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ABSTRACT - The objective of this study was to assess the bionutritional efficiency of crossbred F1 Red Angus × Nellore
(½ RA ½ N) and F1 Blonde D’Aquitaine × Nellore (½ BA ½ N) young bulls finished on feedlot and slaughtered at 480, 520
and 560 kg body weight. A completely randomized experimental design in a 2 × 3 (genetic group × slaughter weight) factorial
arrangement with six replicates was used. The ½ BA ½ N young bulls showed higher kidney, pelvic and inguinal fat (KPIF, kg
and % BW) and lower multivariate biological nutritional index (MBNI) and residual feed intake than ½ RA ½ N young bulls.
The young bulls slaughtered at heavier weight had larger ribeye area (cm2), fat thickness over the 12-13th rib, fat thickness
over the rump, KPIF (kg and % BW), dry matter intake (DMI, kg/d), net energy intake (MJ/d) and metabolizable protein intake
(g/d), and MBNI compared to young bulls slaughtered at lighter weight. Furthermore, the ½ BA ½ N young bulls slaughtered
at 480 kg had lower feed conversion than the others. On the other hand, the average daily weight gain (kg/d), DMI (% BW
and g/BW0.75), feed efficiency and Kleiber ratio did not differ between genetic group, slaughter weight and genetic group versus
slaughter weight interaction. Therefore, crossbred F1 Blonde D’Aquitaine × Nellore young bulls and animals slaughtered at
lighter weights are more bionutritionally efficient in the finishing phase on feedlot.

Key Words: animal performance, feed efficiency, feed conversion, Kleiber ratio, multivariate biological nutritional index,
residual feed intake

Eficiência bionutricional de bovinos mestiços terminados em confinamento
e abatidos com pesos distintos

RESUMO - Objetivou-se avaliar a eficiência bionutricional de tourinhos mestiços F1 Red Angus × Nelore (½ RA ½ N)
e F1 Blonde D´Aquitane × Nelore (½ BA ½ N) terminados em confinamento e abatidos com 480, 520 e 560 kg de peso corporal.
O delineamento experimental foi inteiramente casualizado em arranjo fatorial 2 × 3 (grupo genético × peso de abate) com
seis repetições. Os tourinhos ½ BA ½ N tiveram maior gordura renal, pélvica e inguinal (GRPI, kg e % PV); e menor índice
nutricional multivariado biológico (INMB) e consumo alimentar residual em comparação aos tourinhos ½ RA ½ N. Os
tourinhos abatidos com maior peso apresentaram maior área de olho-de-lombo (cm2), espessura de gordura subcutânea,
gordura de cobertura na garupa, GRPI (kg e % PV), consumo de matéria seca (CMS, kg/d), consumo de energia líquida
(MJ/d) e proteína metabolizável (g/dia), e INMB em relação aos abatidos mais leves. Além disso, os tourinhos ½ BA ½ N
abatidos com 480 kg tiveram a menor conversão alimentar. Por outro lado, o ganho médio diário de peso (kg/dia), o consumo
de matéria seca (% PV e g/UTM), a eficiência alimentar e a relação de Kleiber não diferiram entre os grupos genéticos, os
pesos de abate e a interação grupo genético versus peso de abate. Tourinhos F1 Blonde D’Aquitaine × Nelore e os animais
abatidos mais leves são bionutricionalmente mais eficientes na fase de terminação em confinamento.

Palavras-chave: consumo alimentar residual, conversão alimentar, desempenho animal, eficiência alimentar, índice
nutricional multivariado biológico, relação de Kleiber
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Introduction

Feedlot has been used worldwide as a technological
alternative and a strategy to increase productivity and
break seasonal production. However, the performance

and the nutritional efficiency of feedlot cattle are
influenced, among several factors, by the genetic
potential of the animals and management. Optimization
of the slaughter end point, as for age, finishing grade,
body weight or carcass weight, also exert direct effects
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on the biological response of the animals (Berg &
Butterfield, 1976).

Differences among breeds in production characteristics
are important to enhance nutritional efficiency, carcass
composition and meat quality (Wheeler et al., 2001). The
Brazilian cattle herd is mainly composed by zebu cattle,
either purebred or crossbred, with eminence of the Nellore
breed, which deposits subcutaneous fat precociously in
relation to weight, not to age, and does not  present high
marbling grade when compared to F1 Angus × Nelore
(Berndt et al., 2001).

Breeding of Bos taurus taurus bulls with Bos taurus
indicus cows has been used to obtain F1 crossbreds for
heterozygote advantage and use of the generated
benefits and breed complementation (Barbosa, 2000;
Wheeler et al., 2001), so the animals can be slaughtered
younger and heavier. However, literature data reports that
genotype evaluation is harmed when the slaughter end
point is defined by a fixed weight, because the expression
of the differences between breeds is limited (Euclides
Filho et al., 1997).

The slaughter weight of the animals represents a crucial
point of the commercial efficiency of rural establishments
and slaughterhouses, because cattle commercialization is
based on payment for hot carcass weight. Slaughter weight
also has great influence on cattle performance, intake and
feed efficiency (Costa et al., 2002; Arboitte et al., 2004),  as the
growth rate of different tissues has different thrusts in
different phases of the life of the animal. Therefore, it
becomes interesting to study the slaughter weight of
different genetic groups to ally the best biological responses
and enhance animal science parameters.

Therefore, the objective of this study was to evaluate
bionutritional efficiency of half bred cattle F1 Bos taurus
taurus × Bos taurus indicus finished in feedlot and
slaughtered at different weights.

Material and Methods

The feedlot was conducted at the Agência Paulista de
Tecnologia dos Agronegócios (APTA), Colina, São Paulo,
Brazil; the animals were slaughtered at the Minerva®

slaughterhouse, Barretos, São Paulo, Brazil; and the
chemical analysis of the diet was performed at the Instituto
de Zootecnia, Nova Odessa, São Paulo, Brazil.

The region where the animals were confined is located
physiographically in the Northern region of São Paulo
State, at 602 m altitude, parallel of 20° 42' 57" South
latitude and meridian of 48° 34' 23" West longitude from

Greenwich. According to the Köppen classification, the
climate is Aw (wet tropical), with a dry season from April
to September and a rainy season from October to March,
being the monthly mean of the maximum daily temperature
at the hottest month higher than 22°C and at the coldest
month higher than 18°C.

