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ABSTRACT

Twenty Pelibuey ewes were used to assess the relationship between ultrasound measurements (USM) and carcass traits.
Animals were slaughtered, and the left half of each carcass was divided into five cuts, and then each cut was dissected
into muscle, fat and bone. The subcutaneous fat thickness and the Longissimus dorsi muscle area were determined 24 h
pre-mortem using a ultrasound equipment, the USM were taken between the 12ª and 13ª thoracic vertebra (TF and TLD)
and between 3ª and 4ª lumbar vertebra (LF and LLD). The relationships among USM and carcass traits were estimated
by regression. The regression equations using only the USM have a R2 that ranged from 0.22 to 0.45. When including the
BW in the equations, the R2 was from 0.52 to 0.55 for muscle, 0.51 to 0.53 for fat and 0.47 for bone. The best equations
were: CM (kg) = 0.18(±0.03)×BW +0.38(±0.17)×TLDA; CF (kg)= -1.66(±0.79*)+ 0.09(±0.03**)×BW +
0.38(±0.19*)×TFT -0.11(±0.09ns)×TLDA and CB (kg)= 2.44(±0.49)***+ 0.06(±0.01***)×BW+ -0.23(±0.11*)×TFT. In
conclusion, it is possible to predict the amount of muscle, fat and bone in the carcasses of adult Pelibuey ewes using
USM and BW, nonetheless, other alternatives, should be considered to improve the accuracy of predictions.
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INTRODUCTION

The sheep population in Mexico is around 8.6
million of heads and produces 153,507 tons of young
sheep meat (SIAP, 2014). The tropical region in Mexico
constitutes around 28% of the national territory, and the
sheep production systems in this area contribute with
25% of the national sheep´s meat production. Sheep
tropical systems are managed under harsh environment,
also is characterized as low-input, low technology
adoption and the use of hair sheep population, mainly
Pelibuey breed (Magaña-Monforte et al., 2013).

In Mexico, as in other tropical countries, a
significant proportion (about 40%) of animals intended
for slaughter corresponds to cull animals, which have a
low body condition and live weight (Mendiratta et al.,
2008; González-Garduño et al., 2014). The previous
conditions of these animals results in a reduced selling
price (Civit et al., 2014). In lamb production systems, the
ewes are culled for different reasons (Abdelqader et al.,
2013), then adult or cull ewes, may represent an
economic option if the selling price could be based
related on the carcass weight and the amount of edible
tissues (Pinheiro et al., 2010; Civit et al., 2014;

González-Garduño et al., 2014). It is therefore important
to know the carcass characteristics of adult ewes and
thereby provide the producer a viable option for the sale
and consumption of this type of meat animals (Civit et
al., 2014).

On the other hand, the main objective of the
livestock and meat industry is to have an accurate, low
cost, objective and easy method for predicting the carcass
traits in order to determine the value on live animals
(Sahin et al., 2008; Souza et al., 2013; Vardanjani et al.,
2014).

Some authors have reported that the use of
ultrasound is a non-invasive method that can help to
predict the amount of muscle, bone and fat in meat and
wool breeds (Teixeira et al., 2006; Silva et al., 2006;
Ripoll et al., 2009). The real time ultrasound is a non-
invasive method that allows to predict the subcutaneous
body fat, as well as the characteristics of carcass tissues
such as the Longissimus dorsi area and depth in live
animals such as sheep (Ripoll et al 2009; Sahin et al.,
2008; Pinheiro et al., 2010; Esquivelzeta et al., 2012;
Monau et al., 2013).

However, in hair sheep breed such as Pelibuey,
the use of ultrasound for this purpose has not been
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extensively evaluated (Cantón et al., 2009; Pinheiro et
al., 2010; McManus et al., 2013; Menezes et al., 2013).
The Pelibuey breed is one of the most important maternal
breed in the tropical production systems and most of meat
production is derived from this breed; nonetheless,
information regarding the prediction of carcass traits
using ultrasound measurements (USM) is not available in
the scientific literature. The objective of this work was to
assess the relationship between live body ultrasound
measurements (USM) and some carcass traits in adult
Pelibuey ewes.

