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Effects of dietary crude protein on slaughter yield 
of selected broiler stocks 
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Animal Production Department, Faculty of Veterinary Sciences, University of Buenos Aires, 
Argentina 

Abstract. The objective of this paper was to determine the differences in yield and 
| body composition between a commercial strain (COM) and a weakly selected strain 

(FR) of broilers at two slaughter ages on diets differing in protein content. There were 

306 males reared on litter floor pens, fed ad libitum, and randomly assigned to 16 pens 

in a 2 x 2 factorial design with 4 repetitions. The diets were HP (high protein): 20.5% 
protein to 6 weeks,of age and 16.9% from then on; LP (low protein): 16.9% protein all © 

the time. At 50 and 71 days, four broilers from each pen were taken at random, fasted, 

killed, slaughtered and the following weights were recorded: live weight, eviscerated 

carcass, abdominal fat, feathers, blood, small intestine, large intestine, gizzard, 

proventriculus, liver, breast, thighs and heart. Analyses of variance for traits and for 

their proportions to live weight were done. The model included genotype, diet, geno- 

type x diet and replicate. The genotypes differed in live weight and growth patterns, 

COM showing a higher proportion of commercial cut weight and FR a higher digestive 
organ and relative feather weight at older ages. The low protein diet affected COM ge- 

notypes more than FR genotypes, probably because there was a difference in protein re- 

quirements. 

|. | 
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Introduction 

The body weight of a broiler at any point in lifetime is a function of cumulative 

growth of component parts, each having a pattern which may be influenced by gi ge- 

netics.) diet and other environmental factors (LIU et al. 1995). 
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Different poultry genotypes show a different adaptation to suboptimal nutri- 
tional conditions (ROBBINS 1981, CAHANER et al. 1987). This may be due to 
polymorphism in loci which affect adaptation to various stressors. Weakly se- 
lected genotypes with a lower performance in the optimal environment are usually 
less affected by suboptimal conditions than commercial strains strongly selected 
in optimal environments (CAHANER 1990). | | 

The growth curve for a certain market demand is a variable that should be con- 
sidered as another environmental factor (CAHANER 1990). Commercial poultry 
selection was done for weight gain up to 40 days of age (PINGEL 1994) while there 
is an increasing demand for more „„natural products”.which requires broilers over 
75 days of age (VELEZ 1995). 

The difference in relative carcass composition and organ weight between 
strains determines the nutritional efficiency and performance of the strains, be- 
cause energy cost for deposition of a gram of fatty tissue is four times that for 
a gram of lean (SOLLER, EITAN 1984), and organ weight relative to body weight 
decreases as the rate of growth increases (KATANBAF et al. 1989, DUNNINGTON, 
SIEGEL 1990, NIR et al. 1993, SUSBILLA et al. 1994). Generally, the relative 

weight of the “supply” organs (heart, lungs, liver and gastrointestinal tract) de- 
creases while the relative weight of the “demand” organs (muscles, feathers and 

abdominal fat) increases. The genetic factors influencing the development of 

the supply organs which support the functions of the demand organs can be modi- 

fied by non-genetic management practices (SUSBILLA et al. 1994). 

As a way of showing the changes in characters associated with production 

brought about by selection, an evaluation of intensely and weakly selected strains 

was done. Two levels of protein were chosen in order to determine their effects on 

the traits and the slaughter ages of 50 and 75 days are the usual ages at wich COM 

and FR poultry, respectively, are slaughtered in our country. 
The objective of this paper was to compare yield and body composition of 

a commercial and a weakly selected broiler strain (free range system), at two 

slaughter ages in two different feeding regimes. 