Thirty six half bred young bulls were used, eighteen F1
Red Angus × Nelore (½ RA ½ N) and  eighteen F1 Blonde
D’Aquitaine × Nelore (½ BA ½ N),  average initial age of
20 months and 447.7 ± 5.8 kg initial live weight for the F1
Red Angus and 444.3 ± 6.5 kg for the F1 Blonde D´Aquitane.

Sources of variation consisted by two genetic groups
(GG): ½ RA ½ N and ½ BA ½ N; and by three slaughter
weights (SW): 480, 520 and 560 kg of body weight. A
completely randomized experimental design in a 2 × 3 (two
genetic groups × three slaughter weights) factorial
arrangement with six replicates was used, according to the
statistical model:

where Yijk = observed value of i-th genetic group,
j-th slaughter weight and k-th replicate; µ = overall mean of
response variable; α i = effect of i-th genetic group;
βj = effect of  j-th slaughter weight; αβij = effect of
interaction between the i-th genetic group and the j-th
slaughter weight; b1 = angular coefficient of the line Yijk
as a function of the initial live weight (ILW) at fasting;
Xijk = initial live weight of the k-th animal under the i-th
genetic group and  j-th slaughter weight; X  = overall mean
of initial live weight of the animals; εijk  = random effect
associated to observation Yijk, presuming ( )20 σε ,N~

iid

ijk .
The animals used in this study were weaned at seven

to eight months of age and kept on Panicum maximum CV
Tanzânia pasture, fertilized with 250 kg N/ha, under a
rotational grazing system. Before the beginning of the
experiment, the animals remained for two months on
Braquiária pasture under a continuous grazing system.
After that, they were housed in individual 12 m2 stalls with
a cement floor, covered feed trough, automatic drinking
trough and submitted to a period of 21 days for adaptation
to the diet, stalls and management.

The duration of the experimental period was defined
by the time needed for the animals to gain established
slaughter weights. In order to control the evolution of
weight gain, the experimental period was subdivided into
periods of 21 to 28 days when the animals were weighed
after 18 hours fasting.

Feed was offered ad libitum once a day, at 9 a.m.,
and the daily adjustment was made by weighing the amount
offered and the leftovers from the previous day, obtaining
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the voluntary intake. The experimental diet was formulated
according to NRC (1996) for the maintenance requirements
and gain of 1.3 kg/day of a steer with 420 kg body weight
(Table 1).

Twice a week, representative samples of the leftovers
from the offered feed were collected and mixed, creating
compound samples for each treatment; and for the offered
feed, samples were collected at each evaluation period.
Samples of feed and roughage leftovers were dried in a
laboratory oven with forced air circulation at 55 ± 5ºC
until constant weight. Pre-dried samples and concentrate
components were ground in a 1 mm sieve, using a
stationary Wiley mill and then submitted to laboratorial
analysis in triplicates.

Laboratorial analyses were executed according to
analytical proceedings described by Silva & Queiroz (2002).

The ingredient composition of the offered diet (Table 2),
observed voluntary intake, average weight and average
daily weight gain of the animals were used as entries
(inputs) in the mathematical model developed by Henrique
(2007) to evaluate and diagnose the offered diet.

The animals were slaughtered accordingly to the
Brazilian Sanitary Surveillance Guidelines (RIISPOA:
Regulamento de Inspeção Industrial e Sanitária de
Produtos de Origem Animal) and followed the normal flux
of the slaughterhouse. Kidney, pelvic and inguinal fats
(KPIF) were removed and weighted at the slaughter line
during carcass cleaning (toilette). After slaughter, half-
carcasses were washed and taken to cold chamber (Tinitial =
5 ± 2°C; Tultimate = 0 ± 2°C) for cooling through 24 hours.
After cooling, the left side half-carcasses were cut in the
dorsal-lumbar region between 12th and 13th ribs to evaluate
the transversal area (REA) and the subcutaneous fat
thickness (SFT) of the Longissimus dorsi muscle (LM).
REA (cm2) was determined using plastic blade with
checkered grid specially designed for this procedure,
while the SFT (mm) was calculated by the arithmetic mean
of three measurements taken with a pachymeter. During
deboning, the fat cover of the hind region (RUMP, mm),
between ileum and ischium and upon Biceps femoris
muscle (BF) were measured with a pachymeter.

The biological efficiency was evaluated by feed
conversion (FC), feed efficiency (FE), multivariate
biological nutritional index (MBNI), Kleiber ratio (KR) and

Ingredient Proport ion
(% DM)

Roughage (43.26)
Sugar cane (Saccharum officinarum L.) 43.26
Concentrate (56.74)
Citrus pulp 33.29
Cottonseed meal 22.10
Urea 0.75
Mineral mixture1 0.60
1 Composition per kg: Ca - 130 g; P - 80 g (90% minimum solubility in 2%

citric acid ); S - 10 g; Na - 140 g; Cu - 1600 mg; Mn - 1500 mg; Zn - 5000 mg;
I - 150 mg; Co - 100 mg; Se - 30 mg; F - 800 mg (maximum).

Table 1 - Composition of ingredients of the experimental diet
(%DM)

NDIN = neutral detergent insoluble nitrogen; ADIN = acid detergent insoluble nitrogen; NDFap = neutral detergent fiber corrected to ash and protein; IVDMD =
in vitro dry matter digestibility; TDN = total digestible nutrients estimated at maintenance level (1x) and gain (1.96x).
1 TC = OM – (CP + EE).
2 NFC = TC – NDFap.
3 Hall (2000).
4 NRC (2001).

