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a  b  s  t  r  a  c  t

This study  aimed  to  assess  and  compare  the  non-carcass  components,  carcass  measure-
ments  and  meat  cut production  of  Pantaneiro  (P)  sheep  and  their Texel  (TP)  and  Santa  Inês
(SIP) crossbreds.  Ninety-six  lambs,  of  which  51  were  male  and  45 were  female,  with  a  mean
weaning  weight  of 15.21  ± 1.25 kg and age  of  78 ± 13  days  were  slaughtered  at  32  kg  of body
weight.  TP lambs  had  greater  leg  compactness  and weight  and  percentage  of  pelt,  whereas
genotypes  (G)  P and  SIP  had  higher  carcass  depth.  P  and  SIP  females  had  weights  omental
fat  percentages  that  were  superior  to the  other  animals,  whereas  SIP  females  had  higher
eywords:
heep breeds
rossbreds

nternal fat
eat cut

mesenteric  fat. TP males  had  higher  production  of white  viscera.  There  was  no  effect  of
sex, G  or  interaction  for production  and percentage  of  all meat  cuts.  Pantaneiro  lambs  and
their  crosses  with  meat  breeds  could  be  useful  in meat  production  systems  under  Savannah
environmental  conditions.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Most domesticated livestock species were introduced
n Brazil by successive waves of early exploration and colo-

ization. For almost five centuries, these species, including
heep breeds, have been naturally selected in distinct
nvironments in such a way that today they present

∗ Corresponding author at: Rodovia Dourados à Itahum, km 12, Cidade
niversitária, Dourados, MS,  Brazil. Tel.: +55 67 34102352.

E-mail address: fernandojunior@ufgd.edu.br (F.M. Vargas Junior).
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921-4488/© 2015 Elsevier B.V. All rights reserved.
characteristics adapted to their specific environmental
conditions. The breeds developed in Brazil are known as
“Criollo”, “local,” or naturalized (Mariante and Egito, 2002).

The Pantaneiro sheep is a small to medium-sized breed
reared in the Pantanal region of Brazil. This region is char-
acterized by a tropical climate with a dry winter season and
rainy summer. The Pantaneiro breed has a combination of
alleles from wool breeds from the south of Brazil and hair

sheep breeds from the semiarid northeast region. Accord-
ing to Vargas Junior et al. (2011), Pantaneiro females have
high maternal ability and no reproductive seasonality, and
lambs have high productive potential in terms of carcass

dx.doi.org/10.1016/j.smallrumres.2014.12.007
http://www.sciencedirect.com/science/journal/09214488
http://www.elsevier.com/locate/smallrumres
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 Rumina
56 F.M. Vargas Junior et al. / Small

traits and meat quality. The work of Crispim et al. (2013)
shows that compared to other populations, the Pantaneiro
breed represents a reservoir of genetic diversity with rare
and useful alleles for genetic improvement, which high-
lights the importance of preserving the breed.

Since the beginning of the 20th century, some exotic
breeds have been imported from temperate regions for
meat purposes. Although more productive, these breeds
did not have adaptive traits that are found in local breeds,
such as resistance to diseases, parasites, and climate. Even
so, little by little, the exotic breeds replaced the native
breeds to such an extent that native breeds, such as Morada
Nova, a breed of hair sheep, are now in danger of extinction
(Mariante and Egito, 2002).

Studies from Brazil (Souza et al., 2013), Czech Republic
(Kuchtík et al., 2012), Iran (Esmailizadeh et al., 2012;
Yousefi et al., 2012), Tunisia (Bedhiaf-Romdhani et al.,
2008), and Turkey (Ekiz et al., 2009, 2012; Gökdal et al.,
2012; Yakan and Ünal, 2010) have assessed the per-
formance of local breeds and crossbreeds in different
production systems. The findings of these studies provide
evidence that local breeds can be used as an alternative to
crossbreeds without negative effects on productivity and
highlight the importance of the maintenance of genetic

resources from local breeds.

The aim of the present study was to assess the effect of
Pantaneiro sheep and their crossings with Texel and Santa
Inês sheep on carcass and non-carcass components as well

Table 1
The effect of sex (S) and genotype on the weight (kg) of body components.

