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ABSTRACT: This study aimed to use multivariate techniques of principal component analysis and canonical discriminant analysis in a data
set from Morada Nova sheep carcass to reduce the dimensions of the original data set, identify variables with the best discriminatory power
among the treatments, and quantify the association between biometric and performance traits. The principal components obtained were
efficient in reducing the total variation accumulated in 19 original variables correlated to five linear combinations, which explained 80% of the
total variation present in the original variables. The first two principal components together accounted for 56.12% of the total variation of the
evaluated variables. Eight variables were selected using the stepwise method. The first three canonical variables were significant, explaining
92.25% of the total variation. The first canonical variable showed a canonical correlation coefficient of 0.94, indicating a strong association
between biometric traits and animal performance. Slaughter weight and hind width were selected because these variables presented the highest
discriminatory power among all treatments, based on standard canonical coefficients.
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Aplicacdo de técnicas multivariadas em caracteristicas de carcaca
de ovinos da raca Morada Nova

RESUMO: Este estudo teve o objetivo de aplicar as técnicas multivariadas de componentes principais e discriminante canénica em um
conjunto de dados de carcaga de ovinos da ragca Morada Nova, a fim de reduzir a dimensionalidade do conjunto de variaveis originais,
identificar quais as variaveis com o melhor poder discriminatorio entre os tratamentos, além de quantificar a associag¢do entre caracteristicas
biométricas e de desempenho. Os componentes principais gerados foram eficientes em reduzir a variagdo total acumulada em 19 variaveis
originais, correlacionadas para cinco combinagées lineares, os quais explicaram 80% da variagdo total contida nas variaveis originais. Os
dois primeiros componentes principais juntos explicam 56,12% da variagdo total das variaveis avaliadas. Oito variaveis foram selecionadas
pelo método stepwise. As trés primeiras varidveis canénicas foram significativas, explicando 92,25% da variacdo total. A primeira variavel
candnica apresentou o coeficiente de correlagdo candnica de 0,94, o que indica uma alta associagdo entre as caracteristicas de medidas
biométricas e de desempenho animal. O peso corporal ao abate e a largura de garupa foram as variaveis selecionadas por apresentar o mais
alto poder discriminatorio dos tratamentos, com base nos coeficientes canonicos padronizados.

Palavras-chave: andlise discriminante candnica, componentes principais, ovinocultura.

INTRODUCTION important indicator of the overall value of the carcass

(SANUDO et al., 2012). Several factors can affected

The value of sheep for meat production
is estimated by carcass yield, which expresses, in
percentage, the relation between carcass weight and
animal weight. Qualitative and quantitative traits of
the carcass, such as conformation and fat distribution,
are very important in meat production, as they are
directly related to the final product. The yield of
high-value meat cuts can also be considered an

such productive traits, including genotype, slaughter
weight, sex, age, and feed management.

In this context, the standardization
of sheep carcass to be placed in the market is
essential for attracting consumers. The criteria that
define carcass quality include conformation, which
shows the development of muscle mass, and the
degree of finish, which refers to the distribution
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and amount of fat cover (OSORIO et al., 2002).
Carcasses should present good distribution of fat
cover, to prevent cold shortening and consequent
loss of softness, and intramuscular fat at moderate
levels to provide flavor and softness (BUENO et
al., 2000; MCMANUS et al., 2013).

Carcass measurements are important
because they allow comparisons among breeds,
slaughter body weights and ages, feeding systems,
and correlations with other measurements or tissues
that constitute the carcass, enabling to estimate their
traits (SILVA & PIRES, 2000). PINHEIRO & JORGE
(2010) observed that, except for leg length and thorax
depth, the measurements of internal and external
carcass length, hind width, rump perimeter, thorax
perimeter, anterior width, thorax width, and carcass
and leg compactness index showed a significant
correlation with slaughter body weight and cold
carcass of sheep, noting that the correlation with hind
perimeter was the highest, being 0.83 for slaughter
body weight and 0.90 for cold carcass weight.

Considering that animal performance is
associated with food quality and that feed is the most
expensive item in the production context, several
studies have investigated alternative low-cost foods
that are easily available, that meet the nutritional
needs and requirements of animals, and that increase
the daily weight gain, thus reducing slaughter age and
ensuring quality carcass (MEDEIROS et al. 2009,
BEZERRA et al. 2012, LIMA JUNIOR et al. 2014,
URBANO et al. 2015).

