de chair / croissance / concentration de I’aliment / qualité de viande

1. INTRODUCTION from slower growing “label” broilers raised
to market weight at over 80 days. Little
information is available regarding the
nutritional requirements of medium and
slow-growing broilers and some experi-
ments have suggested that the crude protein
requirement of slow-growing broilers is
lower than that of fast-growing broilers
[18]. Other reports have suggested that the
lysine requirement expressed as a percent-
age of feed is the same whatever the growth
rate [8, 9]. However, these experiments did
not test the recent types of broiler, and the
adjustment of the nutritional requirement to
broiler genotypes remain rather empirical
in practices today.

Broilers reached 2 kg in 64 days in 1976
whereas today only 38 days are required to
reach this body weight. Breast meat yield
has also been increased whereas feed con-
version ratio (FCR = feed per gain) has
been improved regularly [19]. This rapid
progress has resulted from extensive ge-
netic selection combined with a better un-
derstanding of the broiler’s nutritional and
environmental requirements [21]. However
at the same time, the broiler’s sensitivity to
heat stress, metabolic failure (sudden death
or ascites) and leg problems have increased
the mortality rate during the finishing pe-
riod and the downgrading at the slaughter-

house [12].

New modes of production have been set
up in France, to meet the consumer’s de-
mand for a better tasting meat obtained

France produces three major types of
meat chickens. A fast growing broiler cor-
responding to an international standard for
breast meat production during the shortest
period possible; a slow growing label-type
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chicken which takes twice as long as the
fast growing broiler to reach market
weight; and a hybrid between the two ex-
hibiting an intermediate growth rate. The
two last types have progressively increased
their market share, reaching 15% for the la-
bel and 20% for the intermediate hybrid in
2001 (Bouvarel, personal communication).
There is a relative lack of data concerning
the nutritional requirements of medium and
slow-growing chickens. As a first step, it
seems necessary to compare the chicken’s
responses to the range of dietary concentra-
tion available in practice. In the present ex-
periment, the growth and some meat
quality traits of the three major commercial
broiler types were therefore compared, un-
der the same conditions, while they re-
ceived the three average dietary regimes
appropriate to their respective rearing
methods.

2. MATERIALS AND METHODS

2.1. Experimental design and housing

One day-old commercial male broiler
chicks were obtained from the Hub-
bard-ISA hatchery. The three broiler types
were comprised of 1128 fast-growing stan-
dard (F), 720 slow-growing label (S) and
720 medium-growing chickens (M), the
latter being the crossbreed of F and S birds.
S chicks were vaccinated against Marek
disease just after hatching. They were
weighed in groups of 100 individuals and
randomly distributed in 18 floor pens
(200 chicks F and 130 M and S per floor
pen) to facilitate coccidiosis vaccination
(Paracox8, Schering-plough©) at 5 days of
age in an environmentally-controlled poul-
try shed. At 6 days of age the broilers were
randomly redistributed in 72 floor pens of
3 m2. The real bird densities at the start were
47 F per pen (15.7 chicken per m?) and
30 M or 30 S per pen (10 chickens per m?).
F and M-chickens were reared until 8 weeks
and S-chickens until 12 weeks of age.

Temperature was regulated by two lines
of gas heaters (1 for 2 pens): 0—7 days at
32 °C, 8-14 days at 30 °C, 15-21 days at
28 °C and then progressively reduced to
reach 20 °C at 28 days of age.

Lighting was on for 24 h a day for the
first 3 days and then reduced to 14 h until
13 days of age in order to reduce F growth
and limit leg problems and mortality after
6 weeks. An increase of 2 h light a week
was then applied to reach 24 h per day at
41 days of age. Light intensity was 50 lux
for the first 3 days, 20 lux until 15 days of
age and then reduced to reach 2 lux after
21 days of age.

The three broiler types fed with the
three feeding programmes were randomly
distributed in 8 blocks in the poultry shed,
each comprising the 9 treatments (9 treat-
ments X 8 replicates = 72 floor pens of 30 or
47 chickens).

