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Abstract

The objective of this study was to evaluate the effect of parity on linear trait types in Guzerá cows 
using multivariate techniques. Data were collected from 68 purebred Guzera females, young (1st and 2nd 
calving order) and adults (3rd to 7th calving order). Measurements were collected using a tape measure, 
a hypometer, a 40 cm graduated ruler and a 180° protractor. PRCOMP procedure of the R program was 
used for analyzing the main components. The variables related to rump (height, angularity, ileum and 
ischium length and width), body (length), udder (height of posterior ligament) and milk production were 
more important to explain the phenotypic variation in Guzerá cattle. Young Guzerá cows had lower 
body length, narrower rumps, better udder ligaments and lower milk yield than adult cows.
Key words: Dairy cattle. Multivariate. Zebu cattle.

Resumo

Objetivou-se avaliar a efeito da ordem de parto, por meio de técnicas multivariadas, sobre as 
características lineares de tipo de vacas da raça Guzerá. Foram utilizados dados de 68 fêmeas da raça 
Guzerá, puras de origem, jovens (1ª e 2ª ordem de parto) e adultas (3ª a 7ª ordem de parto). As medidas 
foram coletadas com auxílio de fita métrica, hipômetro, régua graduada de 40 cm e transferidor de 
ângulos 180°. Para as análises de componentes principais utilizou-se o procedimento PRCOMP do 
programa R. As variáveis relacionadas à garupa (altura, angulosidade, comprimento e largura de íleo e 
ísquios), corpo (comprimento), úbere (altura do ligamento posterior) e produção de leite apresentaram 
maior importância para explicar a variação fenotípica de bovinos Guzerá. Vacas jovens da raça Guzerá 
apresentaram menor comprimento corporal, garupas mais estreitas, melhores ligamentos de úbere e 
menor produção de leite que as vacas adultas.
Palavras-chave: Bovinocultura leiteira. Multivariada. Zebuínos.
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Introduction

The production of bovine milk in Brazil was 35.2 
billion liters in 2014 (IBGE, 2015). It is estimated 
that three quarters of this milk is produced by 
females with some zebuine genetic traits. In this 
context, the Guzerá breed stands out due to its 
high size, rusticity and well-proportioned udder 
(LEÃO et al., 2013). This breed has officially been 
improved since 1994, when Embrapa instituted the 
Guzerá National Milk Improvement Program.

Dairy breeding programs have used the highest 
305-day cumulative milk production for many 
years as the main, if not the only parameter for 
genetic evaluation of herds (HERRERA et al., 
2008). However, the emphasis on selection for 
milk production has led to a decline in indicators 
of fertility, longevity and hygiene of dairy herds, 
due to unfavorable genetic correlation between 
these two groups of characteristics (RODRIGUEZ-
MARTINEZ et al., 2008).

Currently, there is a search for animals are 
not only productive, but also have functional 
characteristics such as fertility and resistance to 
diseases, since these are extremely important for 
female longevity. Trait types should be considered 
when the objective is to maximize the productive 
life of the animal, avoiding early rejects due to 
non-productive problems related to attachment and 
ligaments, among others (ESTEVES et al., 2004; 
LAGROTTA et al., 2010).

Thus, an alternative to promote cow sustainability 
in productive life would be to select them based 
on trait types, since there is evidence that some of 
these traits are genetically and favorably related to 
longevity, functionality and productivity in dairy 
herds (PÉREZ-CABRAL et al., 2006). Moreover, 
factors such as age and calving order influence trait 
types, since females tend to undergo changes in 
their body structure (MUNIZ et al., 2014; MARIZ 
et al., 2016).

Thus, the objective of this study was to evaluate 
the effect of parity on types of linear traits of Guzerá 
cows using multivariate techniques.

Material and Methods

The work was conducted according to ethical 
standards and approved by the Ethics Committee 
for the Use of Animals (CEUA) of the Federal 
University of Rio Grande do Norte (UFRN), Brazil 
- CEUA License 028/2015.

Data came from 68 purebred Guzerá females, 
participants of the National Improvement Program 
of Guzerá Milk in 2009. The evaluated cows were 
primiparous (young) and multiparous (adult), from 
the first to seventh calving order, with ages varying 
from 04 to 12 years. The animals were positioned 
with their head upright and their four members 
resting on a flat surface to measure their body 
characteristics. The measurements were collected 
with the aid of a tape measure, a hypometer, a 40-cm 
graduated ruler, and a 180° protractor (VERNEQUE 
et al., 2014).