Studies on sheep carcass use numerous
traits, and multivariate analysis techniques are
extremely efficient options when a combination
of multiple pieces of information from an
experimental portion is required (that is, from
an observational vector), with the purpose of
associating or predicting biological phenomena
based on a group of variables that are important for
the development of an experimental plan (DILLON
& GOLDSTEIN, 1984).

This study aimed to apply the multivariate
techniques of principal components analysis and
canonical discriminant analysis in a data set from
Morada Nova sheep carcass to reduce the dimensions
of the original group of variables, identify which
variables have the best discriminatory power among
the treatments, and quantify the association between
biometric and performance traits.

MATERIALS AND METHODS

The database contained information from
48 non-related male sheep, aged 8 months, from studies
conducted by MEDEIROS et al. (2009) and LIMA
JUNIOR et al. (2014). From the total database, 19 traits
related to the animal carcass were selected [thorax depth
(TD), thorax perimeter (TP), leg perimeter (LP), hind
perimeter (HP), carcass external length (CEL), carcass
inner length (CIL), leg length (LL), hind width(HW),
thorax width (TW), carcass compactness index (CCI),
loin eye area (LEA), slaughter body weight (SBW), hot
carcass weight (HCW), hot carcass yield (HCY), cold
carcass weight (CCW), cold carcass yield (CCY), cooling
loss (CL), empty body weight (EBW), and true yield
(TY)], and descriptive statistics are shown in table 1.

Treatments were defined according to the
following experimental diets — Treatment 1 (T1):
Bulk fraction of forage palm (Nopalea cochenillifera
L. Salm-Dyck) combined with Tifton 85 hay (Cynodon
spp.) and concentrated fraction of corn grain, soybean
meal, urea, and mineral mixture; Treatment 2 (T2):
Bulk fraction of forage palm (N. cochenillifera L.
Salm-Dyck) combined with mani¢oba hay (Manihot
pseudoglaziovii) and concentrated fraction of corn
grain, soybean meal, urea, and mineral mixture;
Treatment 3 (T3): Ground Tifton 85 hay and 20%
concentrate (constituted of ground corn, soybean
meal, and vegetable oil); Treatment 4 (T4): Ground
Tifton 85 hay and 40% concentrate; Treatment 5
(TS): Ground Tifton 85 hay and 60% concentrate;
and Treatment 6 (T6): Ground Tifton 85 hay and 80%
concentrate. T1 and T2 were formulated to allow a
weight gain of 150 g/day, whereas T3, T4, TS, and T6
provided a weight gain of 250g/day.

To start the analysis, the correlation matrix
P, of the original variables X (TD, TP, LP, HP, CEL,
CIL, LL, HW, TW, CCI, LEA, SBW, HCW, HCY,
CCW, CCY, CL, EBW, and TY) was used, with i = /, 2,
..., 19 (Table 2). The technique of principal components
analysis consisted of transforming a group of original p
variables (X, X, ..., X,,) into a group of components (¥,
Y, ..., Y)). Each principal component Y, (PC)) consists
of a linear combination of standardized variables (Z),
uncorrelated to each other and arranged in a descending
order of variance, with the 7 - ith principal component
of matrix Popi=12 ..,19, defined by Yj = aj’Z =
alZ+alZ + ..+ aﬂgZ ,,» Where a, are eigenvectors,

giad] 272
with i = 1, 2, ..., 19. The variance of YJ. is equal to )»j, ]
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Table 1 — Mean and standard deviation of carcass traits of Morada Nova breed sheep.