Item (% DM) Ingredients Diet

Roughage (cane) Concentrate

Pulp Cottonseed Mixture

Dry matter 29.73 90.30 89.26 91.45 62.65
Organic matter 97.83 94.05 95.01 93.25 95.38
Crude protein 3.34 7.84 30.72 22.39 12.96
NDIN (% CP) 27.59 27.30 8.20 9.88 22.84
ADIN (% CP) 24.20 8.71 6.71 5.81 14.85
Ether extract 0 .72 3.04 1.93 2.07 1.75
Neutral detergent fiber 57.38 24.02 58.04 36.74 45.64
NDFap 56.45 21.88 55.52 34.53 42.69
Acid detergent fiber 35.80 18.97 37.69 24.23 30.13
Acid detergent lignin 5.43 3.10 12.42 06.55 6.12
Total carbohydrates1 93.77 83.17 62.36 68.79 80.67
Non-fiber carbohydrates 37 .322 61.292 6.842 38.203 40.243

IVDMD 58.34 90.92 51.94 79.22 -
TDN1x

4 62.32 75.48 52.11 68.78 66.22
TDN1,96x

4 60.39 73.61 52.11 66.88 64.30

Table 2 - Average bromatological composition of ingredients and experimental diet
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residual feed intake (RFI). Feed conversion and feed
efficiency were calculated by the nonlinear combination
between random normal continuous variables and
correlated, as follows:

1; >= FC
y
x

FC
ijk

ijk 10; <<= FE
x
y

FE
ijk

ijk

,,1,,1;,,1 =∀=∀=∀ irkandSWjGGi !!!

( ) 0; >> ijkijk yxsoreplicates

where, xijk and yijk are, respectively, voluntary dry matter
intake (DMI, kg/day) and average daily weight gain
(ADG, kg/day) of k-th replicate, in i-th genetic group and
j-th slaughter weight.

Multivariate analysis of variance (MANOVA)
procedure was used to calculate the multivariate biological
nutritional index (Johnson & Wichern, 1998; Khattree &
Naik, 1999; Khattree & Naik, 2000) and complemented with
the Fisher linear discriminant function (FLDF) or first
canonical variable (Mardia et al., 1997). Hence, the variables:
weight gain (kg/d) and dry matter intake (kg/d) were
submitted to MANOVA in a completely randomized
design, disregarding the factorial arrangement, according
to the statistical model:

ijkikkijkY εαµ ++=
where Yijk = observed value of k-th variable, under i-th
treatment of the j-th replicate; µk = overall  mean of the
k-th variable; α ik = effect of the i -th treatment at the
k-th variable; and εijk = random effects associated to
obse rva t ion  Y i jk  assuming normal distr ibution,
independent and identically distributed - NIID, (0,α2);

i = 1,2,…, 6; j = 1,2,…, 6 and k = 1,2.
Eigenvalues were calculated using MANOVA and the

characteristic roots of the equation (Harris, 1975) were
obtained by:

where, E-1 = common inverse of matrix of the residual sum
of squares and products; H = matrix of the sum of squares
and of the products related to treatments; λ1 and λ2 =
eigenvalues of matrix E-1H; and I = identity matrix of order
p = 2.

The non-normalized eigenvector associated to the
higher eigenvalue was then estimated by solving the system
of equations:

where λ1 = highest eigenvalue; v = non-normalized
eigenvector associated to the highest eigenvalue; a
and b = canonical coefficients; and E-1, H and I = as defined
previously.

The eigenvector was normalized by solving the linear
system, according to the restriction:
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where,
~
" = normalized eigenvector associated to the highest

eigenvalue; 
'

~
"  = transposed of the normalized eigenvector;

E = matrix of the sum of squares and the residual products;
ne = number of degrees of freedom of the residue; a´ and
b´ = canonical coefficients.

The Fischer linear discriminating function (FLDF)
or first canonical variable (CV1), was calculated and
defined by:

Z = a´Y + b´X
where, Z = the Fischer linear discriminating function or first
canonical variable; Y = animal transformation (ADG, kg/d);
X = feed intake (DMI, kg/d); a´ and b´ as previously defined.
The values of this function were called multivariate
biological nutritional index – MBNI (Guidoni, 1994) or
bionutritional efficiency– BNE (Euclides Filho et al., 2001;
Detmann et al., 2005).

The Kleiber ratio - KR (Kleiber, 1936) was calculated
by the following formula:

ijk

ijk

AMLW
y

KR =

( )replicatesrkandSWjGGi i,,1,,1;,,1 !!! =∀=∀=∀

where, AMLWijk = average metabolic live weight (ALW0.75)
of k-th repetition; in i-th genetic group and j-th slaughter
weight; and yijk = as defined previously.

Residual feed intake – RFI (Koch et al., 1963) was
obtained though multiple linear regression according to the
following statistical model:

Yijk  = β0 + β1Xlij + β2X2ij  + εijk
where, Yijk  = voluntary dry matter intake (DMI, kg/d) of
k-th replication, in i-th genetic group and j-th slaughter
weight; β0 = intercept or regression constant; β1 and β2 =
regression coefficients; Xlij = average daily weight gain
(ADG, kg/d) in i -th genetic group and  j-th slaughter
weight; X2ij = average metabolic live weight (AMLW,
kg0,75) in i-th genetic group and  j-th slaughter weight;
εijk  = error, representing the residual feed intake (RFI) of

ijk observation, presuming  . Parameters of
the considered model were estimated by the REG procedure
from SAS®.

The data was subjected to an outlier analysis by
Studentized residual method, checked for error normality
by the Shapiro-Wilk test and for homogeneity of variance
by Levene test. The data was submitted to an univariate
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analysis of variance using the GLM procedure from SAS®,
the means were adjusted by the ordinary least squares
method by the LSMEANS (Least Squares Means) statement
and compared by Tukey test at 5% significance level.

The probability value of the genetic groups was enough
to detect differences between their means. Furthermore,
regardless to the significance of the fixed effects, a polynomial
regression analysis was performed for each genetic group
to investigate alterations in the dependent variables as a
function of SW. The coefficient of determination (r2) was
expressed in relation to the treatments source (regression
+ lack of fit). In addition, a simple correlation analysis
amongst studied variables was performed.

Because the subcutaneous fat thickness variable did
not present normal distribution and the kidney, pelvic and

inguinal fat, feed conversion, feed efficiency and the Kleiber
ratio variables presented heteroscedasticity; they were
analyzed by the Generalized Linear Models method using
GENMOD procedure from SAS®, presuming gamma
distribution and logarithmic link function.

Statistical analyses were performed with SAS® System
for Windows™ (SAS, 2002) software.

