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ABSTRACT - The objective of this work was to evaluate the inter treatment discrimination according to feed conversion efficiency

in several animal performance experiments. The variables investigated were: feed conversion ratio (FCR = intake: production ratio), feed

efficiency index  (FEI = production: intake ratio) and bio-nutritional index (BNI). The BNI was constructed from the first canonical variable

obtained based on the multivariate analysis of variance of the intake and animal production (weight gain or milk production) variables.

The results indicated that FCR and FEI reciprocated each other at experimental plot level but did not reciprocate at animal group or

treatment level. This fact implicates distortions on the descriptive levels of probability of type I error for hypotheses tests and

compromises the statistical and animal production inferences. On the other hand, the BNI index guarantees the maximum discrimination

among experimental groups and allows to identify significant differences, which were not observe with FCR or FEI indexes. This fact

can be associated to the incorporation of animal production intensity characteristics using BNI.
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Aplicação da Primeira Variável Canônica na Avaliação de Experimentos de Desempenho
Produtivo com Animais

RESUMO - Objetivou-se avaliar os aspectos de discriminação da eficiência de transformação alimento:produto entre

tratamentos em um grupo de experimentos de desempenho produtivo animal utilizando-se os índices conversão alimentar (CA =

consumo/produção), eficiência alimentar (EA = produção/consumo) e índice bionutricional (IBN). O IBN foi constituído a partir

da primeira variável canônica obtida pela análise de variância multivariada do consumo e da produção animal (ganho de peso ou

produção de leite). Os resultados evidenciam que CA e EA, embora recíprocos em nível de unidade experimental, não apresentam

a mesma tendência em nível de grupo experimental, o que implica distorções sobre os níveis descritivos de probabilidade para o erro

tipo I associados aos testes de hipóteses e compromete as inferências estatísticas e produtivas. Por outro lado, o IBN garantiu máxima

discriminação entre grupos experimentais, permitindo a identificação de diferenças significativas, não perceptíveis por CA e EA,

o que parece ser conseqüência da incorporação de características de intensidade de produção, associada à aplicação do IBN.
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Introduction

Research in animal feeding and nutrition is a dynamic
process that search continuously for alternative diets
that fullfill economical and/or nutritional requirements
(Crampton, 1934; Guidoni, 1994).

Although the list of response-variables in animal
nutrition and performance studies is large and parti-
cular to each animal species, voluntary feed intake
and production variables (e.g. weight gain, and milk,

egg, and wool yields, etc) are the most studied topics
in the majority of animal research.

However, inferences in animal nutrition usually
require a index that indicates the efficiency of feed
conversion to animal product. Therefore, these indexes
can be generated by dividing feed intake per animal
product unit (intake:production ratio), called feed
conversion ratio (FCR) or by dividing animal production
per feed intake unit (production: intake ratio), called
feed efficiency index (FEI).
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The FCR and FEI are response-variables largely
used in researches associated with both animal nutrition
and production. However, some important aspects in
which statistics and animal variables interact are
commonly disregard and as result may compromise
inferences from FCR and FEI.

Voluntary feed intake and animal product are
mutually correlated continuous random variables that
follow the normal probability distribution (Guidoni,
1994). If this is true, the formation of a new variable
from intake:production ratio, consisting of a non-linear
combination, will lead to distortions on the statistical
procedures and inferences in situations where strict
conditions are not achieved. Among these conditions
are a positive linear relationship with a null intercept
and heterogeneous variances that must be proportional
to the magnitudes of both original variables (Weill Jr.,
1962). Furthermore, the ratio between two variables
with normal distribution may not show normal
distribution. In this case, it approaches the non-
parametric distribution of Cauchy. In this context, the
majority of statistical methods employed in the
discrimination among experimental groups are
applicable only to variables that are normally distributed
and with homogeneous intra-group variances. Thus,
the comparative evaluation through ratios may result
in sophisms about statistical inferences.

Generation of a variable using either the intake:
production or production: intake ratios implies that all
ingested feed is converted to animal product. However,
this assumption does not take into account that a
significant portion of feed is utilized for maintenance
requirements. Thus, variations in the portion of feed
used for maintenance of basal metabolism will imply
in biases that may not be easily detected if animal
production inferences are made from FCR or FEI.

Furthermore, the use of both FCR and FEI seems
to have limited application in conditions where
extremely low intakes or absent or negative productions
are observed. In the case of negative production, the
situation is worse because negative weight gains
imply in incoherent biological values for FCR and FEI.
In addition, lack of production generates a
mathematical indetermination about the FCR estimates.

On the other hand, different from FCR and FEI,
the linear combination of two normally distributed
variables produces a new variable with normal
distribution (Fonseca & Martins, 1982). Thus, any
linear combination between animal production and

voluntary feed intake will result in a new one-
dimensional and normally distributed random variable
that will encompass their characteristics. In this way,
the linear combination between these variables, which
is made under certain statistical principles has been
indicated as an analytical alternative to the ratio
indexes in comparative evaluation of nutritional
efficiency. This variable is called first discriminant
canonical variable or just first canonical variable
(FCV) (Guidoni, 1994).

