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Abstract:

The objective of the study was to estimate the correlations of the rib-eye area (REA) and the
thickness of the dorsal subcutaneous fat (TDSF) with morphometric variables in sheep
carcasses produced in Mexico. Seven hundred fifty sheep carcasses were used, which were
grouped by genotype (hair, wool and crossed hair * wool), sex (males and females) and
production system (intensive and semi-intensive). The normality of the distribution was
determined, and simple correlation analyses were performed to estimate the degree of
association between the variables. In hair genotypes, REA correlated with the weight of the
carcass both hot and cold (r=0.42**; n=328; P<0.001 in males and r=0.48**; n=91; P<0.001
in females), but in females the perimeter (r=0.52**; n=91; P<0.001) and width of the rump
(r=0.48**; n=91; P<0.001) were also relevant. In hair animals, the TDSF correlated with
slaughter weight (r=0.36**; n=328; P<0.001 in males and r=0.57**; n=91; P<0.001 in
females). In wool males, REA showed high correlation with carcass length (r=0.61**; n=116;
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P<0.001) and rump perimeter (r=0.50**; n=116; P<0.001), while the TDSF correlated with
the internal depth of the thorax (r=0.50**; n=116; P<0.01) and its perimeter (r=0.45%*%*;
n=116; P<0.001). In crosses hair * wool, REA had the highest correlation with thorax width
(r=0.47**; n=215; P<0.001) and hot carcass weight (r=0.43**; n=215; P<0.001), while the
TDSF only had a low correlation with slaughter weight (r=0.19**; n=215; P<0.001).
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Introduction

In Mexico, sheep meat production has maintained an average annual growth of 4.7 % during
the last twenty-five years, going from 29,887 t of carcass meat in 1995 to 64,758 tin 202012,
Currently, there is a population of almost 9.5 million heads and, based on the growth of the
last five years, there is an expectation of producing 65,891 t of carcass meat by the end of
2021, with an estimated value of 6,500 million pesos®. Despite the good performance shown
by the national sheep farming, Mexico does not have an official classification system for
sheep carcasses and only has one standard (NMX-FF-106-SCFI-2006)® that is applied
occasionally. There are also no quality standards that define the attributes of the sheep
carcasses produced, nor are there differential prices based on the quality of the final product;
there is only information that relates variables measurable in vivo with the properties of the
carcass in the Pelibuey breed and in some of its crosses®®”®, as well as in crosses of
Katahdin®!'? and Hampshire'" females with males of meat breeds.

Non-invasive methods for estimating the composition and quality of the carcass have been
available in the world for some years!?, such as ultrasound, computed axial tomography, X-
rays and positron emission tomography!!*!%!9: however, most of these methods are very
expensive and impractical'®. Some studies have also been carried out to determine the
relationship that exists between some body components with the weight and yield of the
carcass'!”, as well as the relationship between body conformation and live weight using
zoometric measures!'®!?, but the results obtained are limited to very specific genetic groups
and do not allow predicting aspects of quality in the carcass. For all the above, the objective
of'this study was to estimate the degree of association between ante-mortem and post-mortem
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variables with parameters indicative of quality, such as the rib-eye area and the thickness of
the dorsal subcutaneous fat in sheep carcasses produced commercially in Mexico.

Material and methods

Seventy hundred fifty animals from the states of Mexico (60), Hidalgo (50), Veracruz (36),
Zacatecas (38), Puebla (30), Jalisco (40), Coahuila (60), Sinaloa (187), San Luis Potosi (40),
Guanajuato (30), Querétaro (64), Tabasco (35), Chiapas (45) and Yucatan (35) were
evaluated, which were slaughtered in accordance with the NOM-ZOO0O-1995 Humanitarian
Sacrifice of Domestic and Wild Animals®?, The animals were finished in the intensive (fully
stabled with balanced feed to freedom) and semi-intensive (grazing with strategic
supplementation) production systems and slaughtered in the TIF or municipal slaughterhouse
closest to the farms that allowed to access to their facilities and provided to this search with
information prior to the slaughter. It was identified 11 pure breeds, of which the following
stood out: Katahdin 11.0 %, Pelibuey 5.1 %, Rambouillet 5.0 %, Suffolk 3.4 %, Dorper 2.8
% and more than ten crosses, of which the most representative were: Pelibuey * Katahdin
16.3 %, Pelibuey * Dorper 9.6 %, Katahdin * Suffolk 9.0 %, Katahdin * Charollais 5.8 %,
Katahdin * Dorper 5.4 %.