Trait

TD (cm)
TP (cm)
LP (cm)
HP (cm)
CEL (cm)
CIL (cm)
LL (cm)
HW (cm)
TW (cm)
CCI (kg/cm)
LEA (cm?)
SBW (kg)
HCW (kg)
HCY (%)
CCW (kg)
CCY (%)
CL (%)
EBW (kg)
TY (kg)

Mean

25.16
65.72
28.96
55.50
54.48
56.35
33.92
14.94
19.69
0.23
10.86
29.24
13.78
47.17
13.30
45.47
3.57
24.69
55.82

Standard deviation

1.22
2.53
1.76
2.14
1.97
1.93
1.66
1.54
3.14
0.02
1.74
3.16
1.58
2.59
1.6l
2.48
2.08
2.66
232

Thorax depth (TD); thorax perimeter (TP); leg perimeter (LP); hind perimeter (HP); carcass external length (CEL); carcass inner length
(CIL); leg length (LL); hind width (HW); thorax width (TW); carcass compactness index (CCI); loin eye area (LEA); slaughter body weight
(SBW); hot carcass weight (HCW); hot carcass yield (HCY); cold carcass weight (CCW); cold carcass yield (CCY); cooling loss (CL);

empty body weight (EBW); true yield (TY).

=1,2, ..., 19, and the covariance between Yj andY, is
equal to zero for any j # k.

The relative importance of a component
was evaluated by the percentage of the total variance
explained by such component, i.e., the percentage of
its eigenvalue in relation to the total eigenvalues of all
components. Selection of components that explained
most of the variation of the data set was determined by
those with eigenvalues of >1 (one), according to the
criterion proposed by KAISER (1960).

Canonical discriminant analysis is a
multivariate technique that identifies linear combinations
of the variables that best promote separation in the
groups. This type of multivariate technique describes the
relationship between two groups of variables and then
calculates the linear combinations of maximum correlation.
The stepwise method was used to select the variables that
will constitute the discriminant model. In this procedure,
variables are inserted in the model one by one, according
to the partial value of F. The analysis is conducted in stages
and the model is examined with the variables in each of the

stages. According to JOHNSON (1998), in the stepwise
method, the recommended level of significance is 25%-
50% for input variables and 15% for output variables.
Data were standardized wusing the
STANDARD procedure of statistical software SAS
(Statistical Analysis System, version 9.4). Then,
statistical analyses were performed using the same
software procedures — PRINCOMP, STEPDISC,
DISCRIM, and CANDISC. This last procedure was used
to obtain the total standard canonical coefficients and the
total variation explained by each canonical variable.

RESULTS AND DISCUSSION

Of'the 19 principal components generated, the
first five were selected because they presented eigenvalues
of >1 (one) (Table 3), i.e., the first five components were
able to explain 80.43% of the total variation of data,
representing 20% less explanation of the total variation.
Results observed in this study are similar to those of
others that also evaluated sheep carcass and meat quality
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Table 2 — Simple linear correlation (below the diagonal line) and level of probability of significance (above the diagonal line) between

carcass traits of Morada Nova breed sheep.

TD TP LP HP CEL CIL LL HW TW CCI LEA SBW HCW HCY CCW CCY CL EBW TY
TD 1.000 ™ = - ns ns o whx ns ns ns ns ns ns ns ns ns ns ns
TP 0.069 1.000 ** EEE S m ns - oo ns o on
LP 0209 0.334 1.000 ™ ) s s s ns - s wooeons ns o
HP  0.428 0.308 0.068 1.000 ™ e e s ns s ns o ns ET—
CEL -0.080 0.579 0.258 0.226 1.000 ™ ns - ns ns s ns ns *
CIL 0.167 0.587 0.120 0.526 0.380 1.000 ° s B o - o ns e wons
LL  0.420 -0.008 -0.047 0.350 -0.191 0.265 1.000 ™ ™ s - mooe s e ng
HW 0.557 -0.166 -0.217 0.453 -0.291 0.024 0.655 1.000 ™ - ns * w2 ons s g
TW 0266 0.317 -0.033 0.342 0.128 0.190 0.163 0.005 1.000 ™ s s s mooomoms ns moons
CCI -0.080 0.704 0.428 0.102 0.519 0.127 -0.405 -0.319 0.191 1.000 - et = S st e
LEA 0.026 0.408 0.146 0.169 0.469 0.278 -0.119 -0.219 0.144 0.584 1.000 ™ ™ wo T s s s
SBW -0.226 0.776 0.402 0.041 0.635 0.370 -0.409 -0.515 0.148 0.798 0.541 1.000 ™ A o
HCW -0.127 0.826 0.428 0.173 0.632 0.441 -0.300 -0.359 0.130 0.911 0.600 0.870 1.000 ~™ ™ ™~ e e
HCY 0.187 0.178 0.095 0.270 0.068 0.163 0.162 0.266 -0.012 0.318 0.163 -0.156 0.349 1.000 ~ ™ ™ m
CCW -0.162 0.797 0.426 0.112 0.630 0.362 -0.397 -0.419 0.147 0.943 0.587 0.887 0.984 0288 1.000 ™ ™ ™
CCY 0.095 0.222 0.147 0.164 0.150 0.049 -0.087 0.091 0.037 0.506 0.217 -0.010 0.446 0.922 0.451 1.000 ™ oo
CL 0227 -0.114 -0.140 0.272 -0.209 0.290 0.630 0.447 -0.120 -0.475 -0.144 -0.381 -0.244 0.220 -0.412 -0.175 1.000 ~ ™
EBW -0.086 0.817 0.371 0.146 0.581 0.416 -0.354 -0.399 0.226 0.855 0.593 0.917 0.925 0.114 0.922 0.226 -0.289 1.000 ™
TY -0.130 0.172 0.206 0.096 0.247 0.123 0.053 0.027 -0.196 0.318 0.127 0.055 0.369 0.633 0.339 0.621 0.043 -0.009 1.000