MATERIALS AND METHODS

Animals and management: Twenty, non-pregnant, non-
lactating Pelibuey ewes with BW of 37.2 ± 4.0 kg were
used in this study. The area of study was located at 20°
45' N, 89° 30' W; 8 masl, with a climate AW0 (tropical
warm sub-humid with summer rainfall). The average
annual temperature ranges from 26 to 27.8 °C, with an
annual rainfall ranging from 940 to 1100 mm (García
1988). The body weight and body condition score (BCS)
of these animals are listed in the Table 1. The BCS were
registered, with a scale ranging from 1 to 5, with
subdivisions of 0.5 (e.g. 1.5, etc.), where BCS 1
represents a thin animal and 5 an obese animal as
described by Russell et al. (1969).

Ultrasound measurements: The USM were taken 24
hours before slaughter. The fat thickness (FT) and
Longissimus dorsi area (LDA) was determined using a
real-time ultrasound equipment Pie Medical® 100 B
mode, with a 6/8 MHz linear probe. To do so, , the
animals were shaved previously between the 12ª and 13ª
thoracic vertebrae (TFT and TLDA) and the 3ª and 4ª
lumbar vertebrae (LFT and LLDA) according to Teixeira
et al. (2006) and Silva et al. (2006). The ewes were
manually immobilized and acoustic gel was used to
create good contact between the probe and the skin of
ewes. The pressure over the transducer head was kept to a
minimum to avoid compression of the fat as described by
Sahin et al. (2008). All measurements were taken on the
left side. After capturing the scan image, the area of the
muscle (TLDA and LLDA) and the fat thickness (TFT
and LFT) in both regions were measured using the
electronic callipers of the equipment as described Sahin
et al. (2008). The USM were recorded on the left side of
all animals by the same operator as described by Ripoll et
al (2010).

Carcass measurements: Ewes were humanely
slaughtered by following the Mexican Official norms
(NOM-08-ZOO, NOM-09-ZOO and NOM-033-ZOO)
established for the slaughtering and processing of meat

animals. Before slaughter, shrunk BW (SBW) was
measured after feed and water were withdrawn for a
period of 24 h. The limbs, pelt, head and all internal
organs were separated. The data recorded at the slaughter
were weights of internal organs and carcass. Internal fat
(TIF, internal adipose tissue) was dissected, weighed and
grouped as either pelvic (around kidneys and pelvic
region) or omental and mesenteric fat. Subsequently, the
carcasses were split at the level of the dorsal midline in
two equal halves, weighed, and chilled at 6°C during 24
h. After refrigeration, the left half-carcass was completely
dissected into subcutaneous and intermuscular fat
(carcass fat, CF), muscle, bone plus cartilage and each
component weighed separately. Dissected tissues of the
left carcass were adjusted as whole carcass.

Data analysis: Correlation coefficients among variables
were analyzed by the procedure PROC CORR of SAS
(SAS Ver. 9.00, 2002). Regressions were developed with
PROC REG of SAS (SAS Ver. 9.00, 2002). The option
STEPWISE was used in the SELECTION statement to
select the variables included in the model. The accuracy
of the models was evaluated by the determination
coefficient (R2) and the residual standard deviation
(RSD).

RESULTS

The mean, standard deviation, maximum and
minimum values of BW, ultrasound measurements
(USM) and carcass tissues are shown in Table 1. The data
regarding LDA for Pelibuey ewes were found to be 7.06
and 6.89 cm2 for thoracic (TLDA) and lumbar (LLDA)
regions respectively and the average values of fat
thickness were 1.99 and 1.91 mm for thoracic (TFT) and
lumbar (LFT) regions, respectively.

Simple regression equations using only the USM
have R2 values that ranged from 0.22 to 0.45.
Nonetheless, to include the BW as independent variable
in a multiple regression equations improved the accuracy
of equations (Table 2). The multiple linear regression
equations that included the BW and USM, had an R2

value that ranged from 0.52 to 0.55 for muscle, from 0.51
to 0.53 for fat and 0.47 for bone (Table 2).