The following measurements were taken: Front 
udder height (FHT); Rear udder height (RHT); 
Rump height (RHT); Rump angle (RAG); Rear 
hoof angle (RHAG); Front udder height (FUH); 
Front teat length (FOL); Rump length (RL); Body 
length (LEN); Rear teat length (REL); Navel 
length (NAL); Front teat diameter (FOD); Rear teat 
diameter (RED); Ilium width (ILWI); Ischium width 
(ISWI); Anterior ligament (score 1 to 9) (AL); Rear 
udder width (RUW); Thoracic perimeter (TPER); 
Hoof lateral position (score 1 to 9) (HLPOS); Hoof 
rear position (score 1 to 9) (HRPOS); Milk yield 
(MY); Udder depth (scores 1 to 9) (UD); Milking 
time (MTmin). 

The PRCOMP procedure of the R program 
was used (R DEVELOPMENT CORE TEAM, 
2015) for analyzing the main components (MC) 
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using the sample correlation matrix: the variables 
were standardized for mean zero and variance 
equal to one. We chose to use a correlation 
matrix instead of a covariance matrix to minimize 
possible discrepancies between the variances and 
to allow comparisons between eigenvectors in 
one component. The solution using the correlation 
matrix is recommended when the variables are 
measured in very different scales from one another, 
since this matrix is equivalent to the matrix of 
the standardized variables, considering that the 
analyzed characteristics are milk production, linear 
metric evaluations and area, and subjective scores.

The main component technique based on the 
correlation matrix consists of transforming a set of 
p variables X1, X2,....,Xp into a new set Y1, Y2,...., 
Yp, where Y’s have the following properties: each 
main component (Yi) is a linear combination of the 
standard variables (Xj), meaning that: yi = ai1x1 + ai2 
x2 + ... + aipxp = ∑p

j=1 aijxj ; where are eigenvectors 
with i =1, 2, ...., pe ∑p

j=1 a2
ij . The first major 

component (Y1) is such that its variance is maximal 
among all linear combinations of X. The second 
main component is uncorrelated with the first and 
has the second largest variance. Similarly, the other 
p major components uncorrelated with each other 
are defined, so that: Var(y1) ≥ Var(y2) ≥ ... ≥ Var(yp). 
Each main component Yi are related to p eigenvalues 
(λ) ordered so that λ1 ≥ λ2 ≥ ... ≥λp. The linear 
combinations formed are uncorrelated: Cov(y1,y2) 
= Cov(y1,y3) = ... = Cov(yp-1,yp) = 0. The relative 
importance of a major component was assessed by 
the percentage of total variance it explains, meaning 
that the percentage of its eigenvalue in relation to 
the total eigenvalues of all the components, which 
is given by:                                             (HAIR 
JUNIOR, 2009).

The criterion for discarding variables was based 
on the recommendations of Jolliffe (1973), who 
suggests that the number of discarded variables 
should be equal the number of principal components 
whose variance (eigenvalue) is less than 0.7; and 

based on the suggestion by Hair Junior (2009), 
who considered that the variable that presents the 
largest coefficient in absolute value in the main 
component of smaller eigenvalue (lower variance) 
should be less important to explain the total 
variance, and therefore, subject to disposal. Thus, 
the discarding process consisted of considering the 
component corresponding to the lowest eigenvalue 
and rejecting the variable associated with the largest 
weighting coefficient (in absolute value). Then the 
next smaller component was evaluated. This process 
continued until the component associated with the 
eigenvalue less than 0.7 was considered. 

Results and Discussion

The results obtained for the main components 
based on the correlation matrix, their respective 
eigenvalues, and percentages of the total variance 
explained by each component can be observed in 
Table 1.

The first major component, alone, accounted for 
approximately 30% of the total variance. When it 
was accumulated to the second, third, and fourth 
components, they jointly accounted for 60% of the 
total variance. The total variance values indicate 
that the first ten major components accounted 
for 85.35% of the total data variation. Pires et al. 
(2012) evaluated the morphometric variability 
of dairy goats and found that the first three major 
components accounted for about 99.51% of the total 
data variation.