™ = not significant; ™ significant at 1% (P-value <0,01); ~* significant at 5% (P-value <0,05); significant at 10% (P-value <0,10).

traits, such as CANEQUE et al. (2004) who obtained 77%
of the total variation explained by the first five principal
components. Regarding meat quality traits, those authors
also observed that eight principal components were
obtained to explain 74% of the total variation.

Traits presenting the highest weighting
coefficients, in absolute value, in the first component
were CCW (0.37), followed by HCW (0.36), EBW
and CCI (0.34), and SBW (0.33), characterizing PC1
as an index that determines carcass conformation. In
the second component, the variables LL, HW, and HP

(0.39) presented the highest weighting coefficients,
indicating that PC2 can be considered an index of
biometric measurements. Therefore, the principal
components can be arranged as linear models:

The wvariables selected wusing the
stepwise method constituted the discriminant
model (Table 4). For each variable inserted in
the Fisher equation, the Mahalanobis distance

Table 3 — Principal components, eigenvalues (4;), percentage of variance explained by components (VPC) and percentage of variance
explained by accumulated components (VPC Cumulative) of carcass traits of Morada Nova breed sheep.

Principal components A

PC, 7.29
PC, 3.37
PC; 2.30
PC, 1.28
PCs 1.03

VPC (%) VPC cumulative(%)
38.36 38.36
17.76 56.12
12.12 68.24
06.74 74.98
05.44 80.43
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Table 4 — Selected variables by the stepwise method.

Steps Variable R? parcial Lambda of Wilks Pr < Lambda
1 HP™ 0.66 0.34 <.0001
2 SBW"™ 0.50 0.17 <.0001
3 W™ 0.56 0.07 <.0001
4 cL™ 0.39 0.05 <.0001
5 EBW™™ 0.33 0.03 <.0001
6 HP™ 0.27 0.02 <.0001
7 CEL™ 0.21 0.02 <.0001
8 LL™ 0.20 0.01 <.0001

HP - hind perimeter; CEL - carcass external length; LL -leg length; HW - hind width; TW - thorax width; SBW - slaughter body weight; CL
- cooling loss; EBW - empty body weight. ™ P<0,01; " P<0,05; ns = not significant.

is applied to ensure that it maximizes the
distance between the nearest groups, so that
the subset of selected variables presents the
highest percentage of correct classification,
besides avoiding the effects of multicollinearity
between the independent variables (RAUSCH &
KELLEY, 2009). The most important variable to
discriminate treatments was HW, with partial r?
of 0.66 and P value of <0.0001. Variables CEL
and LL were not significant at the 5% probability
level and, therefore, have no influence on
treatment discrimination

The first three canonical variables
explained 95.25% of the total variation (Table 5).
In the first pair of canonical variables, variable
SBW, followed by HW, obtained the highest
standardized canonical coefficients in module
and, consequently, are the variables with the
highest degree of discrimination. URBANO et al.
(2015) used a univariate analysis in their study and
reported that SBW had a decreasing linear effect
when replacing corn with manipueira hay, which
may be associated with reduced consumption
of dry matter and, consequently, of protein and

Table 5 —Standardized canonical coefficients and total variation explained by each canonical variable.