The FCV is composed of an optimized linear
combination of a multiple measures group that is
better than any other linear combination allowing the
discrimination among classes or groups (Fisher, 1938).
This maximizes the variations among classes or groups
and minimizes the intra-group variation (residual
variance) (Fisher, 1936).

The FCV composed of voluntary feed intake and
animal production was named the bio-nutritional
efficiency by Euclides Filho et al. (2001) and then
bio-nutritional index (BNI) in the present work.
In spite of its statistical advantages over the FCR and
FEI, application of FCV has been restricted to few
studies with poultry (Guidoni, 1994) and beef cattle
(Euclides Filho et al., 2001, 2002; Gesualdi Jr. et al.,
2003) in Brazil. Thus, few comparative data among these
different indexes are present in the literature, which
restrict the knowledge and the methodological and
discursive divulgation about using BNI in animal trials.

Therefore, the objective of this work was to
compare the efficiency of feed conversion to animal
products in several production trials using FCR, FEI
and BNI. It was of particular interest to discuss some
methodological and inference aspects associated to
using the BNI.

Material and Methods

Data used in the statistical analyses were obtained
from two different experiments with poultry (Andreotti,
2002) and from three trials with cattle (Resende et al.,
2000; Vittori et al., 2001; Sousa et al., 2002), that
reported dry matter intake and weight gain or milk
production. It is important to emphasize that the
statistical analyses done in the present work preserved
the majority of the original analyses. Refer to the
original references for more details about the experi-
mental procedures and the biological interpretation of
the results.
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Experimental descriptions summary

Experiment 1 - Andreotti (2002)

The experiment was conducted with 1200
twenty-one-days-old Cobb breed male chickens with
initial average weight of 868 g. Animals were housed
in 30 boxes equipped with semi-automatic tubular
feedbins and pendular water source and had ad
libitum access to feed.

Diets were formulated to be isonitrogenous and
isoenergetic, all containing corn grains and soybean
meal plus one of six lipid sources: T1 - pork oil;
T2 - canola oil; T3 - chicken oil; T4 - sunflower oil;
T5 - corn oil; or T6 - soybean oil. Both feed intake and
weight gain were measured from day 21 to 42.

The experiment was analyzed as a completely
randomized design with six treatments and five
replications each (box with 30 birds).

Experiment 2 - Andreotti (2002)

The experiment was carried out with 840 twenty-
one-days-old Cobb breed male chickens, with average
initial weight of 870 g. Animals were housed in 24
boxes equipped with semi-automatic tubular feedbins
and pendular water source and had ad libitum access
to feed. Diets were formulated to be isonitrogenous
and isoenergetic and had different concentrations of
soybean oil on as-fed basis: T1 - 0%, T2 - 3.3%, T3 -
6.6%, and T4 - 9.9%.

Both feed intake and weight gains were measured
from day 21 to 42. The experiment was analyzed as a
completely randomized design with four treatments
and six replications each (box with 35 birds).

Experiment 3 - Resende et al. (2000)

The experiment was conducted using 56 young
bulls from the following genetic groups: Nellore,
Guzera, Gyr and Caracu. With the exception of one
out of two Nellore groups, all other genetic groups
were submitted to selection based on the body weight
at 378 days of age.

Animals were fed isonitrogenous diets containing
corn silage and concentrate that were fed in two
forage: concentrate ratios on a dry matter basis (60:40
or 40:60). Animals were slaughtered when they
achieved 4 mm of fat thickness in the 12th/13th rib
height that was estimated by ultra-sonography.

The experiment was carried out as a completely
randomized design with a 2 x 5 factorial arrangement
(two forage:concentrate ratios and five genetic groups).
Bulls were stall housed either individually or in pairs.

When in pairs, both feed intake and average weight
gain were collectively computed. Thus, stall was the
experimental unit. Replications for the different
treatments ranged from two to four leading to a total
of 30 experimental plots.

Experiment 4 - Vittori et al. (2001)

The trial was done using 86 bulls or steers from the
following genetic groups: Nellore, Guzera, Gyr, and
Caracu. With the exception of one out of two Nellore
groups, all other genetic groups were submitted to
selection based on the body weight at 378 days of age.
Animals had free acess to a diet containing a corn silage
to concentrate of 60:40. Animals were slaughtered
when they achieved 4 mm of fat thickness in the 12th/
13th rib height that was estimated by ultra-sonography.

A completely randomized design with a 5 x 2
factorial arrangement (five genetic groups and bulls
or steers) was used in Vittori el al. (2001) trial.
Animals were stall housed either individually or in
pairs. When in pairs, both feed intake and average
weight gain were collectively computed. Thus, stall
was the experimental unit. Replications for the different
treatments varied from three to five leading to a total
of 41 experimental plots.