In order to calculate the relationship between
USM and carcass muscle (CM), and because the intercept
of the Equation 1 was not significant, we fitted a new
linear regression through the origin (Equation 10): CM
(kg) = 0.18(±0.03)×BW +0.38(±0.17)×TLDA (R2: 0.98;
MSE: 1.04; RSD: 1.02; P <.0001 y n= 20). The best
equations for predicting carcass fat and carcass bone were
the Equations 5 and 9 respectively.
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Table 1. Mean (±SD), maximum and minimum values of body weight, ultrasound measurements and carcass
traits in Pelibuey ewes (n=20)

Mean ±SD Minimum Maximum CV (%)
BW (kg) 36.13±4.99 29.00 48.75 13.80
BCS grades 2.56±0.51 1.50 3.50 19.99
CM (kg) 9.16±1.56 6.89 13.44 17.06
CF(kg) 1.82±0.69 0.67 3.25 37.91
CB (kg) 3.97±0.39 3.36 4.74 9.76
TFT (mm) 1.99±0.69 1.00 3.40 34.53
LFT (mm) 1.91±0.61 1.00 3.40 32.05
TLDA(cm2) 7.06±1.59 4.14 9.95 22.52
LLDA(cm2) 6.89±1.45 3.59 8.91 21.08
CV: coefficient of variation; BW: body weight; CM: carcass muscle; CF: Carcass fat; CB: Carcass bone; TFT; thoracic fat thickness;
LFT: lumbar fat thickness; TLDA: Thoracic L. dorsi area; LLDA: lumbar L. dorsi area; SE: standard deviation.

Table 2. Regressions equations to predict the carcass traits using ultrasound measurements in Pelibuey ewes

Eq. No Equation n R2 MSE RSD P
Carcass muscle

1 CM (kg)= 0.73(±1.77ns)+ 0.16(±0.06**)×BW+
0.37(±0.17*)×TLDA

20 0.55 1.093 1.046 0.0004

2 CM (kg)= 0.75(±1.81 ns)+ 0.16(±0.06**)×BW -
0.21(±0.42ns)×TFT + 0.41(±0.19*)×TLDA

20 0.53 1.145 1.069 0.0016

3 CM (kg)= 0.76(±1.82ns)+ 0.16(±0.06**)×BW -
0.08(±0.34ns)×LLDA+ 0.43(±0.30 ns)×TLDA

20 0.53 1.157 1.076 0.0017

4 CM (kg)= 0.74(±1.84ns)+ 0.16(±0.06**)×BW +
0.02(±0.49ns)×LFT + 0.37(±0.19ns)×TLDA

20 0.52 1.162 1.079 0.0018

Carcass fat
5 CF (kg)= -1.66(±0.79*)+ 0.09(±0.03**)×BW +

0.38(±0.19*)×TFT -0.11(±0.09ns)×TLDA
20 0.53 0.223 0.472 0.0016

6 CF (kg)= -1.85(±0.84*)+ 0.11(±0.03**)×BW -
0.30(±0.37ns)×GL + 0.60(±0.32ns)×TFT -
0.12(±0.09ns)×TLDA

20 0.52 0.227 0.477 0.0039

7 CF (kg)= -1.70(±0.81*)+ 0.09(±0.03**)×BW +
0.36(±0.19ns)×TFT + 0.12(±0.15ns)×LLDA -
0.19(±0.14ns)×TLDA

20 0.52 0.228 0.478 0.0040

8 CF (kg)= -1.77(±0.81*)+ 0.08(±0.02**)×BW +
0.29(±0.17ns)×TFT

20 0.51 0.230 0.480 0.0008

Carcass bone
9 CB (kg)= 2.44(±0.49***) + 0.06(±0.01***)×BW+ -

0.23(±0.11*)×TFT
20 0.41 0.088 0.296 0.0042

10 CM (kg) = 0.18(±0.03)×BW +0.38(±0.17)×TLDA 20 0.98 1.04 1.02 <.0001
R2: determination coefficient; MSE: mean square error; RSD: residual standard deviation; P: P-value; * P<0.05; **P<0.001;
***P<0.0001; ns: non-significant

DISCUSSION

The body and carcass composition may be
estimated by direct and indirect methods. The main direct
method is the comparative slaughter and it is considered
the most suitable because of its greater precision;
nonetheless, it is very expensive and destructive method
(Silva et al., 2015). On the other hand the indirect
methods are preferred over direct methods because
indirect methods are easier to implement and it is

possible to apply on in live animals (Scholz et al 2015,
Silva et al 2015).

The body weight (BW) is a very important
characteristic in animal husbandry as a selection criterion
and measure of economic profit. Within a breed, BW
might be affected by management, environment and
feeding conditions. The correlation is one of the most
common and most useful statistics that describes the
relationship between two variables (Cam et al., 2010).
The attempts to predict accurately BW from body
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measurements utilizes this characteristic of correlation.
The accurate estimation of live weight from simple live
body measurements is very important for livestock
enterprises. For assessing the profitability a producer can
measure all the body measurements easily from a live
animal to determine body weight to predict some carcass
traits (Vardanjani et al., 2014).