Material and methods 

The free range (FR) chicks were obtained from a cross of closed old flocks of 

Cornish and White Rock chickens. A commercial broiler firm provided commer- 

cial type chicks (COM) belonging to the Ross strain. In all, 306 males were reared 

in litter floor pens of 2.5 m’ with feed and water provided ad libitum. The geno- 

types and diets were randomly assigned to 16 pens ina2 x2 factorial design with 

4 repetitions. The birds were grown in spring in one open-sided poultry house fol- 

lowing the conventional management recommendations for 71 days. A lighting 

program of 1 h dark : 23 h light was used. The temperature was maintained at ap- 

proximately 35°C for the first week, then decreased gradually to 22°C at the age
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of 28 days. The birds were fed two isoenergetic diets. The HP (high protein) diet 
contained: 20.5% protein up to the 6th week of age and 16.9% protein from then 
on. The LP (low protein) diet contained 16.9% protein all the time. Since 20.5% 
protein is about the recommended level, 16.9% can be considered as a low protein 
diet for the first period. At the age of 50 and 71 days, 64 broilers taken at random 

from all pens (4 from each), were fasted over-night, killed, bled, slaughtered and 

the following weights were recorded: live weight (LW), eviscerated carcass 

(CW), abdominal fat (AF), feathers (FE), blood (BL), small intestine (SI), large 

intestine (LI), gizzard (GI), proventriculus (PRO), liver (LV), breast (BR), thighs 

(TH) and heart (HE). FE was calculated as the difference between dead body 

weight and defeathered body weight, and BL as the difference between LW and 
dead body weight. Analyses of variance for the given traits at each slaughter age 

and their proportions to LW were done with a model that included genotype, diet, 

genotype x diet interaction, and replicate nested within the interaction (NESTER et 

al. 1985). Variance among repetitions was the experimental error used to test ge- 

Table 1. Ingredients and chemical composition of the experimental high protein (HP) and 

low protein (LP) diets (%) 
  

  

        

Diet 

HP LP 

Ingredients 

Maize 59.79 65.53 

Soybean meal 24.58 15.03 

Peanut meal 8.65 4.98 

Meat meal | 6.26 6.50 

Wheat bran - 7.30 

NaCl 0.17 0.17 

Methionine DL 0.17 0.11 

Lysine 0.13 0.12 

Choline 0.07 0.07 

Vitamin and mineral mix 0.10 0.10 

Coccidiostatics 0.05 0.05 

Chemical composition’ 

Dry matter 87.9 88.7 

Crude protein 20.5 16.9 

Crude fibre 4.3 4.5 

Ether extract 4.4 4.3 

Ash 6.4 5.9 
  

' ASSOCIATION OF OFFICIAL ANALYTICAL CHEMISTS. (1980). Official Methods of Analysis of the As- 

sociation of Analytical Chemists. 13th ed. Association of Official Analytical Chemists, Washington, DC.
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notype, diet and interaction effects; variance among birds was the sampling error. 
Another analysis of variance with the data of both slaughter ages was done includ- 
ing dates and the corresponding interactions in the model besides the effects in- 
cluded in the analysis for a single slaughter age. Comparison of means was made 
using the Bonferroni test (MILLER 1981). Phenotypic correlations between traits 
were also estimated. GLM and CANCORR procedures of SAS (SAS 
Institute1985) were used for all analyses. 

Results 
— 

Slaughter age of 50 days 

Results in Table 2 indicate that cuts, digestive organs, blood and feather weights 
of COM were heavier than those of FR (P < 0.01). Cuts, digestive organs, blood 
and feathers of poultry in the HP diet were heavier than those in the LP diet 
(P < 0.05). Differences in LV and HE were the only ones that did not reach statisti- 

cal significance (P > 0.05). Genotype x diet interactions were not statistically sig- 
nificant (P > 0.05), except for TH. Differences in TH between diets were larger for 
COM than for FR chicks (P < 0.05). 

