m JUNE 2007

VOLUME 09

m NUMBER 02

L
S 5
LoUTTRY soE o)

SR i

OUCATION o

£ I_CANIL\HON RESEARCH
Brazilian Branch

e

{

A 1

grorad

izt o

et e,

' BRAZILIAN JOURNAL OF
POULTRY  SCIENCE

REVISTA  BRASILEIRA |




SN 1516-635X  Apr - Jun 2007 /v.9/n.2 /117 - 122

mAuthor(s)

Rosa PS23
Faria Filho DE*
Dahlke F°

~ Vieira BS?
Macari M3

= Furlan RL36

! The authors thank PRODETA (Projeto de

~ Desenvolvimento de Tecnologia Agricola) for
financial support.

Embrapa Suinos e Aves and Universidade
do Contestado, UnC. Concérdia, SC, Brazil.
Universidade Estadual Paulista

Faculdade de Ciéncias Agrérias e
Veterindrias. Departamento de Morfologia
e Fisiologia Animal. Jaboticabal, SP, Brazil.
Universidade Federal de Minas Gerais
Nucleo de Ciéncias Agrarias. Departamento
de Zootecnia. Montes Claros, MG, Brazil.
Universidade Federal do Parana
Departamento de Zootecnia. Curitiba, PR,
Brazil.

Mall Address

enato Luis Furlan

~Departamento de Morfologia e Fisiologia
nimal.

ia de acesso Prof. Paulo D. Castelane, s/n.
4.884-900. Jaboticabal, SP, Brazil.

-mail: rlfurlan@fcav.unesp.br

n Keywords

llometric growth, broiler chickens, carcass
omposition, energy intake, genetic strains.

frived: March / 2007
Pproved: June / 2007

Two Different Genetic Groups'

ABSTRACT

In order to evaluate the effect of energy intake and broiler genotype
on performance, carcass yield, and fat deposition, 600 one-day-old male
chicks from two different genetic groups (AgRoss 308 — commercial
line and PCLC - Embrapa non-improved line) were fed diets with
different metabolizable energy level (2950, 3200 and 3450 kcal/kg). A

Effect of Energy Intake on Performance and
_Carcass Composition of Broiler Chickens from

——Cﬂmp%%e{y*raﬂdvmﬁed'expenmental design in a 2X3 factorial
arrangement with four replications of 25 birds per treatment was
applied. In order to ensure different energy intake among treatments
within each strain, feed intake was daily adjusted by pair- feeding
schemes. AgRoss 308 broilers had better performance and carcass yield,
and presented lower abdominal fat deposition rate. In both genetic
groups, the highest dietary energy level increased weight gain, heart
relative weight, and fat deposition. However, it reduced the difference
between AgRoss 308 and PCLC for feed conversion ratio and carcass
protein deposition. These findings allow concluding that genetic
improvement had a significant effect on broiler energy metabolism, and
that the highest performance differences between genetic groups are
found when low-energy intake is imposed.

INTRODUCTION

Energy intake is considered a fundamental factor in broiler production,
not only because it affects growth rate and carcass characteristics
(Boekholt et a/, 1994; Leeson et a/, 1996), but also because it is
indirectly involved in metabolic diseases, such as ascites (Leeson et al,,
1995). Therefore, finding the optimal point between economic and
physiological optimal dietary energy level for broilers has been the goal
of many researchers.

Leeson et a/. (1996) showed that broiler feed intake increases linearly
with decreasing dietary energy level. Albuquerque et a/ (2003) also
described reduction in feed intake due to higher dietary energy density.
In addition, Leeson ef a/. (1996) found that broilers fed free-choice on
diets with either 2700 or 3300 kcal metabolizable energy/kg presented
the-same growth rate and constant energy consumption. These findings
together suggest that broilers do control their feed intake in order to
supply energy requirements, and one of its most important
consequences is the possibility of formulating feeds based on predicted
intake according to dietary energy level.