In Akkaraman sheep weighting 42 kg, Sahin et
al. (2008) found values for TLDA of 8.86 cm2. In
addition, they reported TFT mean values of 4.03 mm.
The values for TLDA were slightly superior to those
found in the current study. For TFT, the value was
superior to that register in Pelibuey ewes of the present
study. Teixeira et al. (2006) reported that the TFT and
LFT had mean values of 0.38 and 0.44 mm respectively
in Churra sheep with body weight of 36 kg; values
inferior to the found in the present study.

Pinheiro et al. (2010) in discarded ewes reported
a LDA values determined by ultrasound that ranged from
8.86 to 11.62 cm2, also the SFT varied from 1.37 to 2.72
mm; the values for LDA were slightly higher to those of
the current study in Pelibuey ewes, nevertheless, the
values for SFT were similar. These authors concluded
that the USM could be used as alternative to predict the
carcass characteristics, due to the facility and precision of
the measurement. However, no research was found on
ultrasound measurements of Pelibuey ewes.

Orman et al. (2010) in Awassi female lambs
with BW between 30.35 to 38.95 kg found a LMA with
USM values of 7.93 to 10.81 cm2 and for same animals
reported a SFT of 2.59 to 4.22 mm. Also these authors
reported that at same BW female lambs had greater SFT
than the male lambs.

On the other hand, Sahin et al. (2008) observed
that the use of USM alone present R2 smaller values, than
the obtained using the BW as other variable in the
equations, this situations was similar to observed in the
present study.

Teixeira et al. (2006), using the BW and the
TFT in multiple equations to predict the total carcass fat,
obtained a R2 of 0.88, the R2 obtained for these authors
differ to found in the current study, since using both
variables the R2 of equation was lightly 0.51 and the
variable TFT was no significant in the equation, for what
the inclusion of USM only improves lightly (2%) the
prediction of this tissue (Equation 5).

It can be observed that the inclusion of one or
more USM in addition to BW slightly improve the
predictive ability of equations, similar reports were made
by Silva et al. (2006).

Silva et al. (2006) reported that BW was a
powerful estimator of the muscle content in a carcass and
87-95% of the variation was explained by BW, and when
ULDA (over the 13th thoracic vertebra) was included in
the multiple regression analysis, variation of total carcass
muscle led to an increase of 6% in Churra de Terra

Quente sheep. Similar results were reported by Ripoll et
al (2010). Contrasting this observation, Teixeira et al.
(2006) reported increased variation (96%) for total
muscle weight based on only BW of Churra Galega
Bragancana male lambs. Similar results have been
reported by Orman et al. (2008) and Sahin et al. (2008),
who reported that the variation changed between 79 and
80% for total muscle weight based on BW and when
ULDA was included in the regression equations in fat-
tailed male lambs. Also, Agamy et al. (2015) reported
that the BW contributed 66% of the variation in total
trimmed meat weight of Egyptian ram-lambs, whereas
ultrasound Longissimus dorsi muscle area came next and
scored a partial determination of 16% increasing the
model’s R2 to 82%. Vardanjani et al. (2014) also
concluded that the combination of BW with some
ultrasound measurements generally accounted for the
majority of the variation of the carcass traits in Torki-
Ghashghaii sheep.

Teixeira et al. (2006) reported that the bone
weight was greater related to BW of the animals, and
they obtained a R2 of 0.92, a greater value than ours,
because in our study this relationship scarcely reach a R2

of 0.22, this value was similar to reported by Delfa et al.
(1995) who evaluated this same relationship and obtained
a R2 value of 0.29; also Ripoll et al (2009) found a small
R2 (0.17) for both variables. On the other hand, Pinheiro
et al. (2010) found that the USM in live animals are
higher related with the obtained in the carcass, moreover,
they concluded that the USM may use for predict the
carcass characteristics of discarded ewes.

The highest correlation between the USM and
the carcass measurements of the back fat thickness and
the Longissimus dorsi muscle area has been discussed by
some authors (Sahim et al., 2008; Pinheiro et al., 2010;
Orman et al., 2010). Therefore, in the current study, these
data are no presented and discussed.

