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ABSTRACT - Physical (pH, color, tenderness, and cooking weight loss), chemical (moisture, crude protein, ash, and
lipids) and sensory (odor, flavor, juiciness, and overall acceptance) characteristics of meat from Santa Inés lambs slaughtered
with 2.0, 3.0, and 4.0 mm of subcutaneous fat thickness (SFT) were evaluated. Samples of the longissimus dorsi muscles
were removed from 24 male uncastrated lambs distributed in a completely randomized design with three treatments and eight
replicates. Weightings and ultrasound evaluations were performed every 14 days. No significant differences were observed for
pH, , which averaged 6.24. Lambs slaughtered with 4.0 mm SFT differed from the treatments with 2.0 and 3.0 mm as to the
pH,,, values. The meat from lambs slaughtered with 3.0 and 4.0 mm SFT showed a greater lightness (L*) value. Meat tenderness
(2.21 kgf/em?), cooking weight loss (13.90%), moisture (74.39%), and crude protein (22.10%) contents were not affected by the
SFT. For the total lipid contents of the meat, significant differences were observed between the lambs slaughtered with 2.0 mm
and those with 3.0 and 4.0 mm SFT. The sensory traits were not affected by the SFT with which the lambs were slaughtered.
Lambs slaughtered with 4.0 mm SFT remained 33 days longer in feedlot and showed similar live weights at slaughter to those

0h’

with 3.00 mm. It is recommended to slaughter Santa Inés lambs with a subcutaneous fat thickness of 3.00 mm.
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Introduction

The Brazilian northeastern herd consists mostly of
woolless and semi-woolless animals, and it represents an
activity of great economic importance for the generation of
employment in rural areas.

However, in certain sectors of this activity there is low
productivity, especially related to the extensive production
system and the low availability of food during most part
of the year in this region. These factors compromise the
regularity of availability and good quality of the produced
meat, as the market has been supplied with carcasses of
animals with an advanced age and with undesirable traits,
hindering their consumption. Based on this premise,
finishing lambs in feedlots has become a strategy to
maximize the production capacity of sheep and optimize
meat production, in addition to accelerating the return of
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the invested capital, which results in increased productivity
and profit for the producer.

Among the woolless breeds, the Santa Inés has been
pointed as promising in the production of lambs for
slaughter due to its reproductive efficiency, good maternal
ability, and low susceptibility to endoparasites. Therefore,
evaluations should be conducted to determine the ideal
moment to slaughter these sheep aiming at a final product
that will satisfy the consumer.

The physicochemical traits may be indicated as
important parameters to qualify the sheep meat produced
and increase consumers’ acceptability. Among the attributes
related to the acceptability of meat, color, tenderness, and
juiciness are noteworthy. In sheep meat, color is associated
with the product’s freshness and the animals’ slaughter age;
tenderness indicates the meat texture; and cooking weight loss
is associated with the juiciness and yield post-preparation.
For Campos (2005), the sensory analysis by consumers is
a methodology utilized with different objectives, among
which are the study of the product quality and the indication
of factors that affect consumers’ perception.

Efficient animal production systems have used the
subcutaneous fat thickness, evaluated by ultrasound



Andrade et al. 291

imaging, to predict the tissue composition of animals in vivo
and thus indicate the moment at which the desired body
composition is obtained and therefore ideal for slaughter. The
different sheep breed groups may not show the same carcass
weight at physiological maturation, as there are groups of
early, intermediate, and late maturation. Thus, adopting the
subcutaneous fat thickness as a parameter for slaughtering
lambs seems to be the most appropriate strategy.

The objective of this study was to evaluate the
physicochemical and sensory traits of meat from Santa
Inés lambs slaughtered with different subcutaneous fat
thicknesses.

Material and Methods

The experiment was conducted in Maringa, northwest
of Parana State, Brazil.