According to Karacaören and Kadarmideen 
(2008), main components may be useful in 
reducing the number of measures to be evaluated, 
thereby avoiding problems with collinearity which 
is common in analyzing functional traits that are 
highly related. Thus, we continued with a criterion 
established by Jolliffe (1973) to select variables 
(when ≥0.7); hence, it is assumed that thirteen of 
the 23 evaluated variables can be discarded. 
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Table 1. Main components (MC), eigenvalues (λi), percentage of variance explained by the components (% VMC) 
and cumulative percentage of the evaluated traits. 

Main components % VMC % VMC (cumulative)

MC1 4.59 29.94 29.94

MC2 3.02 15.12 45.06

MC3 2.17 8.43 53.49

MC4 1.75 6.59 60.08

MC5 1.61 5.98 66.06

MC6 1.51 5.54 71.60

MC7 1.25 4.44 76.04

MC8 1.08 3.51 79.55

MC9 0.95 3.00 82.55

MC10 0.90 2.80 85.35

MC11 0.66 2.12 87.47

MC12 0.51 2.10 89.57

MC13 0.49 1.94 91.51

MC14 0.42 1.53 93.04

MC15 0.40 1.25 94.29

MC16 0.33 1.13 95.42

MC17 0.27 1.07 96.49

MC18 0.23 1.00 97.49

MC19 0.22 0.97 98.46

MC20 0.15 0.64 99.10

MC21 0.13 0.55 99.65

MC22 0.06 0.28 99.93

MC23 0.02 0.07 100.00

The variables related to rump (RHT, RAG, RL, 
ILWI, ISWI), body (LEN), ubber (RHT), hoof 
(HLPOS) and milk yield (MY) are more important 
for explaining phenotypic variation in the evaluated 
Guzera cattle (Table 2). 

The variables with less importance to explain the 
morphological variation in the Guzerá cattle were: 
FHT, FAG, FUH, FOL, REL, NAL, FOD, RED, AL, 
RUW, TPER, HRPOS, UD. These characteristics 
have a significant correlation with the others for 
being associated to components that explain a 
small proportion of linear trait variability in cattle, 

The reason for proposing the discard is that 
variables highly correlated to the major components 
of higher variance (eigenvalues lower than 0.7) 
represent practically insignificant variation, and 
therefore they do not contribute to selection. 
However, heritability estimates and genetic 
correlations must be taken into account, as the 
characteristics for discarding may have higher 
heritability than those with which they correlate 
favorably (FREITAS et al., 2010). This fact may 
cause the selection to be only based on the selected 
characteristics (meaning those present in the first ten 
main components) may lead to lower genetic gains.
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providing little or no additional information, thus 
being characterized by redundancy.

The main components associated with rump 

traits (height, length, angularity, ilium and ischium 
width) were those that contributed most to variation 
in linear trait types in the Guzerá breed. 

Table 2. Weighting coefficients of the traits evaluated in Guzerá cattle with the main components discarded in order 
of minor importance.