Items Genotype (G) 

P TP SIP 

Blood 

Male  1.28 ± 0.14 1.25 ± 0.23 1.44
Female 1.27 ± 0.18 1.25 ± 0.20 1.22
Mean 1.27 ± 0.15 1.25 ± 0.21 1.33
Pelt 

Male  3.31 ± 0.73 3.94 ± 0.87 3.33
Female 3.42 ± 0.52 3.60 ± 0.51 2.74
Mean 3.35B ± 0.65 3.79A ± 0.74 3.00C

Limbs
Male  0.75A ± 0.10 0.77A ± 0.08 0.83A

Female 0.69B ± 0.07 0.67B ± 0.04 0.69
Mean 0.73 ± 0.09 0.72 ± 0.08 0.75
Head 

Male  1.40 ± 0.09 1.41 ± 0.16 1.44
Female 1.30 ± 0.12 1.35 ± 0.12 1.32
Mean 1.36 ± 0.11 1.38 ± 0.15 1.37
Testicle/Udder
Male  0.40A ± 0.12 0.31A ± 0.09 0.38
Female 0.11B ± 0.02 0.08B ± 0.02 0.26
Mean 0.35A ± 0.16 0.22B ± 0.13 0.34A

Reproductive organs 

Male  0.09 ± 0.02 0.14 ± 0.05 0.18
Female 0.09 ± 0.03 0.09 ± 0.04 0.13
Mean 0.09B ± 0.03 0.11AB ± 0.05 0.14A

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not signifi
For sex within G, means with different capitalized italic superscripts differ.
For  G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.

* P < 0.05.
** P < 0.01.

*** P < 0.0001.
nt Research 124 (2015) 55–62

as on cut proportions to provide information to breeders,
retailers and consumers.

2. Materials and methods

The experiment was  performed at the Sheep Technologic Center of the
“Três Barras” experimental farm of the University for the Development of
the  State and the Region of Pantanal (UNIDERP) in the Campo Grande
city of the Mato Grosso do Sul state in Brazil. The climate of the region,
using the Köppen classification, is Tropical Savanna or tropical wet and dry
climate with a monthly mean temperature above 18 ◦C (64 ◦F) for every
month of the year and typically a pronounced dry season, with the driest
month having precipitation less than 60 mm.

2.1. Animal sampling and diets

A total of 96 lambs, of which 51 were male and 45 were female,
with weaning weights ranging from 15.21 ± 1.25 kg and ages 78 ± 13
days, of the “Pantaneiro” group and Texel and Santa Inês crossbreds
were included in the study. The distribution of lambs by sex and genetic
group was 17 male and 12 female Pantaneiro (P) sheep, 16 male and
13  female Texel × Pantaneiro (TP), and 18 male and 20 female Santa
Inês  × Pantaneiro (SIP). Lambs were housed and fed with a balanced ration
to  achieve an average daily gain (ADG) of 250 g following the NRC (2007)
recommendations.

Lambs were fed twice a day at 0830 h and 1600 h (in the morning and
afternoon), with quantities adjusted daily to yield 10 and 20%, respec-
tively, of the total feed offered, which was weighed to determine the daily
dry matter intake (DMI, kg day−1). The DM composition of the diet was

60%  concentrate and 40% roughage in the form of corn silage. The ration
formulation was  47.88% ground corn, 32.92% soybean meal, 15% wheat
bran, 0.1% probiotic (Biosaf, Saccharomyces cerevisiae,  Lesaffre, France),
2%  mineral salts, 2% calcium carbonate and 0.1% vitamins A, D and E. The
animals were weighed after 12 h fasting every 21 days until slaughter.

Mean P

S G S × G

NS NS NS
 ± 0.23 1.33 ± 0.22
 ± 0.23 1.24 ± 0.20
 ± 0.25

NS ** NS
 ± 0.76 3.52 ± 0.83
 ± 0.57 3.17 ± 0.66
± 0.72

*** NS NS
± 0.08 0.78 ± 0.09

B ± 0.06 0.69 ± 0.06
 ± 0.10

NS NS NS
 ± 0.26 1.42 ± 0.18
 ± 0.11 1.32 ± 0.12
 ± 0.20

*** * NS
 ± 0.14 0.36 ± 0.12
 ± 0.39 0.24 ± 0.15
± 0.25

NS * NS
 ± 0.14 0.14 ± 0.09
 ± 0.09 0.10 ± 0.07
± 0.11

cant.
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Table  2
The effect of sex (S) and genotype on the percentage (%) of body components.