Results in Table 3 indicate higher proportions of CW, BR and TH relative to 
live weight, for COM than for FR, and for HP than for LP (P < 0.05). By contrast, 

SI, PRO, GI and LI relative weights were heavier for FR than for COM (P < 0.05), 

but differences in AF, HE and LV relative weights did not reach statistical signifi- 
cance (P > 0.05). Differences between the diets were statistically significant 

(P < 0.05), except for SI (P > 0.05). Differences between the genotypes and diets, 
as well as the interaction, were not significant for relative weight of BL and FE 

(P > 0.05). 
Phenotypic correlations among live weight, cuts, abdominal fat, digestive or- 

gans, blood and feathers were high and positive (Table 4). Relative weight of di- 

gestive organs was negatively correlated with live weight cuts and the weight of 

feathers. 

Slaughter age of 71 days 

The pattern of differences in absolute weight between the genotypes (Table 2) was 

very similar to that of broilers slaughtered at 50 days. Differences between the di- 

ets for BL, FE, PRO, GI, LV and HE weights that have been significant at 50 days, 

were not statistically significant (P > 0.05) any more. Relative weights of CW, BR 

and TH (Table 3) were higher for COM than for FR, but digestive organs (PRO, 

GI and LI) and FE were relatively higher for FR (P < 0.05). CW and BR relative 

weights were higher for HP than for LP (P < 0.05). Relative weights of all 

the other traits in the HP diet were similar or lower than those in the LP diet, but 

differences between the diets were statistically significant for TH, PRO, GI and
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LV (P < 0.05). Significant interactions were found for breast and carcass weight 
and were a consequence of the larger differences for COM than for FR (P <0.05). 
No significant interactions were observed for relative weights (P > 0.05). 

Phenotypic correlations followed the same pattern as at 50 days but were gen- 
erally lower (Table 4). Correlations within COM were zero and negative (0.39) 
for combinations of the relative TH with CW and BR, respectively. Correlations 
between relative AF and relative digestive organs were medium and negative, but 
within COM they were close to zero (0.06). HE was highly positively correlated 
with LW, CW and BR; they were lower for COM (0.50). Relative weight of HE 
was negatively correlated with the same traits but for the LP diet it was 0.40 and 
negative for HP (—0.20). Correlations between relative HE and relative CW and 
BR were close to zero, but when they were calculated within a diet, they were neg- 
ative (—0.11, —0.38) for HP and positive for LP (0.15). 

Both slaughters 

Analysis of variance for the measured traits including both slaughters and date ef- 
fect in the model, showed that the date x genotype interactions were significant for 
LW, BR and CW, and for relative HE (P < 0.05). LW, BR and CW of COM grew 

more from 50 to 71 days than those of FR, and relative HE was higher for FR at 

50 days than for COM chicks while at 71 days they were similar. Date x diet inter- 
actions were found for TH, GI and AF and for relative weights of TH, LI, HE, LV 

and FE (P < 0.05). Relative TH and FE were higher at 71 than at 50 days for 
the LP, and larger differences were found for LP and FR in the other relative traits 

(results not shown). 

Discussion 

The results of this experiment confirm that live weight as well as weights of 
the different cuts and digestive organs are higher for the highly selected strain than 

for the less selected strain at a fixed age (MCCARTHY 1977, DUNNINGTON 1990, 

TRINIDADE et al. 1994). Cuts of COM were also heavier than those of FR when 

they were expressed as percentage of live weight. This is in agreement with 

TRINIDADE et al. (1994) and DUNNINGTON and SIEGEL (1996), who found simi- 

lar results for breast weight, which is a trait selected for in commercial genotypes. 