Variable MC1 MC2 MC3 MC4 MC5 MC6 MC7 MC8 MC9 MC10 MC11 MC12

FHT -0.41 0.07 0.06 -0.05 0.13 -0.04 0.23 0.04 -0.14 0.18 0.01 0.01

RHT -0.41 0.11 0.05 -0.04 0.12 -0.01 0.17 0.08 -0.18 0.12 0.03 0.04

RHT -0.15 0.24 -0.16 -0.18 0.31 0.26 0.18 0.17 -0.02 -0.31 -0.19 0.20

RAG -0.11 0.00 0.22 0.36 0.21 0.22 -0.22 -0.40 -0.14 -0.25 0.10 0.26

RHAG 0.01 0.20 0.05 -0.10 -0.32 0.10 0.43 -0.21 0.22 0.06 0.58 0.25

FUH -0.20 0.33 0.20 -0.05 -0.05 0.05 -0.01 -0.02 0.26 -0.34 0.01 0.20

FOL 0.30 0.20 0.29 0.02 -0.06 0.02 0.03 0.34 -0.22 -0.23 0.02 0.12

RL 0.07 0.34 0.16 -0.23 0.04 -0.33 0.07 0.22 0.06 0.17 -0.04 0.03

LEN 0.06 0.28 0.02 0.10 0.47 0.18 0.07 -0.20 -0.23 0.13 0.10 -0.34

REL 0.35 0.07 0.26 -0.03 -0.04 0.06 0.18 0.17 -0.26 -0.13 -0.09 -0.06

NAL 0.12 -0.10 0.12 0.02 -0.03 0.54 0.31 0.13 0.31 0.12 -0.24 -0.29

FOD 0.35 0.23 0.10 0.00 0.06 -0.07 -0.22 -0.02 -0.13 -0.05 0.19 -0.01

RED 0.34 0.01 -0.05 -0.12 0.15 0.08 0.08 -0.26 0.14 0.22 0.25 -0.07

AL -0.17 0.14 0.28 0.10 -0.14 0.04 -0.45 0.26 0.15 0.20 0.08 0.06

ILWI -0.06 0.39 -0.02 0.30 -0.10 -0.21 0.23 -0.11 0.12 0.00 -0.22 -0.23

ISWI 0.02 0.34 0.03 0.46 -0.12 0.15 -0.12 -0.05 0.19 0.15 -0.14 -0.07

RUW 0.21 0.07 -0.43 0.13 0.01 0.13 -0.04 0.11 0.23 0.01 -0.23 0.41

TPER 0.17 0.19 -0.27 -0.06 0.37 -0.19 -0.03 -0.04 0.07 0.27 -0.04 0.31

LPOS -0.01 -0.12 0.39 -0.30 0.24 0.29 -0.14 0.00 0.19 0.18 -0.07 0.22

RPOS -0.11 0.14 -0.25 -0.14 0.20 0.08 -0.30 0.29 0.31 -0.28 0.40 -0.41

PRLkg 0.03 -0.22 0.21 0.28 0.37 -0.20 0.20 0.21 0.18 0.15 0.09 0.07

UD 0.04 0.02 0.26 -0.31 0.08 -0.31 -0.07 -0.41 0.35 -0.19 -0.33 -0.14

Continue...
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Variable MC13 MC14 MC15 MC16 MC17 MC18 MC19 MC20 MC21 MC22 MC23