Experiment 5 - Sousa et al. (2002)

Twelve Holstein dairy cows were blocked by days
in milk and randomly assigned to three 4 x 4 Latin
squares with 21 days period (14 days for diet adaptation
and 7 days for sample collection). Cows were individually
fed twice a day after milkings. Diets were formulated
to be isonitrogenous containing (dry matter basis)  a
forage to concentrate ratio of 60:40. The following
treatments were used: corn silage (T1), all sugar cane
(T2) and replacement of sugar cane with  7% (T3) and
14% (T4) by whole cotton seed. Urea and ammonium
sulphate (9:1) were mixed with sugar cane in a proportion
of 100:1 (as-fed basis).

The multivariate analyzis of variance (MANOVA)
(Johnson & Wichern 1998) was used to analyze all
five trials. The experimental design of each trial  was
mantained except in experiments 3 and 4 where the
factorial arrangment was removed from the analysis.
The following models were used:

jiiij etY )(
~~~~ ++= m     (Experiments 1, 2, 3 e 4)             (1);

ijklijljkjjiijkl eqtapqtY ~~~~~~~~
)()( ++++++= m

(Experiment 5)                            (2);
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where: ijklYij

~
= vector of response variables (weight

gain and feed intake); m~  = vector of general constants;

= vector of ith treatment effects; = vector of jth

Latin square effects; = vector of effects of the
kth period nested to the jth Latin square; = vector
of effects of the lth animal nested to the jth Latin
square; = vector of interaction effects between
the ith treatment and the jth Latin square; and  or

= vector of random errors which were presupposed
of the bivariated normal distribution with vector of

averages  and variances and co-variances matrix Σ.

From the information generated by the MANOVA,
the eingenvalues associated with the “treatments” sums
of squares matrix were obtained by the characteristic
equation (Harris 1975; Cruz & Regazzi, 2001):

(3);

where: E-1 = common inverse matrix of the residual sums
of squares; H = matrix for the “treatments” sums of
squares;λ = canonical eingenvalue; and I = identity matrix.λ

From the higher canonical eingenvalue obtained
through the characteristic equation (3),  the
correspondent non-normalized eigenvector was
estimated through the solution of the following equation
system (Searle, 1966):

(4);

where: λ1 = higher canonical eigenvalue;  = non-
normalized eigenvector associated to the higher
canonical eingenvalue; a and b = canonical
coefficients; and E-1, H e I = as defined before.

Afterwards, the normalization of the eingenvector
obtained in (4) was obtained according to the restriction:

            (5);

where: = normalized eingenvector associated to the
higher canonical eigenvalue; a’ and b’ = canonical
coefficients of the normalized eingenvector ; and
E = matrix of residual sum of squares.

From the normalized canonical eingenvector
coefficients defined in (5) a new variable named FCV
or BNI was produced:

(6);

where: DMI = dry matter intake; PROD = animal
production (weight gain or milk production); and a’
and b’ = as defined before.

The BNI, FCR and FEI were all submitted to a
univariate analysis of variance according to the models
described in (1) and (2) taking into account the factorial
arrangement of experiments 3 and 4.

Results and Discussion

According to the assumptions of the performance
experiments, the equivalence between the ratio indexes
of the feed transformation efficiency to animal product
is verified through the relation:

     (7)

Although this relation can be easily verified at
experimental unit level such equivalence cannot be
maintained at the group or treatment level evaluation.

Thus, the computation of the individual
observations for FCR and FEI can provide different
productive efficiency estimates. This fact can be
proven by verifying the divergences between the
arithmetic mean of FEI observations and the
reciprocal of arithmetic mean of FCR (Table 1).
These divergences seem to be more evident in the
experiments done with cattle (possibly caused by the
lower experimental precision of cattle trials compared
to poultry trials) suggesting that the ratio indexes are
not able to evaluate production trials similarly.

The evaluation based on the reciprocal equivalence
between FCR and FEI (Equation 7) does not consider
the fact that the point estimator for FCR is the
arithmetic mean but it will not be for its reciprocate,
which is correctly estimated by the harmonic mean
(Guidoni, 1994). This relation is supported by the
exact convergence between the FEI estimates obtained
through the reciprocate of FCR arithmetic mean and
by the harmonic mean of the observations in all
experimental results presented in Table 1.

Therefore, according to Guidoni (1994) if the