Twenty-four uncastrated Santa Inés male lambs at
approximately 100 days of age and with a live weight of
22.74£3.75 kg were used. The animals were initially weighed
and their subcutaneous fat thickness (SFT) was evaluated
by ultrasound, and they were subsequently distributed into the
respective treatments, defined as SFT of 2.0, 3.0, and 4.0 mm
at the longissimus dorsi muscle, between the 12th and 13th
ribs. The lambs were dewormed by using a vermifuge with
Moxidectin as active ingredient, and went through a 15-day
period of adaptation to the facility and diets.

Lambs were kept in a confinement regime (feedlot) in
individual 0.75 m? covered stalls with suspended slatted
floor. Water was supplied ad libitum and they were fed
a complete, pelleted diet formulated to provide a daily
weight gain of 0.300 kg, with the dry matter intake estimated
at 35 g kg™ d! of the animal’s live weight (NRC, 2007).
The chemical composition of the diet (Table 1) was analyzed
according to the methodologies described in AOAC (2000).

The evaluations by ultrasound and weighting were
performed every 14 days. To obtain the SFT, an ultrasound
device (HS-1500 VET, HONDA®) with a 50 mm multi-
frequency linear transducer at 7.5 MHz frequency was used.
To obtain the measurements, the lambs were immobilized
manually and had their hair removed at the measured
regions, applying mucilage for a smoother probing.

All measurements were taken by the same technician,
on the left site, between the 12th and 13th ribs, at 4 cm
from the spinal cord. The pressure on the probe was kept
minimal to avoid compression of the fat.

After the image was captured, the SFT at that point was
measured using the electronic pointer of the ultrasound.

As the lambs reached the preset SFT (2.0, 3.0, and 4.0)
in the fortnightly assessments, they were slaughtered on

the day after the measurements, regardless of their weight.
In the last weighting, the lambs with SFT of 2.0, 3.0, and
4.0 mm had been confined for 44, 55, and 89 days and
showed average live weights of 27.14, 33.84, and 34.85 kg,
respectively. After having been deprived of solid food
for 18 h, the animals were stunned with a 220 V electric
shock for eight seconds. After they were bled, skinned,
and eviscerated, their carcasses were transferred to a
cold storage room at 4 °C for 24 h. After this period, the
carcasses were sawn lengthwise and each left half-carcass
was sectioned into five commercial cuts: neck, shoulder,
rib, loin, and leg (Osério and Osoério, 2005).

To determine the pH at the longissimus dorsi muscle,
two measurements were taken between the 12th and 13th
ribs; the first after slaughter (initial pH) and the second
after 24 h (final pH), using a Hanna HI 996163 pH meter
with a penetration electrode.

The color was evaluated in 5.0-cm-thick steaks between
the 1st (L1) and 6th (L6) lumbar vertebrae. Measurements
were taken with a portable colorimeter (KONICAMINOLTA
CR-410) operating on the CIE (L*, a*, b*) system, in which
L* is lightness, a* is the intensity of the red color, and b* is
the intensity of the yellow color. Three measurements were
taken at three different points of the stake, and the average
L* a* and b* values were recorded.

The longissimus dorsi muscle was removed from
the right side of the carcass and samples were collected

Table 1 - Composition (in g kg™ of dry matter) of ingredients and
chemical composition of the diet

Item Composition (g kg™)
Oat hay 100.0
Ground corn grain 448.0
Soybean meal 150.0
Soybean hulls 150.0
Rice meal 100.0
Powder molasses 20.0
Ammonium chloride 20.0
Mineral mix! 10.0
Zinc bacitracin 02.0
Dry matter 912.8
Crude protein 162.4
Ether extract 42.1
Neutral detergent fiber 275.4
Acid detergent fiber 138.6
Ash 45.9
Calcium 02.8
Phosphorus 04.0
In vitro dry matter digestibility? 782.5
Total digestible nutrients? 781.4

! Guaranteed levels per kg: calcium 220 g, phosphorus 130 g, magnesium 25.5 g;
sulfur 24 g; iron 3,000 mg; manganese 1,500 mg; zinc 4,000 mg; copper 1,200 mg;
cobalt 280 mg; iodine 260 mg; selenium 30 mg; fluorine 300 mg.