For the analysis of the data, the sex, breed and production system of each of the animals were
identified. Using the methodology described by Partida et al®?, records were taken of the
slaughter weight, weight of the hot and cold carcass, yield of the hot and cold carcass, internal
length of the leg (most caudal distance of the perineum and the most distal point of the medial
edge of the tarsometatarsal articular surface), carcass length (maximum distance between the
anterior edge of the ischiopubic symphysis and the anterior edge of the first rib, at its
midpoint), rump perimeter (at the level of the trochanters of both femurs), rump width
(maximum width between the trochanters of both femurs), thorax width (maximum width
between the ribs at the level of the 6™ thoracic vertebra), thoracic perimeter (circumference
of the carcass over the ribs at the height of the 6™ thoracic vertebra) and internal depth of the
thorax (maximum distance between the sternum and the back of the carcass at the level of
the 6 thoracic vertebra) of each of the animals. Likewise, the carcass compactness index
(weight of the cold carcass in kg / internal length of the carcass in cm) was calculated, the
rib-eye area (in the cutting area at the level of the 13" rib) and the thickness of the dorsal
subcutaneous fat (also in the cutting area over the 13" rib) were measured, variables that are
related to carcass quality®?.

All animals were classified according to their genetic group (hair, wool and crossed hair *
wool), sex (males and females) and production system (intensive and semi-intensive). From
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this classification, the following four groups of animals were formed: hair males produced
under the semi-intensive system (n= 328), hair females produced under the semi-intensive
system (n=91), wool males produced under the intensive system (n= 116) and crossed males
produced under the semi-intensive system (n= 215).

Initially, analyses were performed within each group to determine if the distribution of the
variables included in the study followed a normal distribution, for this the Kolmogorov-
Smirnov and Shapiro-Wilk tests were used®, and subsequently simple linear correlation
analyses were performed to estimate the degree of association between in vivo and post-
mortem variables with the rib-eye area and the thickness of the dorsal subcutaneous fat.
Statistical analyses were performed using the JMP statistical package ver. 4.0@%,

Results and discussion

The Kolmogorov-Smirnov and Shapiro-Wilk analyses showed that the distribution of the
variables included in the study followed a normal distribution.

In the group of hair males produced under the semi-intensive system, a positive and highly
significant correlation was obtained between the rib-eye area (REA) and slaughter weight (r=
0.38%**; n= 328; P<0.001), the hot carcass weight (r= 0.42**; n= 328; P<0.001) and cold
carcass weight (r= 0.42**; n=28; P<0.001), with averages of 43.34 +£6.22; 21.46 + 3.15 and
20.90 + 3.04 kg respectively for the variables mentioned. In this group, the thickness of the
dorsal subcutaneous fat (TDSF) was also positively and highly significantly correlated with
slaughter weight (r= 0.36**; n=328; P<0.001) and with the internal depth of the thorax (r=
0.34**; n=91; P<0.001) (Table 1).

Table 1: Correlation of rib-eye area and thickness of the subcutaneous fat with different
carcass variables in hair males of the semi-intensive system (n= 328)

Variable

SW HCW CCW HCY CCY RP RW IDT CClI

S
REA 9 38 0.42™ 8'42 8'15 0.16 9,;27 0.28"™ 0.15™ 2'24
TDSF 9.36 2.23 2.26 808  -0.11 8;25 2.20 2.34 2.17

SW= slaughter weight; HCW= hot carcass weight; CCW= cold carcass weight; HCY= hot carcass yield;
CCY= cold carcass yield; RP=rump perimeter; RW= rump width; IDT= internal depth of the thorax; CCl=
carcass compactness index. REA= rib-eye area; TDSF= thickness of the dorsal subcutaneous fat.
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In the group of hair females produced under the semi-intensive system, REA showed highly
significant coefficients of determination with hot carcass weight (r= 0.48**; n=91; P<0.001)
and cold carcass weight (r= 0.49%*; n=91; P<0.001), as well as with rump perimeter
(r= 0.52**; n= 91; P<0.001), rump width (r= 0.48**; n= 91; P<0.001) and the carcass
compactness index (r= 0.43**; n= 91; P<0.001). For its part, the TDSF showed the highest
coefficient of determination with slaughter weight (r= 0.57**; n=91; P<0.001) (Table 2).