WALL and ANTHONY (1995) did not find any differences in BR at the same LW 

between a commercial and a weakly selected breed. For relative CW and TH 

he reported the opposite, on the same weight basis. The interactions have been sig- 

nificant for live weight when all animals were included in the analysis for growth 

(MIQUEL et al. 1998). In this study, the interaction was significant at 50 days for 

thighs and at 71 days for CW and BR. This tendency showed that the difference 

between chicks was larger for COM than for FR for LW, CW, BR and TH at both 

dates and for AF at 71 days. No such tendency was observed for organ weights.
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A low protein diet during the first period of growth, affected the weight of com- 

mercial cuts which were lower in relation to live weight than those of birds fed 

a high protein diet. This effect lasted until the end of the experiment, showing that 

the development of commercial cuts requires a certain amount of protein, as was 

reported by CAHANER et al. (1995) for breast. Weights of carcass and breast of 

COM were more affected by the lack of protein than the weight of FR, agreeing 

_ with results reported by CAHANER (1990), but not with results for breast reported 

by CAHANER et al. (1995). This different effect due to lack of protein between 

COM and FR may be a consequence of a difference in protein requirements. 

The difference in correlations between TH-CW and TH-BR within genotype sup- 

ports this, and the difference in the traits selected (more breast in commercials) 

should explain it. 

Since the LP diet is below the recommended requirements for growth during 

the first 42 days but agrees with them after this date, from the point of view of 

the requirements this treatment can be looked at as a low diet up to the 42 days but 

a high diet from this day on. It can be concluded then that since the differences be- 

tween the diets are somewhat higher at 50 than at 71 days, the weight of carcass, 

breast and thigh showed compensatory growth. The relative weight of thighs 

is even higher for birds on the poorer diet, because they grew more than the total 

weight (Table 3). This different performance for thighs is also shown by the corre- 

lations: those between live weight and relative weights of carcass and breast were 

higher than the correlations with the relative weight of thighs, especially at 

71 days (Table 4). Liu et al. (1995) reported similar dietary effects on weight. 

Blood as well as FE remained proportional to live weight, except that feathers 

of the FR genotype at 71 days were heavier relative to live weight than those of 

COM, since COM usually were selected in more controlled environmental condi- 

tions than FR. Similar results have been obtained by DUNNINGTON and SIEGEL 

(1996) and MALLO et al. (1996), and this difference in relative weight of feathers 

may lead to a difference in maintenance energy requirements. There were no dif- 

ferences in feather weight of birds kept on the different diets (difference of 3.6% 

of protein in the starter diet). Similar results have been reported by CAHANER etal. 

(1987), GERAERT et al. (1993), MALLO et al. (1996) and LECLERCQ et al. (1994). 

Relative weights of digestive organs of FR birds were higher than those 

of COM (opposite to what happened with the commercial cuts, as was stated ear- 

lier), showing that selection not only affected growth rate, but also the pattern of 

growth. Correlations among absolute weights were positive, but when relative 

weights were correlated, they were positive among commercial cuts, but negative 

between cuts and digestive organs, showing the difference in growth pattern for 

the traits. These results were in agreement with MALLO et al. (1996). 

DUNNINGTON and SIEGEL (1996) found that the relative weight of GI of weakly 

selected birds was higher than that of highly selected ones, but the reverse was ob- 

served for the relative weight of LI. DUNNINGTON (1990) and LIU et al. (1995) did 

not report any differences, and WALL and ANTHONY (1995) found the opposite at
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the same weight comparison. Diet affected the growth of digestive organs (Ta- 
ble 2), but it affected total live weight more than organ weight, since organ relative 
to live weight is higher for the LP diet (Table 3). The weight of digestive organs 
showed compensatory growth and differences between the diets vanished at 
71 days of age, except for small and large intestine weight, for which the effect 
of diet lasted until the end of the experiment at 71 days of age. These results 
showed a tendency for the proportions to be higher with a LP diet, in agreement 
with LIU et al. (1995) for LV, SUSBILLA et al. (1994) and MELO et al. (1996a), 
where the lower protein diet was due to a restricted regime. This supports the idea 
that an increase in the size of digestive organs improves the capacity of the chick- 

ens to ingest and digest food (CHERRY et al. 1978). 