Items Genotype (G) Mean P

P TP SIP S G S × G

Blood NS NS NS
Male  4.46 ± 0.35 4.31 ± 0.71 4.72 ± 0.60 4.50 ± 0.58
Female 4.24 ± 0.38 4.23 ± 0.53 4.34 ± 0.60 4.28 ± 0.53
Mean 4.37 ± 0.37 4.27 ± 0.62 4.51 ± 0.63
Pelt  NS *** NS
Male  11.50 ± 2.20 13.51 ± 2.52 10.94 ± 2.11 11.96 ± 2.49
Female 11.49 ± 1.54 12.23 ± 1.61 9.77 ± 1.95 10.94 ± 2.03
Mean 11.49B ± 1.93 12.94A ± 2.22 10.29C ± 2.08
Limbs *** * NS
Male  2.62A ± 0.28 2.63A ± 0.18 2.72A ± 0.26 2.66 ± 0.24
Female 2.34B ± 0.24 2.27B ± 0.12 2.47B ± 0.15 2.38 ± 0.19
Mean 2.51AB ± 0.30 2.47B ± 0.24 2.58A ± 0.24
Head NS NS NS
Male  4.92 ± 0.44 4.85 ± 0.45 4.73 ± 0.82 4.83 ± 0.59
Female 4.38 ± 0.34 4.60 ± 0.41 4.70 ± 0.42 4.59 ± 0.41
Mean 4.70 ± 0.48 4.74 ± 0.44 4.71 ± 0.63
Testicle/Udder *** NS NS
Male  1.40A ± 0.39 1.03A ± 0.21 1.23 ± 0.45 1.23 ± 0.39
Female 0.23B ± 0.19 0.28B ± 0.08 0.84 ± 1.37 0.47 ± 0.85
Mean 1.11 ± 0.62 0.74 ± 0.41 1.09 ± 0.88
Reproductive organs NS * NS
Male  0.33 ± 0.08 0.48 ± 0.16 0.60 ± 0.45 0.46 ± 0.28
Female 0.29 ± 0.12 0.30 ± 0.14 0.45 ± 0.33 0.36 ± 0.25
Mean 0.31B ± 0.10 0.38AB ± 0.18 0.49A ± 0.37

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
For sex within G, means with different capitalized italic superscripts differ.
For G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.
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P < 0.05.
* P < 0.01.
** P < 0.0001.

hen lambs reached a body weight of approximately 32 kg, they were
laughtered after a 12 h fast.

.2. Non-carcass components

After slaughter, the non-carcass components were separated and
eighed as follows: body components (blood, hide and pelt, feet, head and

eproductive organs) gut fat depots (omental, mesenteric, perinephric and
etro-peritoneal) red viscera (heart, liver, gallbladder, pancreas, spleen,
ladder, and kidneys) white viscera (esophagus, rumen-reticulum, oma-
um, abomasum, small intestine, and large intestine).

.3. Carcass measurements and meat cuts

After the carcasses were chilled for 24 h at 4 ◦C, they were suspended
y  a gamble of constant width between legs and the following measure-
ents (Pálsson, 1939; Boccard et al., 1964; Kempster et al., 1986) were

ssessed: rump perimeter (B), rump width (G), internal carcass length (L),
eg  length (F) and carcass depth (Th). The indexes of carcass compactness
cold carcass weight/L) and leg compactness (G/F) were calculated. The
eft  side of the carcass was  divided into the following commercial meat
uts: neck, shoulder, ribs, breast, loin and leg. The percentages of meat
uts in relation to carcass weight were calculated.