harmonic mean is smaller than the arithmetic mean
the use of FCR will underestimate whereas the use of
FEI will overestimate animal performance. Such
behavior can compromise the productive inferences
obtained from these indexes.
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The coefficients used in the BNI for each
experiment and the relative importance of the higher
eingenvalues (RIE) are shown in Table 2. The RIE
indicates the fraction of total discrimination power
among experimental treatments/groups, which was
kept after reduction of Euclidian space of comparison
from two (feed intake and animal production) to one
dimension only (BNI).

Thus, the high discrimination power associated
with the BNI in all experiments can be confirmed
(Table 2) generating an initial prerogative over the
BNI based on the small information lost in the transition
to the univariated context, that is associated with an
elevated analytical gain.

To better understand coefficients presented in
Table 2, a short analytical approach must be done.

The majority of animal performance experiments
has a complex experimental structure with factorial
arrangements (e.g. Experiments 3 and 4) or by using
decomposition of the treatments sum of squares in
orthogonal components (e.g. Experiment 5). Under
these circumstances and in an analytical point of view,
more than one sums of squares matrix associated with
the known sources of variation with experimental
interest (matrix H – Equation 3) can be evaluated
(e.g. principal factors, interactions, orthogonal
contrasts, etc). As a consequence, each matrix will
allow the building of a FCV that will be applicable to
the maximum discrimination among groups according
to the evaluated source of variation (Harris, 1975).

Therefore, an experimental-analytical problem is
to identify the source of variation that will provide the
basic matrix to obtain the BNI. The use of several
BNI associated with each source of variation originated
from the decomposition of the treatments sums of
square does not constitute a rational solution and have
no contribution to the operational gain obtained with
the reduction of the Euclidian space of discrimination
from two to one dimension.

On the other hand, an alternative analytical
approach is the use of the matrix associated with the
“treatments” source of variation to estimate BNI
(Harris, 1975). In this case, only the basic structure of
the statistical design (e.g. completely randomized
design, Latin square design, randomized complete
block design, etc) is used to estimate BNI rather than
the complex experimental structures (e.g. factorial
arrangement and orthogonal contrasts). The statistical
arrangement would be used only after obtaining BNI

estimates in univariate analysis. This was adopted to
interpret the experiments described in this study. In
this context, the utilization of the matrix of “treatments”
sums of squares as the H matrix (Equation 3) allows
higher discrimination among experimental groups
according to the design adopted to the experiment.
Thus, global tendencies about the other sources of
variation would consequently be emphasized by the
estimated discriminating function if their effects
were significant.

These arguments support a pattern to the general
analytical proposal to obtain BNI. However, some
authors have estimated the BNI based on the
interaction sums of squares matrix in experiments with
factorial arrangements (Euclides Filho et al., 2001,
2002). It is obvious that such option does not compose
an analytical sophism but emphasizes that a standard
analytical procedure becomes necessary to guarantee
better precision in the comparison of inferences obtained
in different trials.

The statistical results for the Experiments 1, 2, 3,
4 and 5 are shown in Tables 3, 4, 5, 6, and 7,
respectively. Overall, independent of the experiment
analyzed, it were observed divergences among the
descriptive probability levels for the type I error in the
different sources of variation evaluated using the FCR
and FEI (Tables 3 to 7). Such behavior associates one
more incoherent interpretation of the pre-supposed
similarity among these indexes.

Guidoni (1994) affirmed that this fact constitutes
enough argument to establish that the statistical
hypotheses tested by FCR and FEI are different and
can interfere in the inference making when the
descriptive levels of probability put themselves near
the established critical limit (α).

Although the structure of the hypotheses for FCR
and FEI is done similarly in an individual context, data
restructuring caused by the reciprocate transformation
can imply in an alteration of the residual structure,
deviating the probability levels, causing the hypothesis
tests to be statistically not equivalent. These aspects