However, comparing broilers during finishing phase in two ad /ibitum
programs (3,200 and 3,600 kcal/kg of diet), Aratjo (1998) did not find
any differences in feed intake between the groups, and observed better
daily gain in the group fed the high-energy diet. The fact that higher

energy consumption promotes better weight gain is well established -

(Boekholt et al,, 1994; Lesson et a/, 1996); however, why dietary energy
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level does not affect broiler feed intake in some cases
remains unanswered. In fact, the nutritional factors
involved in broiler feed intake control mechanisms are
not completely understood, and seemingly other
macronutrients than energy influence feed behavior.
In mammals it is well established that protein is the
first nutrient in the hierarchy of oxidation, followed by
carbohydrates and fat, which corresponds=to their
ability to induce satiety (Stubbs et af, 1997). In avian
species, this chain is not well described, and differences
may influence feeding behavior.

One possible negative consequence of broiler

differences in carcass chemical composition found in
literature; nevertheless, the differences in broiler
responsiveness to dietary energy level through
selection for increased growth rate were little explored

in literature. Thus, the objective of the present study

was to evaluate the effect of energy intake’of
genetically selected or non-selected broiler chickens
on performance, carcass yield and fat deposition.

MATERIAL AND METHODS

Eggs from a broiler line selected for rapid growth
rate (AgRoss 308) and from a genetically stabilized

‘gen‘efci,cjmpr_o.vemenijsih,e loss-of sensitivity to regt ilate

feed intake according to dietary energy level. In fact,
Richards (2003) reported that broilers selected both for
rapid weight gain and muscular mass deposition do
not properly regulate voluntary feed intake according
to energy level, as in an ad /ibitum program they
showed compulsive appetite and excessive fat
accumulation. Taking this statement to an experimental
vision it is clear that it is difficult to assess different
energy consumption of broilers if their feed intake was
not restricted. : . _
In the few last years, the close link between dietary
energy to protein ratio and broiler carcass composition
was investigated by several researches (Summers ef
al, 1992; Leeson et a/, 1996; Swennen et al., 2004).
In general, energy retention as fat-increases as the
ratio rises. This statement could explain many of the

population (PCLC — an Embrapa experimental meat
line maintained by random mating since 1984) were
incubated according to commercial practices in a
Petersime machine with capacity of 5,000 eggs. The
initial chick weight was 47.5+0.01 and 45.840.01 g
for PCLC and AgRoss 308, respectively. ;

A total of 600 chicks were randomly placed in floor
pens, and submitted to diets with different
metabolizable energy levels (2950, 3200, and 3450
kcal/kg). A completely randomized experimental design
in a 2X3 factorial arrangement (genetic group and
dietary metabolizabte energy level), totalizing six

treatments with four replicates of 25 birds each, was.

applied. Diets (Table 1) were formulated according to
the NRC (1994) recommendations. In order to ensure
different energy consumption among treatments within

Limestone

(from 22 t

1 - Vitamin/Mineral supplement — Levels per kg diet: vitamin A, 7,000 1U; vitamin D , 3,000 IU; vitamin E, 25 mg; vitamin K, 1 mg; thiamin, 1.8 mg;
riboflavin, 9.6 mg; pyridoxine, 3.5 mg;-vitamin B_, 10 mcg; biotin, 1,6 mg; pantothnic acid, 9.5 mg; nicotinic acid, 35 mg; antioxidant (Banox), 0.1
mg; Copper, 10 mg; lodine, 1.3 mg; manganesé; 76 mg; selenium, 0.27 mg; zinc, 91 mg; iron, 80 mg.
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genetlc group, feed intake was daily adjusted by
eeding schemes. Thus, the amount of feed provided
Il replications within each genetic group was
Jlent to the mean feed intake of the treatment with
“Zonsumption obtained in the day before. Water
plied ad /ibiturm throughout the experiment.