Results and Discussion

Final live weight (FLW) did not differ (P>0.05) between
genetic groups, but it did (P<0.05) between slaughter
weights (Table 3) that were previously established.
Angular coefficients of regression of final live weight as
a function of slaughter weight did not differ (P>0.05) from

Genetic group (GG) Slaughter weight (SW) Mean or equation Probabilistic value

4 8 0 5 2 0 5 6 0 GG SW GGxSW

Final live weight, kg 0.5219 0.0001 0.3127
½ RA ½ N 477.2 523.0 560.4 ŷ  = 1.00SW (r2=0.99)
½ BA ½ N 481.5 516.3 572.3 ŷ = 1.00SW  (r2=0.99)
Mean 479.4c 519.7b 566.4a CV1 = 2.8 SEM2 = 7.3

Time at feedlot3, days - - -
½ RA ½ N 21 50 78 -
½ BA ½ N 21 50 78 -
Mean - - - CV1 = - SEM2 = -

Weight gain, kg/d 0.2294 0.4458 0.1635
½ RA ½ N 1.459 1.543 1.468 y

_
 = 1.490

½ BA ½ N 1.813 1.407 1.621 y
_
 = 1,641

Mean 1.636 1.475 1.544 CV1 = 18.8 SEM2 = 0.050
KPIF4, kg 0.0001 0.0001 0.3010

½ RA ½ N 3.706 5.569 8.234 ŷ = -23.61 + 0.057SW (r2=0.99)
½ BA ½ N 5.115 8.187 9.561 ŷ  = -22.40 + 0.058SW  (r2=0.93)
Mean 4.411c 6.878b 8.898a CV1 = 19.7 SEM2 = 0.402

KPIF4, kg/100 kg LW 0.0001 0.0001 0.2045
½ RA ½ N 0.765 1.070 1.477 ŷ = -3.52 + 0.009SW (r2=0.99)
½ BA ½ N 1.068 1.577 1.682 ŷ  = -2.81 + 0.008SW  (r2=0.89)
Mean 0.917c 1.324b 1.580a CV1 = 19.7  SEM2 = 0.068

SFT4, mm 0.2915 0.0001 0.2764
½ RA ½ N 2 .2 2 .3 4 .2 ŷ  = 134.7 – 0.53SW + 0.0005SW2  (r2=0.99)
½ BA ½ N 2 .0 3 .0 4 .7 ŷ = -14.18 + 0.0335SW (r2=0.90)
Mean 2.1c 2.7b 4.4a CV1 = 25.3  SEM2 = 0.2

RUMP, mm 0.2287 0.0240 0.6799
½ RA ½ N 3 .1 3 .7 3 .8 y

_
 = 3.5

½ BA ½ N 2 .7 3 .2 3 .8 y
_
 = 3.2

Mean 2.9b 3.4ab 3.8a CV1 = 23.0  SEM2 = 0.1
REA, cm2 0.4188 0.0026 0.8066

½ RA ½ N 74.0 79.2 87.3 ŷ  = 0.15SW (r2=0.99)
½ BA ½ N 71.7 79.2 83.2 y

_
 = 78.0

Mean 72.9b 79.2ab 85.2a CV1 = 9.7  SEM2 = 1.5
REA, cm2/100 kg LW 0.3293 0.9391 0.5841

½ RA ½ N 15.5 15.1 15.6 y
_
 = 15.4

½ BA ½ N 14.9 15.3 14.5 y
_
 = 14.9

Mean 15.2 15.2 15.0 CV1 = 9.8  SEM2 = 0.24

KPIF = kidney, pelvic and inguinal fat; SFT = subcutaneous fat thickness; RUMP = rump fat cover; REA = rib-eye area.
Means with different letters differ (P<0.05) between slaughter weights by Tukey test.
1 CV (%) = coefficient of variation; 2SEM = standard error of the mean; 3Not statistically analyzed; 4Pr > χ2 = probabilistic value by the likelihood ratio test with rapprochement

by chi-square statistical

Table 3 - Performance of the young F1 Red Angus (RA) or Blonde D’Aquitaine (BA) versus Nelore (N) bulls slaughtered at three
different weights
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one (1.0), proving that the control of slaughter weights
was effective. The permanence period in feedlot (PF) was
not predetermined (Table 3) but it was a consequence of
the established slaughter weights. The feedlot period for
the animals to reach 480 kg was short, as a consequence
of the high initial weight, since at the beginning of the
confinement the animals were at approximately 80% of
the final established weight. Similar behavior was
observed by Arboitte et al. (2004) in a finishing feedlot
with 5/8 Nelore 3/8 Charolais young bulls slaughtered at
425, 467 and 510 kg body weight. Nevertheless, short
periods of feeding in feedlot are economically important
(Mello et al., 2009), because they represent less waste
with energy intake for maintenance, higher rotation of
the animals and more working capital once carcasses meet
the minimal requirements recommended by the
slaughterhouses.

There was no effect (P>0.05) of genetic group,
slaughter weight and their interaction on the average daily
weight gain (ADG) of the animals (Table 3). A possible
explanation for the absence of differences in weight gain
in the genetic groups may be a probable similarity of the
inheritable cytoplasmic mitochondrial deoxyribonucleic
acid (DNA) from the same maternal lineage of both genetic
groups (Nellore), which is intimately associated to the
productive characteristics of beef cattle. Nevertheless, F1
Blonde D´Aquitane obtained an average gain rate 8.3%
higher than F1 Red Angus. Still, the animals slaughtered at
560 kg had a gain rate on average 5.6% lower than those
slaughtered at 480 kg and 4.7% higher than those
slaughtered at 520 kg, suggesting that the animals were
still at the growth stage.

The F1 Blonde D´Aquitane young bulls had higher
(P<0.05) amounts of kidney, pelvic and inguinal fat (KPIF),
as absolute (kg) or relative to body weight (kg/100 kg
LW), and the amount deposited increased (P<0.05) as the
slaughter weight rised (Table 3). The absolute rate of
deposition of kidney, pelvic and inguinal fat (angular
coefficient of the equation) was slightly higher for the F1
Blonde D´Aquitane (Table 3), probably due to the higher
impetus of growth of the continental European breeds
(large size breeds) compared to British European breeds
(small size breeds). On the other hand, the relative rate of
KPIF deposition (angular coefficient of the equation)
was slightly higher for F1 Red Angus (Table 3), justified
by the early maturity genetic groups (British breeds) that
present higher fat content in gain compared to late
maturity genetic groups (continental breeds) at equal
weights (Garret et al., 1959). Because of this, small size

breeds generally present lower growth impetus and higher
energy requirements for gain than large size breeds.