2 Methodology of Tilley and Terry (1963), adapted for the use of artificial rumen,
developed by Ankom®, as described by Garman et al. (1997).

3 TDN estimated by the following equation: % TDN = 87.84 — (0.70 x ADF),
described by Undersander et al. (1993).
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between the 6th and 10th thoracic vertebrae for chemical
analyses (moisture, ash and proteins, performed according
to methodologies of AOAC (2000)). To extract the total lipids,
the extraction technique described by Folch et al. (1957) was
used, with a chloroform/methanol solution (2:1 v v').

Samples were collected between the 10th and
13th thoracic vertebrae, vacuum-packed, and frozen to
determine the cooking weight losses (CWL) and meat
tenderness. The samples were previously thawed for 24
hours under refrigeration (4 °C) and cut into 2.5-cm-thick
steaks and weighed. Next, samples were wrapped in foil,
and steaks were grilled on a grill plate pre-heated to 170 °C
until reaching 70 °C in the geometric center, which was
monitored using a thermometer with a digital reader. When
the controlled temperature was reached, samples were
taken off the grill, dried on absorbent paper, and weighed
again. The cooking weight losses were calculated as the
weight difference of the samples before and after cooking,
expressed as percentage.

Tenderness was evaluated by measuring the shear
force, through the Warner-Bratzler Shear Force Analysis
Protocol - WBSF (Wheeler, 2007), using the grilled steaks
to measure the cooking weight losses. Subsequently, 1.5 x
1.5 x 1.5 cm rectangle-shaped cuts were made according
to the muscle fiber orientation. The strength necessary to
transversally cut each sample was measured with a texture
meter (TAXT2; Stable Micro System, Surrey, England),
equipped with a Warner-Bratzler accessory operating at
20 cm sL. The average shear force represents the tenderness
value of each steak.

The samples of the L1-L6 portion of the longissimus
dorsi muscles of the lambs slaughtered with 2.0 and
4.0 mm SFT were vacuum-packed and stored in a freezer
at —18 °C for subsequent sensory analyses on panels of
consumers from both genders. The tests were conducted
with consumers in Maringd/PR, Brazil, employing the
methodology recommended by Campos (2005). The meat
samples were thawed for 24 h at 4 °C. Subsequently,
they were cooked on a grill plate pre-heated to 170 °C
until reaching 70 °C in their geometric center, which was
monitored by a thermometer equipped with a digital reader.
When the preset temperature was reached, samples were
taken off the grill, diced, wrapped in foil, and numbered.
Each consumer was given a sample from each treatment.
To remove the residual taste in between samples, the
consumers were offered mineral water at room temperature
and unsalted crackers. A questionnaire was answered by 80
consumers, who evaluated the following parameters (P):
odor characteristic to the species, flavor characteristic to the
species, juiciness, and overall acceptance. An 8-point hedonic

scale with scores divided by low intensity (1- extremely not
P; 2- very un- P; 3- moderately un- P; 4- slightly un- P) and
high intensity (5- slightly P; 6- moderately P; 7- very P;
8- extremely P) was adopted.

The experimental design was completely randomized,
having three treatments and eight replicates per treatment.
Data were subjected to analysis of variance and the means
(when different) were compared by Tukey’s test at 5%
significance level, on the SAS (Statistical Analysis System,
version 9.1) statistical software; variables were measured
by the following the model:

Yij_: p+T,+ e
in which: Y, = observed value of the variable studied in
individual j receiving treatment i; p = overall constant; T, =
effect of treatment 7; and e, = random error associated with
each observation Y .

Results

The initial pH (pH,) of the meat from Santa Inés
lambs did not show differences (P>0.05) among the SFT,
averaging 6.24 (Table 2). For the pH 24 h after slaughter
(pH,,,), it was found that the lambs slaughtered with 2.0
and 3.0 mm SFT differed (P<0.05) from the lambs with
4.0 mm SFT.

The meat color can be measured by the objective method
using a colorimeter, which determines the L* (lightness),
a* (red intensity), and b* (yellow intensity) components.
Considering the three color components, a significant
difference (P<0.05) was only observed for lightness (L*).
The meats from lambs slaughtered with 3.0 and 4.0 mm
of SFT showed significantly greater lightness values than
those with 2.0 mm.