Canonical variable

Original variable CVl1
HP (cm) 0.51
CEL (cm) -0.52
LL (cm) -0.20
HW (cm) 1.14
TW (cm) 0.66
SBW (kg) -1.47
CL (%) 0.64
EBW (kg) 0.26
Canonical correlation 0.94™
Variation (%) 70.11

CcV2 CcV3
0.36 -0.01
0.21 0.37
0.10 -1.03
0.51 0.43
1.27 0.56
2.22 1.53
-0.38 1.41
2.15 0.59
0.82"" 0.61"
19.69 5.45

HP - hind perimeter; CEL - carcass external length; LL - leg length; HW - hind width; TW - thorax width; SBW - slaughter body weight;
CL - cooling loss; EBW - empty body weight. " P<0,01; ** P<0,05; ns = not significant.
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total digestible nutrients. In young sheep, growth
is accelerated and requires a complete supply
of nutritional requirements for deposition in
tissues, especially in muscles, which occurs at
high speed until maturity is reached. Therefore,
replacing food component had a direct impact
on SBW, confirming the direct relation between
animal performance and nutrient consumption
(CARNEIRO et al., 2004).

The magnitude of the canonical
coefficients indicates the importance of each
variable in obtaining the maximum correlation
between the groups of variables X and Y.
According to Al-Kandari & Jollife (1997), the
canonical coefficients are analogous to beta from
multiple regression analysis, since they indicate
the contribution of an original variable to the
creation of its respective canonical variable,
based on total variance.

The shortest distance was observed
between T3 and T4, but was not significant (p>0.05)
(Table 6). T4 and TS5 showed a small distance
(»<0.001), confirming that the inclusion of 40%
and 60% concentrates in the diets produced similar
results in the development of traits of biometric
measurements and animal performance. Some
similarities were also observed between T1 and T2
(»<0.001), indicating that diets with Tifton 85 hay
and mani¢oba hay produce similar results in the
development of traits of biometric measurements

and animal performance. The greatest distance was
observed between T1 and T3, with dissimilarity
verified with the F-test (p<0.001).

When considering the use of canonical
discriminant analysis, it is critical to measure, in
the sample elements, variables that can actually
distinguish between populations, otherwise, the
quality of adjustment of the discrimination rule
will be compromised. A common mistake is to
assume that an increase in the number of response
variables will also increase the discrimination
capacity (MINGOTI, 2005).

CONCLUSION

Principal components analysis was
efficient in reducing the dimensions of the data set,
since five uncorrelated components were sufficient
to explain about 80% of the total variation of the
19 original variables. Variables CCW, HP, LL and
HW, CCY, TW, and LP were the most important
among the five selected components and should be
further analyzed in future studies on sheep carcass.

The variables with the greatest
discriminatory power among the treatments,
selected according to standardized canonical
coefficients, in ascending order of importance
were SBW and HW. The latter was selected since
it presented the greatest discriminatory power by
the stepwise method.

Table 6 — Distance of paired quadratic Mahalanobis (above the diagonal line) and the probability by the F test between treatments (below

the diagonal line) for the second set of data.

T1 ™ T4 T5 T6
T1 0 5.68 33.98 28.39 41.04
T2 ” 0 29.28 22.74 34.20
T3 0 4.07 7.47 21.11
T4 ns 0 5.15 15.72
T5 0 12.09
i w = w .

T1 - Forage palm combined with Tifton 85 hay (Cynodon spp.); T2 - Forage palm combined with Mani¢oba hay (Manihotpseudoglaziovii),
T3 - Ground Tifton 85 hay and 20% concentrate (constituted of ground corn, soybean meal, and vegetable oil); T4 - Ground Tifton 85 hay

and 40% concentrate; T5 - Ground Tifton 85 hay and 60% concentrate; T6 - Ground Tifton 85 hay and 80% concentrate.

P<0,05; ™ = not significant.

ok

P<0,01; ©
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