The fat cover in the dorsal-lumbar region between 12th

and 13th ribs (SFT) and the fat cover in the hind region
over the rump (RUMP) presented similar behavior. In both
places, fat thickness increased (P<0.05) as slaughter weight
rised (Table 3), due to the period of feedlot. Nevertheless,
the animals slaughtered at 480 and 520 kg did not achieve
the minimum finishing level recommended by the
slaughterhouses. The subcutaneous fat thickness
regression as a function of the fat cover in the rump
considering that the intercept did not differ (P>0.05) from
zero, generated the following equation: SFT = 0.90 × RUMP
(r2 = 0.90). Therefore, more fat deposition was observed
over the rump than over the rib-eye. These results
corroborated with Tait et al. (2001), who observed that the
fat deposited in the dorsal-lumbar region was less than at
the hind region until it reaches 4 to 5 mm  in thickness, then
a greater fat thickness is expected in the dorsal-lumbar
region than in the hind region. This happens because fat
deposition occurs, at first, in the hind and front quarters,
growing toward the spine and down to the lower region of
the ribs (Berg & Butterfield, 1976).

The subcutaneous fat thickness and fat cover over
rump accumulation did not differ (P>0.05) between genetic
groups (Table 3). Although early maturity genetic groups
deposit more fat at gain, late maturity genetic groups
compensate such differences with higher growth impetus.
Therefore, the external fat deposited in animals in the
different genetic groups was equal. Additionally, little
external fat was deposited (SFT and RUMP) even at higher
weights, because  the animals were not castrated, so muscle
growth prevailed upon fat deposition.

The rib-eye area (REA) did not differ (P>0.05) between
genetic groups, but it increased (P<0.05) approximately
0.15 cm2/kg weight gain (Table 3), suggesting that the
animals slaughtered at heavy weights had more muscular
proportion than the ones slaughtered at light weights.
But the relative rib-eye area (cm2/100 kg BW) did not
differ (P>0.05) between sources of variation, inferring
that the  muscular gain rate was not affected by genetic
group, slaughter weight, or their interaction.

Genetic group and the genetic group × slaughter
weight interaction did not influence (P>0.05) voluntary
intake of young bulls (Table 4). Similarly, the percentage
of dry matter intake (%LW) and metabolic (g/UTM) dry
matter intake (DMI) were not affected (P>0.05) by the
treatments (Table 4). However, absolute dry matter intake
(DMI, kg/day), net energy intake (NEI, MJ/day) and
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metabolizable protein intake (MPI, g/day) increased
(P>0.05) as slaughter weight increased (Table 4), probably
due to a higher energy and protein requirement for
maintenance of heavier animals (NRC,1996).

Observed data of dry matter intake (DMI), nutritional
composition of diet and body weight gain were used as
entries (inputs) in the mathematical model developed by
Henrique (2007) for nutritional evaluation of the offered
diet. From the analyses of the obtained answers (outputs)
it was verified that voluntary intake was maximum and
defined by energy satiety, because the ruminal fiber mass
(on average 3.431 g/kg  body weight) was below the
maximum capacity of fiber retention in the rumen (on
average 9.889 g/kg body weight), suggesting that there
was no effect of fiber mass fulfillment of rumen. But Table
6 shows the correlation between dry matter intake (DMI)
and average weight gain (ADG) that  was of low magnitude
(Pearson coefficient) or not significant (Spearman
coefficient). Hence, it can be inferred that the animals may
not have fully expressed their potential for gain and  some
nutrient of the diet, probably the protein, may have limited
their weight gain, because most of the animals had positive
energy balance and negative protein balance, as shown in
Figure 1. Furthermore, the intercepts of the regression
equations of energy and protein balance, adjusted as a
function of their weight gains (ADG), showed that the

offered diet had enough energy for 1.743 kg/d  gain and
enough protein for 1.324 kg/d  gain.

Analysis of the output generated by the mathematical
model described by Henrique (2007) shows that the
average peptide balance (PEPBAL) was 11.9 g/d, while
the average ruminal nitrogen balance (RNB) was -5.1 g/d.
Therefore, as bacteria that degrade non-fiber carbohydrates
(NFC) use preferably aminoacids and peptides as N source
and bacteria that degrade fiber carbohydrates (FC) use only
ammonia as N source (Russel et al., 1992; Fox et al., 2004), it
can be inferred that there was an inhibition of celulolitic
microbian growth, that may have reduced the digestion
of the dietary fiber and consequently have limited the
animal performance.

Regarded to biological efficiency indexes (Table 5), F1
Blonde D’Aquitane young bulls slaughtered at 480 kg had
better (P<0.05) feed conversion (FC) and then, consumed
less per kg weight gain. Similarly, F1 Blonde D’Aquitane
bulls had lower (P<0.05) feed conversion (better) and feed
conversion tended (P<0.06) to worsen (higher value) in
animals slaughtered at heavier weights. Feed efficiency
(FE) did not differ (P>0.05) between treatments (Table 5),
but the F1 Blonde D’Aquitane young bulls tended (P<0.09)
to be more efficient because they gained more weight per
kg of dry matter consumed and the animals slaughtered
heavier tended (P<0.08) to be less efficient, gaining less

Genetic group (GG) Slaughter weight (SW) Mean or equation Probabilistic value

4 8 0 5 2 0 5 6 0 GG SW GGxSW

Dry matter intake, kg/d 0.2569 0.0216 0.6776
½ RA ½ N 10.2 10.8 11.6 y

_
 = 10.8

½ BA ½ N 10.1 10.0 11.1 y
_
 = 10.4

Mean 10.1b 10.4ab 11.4a CV1= 9.5 SEM2= 0.2
Dry matter intake, % LW 0.3621 0.8016 0.7139

½ RA ½ N 2.19 2.22 2.23 y
_
 = 2.21

½ BA ½ N 2.18 2.08 2.18 y
_
 = 2.15

Mean 2.18 2.15 2.20 CV1= 9.1 SEM2= 0.03
Dry matter intake, g/UTM 0.2129 0.3452 0.7123

½ RA ½ N 101.7 104.2 108.6 y
_
 = 104.8

½ BA ½ N 101.2 097.6 103.7 y
_
 = 100.8

Mean 101.5 100.9 106.1 CV1= 8.9 SEM2= 1.5
Total net energy intake3, MJ/d 0.2610 0.0074 0.6486

½ RA ½ N 52.97 55.93 59.36 y
_
 = 56.09

½ BA ½ N 52.98 52.86 57.71 y
_
 = 54.52

Mean 52.97b 54.39ab 58.54a CV1= 7.2 SEM2= 0.87
Metabolizable protein intake3, g/d 0 .2556 0.0116 0.6785

½ RA ½ N 827.1 875.4 940.9 y
_
 = 881.1

½ BA ½ N 826.5 820.7 907.1 y
_
 = 851.4

Mean 826.8b 848.1ab 924.0a CV1= 8.7 SEM2= 15.4

Means with different letters differ (P<0.05) between slaughter weights by Tukey test.
1 CV (%) = coefficient of variation.
2 SEM = standard error of the mean.
3 Estimated according to Henrique (2007).