2.2. Diets

High (P1), medium (P2) and low (P3) di-
etary concentration feeding programmes
were defined and formulated from an aver-
age of seven main French feed manufactur-
ers practiced for the three types of broilers
(Tab. I). P1 and P2 feeding programmes
were composed of four diets. The first diet
was only distributed during the first week,
the second between 1 and 3 weeks of age
and the third between 3 and 6 weeks of age.
The last diet was distributed from 6 weeks
until the end of the experiment (12 weeks).
P3 was composed of 3 diets according to
commercial label production. The first diet
was distributed before 3 weeks of age, the
second from 3 to 8 weeks of age and the last
diet until the end of the experiment.

Feeds were prepared by the INRA Poul-
try Research Station (Nouzilly, France) a
week before their use. The starter feeds
(first week of age) were presented as mash
and the other feeds were steam pelleted
(diameter 2.5 mm).
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2.3. Measures

2.3.1. Growth, feed intake and carcass
composition

All chickens were individually weighed
and food intake was measured per pen
weekly.

The F-chickens were slaughtered at
6 weeks, the M at 8 weeks and the S at
12 weeks according to the commercial
slaughter age. Twenty-four chickens per
treatment for each slaughter (4 per pen)
were sampled to match the average
bodyweight and standard deviation of each
treatment. The broilers were fasted for
8 hours before slaughter. Selected chickens
were transported to the slaughterhouse two
hours before slaughter. After scalding, au-
tomatic plucking and manual gut removal,
the carcasses were chilled in a cold room
for24hat?2 °C. Therightand left Pectoralis
major and minor, thigh + drumstick and ab-
dominal fat were dissected and weighed ac-
cording to the anatomical technique [17].
Carcass composition data were expressed
in % of body weight previous to slaughter.

2.3.2. Meat quality

The ultimate pH was measured by in-
serting the pH electrode into the muscle
24 h after slaughter. Meat colour was mea-
sured 72 h after slaughter with a Hunterlab
chromameter (Reston, VA20190) on the
ventral side of the Pectoralis major by the
CIE method (coordinate: L*, a*, b*) [5]. At
24 h post-mortem, the left Pectoralis major
muscles were put in closed plastic bags and
suspended by hooks. Drip loss was mea-
sured by the difference between the Pecto-
ralis major weight at 24 h and 72 h after
slaughter and expressed as the percentage
of the 24 h weight.

2.4. Statistical analysis

Mortality rates were recorded per pen
(number of dead). Chicken type and dietary

concentration effect was tested with the
Kruskal-Wallis non-parametric test. Aver-
age performances (weight, feed intake,
gain, feed conversion ratio and AEG), com-
position and meat quality data per pen were
analysed with a two way analysis of vari-
ance (chicken type x feed). The differences
between the treatment means were tested for
significance using the Student-Newmann-
Keuls multiple comparison test (P < 0.05).

3. RESULTS

3.1. Environmental effects
on mortality and growth

The total mortality of the F-chickens
(9.1%) was significantly higher than the M-
and S-chickens (2.9 and 3.3% respectively;
P <0.001) (Tab. II). Dietary treatments had
no effect on mortality. A limited outbreak
of necrotic enteritis in week 6 led to a drug
treatment of all chickens for 5 days
(Vetrimoxin; 1 g per 10 kg live weight).
Several heat episodes were recorded during
weeks 3, 6 and 7. Eight F-chickens per pen
were removed at 3 weeks and only eight av-
erage weight F-chickens were kept per pen
after the age of 7 weeks to limit the heat
stress effects. Growth responses to heat
stress were only observed in week 7
(Fig. 1). When comparing week 7 to week 6
of age, feed intake was reduced by 10% for
the F-chickens whereas the feed intake of
the M and S-chickens were little affected
and body weight gain was reduced by 34%,
24% and 17% for F, M and S, respectively
(Tab. 1I).