The trial was carried out in climatic chambers, where
chicks were reared during 42 days. Light regime
¢ continuous, with 24-hour artificial light, and
.perature was kept at thermoneutrality: 29.5 + 1.2°C
m 1 to 7 days of age; 26.7 = 0.6°C from 8 to 14
s of age; 26.0 = 1.2°C from 15 to 21 days of age

£35-9-+4-1-30C from-22-to-42 r-l::\lc of age.
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growth, and B>1 shows higher fat deposition as
compared to body growth. All statistics were performed
using the Statistical Analysis System — SAS® (Littell et
al., 2002).

RESULTS AND DISCUSSION

Performance
Analysis of variance was not applied for feed intake,
since it was kept constant among treatments within
the same strain. Mean feed intake for PCLC and AgRoss
308 broilers was 3,235+32.6 and 4,312+41.6 g,
respectively, which represent a difference of 25%

Broilers and feeds were we|ghted at day 42 to
culate performance characteristics. In order to
ess carcass characteristics, two broilers in each
licate (mean group weight +100g) were water- and
d-deprived for 5 hours, and were subsequently bled.
roilers were then scalded, defeathered, and
cerated. Carcasses (without head, neck, feet and
gs) were cut into pieces to obtain breast,
highs+drumsticks, and wings weights (with skin and

or further chemical evaluation. Liver and heart were
weighted, as well as abdominal fat, which was
onsidered as all of adipose tissues surrounding the
loaca and adhering to the gizzard. Carcass, breast,
ghs+drumsticks, wings, heart, liver, and abdominal
fat yield values were calculated relative to broiler live
_weight at slaughter.
In order to obtain total dry matter, carcasses were
ground, homogenized, pre-dried (60°C/72 h), and
ompletely dried (100°C/24 h). Seubsequently, crude
‘rotein (micro Kjeldahl) and ether extract (Soxhlet)
i* analyses were performed following the procedures
described by AOAC (1990).
i Data were first tested for normality (Shapiro-Wilk
- test), and homogeneity of variances (Levene's test).
As these assumptions were not violated, data were
submitted to analyses of variance by the General Linear
Model procedure of SAS®. When statistical difference
was detected (p<0.05), means were compared by the
test of Tukey (5%). Data are expressed as mean =
standard error of the mean (SEM). Abdominal fat
deposition rate was evaluated by the allometric
coefficient B (beta) value in the allometric growth
equation: log y @bdominal fat) = o + B [log x (body
weight)], as proposed by Huxley & Teissier (1936). In

tested B=1 vs B>1 by Student’s t test. Thus, B=1
indicates similar rates of fat deposition and body

ones). After that, one carcass was frozen at =20 °C

order to assess allometric nature, the hypothesis was

between genetic groups.

No significant interaction was observed between
genetic group and dietary metabolizable energy level
for weight gain (Table 2); therefore, only the main
treatment effects will be discussed. AgRoss 308 group -
weight gain was 46% higher than PCLC. Analyzing
performance differences between typical 1957 and
1991 broilers, Havenstein et a/. (1994a) reported a
weight gain improvement of more than 300% during
this period. The authors also found the diet based on
1991 recommendations improved non-selected line
weight gain in 26% at 43days. As PCLC line represents
a more modetn broiler than 1957 one, these significant
differences were expected. A comparison between
diets reveals progressive rise in weight gain according
to elevation in energy consumption. Leeson et al.
(1996) also observed improvement in weight gain
according to rise in energy consumption; however, as
broilers are capable of controling feed intake according
to energy requirements, the same results were not
described when diets with different energy levels were
applied in an ad /ibiturn feed program.

