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Introduction

Results and Discussion

The efficiency of utilizing metabolisable energy (k) from dietary
fat is expected to be higher than starch. Nevertheless, recent
work using the comparative slaughter technique showed
significant but small differences between k values for protein, fat
and starch (1). Similarly, a recent study based on indirect
calorimetry was not able to show differences in metabolic
utilization of starch and protein in broilers, whereas differences
were observed in growing pigs (4). The aim of this study was to
study the metabolic utilization of energy and heat production in
growing broilers fed diets with a high or normal fat content.

Material and Methods

Two diets, based on soybean meal, wheat, soy protein isolate,
starch and rapeseed oil were formulated in order to have 3.6 g
digestible lysine/kcal apparent metabolisable energy (AME) and
similar ratios between essential amino acids. The starch and fat
contents differed markedly between the two diets. Analyzed values
for crude protein, crude fat and starch (% in feed) and gross energy
(kcallkg feed) were respectively 20.6, 2.4, 43.9 and 3811, respectively
for the normal diet and 22.5, 9.5, 35.8 and 4212 for the high fat
diet (standardized at 87% DM). Two groups of ISA (915) broilers
were successively used in the study; each group was divided
in two sub-groups, each sub-group receiving successively
the two diets. Since only one single open-circuit respiration
chamber was available, one subgroup was measured on the
3" and the 5" week and the other one on the 4" and the 6™
week of age; measurements were carried out after one week
of adaptation to the diet. The overall design was a cross-over
design and resulted in a similar body weight (BW) and age
between the two diets (4 measurements per diet). The initial
BW was 342, 749, 1305 and 1964 g respectively for weeks 3,
4,5, and 6 and the number of broilers in the chamber ranged
from 18 (week 3) to 7 (week 6). Feed was offered ad libitum
for the first six days whereas no feed was given on the 7" day
to measure fasting heat production (FHP). Water was ad
libitum. Temperature was kept at 24°C and a 1h/day darkness
period was applied. The metabolic cage was mounted on
four force sensors to measure physical activity. Total heat
production (THP), total physical activity, AME, nitrogen retention
and the dietary fat digestibility were determined for each
balance period (2). Activity heat production (AHP) was
calculated for the fasting and fed days. The measured FHP
(at zero activity) was fitted to the model FHP = a*LW" in order
to extrapolate FHP during the fed days. The thermic effect of
feeding (TEF) was calculated as TEF = THP — FHP — AHP. The
NE was calculated as NE = (AME intake — TEF — AHP)/dry
mater intake, using standardized AHP values (AHP kcal/day =
22.5*In(LW) + 45.7, R?>0.96, P<0.01). Energy retained as
protein (ERP) was determined from the N balance and the
energy retained as lipid (ERL) was calculated as the difference
between total energy gain and ERP. Results were submitted
to an analysis of variance using group, week and diet as main
factors. The AME intake (AMEI) and ERL/ERP were included
as covariates in the statistical analysis for the NE/AME ratio.

Fitting FHP as a power function of BW indicated a NE
maintenance requirement of 101 kcal/kg BW°"Y/day (R?=0.99,
p<0.01) and this mode of expression will be referred to further
as metabolic body weight (MW). The respiratory coefficient was
higher (p<0.01) with the normal diet (1.09) than with the high
fat diet (0.98), but there were no significant effects of diet on
other variables related to heat production (Table 1).

Table 1. Effect of dietary fat on energy and nitrogen balance
and diet energy values®.

Variables / Diets Normal High Fat Probability
BW, kg 1.394 1.388 0.90
AMEI, kcal/MW/day 400.1 406.1 0.41
THP, kcal/MW/day 2154 214.7 0.73
AHP, kcal/MW/day 42.2 42.8 0.27
TEF, kcal/MW/day 72.2 70.9 0.57
ERL, kcal/lMW/day 96.5 100.6 0.50
ERP, kcal/MW/day 88.2 90.8 0.15
AME, kcallkg? 2973 3314 <0.01
NE, kcal/kg? 2120 2389 <0.01
NE/AME 0.713 0.721 0.29
NE/AME adj.? 0.714 0.720 <0.01

!See the text for abbreviations. 287 % dry matter. *Adjusted for ERL/
ERP ratio and AME intake (P<0.01).

The fat digestibility was higher (p<0.01) for the high fat diet (84%)
than for the normal fat diet (75%) and was the lower in the first
week (p<0.05). The statistical model including group, week and
diet was insufficient to analyze the NE/AMEn ratio (R?<0.01,
p=0.45). The inclusion of the covariate ERL/ERP (R?=0.89,
p<0.01), and both ERL/ERP and AME intake (kcal/lkg BW°™)
improved the precision of the model (R?=0.91, p<0.01) and the
difference between the diets became significant (Table 1). The
results confirm previous results concerning the small differences
in the energetic efficiency between fat and starch in broilers diets.