.4. Statistical analysis

Statistical analyses were performed using SAS 9.2 (SAS Institute,
ary, NC, USA). The experimental design was  a factorial fully random-

zed  with three genotypes (P × TP × SIP) and two  sexes (male and female).

he normality of the data was verified using the Shapiro–Wilk test and
he homogeneity of variances was verified using the Bartlett test. The
ignificance of differences between sexes (S) or genotypes (G) and the
nteractions (S × G) were verified using the Tukey test with a significance
evel of 5%.
3. Results

The effect of sex (S) and genotype on the weight (kg)
and percentage (%) of body components are shown in
Tables 1 and 2. There was a significant genotype effect for
hide and reproductive organs and the TP lambs had higher
hide values than Pantaneiro and SIP lambs. The SIP lambs
had higher (P < 0.05) reproductive organ weights than Pan-
taneiro lambs.

There was a sex effect for limb weight (Table 1) and a
genotype effect for limb yield (Table 2). Males had higher
weight and limb yields, independent of genotype, but the
SIP lambs had higher limb yields than the TP lambs. There
was also a sex effect on testicle/udder weight and a geno-
type effect for the testicle/udder yield; male P and TP lambs
had higher values than females for these characteristics and
the lowest testicle/udder weight was  observed for Texel
lambs.

The means and standard deviations of weight and yields
of fat and viscera for the different genotype/sex groups
are shown in Tables 3 and 4. There was  a highly signifi-
cant sex effect on the omental, mesenteric, perinephric and
retro-peritoneal fats (P < 0.0001) and a significant effect
on red viscera (P < 0.05). Females had higher omental and
perinephric and retro-peritoneal fat weights than males,

independent of genotype. Significant sex differences for
mesenteric fat were only found for the Pantaneiro group.
The SIP males had higher white viscera weights than
females.
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Table 3
The effect of sex (S) and genotype on the weight (kg) of fat and viscera.

Items Genotype (G) Mean P

P TP SIP S G S × G

Omental fat *** *** *

Male 0.46cd ± 0.20 0.38d ± 0.19 0.63b ± 0.27 0.49 ± 0.24
Female 0.92a ± 0.28 0.54bc ± 0.13 0.84a ± 0.21 0.78 ± 0.26
Mean  0.65A ± 0.32 0.45B ± 0.18 0.75A ± 0.26
Mesenteric fat ** * NS
Male  0.28B ± 0.08 0.29 ± 0.07 0.35 ± 0.16 0.31 ± 0.11
Female 0.38A ± 0.12 0.33 ± 0.07 0.41 ± 0.11 0.38 ± 0.10
Mean  0.33B ± 0.11 0.31B ± 0.07 0.38A ± 0.13
Perinephric and Retroperitoneal fat *** *** NS
Male  0.37B ± 0.10 0.24B ± 0.18 0.44B ± 0.14 0.35 ± 0.16
Female 0.68A ± 0.29 0.40A ± 0.14 0.77A ± 0.19 0.66 ± 0.26
Mean  0.49B ± 0.24 0.30C ± 0.18 0.63A ± 0.24
Red viscera * NS NS
Male  1.04 ± 0.12 1.09 ± 0.13 1.20A ± 0.22 1.11 ± 0.18
Female 1.04 ± 0.19 1.03 ± 0.14 1.03B ± 0.11 1.03 ± 0.14
Mean  1.04 ± 0.15 1.06 ± 0.13 1.11 ± 0.19
White viscera NS NS *

Male 2.02b ± 0.23 2.30a ± 0.34 2.08b ± 0.29 2.13 ± 0.31
Female 2.12ab ± 0.32 1.95b ± 0.25 1.99b ± 0.23 2.01 ± 0.26
Mean  2.06 ± 0.27 2.14 ± 0.35 2.03 ± 0.26

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
Red viscera: sum of trachea, heart, liver, gallbladder, pancreas, spleen, bladder, and kidneys.
White viscera: sum of esophagus, rumen-reticulum, omasum, abomasum, small intestine, and large intestine.
For  sex within G, means with different capitalized italic superscripts differ.
For  G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.

* P < 0.05.
** P < 0.01.

*** P < 0.0001.

Table 4
The effects of sex (S) and genotype on the percentage (%) of fat and viscera.