FHT 0.02 0.12 0.26 0.12 0.10 0.02 0.13 0.26 0.01 0.18 -0.69

RHT 0.09 0.03 0.27 0.11 0.18 -0.02 0.00 0.35 0.02 -0.22 0.65

RHT 0.37 -0.18 -0.20 0.06 -0.11 0.13 -0.35 -0.13 0.20 0.22 -0.01

RAG -0.13 -0.10 -0.12 0.30 0.32 0.22 0.01 -0.05 -0.24 -0.01 -0.04

RHAG 0.10 0.20 -0.22 0.09 -0.05 0.07 0.14 -0.05 0.08 0.07 0.07

FUH -0.18 -0.11 0.33 -0.59 -0.08 -0.09 0.02 -0.05 -0.24 -0.07 -0.03

FOL 0.05 0.16 0.01 0.12 0.04 0.01 0.01 0.02 0.22 -0.64 -0.22

RL -0.34 -0.40 -0.41 0.15 0.11 0.06 -0.02 0.19 -0.27 0.05 0.00

LEN -0.17 0.04 -0.16 -0.21 -0.43 0.15 0.28 0.04 0.12 -0.07 0.05

REL 0.08 0.25 0.28 0.18 -0.19 0.09 0.04 -0.04 -0.48 0.41 0.15

NAL -0.17 0.05 -0.05 -0.15 0.43 0.25 -0.02 0.51 0.02 -0.02 0.00

FOD 0.13 -0.10 0.12 -0.22 0.43 -0.11 0.11 0.21 0.42 0.42 0.05

RED 0.14 -0.42 0.44 0.14 -0.09 0.04 -0.37 0.08 -0.11 -0.21 -0.11

AL 0.12 0.01 0.11 0.01 -0.17 0.52 -0.08 -0.16 0.12 0.09 0.04

ILWI -0.10 -0.11 0.24 0.31 0.10 -0.12 0.07 -0.06 0.23 0.03 0.05

ISWI 0.25 0.17 -0.20 0.03 -0.12 -0.40 -0.26 0.38 -0.15 0.02 -0.05

RUW -0.04 -0.13 0.18 0.18 -0.13 0.14 0.52 0.24 0.02 -0.01 0.02

TPER -0.15 0.54 0.04 -0.13 0.24 0.06 -0.25 -0.20 -0.11 -0.05 0.01

LPOS -0.21 0.05 0.04 0.25 -0.14 -0.50 0.09 -0.13 0.19 0.09 0.06

RPOS 0.03 0.15 0.04 0.26 0.13 -0.08 0.13 -0.03 -0.19 -0.03 -0.02

PRLkg 0.29 -0.16 -0.10 -0.18 0.11 -0.12 0.29 -0.21 -0.19 -0.07 0.00

UD 0.48 0.21 -0.04 0.10 -0.02 0.24 0.14 0.20 0.06 -0.08 0.01

MTmin -0.33 0.08 0.07 0.07 -0.21 0.12 -0.27 0.25 0.27 0.16 0.05

FHT = Fore udder height (cm); RHT = Rear udder height (cm); RHT = Rump height (cm); RAG = Rump angle 
(degrees); RHAG = Rear hoof angle (degrees); FUH = Front udder height (cm); FOL = Fore teat length (cm); RL = 
Rump length (cm); LEN = Body length (cm); REL = Rear teat length (cm); NAL = Navel length (cm); FOD = Fore teat 
diameter (cm); RED = Rear teat diameter (cm); ILWI = Ilium width (cm); ISWI = Ischium width (cm); AL = Anterior 
Ligament (score 1 to 9); RUW = Rear udder width (cm); TPER = Thoracic perimeter (cm); LPOS = lateral position 
(score 1 to 9); RPOS = rear position (score 1 to 9); MY = Milk yield (kg); UD = Udder depth (score 1 to 9); MTmin 

Continuation...

MTmin 0.04 -0.26 0.12 0.36 0.22 -0.27 0.19 0.18 0.29 -0.26 0.17 0.03

Rump width is influenced by the width between 
the ilium and ischium bones, which should be spaced 
out to facilitate delivery. According to Cerqueira et 
al. (2013), rump width in female cattle can reach 
84% of its development at 21 months of age. In our 
study, cows from 7 different calving orders/parities 
were evaluated, a fact that probably contributed to 
the total variance of the components. 

According to Silva et al. (2015), a positive 
correlation can be estimated between rump width 
and calving interval. Thus, the selection of large 
rumps may result in some correlated response in 
increased reproductive efficiency. However, Silva 
et al. (2015) draw attention to the negative genetic 
correlations between rump width and angle.

Body length, hoof angle, udder height and milk 
yield were also variables associated with components 
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that explained a signifi cant portion of linear trait 
variability in the cattle. The evaluated database had 
cows from different parities, and in these animals, 
maturity infl uences the body size and milk yield, 
which in turn has an infl uence on udder ligaments 
and on its height (LAGROTTA et al., 2010).

In observing the cluster analysis, using individual 
distribution according to main components (MC) 
1 and 2 (45% of the total variance), we found that 
animals classifi ed as young (1st and 2nd calving 
orders) and adults (3rd to 7th calving orders) were 
separated into two groups, but they had some 
similarity between them (Figure 1).

Figure 1. Projection of the variables evaluated in Guzerá cattle and grouped by main components of animals classifi ed 
as adults and young. 

The similarity between animals classifi ed as 
young and adult is related to the morphological 
type that they present. Young cows generally have 
shorter body lengths, narrower rumps, better udder 
ligaments and lower milk yields than adult cows 
(RANGEL et al., 2009; SOARES et al., 2009; 
GALVÃO JÚNIOR et al., 2010). However, it is 
unclear at what point (calving order) the changes 

that promote the greater variance of MC1 and MC2 
occur.

The clustering analysis using MC1 and MC2 
showed that animals classifi ed according to the 
calving order were separated into 3 distinct groups; 
however, some animals showed some similarity 
between groups (Figure 2). 
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Figure 2. Grouping of Guzerá cattle according to the calving order in relation to morphometric measurements and 
yield. 

a change in the Gir race phenotype in the Northeast 
of Brazil, and they attribute this to artifi cial selection. 

Conclusion

Young cows from 1st and 2nd calving orders have 
lower body length, narrower rump, better udder 
ligaments and lower milk yield than adult Guzerá 
cows.
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