In the present experiment, although heavy weights were reached, no ascites 

was observed and no differences in relative HE were found. These results agree 

with those of WALL and ANTHONY (1995), done on the same weight basis, and 

disagree with LIU et al. (1995). The level of protein effect was important only at 

the age of 50 days and a compensatory effect may have equalled the proportions at 
71 days. Correlation results suggest that the negative association of relative HE 
with LW was independent of selection level. Therefore, it was the increase in diet 
protein that changed the sign of the correlation from positive in the LP diet to neg- 
ative in the HP diet, indicating that heart growth is limited. 

The similar AF proportion between genotypes was in agreement with MALLO 

et al. (1996), TRINIDADE et al. (1994), PYM and SOLVYNS (1979) and PYM 
(1996), and in disagreement with LIU et al. (1995), DUNNINGTON and SIEGEL 

(1996), WALL and ANTHONY (1995), analysed on the same weight basis. Interac- 

tions were also reported and may explain the observed differences. CAHANER et 

al. (1995) reported no response in AF proportion in a low fat line, little response in 

a commercial line and a better response in a high fat line, when the protein level 

was increased. 

The positive association of the “demand“ organs AF with LW and its “muscu- 

lar‘ components is commonly reported (CAHANER et al. 1985, VILLA et al. 

1991, DUNNINGTON, SIEGEL 1996, MELO et al. 1996b, 1996c, 1997). The associa- 

tion between their relative weights is in disagreement with PYM and SOLVYNS 

(1979), who obtained a negative (—0.40) correlation between related traits, such as 

body fat and body protein. They also reported, within a line, a negative association 

for a high weight gain line and a positive one for a control line, opposite to our re- 

sults. Their work was supported by CAHANER et al. (1995), who reported in- 

creases in relative AF when relative BR decreased. They also found line 

differences, a fat line being the one that showed the highest negative association. 

The results of the experiment also showed that FR and LP broilers were poorer 

in feed conversion than the COM strain and HP, respectively, and that genotype 

x diet interaction was present for the trait (MIQUEL et al. 1998), when compared at 

the same age. Differences in feed conversion ratio between strains fed on diets dif- 

fering in protein content were larger for commercial than for free range broilers.
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This supports the findings of GERAERT et al. (1990, 1996), JORGENSEN et al. 
(1990) and PYM and SOLVYNS (1979), in the way that less body fat improves feed 
efficiency but can never explain completely the efficiency differences. Thus, in 
the present study the differences in feed conversion may be due to the digestive or- 
gan and the feather proportions, which contribute to the difference in energy 

- maintenance, in agreement with KATANBAF et al. (1989) and NIR et al. (1993). 

Conclusions 

The studied genotypes differed in live weight and growth patterns since the com- 
mercial strain showed a higher proportion of commercial cut weight, and the free 
range type had higher relative digestive organ and feather weights at older ages. 
This different growth pattern may affect nutritional efficiency. Thus, differences 
in efficiency may be explained by other factors besides abdominal fat. 

A low protein level affected commercial cuts more than live weight, while or- 

gan growth was less affected by protein level, showing a priority for their develop- 

ment. There was a tendency for commercial cuts of commercial broilers to 
be more affected by a low protein level than those of free range genotypes. 

At a fixed age, there were no differences in percentage of abdominal fat be- 
tween genotypes in both diets. The results indicate that if comparisons were made 
at the same weight, probably FR poultry would have more fat than commercial 
poultry. 

It was found that traits associated with production were changed by selection. 
If selection was done on FR, it would be desirable to increase the proportion of 
commercial cuts and the nutritional efficiency, and to decrease abdominal fat 
without changing those traits which make them desirable for consumers of this 

kind of meat. 

Acknowledgements. The technical assistance of J.L. CASTILLO, F. SCIGLI- 

ANO and P.J. FERNANDEZ is gratefully acknowledged. Thanks are also given to 
Dean S. MIRANDE. J.E. MELO holds a scholarship from UBACYyT. This research 

was supported by the VE-059 UBACyT Project. 