Teixeixa et al. (2006) suggested that distinct
results between authors and breeds of sheep may be due
to differences also in the experimental conditions and
therefore prediction equations must be developed for
each breed according to the system of production in
which it is handled. Several authors conclude that the use
of the ultrasound is a valuable tool for the prediction of
the body composition of animals (Stouffer, 2004;
Emenheiser et al., 2010). Sahin et al. (2008) concluded
that it is important to evaluate this tool in native sheep
breeds to developing prediction models according to
these breeds.

More research is needed in assessing the USM
and its potential for predicting body and carcass
composition of hair sheep, in order to create predictive
models of body and carcass composition of such sheep
breeds.
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Conclusion: It is possible to predict the amount of
muscle, fat and bones in the carcass of Pelibuey ewes,
using measurements by ultrasound and the live weight of
the animal, nevertheless other alternatives must be
evaluated to increase the accuracy of these estimates.

REFERENCES

Abdelqader, A., A.A. Yacoub and M. Gauly (2013).
Factors influencing productive longevity of
Awassi and Najdi ewes in intensive production
systems at arid regions. Small Rumin. Res. 104
(1-2): 37– 44.

Agamy, R., A.Y., M.S. Abdel- Moneim, I.I. Abd- Alla,
Abdel- Mageed and G.M. Ashmawi (2015). Use
of ultrasound measurements to predict carcass
characteristics of Egyptian Ram-Lambs. Asian J.
Anim. Vet. Adv. 10 (5): 203-214.

Cam, M.A., M. Olfaz and E. Soydan (2010). Body
measurements reflect body weights and carcass
yields in Karayaka shep. Asian J Anim. Vet.
Adv. 5(2): 120-127.

Cantón, C. J. G., R. Bores, J. Baeza, J. Quintal, R. Santos
and C. Sandoval (2009). Energy Retention of F1
Pelibuey lambs with breeds for meat production.
J. Anim. Vet. Advan. 8 (12): 2655-2661.

Civit, D., M. D Díaz, E. Rodríguez and C. A. González
(2014). Características de la canal y efecto de la
maduración sobre la calidad de la carne de
ovejas de desvieje de raza Corriedale. ITEA.
110 (2): 160-170.

Delfa, R., A. Teixeira, C. Gonzalez and I. Blasco (1995).
Ultrasonic estimates of fat thickness and
longissimus dorsi muscle depth for predicting
carcass composition of live Aragon lambs.
Small Rumin. Res. 16 (2): 159-164.

Emenheiser, J. C., S. P. Greiner, R. M. Lewis and D. R.
Notter (2010). Validation of live animal
ultrasonic measurements of body composition in
market lambs. J. Anim. Sci. 88 (9):2932-2939.

Esquivelzeta, C. J. Casellas, M.Fina and J. Piedrafita
(2012). Backfat thickness and longissimus dorsi
real-time ultrasound measurements in light
lambs. J. Anim. Sci. 90 (13):5047-5055.

García E. (1988). Modificaciones del sistema de
clasificación climática de Köppen (para
adaptarlo a las condiciones de la República
Mexicana). Instituto de Geografía, UNAM,
México, DF.

González-Garduño, R., R. M. Salinas-Hernández, G.
Garduza-Arias, and F. Reyes-Montes (2014).
Componentes corporales en ovinos de pelo para
abasto en el sureste mexicano. Zootec. Trop.
32(1), 23-32.

Magaña-Monforte, J. G., M. Huchin-Cab, J. R Ake-
López and J. C. Segura-Correa (2013). A field

study of reproductive performance and
productivity of Pelibuey ewes in Southeastern
Mexico. Trop. Anim. Health Prod. 45 (8):1771-
1776.

McManus, C., T. P. Paim, H. Louvandini, B. S. L.
Dallago, L.T. Dias and R. A. Teixeira (2013).
Avaliação ultrasonográfica da qualidade de
carcaça de ovinos Santa Inês. Ci. Anim. Bras. 14
(1): 8-16.

Mendiratta S. K., N. Kondaiah, A. S. R. Anjaneyulu and
B. D. Sharma (2008). Comparisons of handling
practices of culled sheep meat for production of
mutton curry. Asian-Australas. J. Anim. Sci. 21
(5): 738-744.

Menezes, A. M., H. Louvandini, G. I. F. Esteves, L.
Dalcin, M. E. A.Canozzi, J.O.J. Barcellos and C.
McManus (2013). Performance and carcass
traits of Santa Inês lambs finished with different
sources of forage. R. Bras. Zootec. 42 (8): 428-
437.