Table 2: Correlation of rib-eye area and thickness of the subcutaneous fat with different
carcass variables in hair females of the semi-intensive system (n= 91)

Variables SW HCW CCW HCY CCY RP RW IDT CCI

REA 0.32° 048" 0497 034" 0367 0527 048" 034" 0437

TDSF 0577 003 002 036" 034" 031" 009 -011 -0.05

SW= slaughter weight; HCW= hot carcass weight; CCW= cold carcass weight; HCY= hot carcass yield;
CCY=cold carcass yield; RP= rump perimeter; RW= rump width; IDT= internal depth of the thorax; CCl=
carcass compactness index. REA= rib-eye area; TDSF= thickness of the dorsal subcutaneous fat.

The relationship between REA and the weight of the carcass, both hot and cold, which was
observed in hair males and females produced under the semi-intensive system is consistent
with what has been reported in the literature for some time®®2%27 and is explained by the
analogy between body size and the dimensions of each of the components that make up the
carcass (allometric growth). However, some authors have indicated that live weight may
present certain deficiencies as an indicator of body composition, because the distinction
between different stages of maturity of the animal cannot be made@®. In this study, there was
evidently variation in the age of the animals and in their degree of maturity, but this
information was not provided by the producers before or at the time of slaughter.

It is known that REA is a good estimator of the proportion of muscle existing in the carcass
of different domestic species®®®®?; in fact, very high correlations (r= 0.96) have been obtained
between cold carcass weight and its proportion of muscle when extremely homogeneous
genetic groups have been evaluated, such as, for example, lactating lambs of the Manchega
breed, which were handled and fed under the same conditions®V. This shows that carcass
weight could be useful and practical for estimating the REA and the proportion of muscle in
the carcass, since its weighing is an easy and quick measurement. According to the results,
the variable that had the highest correlation with TDSF was slaughter weight, both in hair
females and males. This has also been observed in some studies that used ultrasound to
measure fat cover in the sheep carcass®23334, Similarly, in sheep of the Texel breed (with 20
kg of live weight), a correlation (r=0.33; 186 P<0.05) was reported between slaughter weight
and the TDSF®), Likewise, other authors who used lambs of the Awassi breed observed a
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correlation between the TDSF and slaughter weight, which increased (r= 0.71 to r= 0.83)
when the body weight increased from 30 to 40 kg and when differentiating the sex within the
model®¥,

As for the group of wool males raised in the intensive system, REA had a positive correlation
with carcass length (r= 0.61**; n= 116; P<0.001) and rump perimeter (r= 0.58**; n= 116;
P<0.001), while in dorsal TDSF, it was positively correlated with hot carcass yield
(r=0.42**; n= 116; P<0.001), the perimeter of the thorax (r= 0.45**; n= 116; P<0.001) and
its internal depth (r= 0.50**; n= 116; P<0.001) (Table 3).

Table 3: Correlation of rib-eye area and thickness of the subcutaneous fat with different
carcass variables in wool male sheep of the intensive system (n= 116)

Variables HCY CCY RP TP LL CL IDT CCl

REA -0.14 -0.01 0.58" -0.08 -0.07 0617 -0.1 -0.20"

TDSF 042 0297 -0.25"° 045~ 0337 -025° 050" 0.307

HCY= hot carcass yield; CCY= cold carcass yield; RP= rump perimeter; TP= thorax perimeter; LL= leg
length; CL= carcass length; IDT= internal depth of the thorax; CCl= carcass compactness index. REA= rib-
eye area; TDSF= thickness of the dorsal subcutaneous fat.