3.2. Growth responses of broilers
to dietary concentration

At one day of age, the M-chicks were
significantly lighter (34.3 g) than the S-
(40.0 g) and F-chicks (43.7 g). There were
no significant differences between dietary
treatment (Tab. II). At slaughter, the
S-chickens at 12 weeks (2923 g) were
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Figure 1. Feed intake (upper graph) and body
weight gain (lower graph) of slow growing S-
(-O-), medium growing M- (-@-) and fast
growing F- (-[J-) chickens until 8 weeks of age
for M- and F-chickens and 12 weeks of age for
S-chickens.

significantly heavier than the 8 week M-
(2619 g) and 6 week F-chickens (2516 g).
At this period, the body weights of the P3
fed chickens were 4.5% and 3.8% lighter
than those fed the P1 and P2 diets, respec-
tively (P < 0.001).

For all periods, feed intake (FI) and body
weight gain differed in growth rates
(F>M>S). A significant FI interaction
between the chicken type and the diets dur-
ing the 3—-6 week period was observed
(Tab. 11, P < 0.001). It was mainly the con-
sequence of a more pronounced reduction
in FI with the P1 diet compared to the other
two diets in the F- and M-chickens and to a
lower intake of the P2 diet compared to the

other two diets in the S-chickens. Before
3 weeks of age, FI did not differ signifi-
cantly between the diets except during the
first week when less P1 diet was consumed
as compared to the other two. After 3 weeks
of age, significantly greater quantities of
low energy diets were consumed compared
to the concentrated diets (P3 > P2 > P1)
with the exception of the above described
interaction.

A significant interaction between the
chicken type and diets was measured for
body weight gain for the 3—6 weeks period
(P < 0.001). During this period, gain was
higher with P1 and P2 than with the P3 diet
for the F and S chickens and there was a
P1> P2 > P3 gain for the M chickens.
Before 3 weeks of age, the concentrated di-
ets significantly increased body weight
gain compared to the diluted diets but after
6 weeks of age, the diets had no significant
effect on body weight gain.

A significant interaction during the
3—6 weeks period between the chicken type
and the diets was also observed for the feed
conversion ratio (FCR). This interaction
was due to the differences in FI and body
weight gain that explained the significantly
higher FCR with the P2 diet than with the
P1 diet for the F- and M-chickens only. Be-
fore 3 weeks of age, FCR was significantly
higher for S compared to M, and F was sig-
nificantly lower than M. During the
6—8 weeks period, the F-chicken’s FCR
(2.66) was significantly higher than those
of the M- and S-chickens (2.33 and 2.35, re-
spectively). The concentrated diets signifi-
cantly improved the FCR (P1 < P2 < P3)
except for the interaction described above.

3.3. Available Energy for Growth
(AEG)

An estimation of the available energy for
growth (AEG) was calculated by the differ-
ence between energy intake (feed intake x
feed AME) and the energy requirement for
maintenance estimated by the equation of
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Leclercq and Saadoun [16]. Measured
AMEn [4] were used to calculate AEG ex-
cept for the 1-3 weeks period where calcu-
lated AME were used. An interaction
between the chicken type and diets was
measured for the 3—6 weeks period. AEG
was significantly lower with the P1 diet
compared to P2 and P3 for the F-chickens
whereas the AEG on the P1 diet was signifi-
cantly higher than P2 and P3 for the M- and
S-chickens (Fig. 2). AEG for all periods
corresponded to the growth rate of the
chicken types (F > M > S). A significantly
higher AEG was observed with a higher
dietary concentration (P1 > P2 > P3) for
the 1-3 weeks period but not during the
6—8 weeks period (P1 = P2 = P3).

3.4. Carcass composition and meat
quality

No significant interactions between the
chickens were measured and then only fac-
torial averages are presented (Tab. III).
Breast meat yield was significantly higher
for F (17.2%) compared to the M (15.7%)
and S-chickens (14.4%) (P < 0.001). Thigh
+ drumstick yield was significantly higher
for the S- (24.6%) compared to the M- and
F-chickens (24.1 and 24.2%, respectively).

1-3 Weeks
AFI AGain AF1

3-6 Weeks
15 -

P1/P3
(%)

|F M OS

AGain

Abdominal fat content was significantly
higher for the S- (3.44%) than for the M-
and F-chickens (2.86 and 2.64%, respec-
tively; P < 0.01). No significant dietary ef-
fect was observed on breast meat, tight +
drumstick yield and abdominal fat.