A significant interaction between genetic group
and dietary metabolizable energy level for feed
conversion (Table 2) was observed. The comparison
between genetic groups within each dietary energy
level reveals that AgRoss 308 broilers had better feed
conversion ratio than PCLC broilers in all dietary energy
levels. These results are consistent with those described
by Havenstein et a/ (1994a), who found a 23%
improvement in feed conversion ratio from 1957 to
1991 when male broilers were fed a diet formulated
according 1991 recommendations. In addition, both
genetic groups showed improvement in feed
conversion ratio as energy consumption increased. This
result can be explained by the fact that weight gain
increased according to the elevation of energy
consumption, while feed intake was kept equal.
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1 - Significant interaction between factors. Different capital letters indicate significant difference among means in the same row
p<0.05). Different small letters indicate significant difference among means in the same column (Tukey’s test; p<0.05).

-

(Tukey's test:

The difference between AgRoss 308 and PCLC for  fact, Havenstein et a/ (1994b) found-that-geneticaly
feed conversion ratio-decreased-as-the energy  improved broilers deposited abdominal fat at a higher
~ consumption increased, changing from 12% to 8% for  rate than the non-selected until 85 days of age.
the lowest and the highest dietary energy levels,  Nevertheless, after this time, total carcass fat was the
respectively. This finding is important, and shows that ~ same between genetic groups. Such discrepant results
PCLC broilers have better capacity to increase their ~ may have occurred due genetic differentes between
weight gain in response an increase in energy intake,  PCLC line and the 1957 line used by the authors.
since the feed intake was maintained the same inside Dietary energy level did not affect carcass, breast,
each genetic group. and wings vyields (Table 3), even though energy

’ consumption was directly related to weight gain (Table

Carcass, parts, viscera, and abdominal fat  2). Leeson er a/ (1996), Oliveira Neto ef a/ (1999),

yields Albuguerque et a/. (2003), and Sakomura et a/. (2004)

There was no significant interaction between  also found that dietary metabolizable energy level did
genetic group and dietary metabolizable energy level  not affect carcass yield in broilers at slaughte age.
for carcass, parts, viscera, and abdominal fat yields of ~ However, Aratjo (1998) found that broilers fed 3600
broilers at 42 days of age (Table 3). As to genetic group, ~ kcal/kg increased carcass and breast yields as
AgRoss 308 broilers showed higher.carcass, breast,and ~ compared to those fed 3200 kcal/kg. Broilers fed the
thighs+drumsticks yields than PCLC broilers.  2950-kcal/kg diet increased thighs+drumsticks yield,
Commercial broilers showed almost 5% better carcass  and reduced relative heart weight. Broilers fed 3200
yield, which difference is very similar to that described  kcal/kg presented the lowest liver percentage.
by Havenstein et a/. (1994b) between 1957 and 1991 The lowest energy diet (2950 kcal/kg) decreased
broilers at 43 days of age. This was also observed for ~ abdominal fat as compared to the other diets. Leeson et
breast yield. In addition, Havenstein et a/. (1994b) 4/ (1996) found that an increase in dietary energy level
observed that the difference between genetic groups  was followed by higher abdominal fat deposition.
in breast yield increased with time, an indication that ~ However, Oliveira Neto et a/ (1999) and Albuquerque et
selected broilers do deposit more muscular mass in the &/ (2003) did not find significant effect of dietary energy
breast than the non-selected ones. level on abdominal fat deposition in broilers. In fact,

AgRoss 308 broilers had lower heart, liver, and wings ~ abdominal fat depot areas are considered as main
yields than PCLC. Similar results were found by location of excessive energy deposition (Summers et &/,
Havenstein et a/. (1994b) for heart and wings. The  1992). Therefore, we could conclude that the two highest
lower heart and liver relative weight of the AgRoss  energy consumption levels in this trial were not very
308 group may indicate that genetically selected  different in terms of total energy available to the broilers.
broilers are more sensitive to metabolic diseases. In However, this kind of measurement could be a poor
fact, higher mortality levels associated with metabolic ~ parameter when studying carcass fat deposition
diseases have been observed in modern broilers  (Summers et a/, 1992), and a more precise interpretation
(Gonzales & Macari, 2000). of energy metabolism would be assessed by measuring

Commercial broilers deposited less abdominal fat  total fat deposition in the carcass. Excessive abdominal
than PCLC broilers. Considering the precocity of the  fat deposition delays processing procedures, and may
improved line, an opposite behavior was expected. In cause problems during carcass evisceration.