add to the list of compromising inferences to be
obtained based on ratio indexes.

On the other hand, the results obtained in
Experiment 1 (Table 3) permit to initially illustrate two
important aspects associated with the BNI.

First, the high retention of discrimination aspects
among groups associated with the BNI allowed the
verification of differences among treatments that was
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Table 1 - Estimates of average dry matter intake (DMI - kg), weight gain (WG - kg), daily milk production (DMP - kg), feed
conversion ratio (FCR) and feed efficiency index (FEI) obtained by arithmetic mean (AM), harmonic mean (HM)
and reciprocal of the arithmetic mean of feed conversion ratio (REC), and bio-nutritional index (BNI) for overall
treatments of the experiments 1 to 5

Treatments Overall
1 2 3 4 5 6 7 8 9 10 mean

Experiment 1

DMI 3.041 2.940 2.968 3.097 3.121 2.980 - - - - 3.024
WG 1.652 1.600 1.621 1.709 1.712 1.641 - - - - 1.656
FCR 1.841 1.841 1.832 1.812 1.822 1.815 - - - - 1.827
FEI
REC 0.543 0.543 0.546 0.552 0.549 0.551 - - - - 0.547
AM 0.544 0.544 0.546 0.552 0.549 0.551 - - - - 0.548
HM 0.543 0.543 0.546 0.552 0.549 0.551 - - - - 0.547
BNI 6.346 6.138 6.208 6.509 6.541 6.256 - - - - 6.333

Experiment 2

DMI 3.112 3.190 3.313 3.326 - - - - - - 3.236
WG 1.529 1.647 1.728 1.744 - - - - - - 1.662
FCR 2.040 1.937 1.917 1.907 - - - - - - 1.950
FEI
REC 0.490 0.516 0.522 0.524 - - - - - - 0.512
AM 0.491 0.516 0.521 0.525 - - - - - - 0.513
HM 0.490 0.516 0.522 0.524 - - - - - - 0.512
BNI 5.669 6.189 6.509 6.578 - - - - - - 6.236

Experiment 3¹

DMI 8.070 9.669 9.453 10.015 10.061 10.884 9.684 8.876 8.244 9.607 9.484
WG 0.965 1.235 1.175 1.182 1.268 1.415 1.116 1.075 0.998 1.198 1.163
FCR 8.462 7.897 8.130 9.043 7.927 7.693 8.730 8.252 8.672 8.053 8.307
FEI
REC 0.1182 0.1266 0.1230 0.1106 0.1261 0.1300 0.1145 0.1211 0.1153 0.1242 0.1204
AM 0.1203 0.1274 0.1238 0.1153 0.1264 0.1300 0.1153 0.1221 0.1194 0.1247 0.1221
HM 0.1182 0.1266 0.1230 0.1106 0.1261 0.1300 0.1145 0.1211 0.1153 0.1242 0.1204
BNI 2.106 2.499 2.453 2.619 2.606 2.806 2.540 2.312 2.148 2.492 2.466

Experiment 4²

DMI 9.111 9.521 10.090 9.999 8.386 8.682 10.066 10.528 10.664 11.053 9.962
WG 1.082 1.385 1.591 1.468 1.271 1.239 1.522 1.381 1.270 1.302 1.374
FCR 8.524 6.907 6.385 6.814 6.843 7.038 6.987 7.656 9.093 8.552 7.470
FEI
REC 0.1173 0.1448 0.1566 0.1468 0.1461 0.1421 0.1431 0.1306 0.1100 0.1169 0.1339
AM 0.1190 0.1458 0.1583 0.1429 0.1494 0.1423 0.1502 0.1312 0.1175 0.1175 0.1383
HM 0.1173 0.1448 0.1566 0.1468 0.1461 0.1421 0.1431 0.1306 0.1100 0.1169 0.1339
BNI 1.802 1.762 1.808 1.843 1.528 1.618 1.835 2.020 2.128 2.192 1.879

Experiment 5

DMI 21.536 15.242 17.111 16.590 - - - - - - 17.575
DMP 29.979 17.452 19.490 19.933 - - - - - - 20.463
FCR 0.895 0.886 0.905 0.851 - - - - - - 0.884
FEI
REC 1.117 1.129 1.105 1.175 - - - - - - 1.131
AM 1.178 1.153 1.148 1.214 - - - - - - 1.173
HM 1.117 1.129 1.105 1.175 - - - - - - 1.131
BNI 6.290 4.501 5.506 4.869 - - - - - - 5.179
1 Treatments - genetic group/level of concentrate feed: T1 = Gir/40; T2 = Gir/60; T3 = Guzera/40; T4 = Guzera/60; T5 = Caracu/40;

T6 = Caracu/60; T7 = Selected Nelore/40; T8 = Selected Nelore/60; T9 = Not Selected Nelore/40; T10 = Not Selected Nelore/60. ²/ Treatments
- genetic group/B = bulls ; S = steers: T1 = Gir/S; T2 = Gir/B; T3 = Guzera/S; T4 = Guzera/B; T5 = Not Selected Nelore/S; T6 = Not Selected
Nelore/B. T7 = Selected Nelore/S; T8 = Selected Nelore/B; T9 = Caracu/S; T10 = Caracu/B.
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not observed when using FCR and FEI (Table 3). A
similar behavior was also observed for the results of
Experiments 4 and 5 (Tables 6 and 7, respectively).

Then, it becomes important to bring into prominence
that the discrimination by using BNI does not give an
inter-groups difference, but only equalizes the linear
combination among the original variables so that one
can obtain the maximum value of calculated F statistic
(Harris, 1975). This optimizes the discrimination based
exclusively on the original information and makes
clear the real divergences among the groups.

Second, the information obtained from the results in
Experiment 1 allows to point out another apparent
animal production advantage associated with BNI.
Considering the treatments 2 and 5, opposite extremes
of multiple comparisons profile for BNI (Table 3), it can
be observed that, although it shows distinctions in
relation to this variable, they have a numerical similarity
with FCR and FEI. A more detailed analysis of the
information on Table 1 reveals that although the feed is
converted in a similar ratio, the animals on treatment 5
showed greater intake and weight gain characterizing