REFERENCES 

CAHANER A. (1990). Genotype by environment interactions in poultry. Proceedings of 

the 4th Congress on Genetics Applied on Livestock Production, Edinburgh: 13-19. 

CAHANER A., KRINSKY M., NITSAN Z. (1985). The response to one cycleof divergentselec- 

tion for abdominal fat in broilers raised under different conditions. Poultry Science 64: 

1813-1820. 

CAHANER A., DUNNINGTON E., JONES D., CHERRY J., SIEGEL P. (1987). Evaluation oftwo 

commercial broiler male lines differing in efficiency of feed utilisation. Poultry Science 

66: 1101-1110.



230 J.E. Melo et al. l 

CAHANER A., PINCHASOV Y., NIR I., NITSAN Z. (1995). Effects of dietary protein under 
high ambient temperature on body weight, breast meat yield, and abdominal fat depo- 
sition of broiler stocks differing in growth rate and fatness. Poultry Science 74: 
968-975. 

CHERRY J., SIEGEL P., BEANE W. (1978). Genetic-nutritional relationships in growth and 
carcass characteristics of broiler chickens. Poultry Science 57: 1482-1487. 

DUNNINGTON E. (1990). Selection and homeostasis. Proceedings of the 4th World Con- 
gress on Genetics Applied to Livestock Production, Edinburgh: 5-12. 

DUNNINGTON E., SIEGEL P. (1996). Long-term divergent selection for eight-week body 
weight in white plymouth rock chickens. Poultry Science 75: 1168-1179. 

GERAERT P., MACLEOD M., LARBIER M., LECLERCQ B. (1990). Nitrogen metabolism in 
genetically fat and lean chickens. Poultry Science 69: 1911- 1921. 

GERAERT P., GUILLAUMIN S., LECLERQ B. (1993). Are genetically lean broilers more re- 
sistant to hot climate? British Poultry Science 34: 643-653. 

GERAERT P., BONNET S., AIN BAZIZ H., PADILHA J.C.F., GABARROU J.F., GUILLAUMIN 
S. (1996). Food digestibility and energy balance of broilers under chronic heat stress. 
Proceedings of the XX World’s Poultry Congress, New Delhi, India: 257. 

JORGENSEN H., SORENSEN P., EGGUM B. (1990). Protein and energy metabolism in 
broiler chickens selected for either body weight gain or feed utilisation. British Poultry 
Science 31: 517-524. 

KATANBAF M., DUNNINGTON E., SIEGEL P. (1989). Restricted feeding in early and 
late-feathering chickens. 3. Organ size and carcass composition. Poultry Science 68: 
359-368. 

LECLERCQ B., CHAGNEAU A., COCHARD T., KHOURY J. (1994). Comparative responses 

of genetically lean and fat chickens to lysine, arginine and non-essential amino acid 

supply. I. Growth and body composition. British Poultry Science 35: 687-696. 

LIU G., DUNNINGTON E., SIEGEL P. (1995). Growth-related traits in body weight selected 
lines and their crosses reared under different nutritional regimes. British Poultry Sci- 
ence 36: 209-219. 

MALLO G., MELO J., VILLAR E., MIQUEL M.C. (1996). Corporal composition of broiler 

of different selection levels in two diets of different energy: protein ratio. Revista Ar- 

gentina de Producción Animal 16: Sup.1: 156-157. 

MCCARTHY J. (1977). Quantitative aspects of the genetics of growth. In: Growth and 
Poultry Meat Production (Boorman K.N., Wilson B.J., eds.). British Poultry Science 

Ltd., Edinburgh:117-130. 

MELO J., MALLO G., VILLAR E., MIQUEL M.C., CAPPELLETTI C., FERNANDEZ P. 
(1996a). Evaluation of two poultry commercial strains, in three feeding regimes at two 
slaughter ages. Proceedings of the XX World’s Poultry Congress, New Delhi: 80-81. 