Table 4 - Feed intake of young F1 Red Angus (RA) or Blonde D’Aquitaine (BA) versus Nelore (N) bulls slaughtered at different
weights
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weight per kg of dry matter consumed. These results can
be explained by the higher impetus of muscular growth and
the lower energy requirements per kg weight gain of late
maturing genetic groups (large size breed).

The fact that the null hypothesis was not rejected in
the univariate analysis does not mean that it must be
accepted, because in multivariate analysis this same
hypothesis may be rejected. The multivariate biological

nutritional index (MBNI) is relevant because it meets
presumptions of the Gauss-Markov ordinary linear normal
model, uses the gathered information of involved
variables and has a discriminatory feature (Guidoni, 1994).
Hence, MBNI was defined from the following equation:
MBNI = (-3.25 × AWG) + (0.99 × DMI). In this study,
therefore, the animal would be worst (less efficient) when
its multivariate biological nutritional index was higher

FC (kg DM consumed/kg of weight gain) = feed conversion; FE (kg  weight gain/kg  DM consumed) = feed efficiency; MBNI (dimensionless)= multivariate biological
nutritional index; KR (g weight gain/kg0.75 of average live weight) = Kleiber ratio; RFI (dimensionless) = residual feed intake.
Means with different letters differ (P<0.05) between slaughter weights by Tukey test.
1 CV (%) = coefficient of variation.
2 SEM = standard error of the mean.
3 Pr > χ2 = probabilistic value through the likelihood ratio test with rapprochement by chi-square statistical.

Genetic group (GG) Slaughter weight (SW) Mean or equation Probabilistic value

4 8 0 5 2 0 5 6 0 GG SW GGxSW

FC3 0.0302 0.0558 0.0257

½ RA ½ N 7.6Aa 7.0Aa 7.7Aa y
_
 = 7.4

½ BA ½ N 5.2Bb 7.4Aa 6.9Aa ŷ  = -210.6 + 0.82SW – 0.001SW2  (r2=0.59)
Mean 6 .4 7 .2 7 .3 CV1 = 17.2   SEM2 = 0.2

FE3 0.0806 0.0736 0.1844
½ RA ½ N 0.141 0.144 0.132 y

_
 = 0.139

½ BA ½ N 0.181 0.139 0.147 ŷ  = 4.74 – 0.02SW + 0.00002SW2  (r2=0.99)
Mean 0.161 0.142 0.140 CV1 = 15.2   SEM2 = 0.005

MBNI 0.0150 0.0026 0.4656
½ RA ½ N 5.32 5.66 6.65 y

_
 = 5.87

½ BA ½ N 4.12 5.37 5.74 ŷ = 0.01SW  (r2=0.98)
Mean 4.72b 5.51ab 6.19a CV1 = 15.5   SEM2 = 0.21

KR3, g/UTM 0.2840 0.2244 0.1820
½ RA ½ N 14.4 15.0 13.8 y

_
 = 14.4

½ BA ½ N 18.2 13.7 15.2 ŷ  = 563.99 – 2.07SW + 0.002SW2  (r2=0.99)
Mean 16.3 14.4 14.5 CV1 = 17.9   SEM2 = 0.5

RFI 0.0288 0.7451 0.8562
½ RA ½ N 0.252 0.140 0.545 y

_
 = 0.312

½ BA ½ N -0.408 -0.310 -0.265 y
_
 = -0.327

Mean -0.078 -0.085 0.140 CV1 = -     SEM2 = 0.134

Table 5 - Biological efficiency indexes of F1 Red Angus (RA) or Blonde D’Aquitaine (BA) versus Nelore (N) young bulls finished on feedlot
and slaughtered at different body weights

Figure 1 - Energy and protein balance of the diet of F1 Red Angus (full) or Blonde D’Aquitaine (empty) versus Nelore young bulls
slaughtered at 480 (squares), 520 (triangles) and 560 kg (circles) of body weight.
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because the canonical coefficient associated to gain was
negative and the canonical coefficient associated to
intake was positive. It is important to notice that the
solution admits opposite signal.

The multivariate biological nutritional index (MBNI)
confirmed the observed tendencies discussed for feed
conversion (FC) and feed efficiency (FE). Thus, the F1
Blonde D´Aquitane young bulls and the animals
slaughtered at light weight were significantly more efficient
compared to the F1 Red Angus young bulls and the
animals slaughtered at heavy weight (Table 5). Hence,
when animals of different body sizes are slaughtered at
equivalent weights, large size  breed animals will be more
efficient (Murdoch et al., 2005), because they deposit less
fat in gain. However, when slaughter aims for the production
of carcasses of similar finishing rate, it may be inferred that
the animals of small size breeds will be more efficient,
because effectively they are more precocious diluting
maintenance requirements (Lanna & Packer, 1998).

On the contrary, the selection of more efficient animals
through feed conversion (FC), feed efficiency (FE) or
multivariate biological nutritional index (MBNI) would
imply alteration in size at maturity, because these variables
correlate with the average metabolic live weight (Table 6).
It would also result in changes in the maintenance
requirements (Murdoch et al., 2005), because those variables
presume that every feed is destined for gain, disregarding
the requirements for animal maintenance and they are also
affected by the composition of gain (Arthur et al., 2001a).
Therefore, Kleiber ratio (KR; Kleiber, 1936) and residual
feed intake (RFI; Koch et al., 1963) must be used to investigate
the efficiency of the animals, which would not imply
alteration in size at maturity, because these variables did
not correlate with the average metabolic live weight (Table 6),
once the co-variance between them with metabolic weight
are low or near zero and because these variables consider
the differences in maintenance requirements of the animals.
In addition, residual feed intake (RFI) is independent of
growth (Koch et al., 1963; Murdoch et al., 2005), which can
be verified through the absence of significant correlation
with weight gain (ADG, Table 6).