greater production intensity.

In a hypothetical example, two animal groups with
intakes of X and 2X, and weight gain of Y and 2Y,
respectively, would have same FCR and FEI but
different BNI. This discriminating aspect in relation to
the production intensity associated with BNI has
direct consequences to the interpretation from an
animal production point of view. Even using feed
similarly, animals with greater production intensity
will be more productive per units of time and physical
space. In the long term, differentiation in other
productive efficiency aspects through a possible dilution
of maintenance requirements in a systemic may be

verified. Therefore, the discrimination through BNI is
wider than FCR and FEI because it incorporates
animal development intensity elements not perceptible
by using these ratio indexes.

In Experiment 2 there were similarities in the
inference based on the hypothesis associated to the
“treatments” effect and their orthogonal components
from different indexes with a convergence to the
second order effect of soybean oil levels in the diets
(Table 4). However, the evaluation of the data through
least square regressions indicated distinct critical
points for each index. These were over the 7.92%,
8.03%, and 9.41% of soybean oil concentrations for
the FCR, FEI and BNI, respectively.

Once more the different critical points observed
between FCR and FEI, emphasize the fact that these
indexes, although considered equivalent may produce
divergent inferences (Guidoni, 1994). On the other
hand, the oil concentration of the more elevated
critical point for BNI can possibly be supported by the
incorporation of discriminating elements associated
with the animal production intensity (Table 1).
However, more physiological details need to be added
to better support this behavior.

The behavior observed in the Experiment 3 (Table 5)
showed itself to be similar to the aspects observed in
the Experiment 1. The high discriminatory capacity
associated to the BNI (Table 2) allowed verify the
significance associated with the principal effects of
factorial arrangement.

Table 3 - Descriptive levels of probability for the Anova’s
F test according to the source of variation
“treatments” and the multiple comparison
profiles for feed conversion ratio (FCR), feed
efficiency index (FEI) and bio-nutritional index
(BNI) in Experiment 1

Index¹

FCR FEI BNI

Treatments .9306 .9467 .0232

Treatment means
T1 1.840a 0.544a   6.346ab
T2 1.841a 0.544a 6.137b
T3 1.832a 0.546a   6.207ab
T4 1.812a 0.552a   6.508ab
T5 1.822a 0.549a 6.541a
T6 1.815a 0.551a   6.256ab

¹ Means, in the column, followed by different letters, differ
according to Tukey test (P<.05).

Table 2 - Coefficients of the normalized canonical
eigenvectors used to generate the bio-
nutritional index and relative importance of the
higher canonical eigenvalue (RIE)

Coefficients RIE (%)

Experiment Weight gain or Dry matter
Milk production intake

1   4.6937 -0.4836 95.20
2   1.7879   1.1148 94.88
3 -0.3070   0.2977 90.12
4 -0.4782   0.2546 80.39
5 -0.0323   0.3323 99.42
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From the results obtained in the Experiment 4
(Table 6), a discussion about other aspects related to
BNI estimation and interpretation becomes necessary.
As it can be seen from Table 6, the behavior of BNI
was inverse from that observed in other trials, that is,
the greatest BNI estimate indicated the least productive
efficiency.

In heuristic terms, the linear combination of intake
and production equalized from the MANOVA information
has the objective of maximizing the discrimination among
the experimental groups (Harris, 1975). Assuming this, it
can be verified that the index generated by the linear
combination cannot be considered, in any situation, an
absolute comparison measurement since such value is
dependent on the behavior and structure of the evaluated
data. Therefore, variations in dimension and dispersion
of intake and production variables as well as in the
discrimination power among the groups shown for each
of these variables will influence directly the new variable
dominium. However, the maximum intra-experimental
discrimination is guaranteed.

Thus, inversions in the direction and differences
in the BNI modulus are common; however, they do
not disqualify the obtained inferences because its
use has an exclusive discrimination aim. In this
context, it should be pointed out that the BNI should
be seen only as a discriminatory index and never as
an absolute measure of the productive efficiency. In
this situation, the maintenance of either FCR or FEI
plus BNI will identify more clearly the new variable
direction and will provide, yet under the light of the
experimental methodologies adopted an inter-