Items Genotype (G) Mean P

P TP SIP S G S × G

Omental fat *** *** *

Male 1.61bc ± 0.64 1.29c ± 0.65 2.04b ± 0.83 1.65 ± 0.76
Female 3.09a ± 0.87 1.85b ± 0.43 2.97a ± 0.58 2.68 ± 0.82
Mean  2.20B ± 1.03 1.54C ± 0.62 2.55A ± 0.84
Mesenteric fat ** * NS
Male  0.99B ± 0.29 1.01 ± 0.23 1.13B ± 0.42 1.04 ± 0.32
Female 1.27A ± 0.36 1.14 ± 0.27 1.44A ± 0.29 1.31 ± 0.33
Mean  1.11B ± 0.35 1.07B ± 0.25 1.31A ± 0.38
Perinephric and Retroperitoneal fat *** *** *

Male 1.28c ± 0.27 0.80d ± 0.61 1.42c ± 0.33 1.17 ± 0.49
Female 2.28b ± 0.86 1.33c ± 0.44 2.73a ± 0.55 2.27 ± 0.84
Mean  1.66B ± 0.74 1.01C ± 0.60 2.17A ± 0.81
Red viscera NS NS NS
Male  3.64 ± 0.32 3.74 ± 032 3.93 ± 0.60 3.77 ± 0.44
Female 3.49 ± 0.45 3.51 ± 0.47 3.66 ± 0.35 3.57 ± 0.41
Mean  3.58 ± 0.38 3.64 ± 0.40 3.79 ± 0.49
White viscera NS NS **

Male 7.05b ± 0.71 7.89a ± 1.04 6.82b ± 0.98 7.24 ± 1.01
Female 7.12b ± 0.80 6.65b ± 0.90 7.11b ± 1.04 6.98 ± 0.94
Mean  7.08 ± 0.73 7.33 ± 1.15 6.98 ± 1.01

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
Red viscera: sum of trachea, heart, liver, gallbladder, pancreas, spleen, bladder, and kidneys.
White viscera: sum of esophagus, rumen-reticulum, omasum, abomasum, small intestine, and large intestine.
For  sex within G, means with different capitalized italic superscripts differ.
For  G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.

* P < 0.05.
** P < 0.01.

*** P < 0.0001.
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Table  5
The effects of sex (S) and genotype on carcass measurements.

Items Genotype (G) Mean P

P TP SIP S G S × G

B, cm NS NS NS
Male  60.61 ± 2.35 61.72 ± 2.89 61.09 ± 2.37 61.12 ± 2.53
Female 62.42 ± 2.93 62.77 ± 2.71 61.68 ± 2.74 62.19 ± 2.76
Mean 61.33 ± 2.70 62.19 ± 2.81 61.41 ± 2.56
G,  cm NS NS NS
Male  21.78 ± 0.91 22.94 ± 1.50 22.58 ± 1.80 22.41 ± 1.50
Female 23.00 ± 1.28 23.08 ± 0.95 22.83 ± 1.37 22.94 ± 1.22
Mean 22.27 ± 1.22 23.00 ± 1.27 22.71 ± 1.56
L,  cm NS NS NS
Male  60.67 ± 3.79 59.19 ± 3.04 61.29 ± 2.37 60.41 ± 3.19
Female 60.92 ± 3.18 59.54 ± 2.63 60.15 ± 2.81 60.18 ± 2.85
Mean 60.77 ± 3.50 59.34 ± 2.82 60.68 ± 2.65
F,  cm NS *** NS
Male  26.83 ± 1.76 24.53 ± 1.56 28.12 ± 1.58 26.54 ± 2.18
Female 26.25 ± 1.76 25.15 ± 0.99 27.38 ± 0.99 26.43 ± 1.54
Mean 26.60B ± 1.75 24.81C ± 1.35 27.72A ± 1.33
Th,  cm NS ** NS
Male  25.81 ± 1.74 25.25 ± 1.58 26.74 ± 1.83 25.94 ± 1.80
Female 26.46 ± 1.72 25.08 ± 0.86 26.43 ± 1.64 26.04 ± 1.58
Mean 26.07A ± 1.74 25.17B ± 1.29 26.57A ± 1.71
CC,  kg cm−1 NS NS NS
Male  0.26 ± 0.02 0.26 ± 0.03 0.27 ± 0.03 0.27 ± 0.03
Female 0.27 ± 0.03 0.27 ± 0.03 0.27 ± 0.03 0.27 ± 0.03
Mean 0.26 ± 0.03 0.26 ± 0.03 0.27 ± 0.03
LC,  kg cm−1 NS * *