The highest values of the Kleiber ratio (KR) indicate
increases in weight gain with the same metabolic weight
(BW0.75), that means that higher growth is obtained without
the increase in the cost of energy for maintenance, indicating
higher dilution of energy requirements for maintenance
(Tedeschi et al., 2006). However, the Kleiber ratio (KR) did
not differ (P>0.05) between treatments (Table 5).

Lower residual feed intake values (negative = more
efficient) indicate that the animals consumed less to produce

a similar weight gain at the same metabolic size (BW0.75).
That means that animals demand less energy for maintenance
and growth. On the other hand, the highest residual feed
intake values (positive = inefficient) suggested that the
animals exceeded their predicted requirements for
maintenance and growth (Murdoch et al., 2005). In this
study, the equation obtained to estimate the voluntary  dry
matter intake (DMI) was: ŷ = -8.3645 + 1.4579 × ADG  +
0.1620 x ALW0.75 (R2 = 0.58; EPE= 0.80), where the difference
between observed intake and estimated intake is equal to
residual intake (Basarab et al., 2003). Residual feed intake
did not influence slaughter weight (P>0.05), despite the
observation that the residual feed intake values increased
as the slaughter weight rised (Table 5). Nevertheless, F1
Blonde D’Aquitane young bulls obtained lower (P<0.05)
residual feed intake values, meaning that they were more
efficient than the F1 Red Angus young bulls, confirming the
previous affirmation that the animals with larger size at
maturity are more efficient than the ones with smaller size
at maturity when slaughtered at equal weights.

Residual feed intake values ranged from -1.305 kg/d in
the most efficient young bull to 1.851 kg/d in the least
efficient young bull, therefore, there was a difference of
3.156 kg/d in the residual feed intake. Considering the cost
of the diet of R$0.21/kg dry matter (Mello et al., 2009), it
means a difference of R$0.66/day between the most efficient
and the least efficient young bull, representing profit or loss
for the producer.

Residual feed intake is independent of weight gain,
whereas the Kleiber ratio is dependent of it. Additionally,
residual feed intake was more sensitive in detecting
differences in treatments than the Kleiber ratio.
Nevertheless, the Kleiber ratio has the advantage of being
determined when animals are in groups during finishing,
because there is no need to know the individual intake of the
animals; while the individual intake of the animals has to be
known to determine residual feed intake.

Coefficients of correlation (r) indicate the association
grade (low < 0.40 < average < 0.70 < high) and direction
(positive/negative) of the relationship between two random
variables. Pearson and Spearman correlations (Table 6) of
average metabolic live weight (AW) and final live weight
(FLW) with period of feeding (PF) suggest that the duration
of the finishing phase was directly related (P<0.05) to the
carcass weights. The average daily weight gain (ADG) and
percentage of dry matter intake (PDMI) did not have any
relation to metabolic weight, final weight and period on
feedlot, because they did not correlate (P>0.05), as observed
in Table 6. However, the rib-eye area (REA), subcutaneous
fat thickness (SFT), rump fat cover (RUMP), kidney, pelvic



591

R
. Bras. Zootec., v.39, n.3, p.582-593, 2010

M
ello et al.

1 AW (kg) = metabolic average live weight; FLW (kg) = final live weight; PF (days) = period of feeding on feedlot; ADG (kg/day) = average daily weight gain; REA (cm2) = rib-eye area of longissimus dorsi muscle between
12th and 13th ribs; SFT (mm) = subcutaneous fat thickness of Longissimus dorsi muscle between 12th and 13th ribs; RUMP (mm) = fat cover in the hind region upon biceps femoris muscle (rump steak); KPIF (kg) = kidney,
pelvic and inguinal fat; DMI (kg/day) = voluntary dry matter intake; PDMI (% BW) = percentage dry matter intake; MDMI (g/UTM) = metabolic dry matter intake; KR (g/UTM) = Kleiber ratio; FC = feed conversion; FE = feed
efficiency; MBNI = multivariate biological nutritional index; RFI= residual feed intake.

ns Not-significant (P>0.05); * Significant (P<0.05); ** Significant (P<0.01); *** Significant (P<0.001).

Variable Variable1

AW FLW PF ADG REA SFT RUMP KPFI DMI PDMI MDMI KR FC FE MBNI RFI

AW 0.93 *** 0 .55*** 0.04ns 0 .53 *** 0.44** 0.38* 0.45** 0 .69 *** 0.22ns 0.36* -0.21 ns 0.36* -0.39* 0.63 *** 0.00ns

FLW 0.88*** 0 .79*** 0.14ns 0 .60 *** 0 .65 *** 0.46** 0 .64 *** 0 .69 *** 0.24ns 0.39* -0.10 ns 0.24ns -0.29ns 0 .58 *** 0.04ns

PF 0.53*** 0 .82 *** -0.07ns 0 .54 *** 0 .76 *** 0.45** 0 .77 *** 0.40* 0.04ns 0.20ns -0.21 ns 0.23ns -0.29ns 0.46** 0.05ns

ADG -0.07ns 0.06ns -0.10ns -0.04ns 0.21ns 0.01ns 0.15ns 0.38* 0.49** 0.47** 0 .97 *** -0 .83*** 0 .81*** -0.42 * 0.00ns

REA 0.52** 0 .59 *** 0.52** -0.06ns 0.49** 0.53** 0.48** 0.40* 0.06ns 0.20ns -0.17 ns 0.23ns -0.22ns 0.44* 0.05ns

SFT 0.37* 0.62 *** 0 .77*** 0.13ns 0.47** 0.51** 0 .76 *** 0.31ns 0.08ns 0.17ns 0.10ns -0.01ns 0.04ns 0.13ns -0.09ns

RUMP 0.41* 0.51** 0.44** -0.08ns 0 .54 *** 0.45** 0.43** 0.29ns 0.14ns 0.18ns -0.08 ns 0.23ns -0.17ns 0.30ns 0.08ns

KPFI 0.42* 0.69 *** 0 .79*** 0.11ns 0.48** 0 .75 *** 0.44** 0.29ns 0.04ns 0.13ns 0.03ns -0.00ns -0.01ns 0.18ns -0.09ns