experiment confrontation element.

However, it is important to consider that the
inferences should be preferably based on the BNI,
because it gives more statistical security in the
identification of the most efficient groups, treatments or
factor levels.

On the other hand, the variation of values and
modulus of BNI from different data sets was the
reason for it not been called bio-nutritional efficiency
(Euclides Filho et al., 2001) in this work. The efficiency
term should be used when a mathematical scale and
reference values for comparison among groups or
experiments are defined. Therefore, the mathematical
inter-experimental variation of the first canonical
variable does not characterize a true efficiency value,
but only a discriminatory index.

Furthermore, the results shown in Table 6 indicated
that even obtaining similar inference from analysis of
variance based on FEI, FCR and BNI, the
discriminatory power of this last index is also observed
in additional statistical procedures. In this way, among
the genetic groups evaluated, the discrimination by
multiple comparisons based on FCR and FEI allowed
the identification of two groups whereas three groups

Table 4 - Descriptive levels of probability for the Anova’s
F test according to the source of variation
“treatments” and the orthogonal contrasts for
feed conversion ratio (FCR), feed efficiency
index (FEI) and bio-nutritional index (BNI) in
Experiment 2

Index

Source of variation FCR2 FEI3 BNI4

Treatment <.0001    .0001 <.0001
Contrasts¹
Linear effect <.0001 <.0001 <.0001
Quadratic effect    .0152    .0191    .0227
Cubic effect    .3507    .3780    .9070
1 The order effects agree with the levels of soybean oil in the diet.
2  = 2.036 – 0.0338X + 0.00213X² (R² = 0.9749).
3  = 0.492 + 0.0084X – 0.00052X² (R² = 0.9772).
4  = 5.667 + 0.1948X – 0.01035X² (R² = 0.9998).

Table 5 - Descriptive levels of probability for the Anova’s
F test according to the source of variation
“treatments”, its decomposition according to
genetic group (GG), forage:concentrate ratio
(RC) and interaction (GG x RC), and multiple
comparison profiles for feed conversion ratio
(FCR), feed efficiency index (FEI) and bio-
nutritional index (BNI) in Experiment 3

Index

Source of variation FCR FEI BNI¹

Treatments .9235 .9687 .0375
Effects

GG .7991 .8373 .0384
RC .6628 .6362 .0495
GG x RC .7860 .9106 .1310

Genetic group², ³
GG1 8.179 0.123 2.302b
GG2 8.587 0.120   2.535ab
GG3 7.809 0.128 2.705a
GG4 8.419 0.119 2.463b
GG5 8.362 0.122 2.320b

Forage:concentrate
ratio²

40:60 8.187 0.124 2.546a
60:40 8.384 0.121 2.370b

1 Means in the column, followed by different letters, differ
according to Fisher LSD test (P<.05).

2 Least squares means.
3 GG: 1 = Gyr; 2 = Guzera; 3 = Caracu; 4 = Selected Nellore;

5 = Not selected Nellore.
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were distinguished from the information provided by
BNI (Table 6).

The results obtained in Experiment 5 (Table 7)
once more emphasize the high discriminatory power
associated with the BNI. This was already observed
in the results of Experiments 1, 2 and 4. The use of
FCR and FEI did not imply in a detection of a significant
result associated with the different orthogonal
contrasts. However, applying the BNI approach
allowed not only to differentiate the roughage sources
(corn silage versus sugar cane) but also to detect a
quadratic effect related to the replacement of sugar
cane with cottonseed (Table 7).

Conclusions

The feed conversion ratio and feed efficiency
index do not provide similar inference about efficiency
of animal production and may compromise experi-
mental conclusion.

Conversely, the use of the first canonical variable,
called bio-nutritional index, guarantees the maximum
discrimination among the experimental groups.

Furthermore, the bio-nutritional index concept
showed to be broader than those applied to the feed
conversion ratio or feed efficiency index because it
also incorporates elements related to the animal

production intensity. Thus, the application of this index
is recommended with the objective of discriminate
experimental groups in relation to the animal production
efficiency.

Acknowledgments

The authors would like to thanks Professors José
Fernando Coelho da Silva (UENF), Ricardo Ferreira
Garcia (UENF), and Renato Ribeiro de Lima (UFLA),
and the post-graduate student Jathinder Singh. Multani
(UENF) for translating and providing technical
suggestions in preparing the manuscript.

To Marcelo, dear friend. God bless your soul.

Literature Cited

ANDREOTTI, M.O. Valor nutricional de diferentes fontes
lipídicas para frangos de corte. Jaboticabal:Universidade
Estadual Paulista, 2002. 74p. Tese (Doutorado em Zootecnia)
- Universidade Estadual Paulista, 2002.