Male 0.76b ± 0.08 0.85a ± 0.10 0.73b ± 0.10 0.78 ± 0.10
Female 0.80ab ± 0.11 0.75b ± 0.07 0.73b ± 0.09 0.76 ± 0.09
Mean 0.77AB ± 0.09 0.80A ± 0.10 0.73B ± 0.09

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
B, Buttock perimeter; G, Buttock circumference; L, Internal carcass length; F, Leg length; Th, Thoracic depth; CC, Carcass compactness; LC, Leg compactness.
For  sex within G, means with different capitalized italic superscripts differ.
For G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.
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* P < 0.05.
** P < 0.01.

*** P < 0.0001.

P and SIP lambs had significantly higher (P < 0.0001)
mental fat weight than TP lambs. TP and P lambs had lower
P < 0.05) mesenteric fat weights compared to SIP lambs.
he three genotypes had significantly different perinephric
nd retro-peritoneal weights, with the highest values for
IP lambs, followed by P and TP lambs (Table 5). There
as a significant interaction between genotype and sex

or omental fat and white viscera weights. The P and SIP
emales had higher values than SIP males, TP females and

 males.
There were significant sex and genotype effects for

mental, mesenteric, and perinephric and retroperitoneal
at percentages (Table 4). Females had a significantly higher
at components than males (P < 0.01), and SIP lambs had
igher percentages than P and TP lambs. The use of Texel
enotype provided lower omental and perinephric and
etroperitoneal fat percentages.

We observed an interaction between sex and genotype
or omental, perinephric and retroperitoneal, and white
iscera percentages (Table 4). P and SIP females had the
ighest omental fat percentages, followed by SIP males and

P females; there were no differences between P males and
P males. SIP females had higher perinephric and retroperi-
oneal fat percentages and TP males with the lowest value.
P males had the highest white viscera percentages; the
white viscera percentage did not differ between P and SIP
males or P, TP and SIP females.

The means and standard deviations of carcass measure-
ments of different sex/genotypes are shown in Table 5.
There were only significant differences between genotypes
for F, Th and LC measurements. SIP lambs had higher
(P < 0.0001) F measurement than P and TP lambs. P and SIP
lambs had higher Th measurement than TP lambs. There
was a significant difference for LC index between TP and
SIP lambs and a significant interaction between genotype
and sex was  found. The TP males had a higher LC index
compared to P and SIP males or TP and SIP females. The
means and standard deviations of meat cut weights and
yields are shown in Tables 6 and 7; there were no significant
differences found between sexes or genotypes.

4. Discussion

The use of adapted sheep favors the maintenance
of production systems on the basis of low nutritional
and management requirements. According to Galal et al.

(1993), the use of specialized genotypes for meat produc-
tion becomes feasible for the intensification of production
systems based on local or native genotypes. The Pantaneiro
genetic group of sheep presents possibilities for use in
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Table 6
The effect of sex (S) and genotype on cut weights (kg).