DMI 0.68*** 0 .68 *** 0.43** 0.34ns 0.40* 0.31ns 0.28ns 0.32ns 0 .84*** 0 .92*** 0.21ns 0.20ns 0.19ns 0 .68 *** 0 .65 ***

PDMI 0.26ns 0.27ns 0.07ns 0.46** 0.04ns 0.07ns 0.15ns 0.05ns 0 .83 *** 0 .98*** 0.43* 0.03ns 0.00ns 0.43* 0.86 ***

MDMI 0.35* 0.39* 0.21ns 0.44* 0.16ns 0.13ns 0.17ns 0.13ns 0 .91 *** 0 .98*** 0.38* 0.07ns -0.03ns 0.53** 0 .82 ***

KR -0.29ns -0.16ns -0.24ns 0 .96 *** -0.20ns 0.02ns -0.14ns -0.03 ns 0.16ns 0.40* 0.34ns -0 .89*** 0 .90*** -0 .57 *** 0.00ns

FC 0.47** 0.33ns 0.30ns -0 .83 *** 0.22ns 0.02ns 0.28ns 0.06ns 0.20ns 0.01ns 0.05ns -0 .90 *** -0 .97*** 0 .79 *** 0.35*

FE -0.43* -0.28ns -0.25ns 0 .83 *** -0.16ns 0.07ns -0.22ns -0.02 ns -0.14ns 0.03ns -0.00ns 0 .90 *** -1 .00*** -0 .84 *** -0.36 *

MBNI 0.68*** 0 .58 *** 0.40* -0.36 * 0.39* 0.06ns 0.31ns 0.13ns 0 .70 *** 0.45** 0 .55*** -0.51 ** 0 .76*** -0 .76*** 0 .63 ***

RFI 0.01ns 0.06ns 0.04ns 0.01ns -0.03ns -0.12ns 0.10ns -0.10 ns 0 .62 *** 0 .83*** 0 .80*** 0.02ns 0.31ns -0.31ns 0 .60 ***

Table 6 - Pearson product-moment (above diagonal) or Spearman rank-order (below diagonal) phenotype correlation coefficients between studied variables
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and inguinal fat (KPIF), dry matter intake (DMI), and
metabolic dry matter intake (MDMI) were moderately
associated (P<0.05) to metabolic weight, final weight and
period on feedlot (Table 6).

However, the rib-eye area (REA), subcutaneous fat
thickness (SFT), rump fat cover (RUMP), kidney, pelvic and
inguinal fat (RPIF), dry matter intake (DMI), and metabolic
dry matter intake (MDMI) were moderately associated
(P>0.05) to metabolic weight, final weight and period in
feedlot (Table 6).

Animal performance indicators (ADG, KPIF, SFT,
RUMP and REA), with exception to weight gain (ADG) had
medium correlation (P<0.05) among them (Table 6), but did
not correlate (P>0.05) with the feed intake indicators (DMI,
PDMI, MDMI) and biological efficiency indexes (FC, FE,
MBNI, KR, RFI). Only weight gain (ADG) had medium
correlation (P<0.05) with the feed intake indicators, high
positive correlation (P<0.05) with Kleiber ratio (KR) and
feed efficiency (FE), high negative correlation (P<0.05) with
the feed conversion (FC), medium negative correlation
with the multivariate biological nutritional index (MBNI)
and no correlation (P>0.05) with the residual feed intake
(RFI, Table 6). It is important to emphasize that the correlation
coefficients of the multivariate biological nutritional index
(MBNI) with the other variables may assume opposite
direction but with the same magnitude, once the canonical
coefficients associated to predictive variables (ADG and
DMI) accept solution with opposite signal.

Feed intake indicators had high correlation (P<0.05)
among them, but did not present significant correlation with
feed conversion (FC) and feed efficiency (FE, Table 6).
Similarly, biological efficiency indexes, except for the
residual feed intake (RFI), had medium to high correlation
(P<0.05) among them (Table 6). Among production
indicators, only the multivariate biological nutritional index
(MBNI) had significant Pearson or Spearman correlation
with the residual feed intake (RFI).

There were no phenotype correlation coefficients
(P>0.05) of residual feed intake (RFI) with metabolic weight
(MW), final weight (FLW), weight gain (ADG), rib-eye area
(REA), subcutaneous fat thickness (SFT), rump fat cover
(RUMP) and cavitary fat (KPIF) during finishing phase of
the studied feedlot, confirming that residual feed intake
(RFI) is independent of body size and growth. These
results corroborate with Basarab et al. (2003). However,
literature data report uncertainty about direction and
magnitude of genetic correlations between residual feed
intake (RFI) and growth features (Murdoch et al., 2005).

Phenotype correlations between residual feed intake
(RFI) and dry matter intake (DMI) were medium and

positive, similar to the ones reported by literature: rp = 0.64
(Herd & Bishop, 2000), rp = 0.64 (Arthur et al., 2001a), rp = 0.72
(Arthur et al., 2001b) and rp = 0.42 (Basarab et al., 2003);
while phenotype correlations of residual feed intake (RFI)
with percentage of dry matter intake (PDMI) and metabolic
dry matter intake (MDMI) were high and positive (Table 6).
Besides, cited studies reported phenotype correlations
between residual feed intake (RFI) and feed conversion
(FC) ranged from 0.53 to 0.70, higher than the 0.35 Pearson’s
correlation found between the same variables in the present
study.

Therefore, the selection for negative or low residual
feed intake (RFI) would result in decrease in dry matter
intake (DMI) and enhancement of feed conversion (FC),
without any potential adverse effect upon body size and
growth rate.

The Pearson and Spearman coefficients of correlation
were slightly different, but such differences may be
considered too low and without practical meaning. Thus,
the  Spearman correlation supplies as much information as
the Pearson correlation, and still it has larger value because
it does not require any assumption about variable frequency
distribution. Therefore, the Spearman correlation should
not be neglected.

Conclusions

The use of crossbred Continental and Zebu animals in
the finishing phase on feedlot results in greater bionutritional
efficiency compared to the use of British and Zebu
crossbreds. Animals slaughtered at lighter weight are more
bionutritional efficient in the finishing phase on feedlot
compared to animals slaughtered at heavier weight. Animals
with large size at maturity are more efficient than the ones
with small size when slaughtered in similar weights. Residual
feed intake is independent of growth and size at maturity.
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