CRAMPTON, E.W. Analysis of the comparative feeding trial by
the variance and covariance methods. Journal of Nutrition¸
v.7, p.305-319, 1934.

CRUZ, C.D.; REGAZZI. A.J. Modelos biométricos aplicados
ao melhoramento genético. Viçosa, MG: Universidade
Federal de Viçosa, 2001. 390p.

EUCLIDES FILHO, K.; EUCLIDES, V.P.B.; FIGUEIREDO,
G.R. et al. Eficiência bionutricional de animais nelore e seus

Table 6 - Descriptive levels of probability for the Anova’s
F test according to the source of variation
“treatments” and its decomposition according
to genetic group (GG), sex and interaction (GG
x SEX) for feed conversion ratio (FCI), feed
efficiency index (FEI) and bio-nutritional index
(BNI) in Experiment 4

Index1

Source of variation FCR FEI BNI¹

Treatments .0391 .0755    .0003
Effects

GG .0070 .0220 <.0001
SEX² .6656 .8134    .2287
GG x SEX .4148 .4078    .7905

Genetic group3, 4

GG1   7.715ab   0.132ab   1.782bc
GG2 6.599b 0.154a 1.826b
GG3 6.941b 0.146a 1.573c
GG4 7.322b 0.141a 1.928b
GG5 8.822a 0.117b 2.150a

1 Means in the column, followed by different letters, differ
according to Fisher LSD test (P<.05).

2 SEX = bull or steer.
3 Least squares means.
4 GG: 1 = Gyr; 2 = Guzera; 3 = Not selected Nelore; 4 = Selected

Nelore; 5 = Caracu.

Table 7 - Descriptive levels of probability for the Anova’s
F test according to the source of variation
“treatments” and the orthogonal contrasts for
feed conversion ratio (FCR), feed efficiency index
(FEI) and bio-nutr i t ional  index (BNI) in
Experiment 5

Index

Source of variation FCR FEI BNI2

Treatments .2588 .3100 <.0001
Contrasts

Silage vs. .5198 .8377 <.0001
Sugar cane
Cotton Seeds – .2190 .1236    .0012
Linear effect¹
Cotton Seeds – .1445 .2877    .0003
Quadratic effect¹

1 The linear and quadratic effects agree with the levels of cotton
seeds in diets with sugar cane.

2  = 4.501 + 0.1323X – 0.0076X² (R² = .9999).



DETMANN et al.2426

R. Bras. Zootec., v.34, n.6, p.2417-2426, 2005 (supl.)

mestiços com simental e aberdeen angus, em duas dietas.
Revista Brasileira de Zootecnia, v.30, p.77-82, 2001.

EUCLIDES FILHO, K.; FIGUEIREDO, G.R.; EUCLIDES, V.P.B.
et al. Eficiência bionutricional de animais da raça nelore e seus
mestiços com caracu, angus e simental. Revista Brasileira de
Zootecnia, v.31, p.331-334, 2002.

FISHER, R.A. The use of multiple measurements in taxonomic
problems. Annals of Eugenics, v.7, p.179-188, 1936.

FISHER, R.A. The statist ical  uti l ization of multiple
measurements. Annals of Eugenics, v.8, p.376-386, 1938.

FONSECA, J.S.; MARTINS, G.A. Curso de estatística. São
Paulo: Editora Atlas, 1982. 286p.

GESUALDI JR., A.; QUEIROZ, A.C.; RESENDE, F.D. et al.
Desempenho produtivo de bovinos nelore e caracu seleciona-
dos para peso aos 378 dias de idade e nelore comum. In:
REUNIÃO ANUAL DA SOCIEDADE BRASILEIRA DE
ZOOTECNIA, 40., 2003, Santa Maria. Anais... Santa Maria:
Sociedade Brasileira de Zootecnia, 2003 (CD-ROM/Seção de
Nutrição de Ruminantes).

GUIDONI, A.L. Alternativas para comparar tratamentos
envolvendo o desempenho nutricional animal. Piracicaba:
Escola Superior de Agricultura “Luiz de Queiroz”, 1994.
105p. Tese (Doutorado em Agronomia) - Escola Superior de
Agricultura “Luiz de Queiroz”, 1994.

HARRIS, R.J. A primer of multivariate statistics. New York:
Academic Press, 1975. 332p.

JOHNSON, R.A.; WICHERN, D.W. Applied multivariate
statistical analysis. New Jersey: Prentice Hall, 1998. 816p.

RESENDE, F.D.; NARDON, R.F.; RAZOOK, A.G. et al. De-
sempenho e características de carcaça de zebuínos e caracu
selecionados para peso aos 378 dias de idade, submetidos a
dois níveis de energia na terminação. In: REUNIÃO ANUAL
DA SOCIEDADE BRASILEIRA DE ZOOTECNIA, 37.,
2000, Viçosa, MG. Anais... Viçosa, MG: Sociedade Brasileira
de Zootecnia, 2000 (CD-ROM, Seção Oral, Nutrição de
Ruminantes, arquivo 0507).

SEARLE, S.R. Matrix algebra for the biological sciences.
New York: John Willey & Sons, 1966. 296p.

SOUSA, D.P.; CAMPOS, J.M.; VALADARES FILHO, S.C. et
al. Produção e composição do leite de vacas alimentadas com
silagem de milho ou cana-de-açúcar parcialmente substituída
por caroço de algodão. In: REUNIÃO ANUAL DA SOCIE-
DADE BRASILEIRA DE ZOOTECNIA, 39, 2002, Recife.
Anais... Recife: Sociedade Brasileira de Zootecnia, 2002
(CD-ROM, arquivo 06sbz821).

VITTORI, A.; QUEIROZ, A.C.; RESENDE, F.D. et al. Desem-
penho e características de carcaça de animais Zebu e Caracu
– castrados e não castrados. In: REUNIÃO ANUAL DA
SOCIEDADE BRASILEIRA DE ZOOTECNIA, 38, 2001,
Piracicaba. Anais... Piracicaba: Sociedade Brasileira de
Zootecnia, 2001. p.580-582.

WEILL JR., W.B. Adjustment for size - a possible misuse of
ratios. American Journal of Clinical Nutrition, v.11,
p.249-252, 1962.

Recebido em: 08/03/05
Aceito em: 06/07/05