Monau P. I., S. J Nsoso, E. E. Waugh and S. P. Sharma
(2013). Ultrasound measurements of live and
carcass traits in Tswana goat kids raised under
semi-intensive system in South-eastern
Botswana. Trop. Anim. Health Prod. 45 (3):781-
789.

Orman, A., G. U. Caliskan and S. Dikmen (2010). The
assessment of carcass traits of Awassi lambs by
real-time ultrasound at different body weights
and sexes. J. Anim. Sci. 88 (10):3428–3438.

Orman, A., G. U. Calışkan, S. Dikmen, H. Ustuner, M.
Oğan, and C. Calışkan (2008). The assessment
of carcass composition of Awassi male lambs by
real-time ultrasound at two different live
weights. Meat Sci. 80 (4):1031–1036.

Pinheiro, R. S. B., A. M. Jorge and M. J. Yokoo (2010).
Correlações entre medidas determinadas in vivo
por ultrassom e na carcaça de ovelhas de
descarte. Rev. Bras. Zootec. 39 (6): 1161-1167.

Ripoll, G., M. Joy, J. Alvarez-Rodriguez, A. Sanz, and A.
Teixeira. (2009). Estimation of light lamb
carcass composition by in vivo real-time
ultrasonography at four anatomical locations. J.
Anim. Sci. 87 (4):1455–1463.

Ripoll, G., M. Joya and A. Sanz (2010). Estimation of
carcass composition by ultrasound
measurements in 4 anatomical locations of 3
commercial categories of lamb. J. Anim. Sci. 88
(10):3409-3418.

Russell, A.J.F., J.M. Doney and R.G. Gunn (1969)
Subjective assessment of body fat in live sheep.
J. Agric. Sci. 72 (3): 451-454.

Sahin, E.H., M. Yardimci, I.S. Cetingul, I.Bayram and E.
Sengor (2008). The use of ultrasound to predict
the carcass composition of live Akkaraman
lambs. Meat Sci. 79 (4): 716-721.



Aguilar-Hernandez et al., J. Anim. Plant Sci. 26(2):2016

330

Scholz A.M., L. Bünger, J. Kongsro, U. Baulain, and
A.D. Mitchell (2015). Non-invasive methods for
the determination of body and carcass
composition in livestock: dual-energy X-ray
absorptiometry, computed tomography,
magnetic resonance imaging and ultrasound:
invited review. Animal. 9 (7): 1250-1264.

SIAP, SAGARPA. 2014. Resumen de la producción
nacionaly precios de carne y leche. Disponible
http://www.siap.gob.mx.

Silva, S. R., J. J. Afonso, V. A. Santos, A. Monteiro, C.
M. Guedes, J. M. T. Azevedo and A. Dias-da-
Silva (2006). In vivo estimation of sheep carcass
composition using real-time ultrasound with two
probes of 5 and 7.5 MHz and image analysis. J.
Anim. Sci. 84 (12):3433-3439.

Silva, T.S., M.L. Chizzotti, K.C. Busato, R.T. de Souza-
Rodrigues, I.F. da Silva, and  M.A.Á. Queiroz
(2015). Indirect methods for predicting body
composition of Boer crossbreds and indigenous

goats from the Brazilian semiarid. Trop. Anim.
Health Prod. 47 (6): 1217-1220.

Souza D. A., A. B. Selaive-Villarroel, E. S. Pereira, J.C.S
Osório and A. Teixeira (2013). Growth
performance, feed efficiency and carcass
characteristics of lambs produced from Dorper
sheep crossed with Santa Inês or Brazilian
Somali sheep. Small Rumin. Res. 114 (1): 51-
54.

Stouffer, J R. (2004). History of ultrasound in animal
science. J. Ultrasound Med. 23:577-584.

Teixeira, A., S. Matos, S. Rodrigues, R. Delfa and V.
Cadavez (2006). In vivo estimation of lamb
carcass composition by real-time
ultrasonography. Meat Sci. 74 (2): 289-295.

Vardanjani, S. M. H, S. R.M. Ashtiani, A. Pakdel and H.
M. Shahrbabak (2014). Accuracy of Real-time
Ultrasonography in Assessing Carcass Traits in
Torki-Ghashghaii Sheep. J. Agric. Sci. Tech.
16(4): 791-800.