Items Genotype (G) Mean P

P TP SIP S G S × G

Neck NS NS NS
Male  1.14 ± 0.19 1.15 ± 0.27 1.27 ± 0.24 1.18 ± 0.24
Female 1.16 ± 0.27 1.02 ± 0.15 1.12 ± 0.23 1.10 ± 0.22
Mean  1.15 ± 0.22 1.09 ± 0.23 1.19 ± 0.24
Shoulder NS NS NS
Male  1.11 ± 0.25 1.19 ± 0.17 1.24 ± 0.17 1.18 ± 0.21
Female 1.22 ± 0.15 1.28 ± 0.17 1.19 ± 0.17 1.22 ± 0.16
Mean  1.15 ± 0.22 1.23 ± 0.17 1.21 ± 0.17
Leg NS NS NS
Male  2.11 ± 0.22 2.13 ± 0.27 2.14 ± 0.25 2.12 ± 0.24
Female 2.18 ± 0.25 2.08 ± 0.58 2.12 ± 0.29 2.12 ± 0.38
Mean  2.14 ± 0.23 2.11 ± 0.43 2.13 ± 0.27
Ribs NS NS NS
Male  1.16 ± 0.24 1.12 ± 0.19 1.21 ± 0.25 1.16 ± 0.23
Female 1.28 ± 0.24 1.15 ± 0.21 1.23 ± 0.23 1.22 ± 0.23
Mean  1.21 ± 0.24 1.13 ± 0.20 1.22 ± 0.23
Breast and flap NS NS NS
Male  1.45 ± 0.22 1.43 ± 0.28 1.50 ± 0.25 1.46 ± 0.25
Female 1.56 ± 0.25 1.46 ± 0.15 1.43 ± 0.25 1.47 ± 0.23
Mean  1.50 ± 0.24 1.44 ± 0.22 1.46 ± 0.25
Loin NS NS NS
Male  0.49 ± 0.07 0.49 ± 0.08 0.52 ± 0.07 0.50 ± 0.08
Female 0.52 ± 0.09 0.52 ± 0.09 0.49 ± 0.09 0.51 ± 0.09
Mean  0.50 ± 0.08 0.50 ± 0.08 0.50 ± 0.08

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
For sex within G, means with different capitalized italic superscripts differ.
For  G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.

* P < 0.05.
** P < 0.01.
*** P < 0.0001.

meat, milk, wool or skim production systems. However,
studies are required to examine the effects of selection for
these characteristics on the variability found in herds not
evaluated until now (Costa et al., 2013).

According to Stanford et al. (1998) the fastest and the
simplest way of improving the growth and carcass qual-
ity of lambs consists of using commercial crossing with
the meat-type breeds. The advantage observed for TP
crossing was the lower production of omental, mesen-
teric, perirenal and retroperitoneal fat providing leaner
carcasses compared to other genotypes. The greater adi-
posity of P and SIP reflects the greater ability to store
energy as fat presented by the Pantaneiro and Santa
Inês genotypes, which are adapted to tropical environ-
ments. Kempster (1981) showed the differences in fat
deposition in different deposits between local and spe-
cialized animals, with higher internal deposition in local
breeds.

In a comparison of growth and carcass traits and
non-carcass components of native Blackhead Ogaden
(BO) sheep, Hararghe Highland (HH) sheep, and Dor-
per sheep crossed with native Ethiopian sheep, Tsegay
et al. (2013) observed a genotype influence on the
characteristics evaluated, with a higher percentage of
abdominal fat in native sheep and no effect of geno-

type on most non-carcass components. The crossing of
native HH sheep with Dorper sheep improved animal
performance, and similar to the findings of the present
study, the native BO breed was similar to the Dorper × BO
cross for many performance characteristics and carcass
results.

The use of Santa Inês sheep did not improve leg con-
formation; the higher leg length of SIP lambs in relation to
P and TP lambs resulted in lower leg compactness. With
the same leg weight for all animals (Table 7), TP lambs had
higher LC due to their lower leg length (Table 5). This result
can improve the muscle to bone ratio of lamb crossings, and
it is related to the productive purpose of the genotype. The
Santa Ines sheep have a double or even triple purpose for
the production of meat, milk and pelt. In this sense, the
Santa Inês sheep differ in morphology from Texel sheep,
which feature a compact body structure focused on the
production of meat.

According to Leymaster and Jenkins (1993), Texel lambs
have low growth rates, lean carcasses, and high mature
weights. The authors showed that there are no signifi-
cant differences in pelt production and carcass composition
between Texel and Suffolk lambs with the same slaughter
weight. Thus, the slaughter weight used in this experiment,
coupled with the fact the Texel animals show later growth,
favored the production of weights and yields of cuts that
were similar between genotypes.

Kremer et al. (2004) evaluated the effects of sire breed,
year, sex and weight on the carcass characteristics of lambs,

and found higher leg percentages for Texel × Corriedale
lambs and lower loin yields compared to the TP lambs
of this study. Farid (1991) evaluated the performance of
three native breeds of Iran and the crossing of breeds with
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Table  7
The effect of sex (S) and genotype on cut percentage (%).