The ultimate pH of breast meat from the
S-chickens (5.59) was lower than those of
the M- and F-chickens (5.82 and 6.01, re-
spectively). Drip loss was not significantly
different between the three types of chick-
ens and the dietary treatments.

The lightness (L*) of the S-chicken
breast meat was significantly lower than M
and F at 72 h after slaughter (P < 0.05).
Redness (a*) was higher for the S- than for
the M- and F-chickens and yellowness (b*)
was higher for the F- than for the M- and
S-chickens.

4. DISCUSSION

When comparing young broilers
(1-3 weeks) to older ones (6—8 weeks) two
distinct types of response to dietary con-
centration were observed in the three geno-
types. During the 1-3 weeks period, the F,
M and S-chickens fed the P1 diet had higher
body weight gain (5 and 7%) for the same

6-8 Weeks
AFT AGain

Figure 3. Relative
variations (%) of av-
erage feed intake
(AFI) and weight
gain  (AGain) be-
tween P1 (high con-
centration diets) and
P3 (low concentra-
tion diets) fed to the
F- (fast growing), M-
(medium  growing)
and S- (slow grow-
ing) chickens.
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feed intake compared to the P3 diets. Dur-
ing the 6 to 8 weeks period, the 3 types of
chickens adjusted their feed intake to the
diet to maintain approximately the same
energy intake and body weight gain
(Fig. 3). The 1980’s chicken was believed
to adjust its energy intake to its energy re-
quirement (growth and maintenance) [10].
The energy intake adjustment to the diet
concentration is the basis of feed intake pre-
diction in several mathematical growth and
requirement models [10, 15]. To compen-
sate for the differences in live weight and
maintenance energy requirements at the
same age between broiler types, available
energy for growth (AEG) was computed
(Fig. 2). The results confirmed the two
types of response observed on feed intake
and body weight gain: overconsumption of
concentrated compared to diluted diets be-
fore 3 weeks of age and the same energy in-
take after 6 weeks of age whatever the diet
concentration.

Environmental conditions during the
1-3 and 6-8 weeks of age periods were dif-
ferent. The 6—8 weeks period was charac-
terised by high heat stress that led all three
types of chickens to reduce their feed intake
to limit heat production in order to maintain
their thermogenesis/thermolysis balance
[7, 13]. The range of growth reduction ob-
served during the hot period also depended
on the type of chickens. From week 6 to
week 7, the fast growing broilers showed a
10% reduction in feed intake and 30% re-
duction in weight gain while the slower
growing chickens (S and M) reduced their
feed intake by only 1% and their weight
gain by 17%. These different capacities of
adaptation might be related to the effects of
selection on growth performance. Indeed,
the increased metabolic activity in fast
growing broilers may have increased their
rate of heat production rather than their
capacity to dissipate heat [20]. This
imbalance between heat production and
thermolysis might have increased the sensi-
tivity of fast-growing chickens to their envi-

ronment and reduced their adaptability to
high temperature. High environmental tem-
peratures that occurred during week 7 might
also partly explain the difference in mortal-
ity rates between F and M or S chickens.
Similarly, the consequence of necrotic en-
teritis was responsible for approximately a
third of overall mortality and represented
about half'in the F-chickens. Our results in-
dicated differences in sensitivity between
F- and M- or S-chickens in disease and high
temperature conditions.

The low number of significant interac-
tions between chicken type and feed sug-
gests that the three types of chickens
responded similarly to the dietary concen-
tration (Tab. IT). The only different re-
sponse between genotypes to dietary
concentration was in FI, body weight gain
and FCR during the 3—6 weeks period. If
the P1 and P3 diets are only considered,
feed intake adjustment can be questioned
(Fig. 3). Between 3 to 6 weeks of age, the
M- and S-chickens showed a response quite
close to the previous period, whereas the
F-chickens reduced their feed intake of the
P1 diet compared to P3 intake but main-
tained a growth rate quite similar to the pre-
vious period. This might have been due to
moderate heat conditions (25-26 °C) ac-
centuated by the higher stocking density for
F-chickens that would have limited perfor-
mance in the F-chickens and not in the
slower growing genotypes (stocking den-
sity at 5 weeks of age: F = 28 kg'm2,
M = 13.6 kgm2, S =9.3 kg'm2). Environ-
mental parameters including necrotic en-
teritis or heat stress as well as bird densities
and feed composition and form might have
interacted with the three types of chickens
and be responsible for a part of the mea-
sured interactions. This limited the inter-
pretation of our results to the real
conditions of the experiment. Nevertheless,
the differential threshold of sensitivity
between the three types of chickens re-
quires further studies on the interactions
between environmental (stocking density,
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temperature, disease, etc.) and nutritional
factors (energy concentration, amino acids,
durability, etc.). Better understanding of
such interactions might be used to adjust
the models of diet composition to the cur-
rent systems of production.