MELO J., MALLO G., VILLAR E., MIQUEL M.C., DJIAN G., CAPPELLETTI C. (1996b). 

Broilers phenotypic correlations between abdominal fat and different plasma lipids. 

Revista de Medicina Veterinaria 77(6): 401-403. 

MELO J., MALLO G., VILLAR E., MIQUEL M.C., DJIAN G. (1996c). Total cholesterol and 

LDL utilization for broiler abdominal fat estimation. Revista Argentina de Produccion 

Animal 16: Sup 1: 154-155.



Dietary protein: slaughter of broiler stocks 231 

MELO J., MALLO G., VILLAR E., MIQUEL M.C., DJIAN G. (1997). Correlaciones fenotipicas entre grasa abdominal y dos lipidos plasmaticos en pollos. Proceedings of the XV Congreso Latinoamericano de Avicultura, Canctin: 210-211. 
MILLER R. (1981). Simultaneous Statistical Inference. Springer-Verlag, New York. 
~MIQUEL M.C., MELO J., MALLO G., VILLAR E., CASTILLO J.L., CIACCIARIELLO M. 

(1998). Growth and abdominal fat of , Free range” and commercial broilers. Proceed- 
ings of the 6th World Congress on Genetics Applied to Livestock Production, 
Armidale 24: 333-336. 

NESTER J., WASSERMAN W., KUTNER M. (1985). Applied Linear Statistical Models. Ed. 
Irwin, Illinois. 

NIR I., NITSAN Z., MAHAGNA M. (1 993). Comparative growth and development of the di- 
gestive organs and of some enzymes in broiler and egg type chicks after hatching. Brit- 
ish Poultry Science 34: 523-532. 

PINGEL H. (1994). Poultry improvements: Integration of present and new genetic ap- 
proaches-introductory remarks. Proceedings of 5th World Congress on Genetic Ap- 
plied to Livestock Production, Guelph: 3-4. 

PYM R. (1996). Selection for feed efficiency and increased lean tissue growth rate in meat 
chickens. Proceedings of the XX World’s Poultry Congress, New Delhi: 469-478. 

PYM R., SOLVYNS J. (1979). Selection for food conversion in broilers: body composition 
of birds selected for increased body weight gain, food consumption and food conver- 
sion ratio. British Poultry Science 20: 87-97. 

ROBBINS K. (1981). Effects of sex, breed, dietary energy level, energy source, and calorie: 
protein ratio on performance and energy utilization by broiler. Poultry Science 60: 
2306-2315. 

SAS Institute Inc. (1985). User’s Guide: Statistics. Version 5, Cary, NC. 
SIEGEL P.B. (1990). Poultry breeding. Proceedings of the 4th World Congress on Genetics 

Applied to Livestock Production, Edinburgh: 3-4. 
SOLLER M., EITAN Y. (1984). Why does selection for live weight gain increase fat deposi- 

tion? A model. World’s Poultry Science Journal 40: 5-9. 
SUSBILLA J., FRANKEL T., PARKINSON G., Gow C. (1994). Weight of internal organs and 

carcass yield of early food restricted broilers. British Poultry Science 35: 677-685. 
TRINIDADE R., SILVA D., FONSECA J., SILVA M., LANA G. (1994). Effect of level of en- 

ergy on the quality of the carcass of different genetic groups of broiler chicks. Revista 
Sociedade Brasileira Zootecnia 23: 603-614. 

VELEZ A. (1995). El pollo ecolégico. Boletin de Extension No. 11, EEA.-Pergamino, 
INTA. 

VILLA J., BALBIN A., MONTEAGUT A. (1991). Determination of abdominal fat in broilers 
by means of cloacal callipers. Cuban Journal of Poultry Science 18: 253-257. 

WALL C., ANTHONY N. (1995). Inheritance of carcass variables when Giant Jungle Fowl 
and broilers achieve a common physiological body weight. Poultry Science 74: 
231-236.