Conclusion

The results show significant but small differences in the efficiency
of utilization of ME between diets that differ markedly for their
starch and fat contents. More than 50 % of the ME intake is lost
as heat and about 20 % of this loss correspond to activity heat
production in male broilers grouped-housed in cages.
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Introducéo

Durante toda vida das aves o sistema 0sseo sofre influéncia
dos fatores enddgenos e exdgenos, como produgdo hormonal,
producéo de ovos, nutricdo e temperatura, estando sujeito a
variacOes de massa 6ssea. A rigidez do tecido 6sseo é resultante
da deposicdo de célcio e fésforo, na forma de hidroxiapatita,
durante o processo de mineralizacdo dssea (1). A hidroxiapatita
e o0 aluminio possuem densidades muito semelhantes, desta
forma, autores realizaram estudos com o objetivo de
relacionar o grau de mineralizagdo 6ssea e a densidade do
aluminio e concluiram que é possivel comparar, por um
estudo radioldgico, a quantidade de calcio e fosforo
depositados nos ossos com a quantidade de aluminio
encontrada em uma escala pré-definida, por meio da técnica de
Densitometria Optica Radiogréafica (DOR) (2,3), sendo possivel
caracterizar doengas como a discondroplasia tibial em frangos de
corte por meio desta técnica (3). A DOR é um parametro biofisico de
grande importancia experimental e clinica que pode auxiliar na
compreensdo e melhor avaliagdo do processo de mineralizacdo
0ssea (2), porém ainda encontra resisténcia ao uso devido as
dificuldades nas padronizagdes metodolégicas como técnica
radiolégica apropriada, posicionamento especifico do material a
ser analisado e uso de padrbes de referéncias. O objetivo do
presente estudo foi padronizar a técnica de DOR para
acompanhar variagdes no desenvolvimento fisiolégico do
tecido 6sseo de matrizes pesadas.

Material e Métodos

Neste estudo, realizado nas instalagdes experimentais da
FMVZ/UNESP, Botucatu, foram utilizadas 23 familias de
matrizes pesadas, Ross, sendo que cada familia é constituida
por 13 fémeas e um macho. O manejo de criagéo utilizado foi
aquele recomendado pelo manual da linhagem (2). Na 42
semana de criacdo 84 fémeas foram tomadas ao acaso, para
formarem o grupo de andlise; estas aves foram pesadas
individualmente, em balanca semi-analitica com preciséo de
2g. As aves foram radiografadas com o auxilio de um aparelho
portatil de raio-X, calibrado e com distancia foco-filme de 63cm,
a técnica radiogréfica utilizada foi 47kVp X 2mAs. Paralelamente,
na regido central do chassi, foi colocada uma escala de aluminio
(“phantom”) utilizada como referencial densitométrico,
constituida de 20 degraus, o primeiro degrau com 0,5 mm de
espessura, variando a seguir de 0,5 em 0,5 mm. As leituras
de densidade éptica radiografica (densidade mineral éssea)
foram realizadas por meio do Programa CROMOX® ATHENA
3.1, para tal, as radiografias foram escaneadas e as imagens
analisadas utilizando-se janela de leitura com abertura de
5mm de altura e largura variando entre 35 e 45 mm,
dependendo do tamanho do osso. Nas leituras de densidade

Ossea das tibias o eixo de leitura teve inclinacéo de 0°, ja para
as leituras de densidade éssea dos fémures este eixo de
leitura acompanhou a inclinagdo da diafise 6ssea.

Resultados

Para a apresentacdo dos dados parciais, os valores de
densidade foram divididos de acordo com o peso das aves e
agrupados em média de peso, 10% ou mais acima da média
de peso e 10% ou mais abaixo da média de peso. Na Tabela
1, é possivel verificar os valores médios encontrados para a
densidade mineral 6ssea, expressos em mm de Al. Em geral
os valores médios de peso corporal e densidade mineral 6ssea
das tibias e fémures analisados tiveram uma elevagao gradual
com o aumento da idade das aves. Com excecgdo dos valores
de densidade mineral das tibias nas coletas as 8 e 12 semanas,
qguando foi possivel verificar que os grupos 10% abaixo da média
de peso da 8% semana e o grupo 10% acima da média de peso
das 122 semana nao diferiram estatisticamente (p<0,05),
assim como os grupos de média de peso, 10% acima da
média na 82 semana e 10% abaixo da média na 122 semana.

Tabela 1. Valores de densidade mineral dssea (mm de Al)
obtidos por meio de densitometria dptica radiogréfica.

Idade Grupode Peso médio Dens. Mineral Ossea
(sem.) peso do grupo Tibia Fémur
4 10% abaixo 650,55h 1,28c 1,09d

Média 722,219 1,35c 1,32d
10% acima 812,90f 1,41c 1,42d
8 10% abaixo 902,86¢€ 2,00b 2,30c
Média 1023,85d 2,32a 2,60bc
10% acima 1178,83c 2,29a 2,58bc
12 10% abaixo 1184,40c 2,54a 3,03ab
Média 1438,50b 2,46a 3,19a
10% acima 1721,37a 2,28ab  3,61a

Médias seguidas por letras diferentes, na coluna, diferem entre si pelo
teste de Tukey (p>0,05).

Conclusbtes

E possivel concluir que existe efeito do peso e da idade das
aves na densidade mineral dssea das tibias e fémures de
matrizes pesadas.
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