One of the aims of this experiment was
to test the range of nutritional responses in
broiler production. In terms of growth per-
formance, more than 100 g higher body
weight at slaughter and a 10% improve-
ment in feed conversion ratio were mea-
sured with concentrated P1 diets compared
to the diluted P3 diets for all three types of
chickens. Surprisingly, carcass composi-
tion was not affected by the diet, suggesting
that the 3 dietary concentrations were suffi-
cient to reach the same breast and thigh +
drumstick yields in our conditions. This re-
sult suggests that it is difficult to modify
carcass composition without changes in
body weight gain and feed conversion ratio
in chickens [1, 11].

Meat quality varied between genotypes.
A higher ultimate pH was observed in the
F-chickens compared to slower-growing
genotypes (Tab. III). Selection on body
weight and breast meat yield might have
caused a reduction in the breast muscle gly-
cogen reserve that might explain the differ-
ences between the ultimate pH of F-, M-
and S-chickens [3, 14]. Although it was not
significant, there was also a tendency to
higher drip loss in the S and M genotypes
compared to the F genotype, which was
consistent with the negative correlation be-
tween ultimate pH and drip loss often re-
ported in chicken breast muscle [2, 14]. The
breast meat of fast-growing birds was
lighter (higher L*), confirming previous
studies on lines selected for growth rate
[3, 14]. Differences in breast meat lightness
between genotypes could not be related to
differences in ultimate pH since it is gener-
ally accepted that meat becomes lighter as
the ultimate pH decreases [5]. The colour
difference between chicken strains might
be a consequence of their respective

slaughter ages since the myoglobin content
of broiler breast muscle increases between
9 and 12 weeks of age [22, 23].

One noticeable dietary effect was the re-
duction in redness and yellowness and the
increase in lightness with the P3 diets. This
can be explained by the differences in raw
materials used for feed formulation. The P3
diet formulae contained more wheat than
the other two diets which contained more
corn. Corn contains carotenoid pigments
known to modify the colour of meat [6]. It
might be interesting to take into account the
relationship between pigments in raw mate-
rials, feed formulation and meat colour to
meet consumer preferences.

5. CONCLUSION

Despite the wide differences in growth
performance between the three chicken
types tested, the nutritional responses were
essentially similar. Under non-limiting en-
vironmental conditions, the improvement
of the feed conversion ratio in meat chick-
ens fed with more concentrated diets was
mainly due to a higher energy intake. Under
limiting environmental conditions (i.e. high
temperature, high stocking density or poor
feed quality) or atan older age, chickens ad-
justed their energy intake to dietary concen-
tration and had similar growth rates.

The sensitivity to non-limiting and lim-
iting conditions might be different between
genotypes, fast growing broilers being
more sensitive than lower growing broilers.
Body weight and/or the age of chickens
might be crucial factors to determine the
threshold between non-limiting and limit-
ing environmental conditions. A better un-
derstanding of this threshold might help to
develop new models for the different types
of chicken growth.

Our results also showed that, despite the
impact of dietary concentration on growth,
carcass composition and certain meat qual-
ity parameters were not significantly
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modified. Only meat colour was modified
by diet composition, mainly due to its
carotenoid contents. Taking into account
the broad range of regimes and genotypes
tested in the present experiment, our results
suggest limited or no possibilities to chang-
ing the carcass composition of broiler
chickens without significantly changing
growth performance.
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