Items Genotype (G) Mean P

P TP SIP S G S × G

Neck NS NS NS
Male  7.22 ± 1.21 7.36 ± 1.40 7.56 ± 1.26 7.38 ± 1.27
Female 7.14 ± 1.80 6.45 ± 1.18 6.95 ± 1.48 6.86 ± 1.49
Mean  7.19 ± 1.45 6.95 ± 1.37 7.23 ± 1.40
Shoulder NS NS NS
Male  12.47 ± 4.25 12.00 ± 4.06 12.72 ± 3.94 12.41 ± 4.02
Female 12.30 ± 3.41 14.23 ± 3.85 12.81 ± 3.28 13.08 ± 3.49
Mean  12.40 ± 3.87 13.00 ± 4.05 12.77 ± 3.55
Leg NS NS NS
Male  23.67 ± 5.94 21.66 ± 7.71 21.97 ± 6.67 22.47 ± 6.70
Female 22.17 ± 6.47 23.87 ± 8.71 22.74 ± 5.86 22.92 ± 6.81
Mean  23.07 ± 6.09 22.65 ± 8.10 22.39 ± 6.16
Ribs NS NS NS
Male  12.91 ± 3.69 11.45 ± 4.53 12.56 ± 4.74 12.33 ± 4.28
Female 12.94 ± 3.99 12.76 ± 3.49 13.25 ± 3.82 13.03 ± 3.70
Mean  12.92 ± 3.74 12.04 ± 4.08 12.93 ± 4.22
Breast and flap NS NS NS
Male  16.35 ± 4.49 14.28 ± 4.85 15.41 ± 5.01 15.39 ± 4.76
Female 15.69 ± 4.34 16.15 ± 3.76 15.30 ± 4.10 15.65 ± 3.99
Mean  16.09 ± 4.37 15.12 ± 4.42 15.35 ± 4.47
Loin NS NS NS
Male  5.56 ± 1.53 4.99 ± 1.95 5.42 ± 1.97 5.33 ± 1.80
Female 5.24 ± 1.61 5.78 ± 1.76 5.28 ± 1.47 5.42 ± 1.57
Mean  5.43 ± 1.54 5.34 ± 1.88 5.34 ± 1.69

P, Pantaneiro; TP, Texel × Pantaneiro; SIP, Santa Inês × Pantaneiro; NS, not significant.
For sex within G, means with different capitalized italic superscripts differ.
For G, means with different capitalized superscripts differ.
For S × G, means with different lower-case superscripts differ.
*

*

*
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P < 0.05.
* P < 0.01.
** P < 0.0001.

orriedale and Targhee sheep. The crossing improved car-
ass traits without differences in the weight and yield of
ommercial cuts, but in contrast to the findings of the
resent study, the crossbreds were higher than purebreds,
ith the production of leaner carcasses.

Abdullah et al. (2010) studied the growth and carcass
raits of pure Awassi and crossbred sheep, and observed
hat crossbred lambs had higher growth rates, production
nd yields of shoulder and rib/loin and some, testis, heart
nd liver. Crossing Awassi with Charolais also contributed
o greater muscularity of carcasses. According to the results
resented, the native breed has little aptitude for meat pro-
uction, unlike the P sheep in our study, which were similar
hen crossed with Texel sheep, as a result of greater use of

his native genotype for meat production performance.

. Conclusion

The higher proportion of body fat in Pantaneiro females,
esulting in early fat deposition, is indicative of their adap-
ation to the environment, emphasizing the importance of
he breed as a maternal line in crossings. Additionally, this
rait suggests that the slaughter of females should be per-
ormed at smaller body weights than those of Pantaneiro

ales. Texel × Pantaneiro sheep provided greater leg com-

actness and the production of carcasses with less body
at. The greater weight and yield of white guts of TP lambs
an be advantageous as an alternative source of payment.
he Texel and Santa Inês breeds are commonly used in the
production of sheep meat in Brazil. As a similarity to the
production and yield of commercial cuts, including those
of higher value, is acquired, as demonstrated by the results,
the use of Pantaneiro sheep becomes viable as a replace-
ment for breeds selected for meat production, such as Texel,
and rams and/or ewes with high market prices, such as
Santa Inês.
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