The high correlations of REA with carcass length have also been reported by other authors®V
who used lactating sheep of the Manchega and Churra Tensina breeds to predict the
composition of the carcass, and observed that its length was the best correlated variable
(r=0.869 and r= 0.31, respectively for each of the breeds) with the weight of the muscle and
concluded that the carcass length has a positive correlation with all usable meat, because
longer carcasses have longer hindquarters, which have an important contribution to meat
yield. This indicates that the greater the length and width of the carcass, the greater the
amount of meat could be obtained from it, since the rib-eye area has shown a close correlation
with the total amount of muscle present in the carcass®®; even in Australia, sheep farmers
select the longest sheep because they assure that they are the ones that will produce the
greatest amount of meat®?,

When examining the variables that had a correlation with the thickness of the subcutaneous
fat in wool sheep, it was observed that the thoracic perimeter and the internal depth of the
thorax were the variables that showed the best correlation (r= 0.45; n=116; P>0.001 and
r= 0.50; n= 116; P>0.001, respectively), which is consistent with the results of other
authors®® who, when characterizing a new wool breed, indicated that the rib is the cut best
correlated with the amount of subcutaneous fat in lambs, since the rib was the region of the
carcass with the highest deposit of adipose tissue®®. However, other authors who evaluated
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sheep of the Manchega breed determined that there is also a high correlation (r= 0.70)
between thorax width and the amount of muscle existing in the carcass®V.

In the group of crossed males produced in the semi-intensive system, the highest correlations
of REA with thorax width (r= 0.47**; n= 215; P<0.001) and hot carcass weight (0.43**;
n= 215; P<0.001) were obtained, while the TDSF only showed a low correlation with
slaughter weight (r= 0.19**; n= 215; P<0.001) (Table 4).

Table 4: Correlation of rib-eye area and thickness of the subcutaneous fat with different
carcass variables in crossed (hair * wool) male sheep of the semi-intensive system (n=215)

Hot Cold
. Slaughter Thorax
Variables . carcass carcass . Leg length
weight : . width
weight weight
REA 0.37** 0.43** 0.39** 0.47** 0.40**
TDSF 0.19** 0.14 0.12 0.06 -0.05

REA= rib-eye area; TDSF= thickness of the dorsal subcutaneous fat.

Also in the crossed (hair * wool) males, the relationship between REA and carcass weight
was maintained, which coincides with what was observed in the other two groups of the semi-
intensive system, which may be due to the greater participation of hair breeds such as
Pelibuey and Katahdin in this type of productive system®@V. For its part, the correlation of
REA with thorax width could be more associated with the participation of meat breeds such
as Dorper, which is characterized by its dimensions of perimeter and width of the thorax,
derived from the genetic improvement that has focused on the selection of animals with a
wider trunk. Currently, producers seek animals with greater trunk thickness, because they are
the ones with the greatest amount of muscle in the carcass®”.

In general, and despite the strong variation in the sheep carcasses produced in the country,
carcass weight could be a useful and practical variable to estimate the proportion of muscle
that makes it up; additionally, the weighing of the carcass is an easy, fast and economical
measurement. Notwithstanding the foregoing, it is convenient to obtain prediction equations
for each of the autochthonous genotypes, so as to minimize the errors involved in the
application of equations that were calculated for other genotypes and weight ranges®®.

121



Rev Mex Cienc Pecu 2022;13(1):115-126

Conclusions and implications

Under the conditions in which the present study was carried out and despite the high
heterogeneity that exists in the sheep carcasses produced in Mexico, it was observed that in
hair males and females of the semi-intensive system, as well as in the hair-by-wool crosses
of that same system, the weight of the carcass, both hot and cold, correlated with the rib-eye
area, which is a good estimator of the proportion of muscle in the carcass. Likewise, in hair
males and females of the semi-intensive system, slaughter weight correlated with the
thickness of the dorsal subcutaneous fat, which indicates the degree of finishing of the
animal. On the contrary, in wool males of the intensive system, measurements of carcass
length and rump perimeter had the best correlations with the rib-eye area, which is known to
be a true estimator of carcass muscle. In general, it can be concluded that the best correlations
between the parameters studied are associated with the body characteristics of the animal and
with the particularities of the carcass, which are caused by the genotype of the animal. This
implies that measurements on the live animal or its carcass could be very useful for producers
and processors to have a better idea of the quality of the meat they offer to the market.
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