Effect of Energy Intake on Performance and Cércass
; Composition of Broiler Chickens from Two Different
i Genetic Groups )

e TR
u

icks, wings, heart, liver, and abdominal fat yields of broilers at 42 days of age.
oliza e calIkG:

Thighs+drumsticks

2.620.5" 1.9+0.4°

Different capital letters indicate significant difference among means in the same row (Tukey's test; p<0.05). Different small letters indicate
significant difference among means in the same column (Tukey’s test; p<0.05).

Abdominal fat

Carcass chemical composition dietary energy level for modern broilers; however,

- Asignificant interaction was observed between although- low-energy diets promote low fat-and-high— |

- genetic group and dietary metabolizable energy level  protein deposition in carcasses — which is desirable —,
™ for crude protein and ether extract carcass percentages it is important to emphasize that a decrease in energy
- (Jable 4). A comparison of dietary energy levels within ~ consumption leads to lower productive performance.
: h genetic group indicates differences in their protein :

and energy metabolism. In AgRoss 308 strain, ether Allometric coefficient “B” for abdomiﬁal
extract carcass deposition was directly related to fat
energy consumption, i.e., the highest energy The interaction between genetic group and dietary

* consumption promotes the fattest carcass. Opposite  metabolizable energy level was not significant for

* behavior was observed for crude protein carcass  abdominal fat (Table 3). Thus, allometric coefficient B

- deposition. When feed intake was maintained the  estimates for abdominal fat shown on Table 5 consider

- same within each genetic group, dietary energy:  only the mean effects. All estimates showed B > 1,

. protein ratio linearly dropped as energy consumption  indicating higher abdominal fat deposition rate as
decreased. Thus, the lower the dietary energy: protein ~ compared to.growth rate, independent of genetic

- ratio, the leaner.the carcass. This find is consistent with group or dietary energy level. However, B coefficient

- Summers et al. (1992) and Boekholt et a/. (1994), who  was lower in AgRoss 308 broilers than in PCLC ones,

- also found a reduction in fat deposition due to a  showing that the commercial line deposits less
decrease in dietary energy: protein ratio. abdominal fat than non-improved line. In addition,

When the effect of genetic group within each  allometric coefficient B for abdominal fat increased as

_ dietary energy level was analyzed, it was observed that ~ dietary metabolizable energy level rose, indicating
AgRoss 308 genetic superiority for carcass composition  higher rate of abdominal fat deposition.

{.s lost as energy consumption increased. Thus, total

- protein deposition was lower and equal for both CONCLUSIONS

- genetic groups at the highest energy: protein ratio.

Similarly, AgRoss 308 deposited less fat than PCLC 1. Commercial broilers do respond differently than
= when fed with the lowest dietary energy level. These non-selected ones to dietary energy

- findings may corroborate the tendency of reducing consumption level, and the highest differences

- 1 - Significant interaction between factors. Different capital letters indicate significant difference among means in the same row (Tukey’s test;
p<0.05). Different small letters indicate significant difference among means in the same column (Tukey’s test; p<0.05).
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Fitted equation: /og y (abdominal fat) = o + B /log x (body weight)]. *All alpha values are different from 0 (Student’s t test, p<0.05). **All beta values are
higher than 1 (Student’s t test, p<0.05); different letters indicate difference among each variation source (Student’s t test, p<0.05).

-

between genetic groups are found when low-
energy consumption is imposed. _
2. Genetic improvement allowed commercial

_ broilers to reduce allometric growth-of abdominal—

fat despite energy consumption level.
Nevertheless, total carcass fat deposition was
reduced only in a low-energy consumption
schedule.
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