The red (a*) and yellow (b*) components of the meat
did not differ (P>0.05) in relation to the SFT, with mean
values of 21.75 and 5.95, respectively.

The evaluation of tenderness, determined by the shear
force, has been frequently used in meat-science research. For
the meats from lambs slaughtered with 2.0, 3.0, and 4.0 mm
SFT, no significant differences were detected (P>0.05) for
tenderness, which averaged 21.21 kgF.

No difference (P>0.05) was found for cooking weight
loss (CWL), which averaged 13.09 g 100 g! among the
meats of the animals slaughtered with SFT of 2.0, 3.0, and
4.0 mm.

No effect (P>0.05) of the different SFT was found on
the moisture and protein contents, which averaged 74.39 g
100 g' and 22.10 g 100 g, respectively (Table 3).

There was a difference (P<0.05) for the ash content of
the meat, wherein the lambs from the treatment with 2 mm
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SFT showed a lower value than those slaughtered with
4.0 mm SFT.

Differences regarding total lipids were detected
(P<0.05) among the treatments. The meats from lambs
slaughtered with 3.0 and 4.0 mm SFT displayed the highest
total lipids contents (2.87 and 3.33 g 100 g') as compared
with those slaughtered with 2.0 mm (1.42 g 100 g™).

No effect of SFT was found for any of the analyzed
variables in the sensory characteristics of the Santa Inés
lambs’ meat (Table 4).

Discussion

The values found here for pH, were close to those
obtained by Cunha et al. (2001) and Oliveira et al. (2004),
which varied from 6.50 to 6.60. Because it is a trait
indicative of the meat quality, it is important to emphasize
the detection of normal values of pH decline, as it can affect

other characteristics such as color, tenderness, and cooking

weight loss (Ledo et al., 2012).
Thedifference found forthepH,,,

to the slower chilling of the carcass, as a consequence of

valuescanbeattributed

the fat layer of lambs with 4.0 mm, suggesting that the SFT
serves as a thermal insulator (Bonagurio et al., 2003). The
obtained results can be considered within the normal pH
range for sheep meat, which is between 5.5 and 5.9 (Zapata
et al., 2000; Silva Sobrinho et al., 2005). The decrease from
pH,, to pH,, also behaved normally.

For meat color analysis, irrespective of the SFT with
which the lambs were slaughtered, the color of the meat
of the lambs from this experiment can be considered light,
as their L* was between 33.40 and 37.60, since lightness
values for sheep are considered to vary from 30.03 to 49.47
(Warris et al., 2003; Ledo et al., 2012).

Teixeira et al. (2005) and Martinez-Cerezo et al. (2005)
found values between 11.01 and 23.04 for a* and 4.2 and

Table 2 - Means and standard deviations for the physical characteristics of the longissimus dorsi muscle of Santa Inés lambs slaughtered

with different subcutaneous fat thicknesses

Fat thickness
Variable 2.0 mm 3.0 mm 4.0 mm cv
pH,, 6.33+0.18 6.22+0.10 6.20+0.10 0.02
pH,,, 5.49+0.07b 5.50+0.10b 5.66£0.09a 0.02
L* 33.40+0.48b 37.59+£0.51a 37.60+0.45a 0.04
a* 29.32+4.13 18.07+4.46 17.86+3.86 0.50
b* 6.03£0.17 5.73+£4.46 6.09+0.16 0.08
Tenderness (kgF) 1.89+0.23 2.35+0.23 2.40+0.23 0.30
Cooking weight loss (g 100 g™) 12.60+1.56 12.42+1.56 14.26+1.56 0.33

Means followed by different letters differ according to Tukey’s test (P<0.05).

CV - coefficient of variation; L* - lightness; a* - red component; b* - yellow component.

Table 3 - Means and standard deviations for chemical characteristics of the longissimus dorsi muscle of Santa Inés lambs slaughtered with

different subcutaneous fat thicknesses

Fat thickness
Variable (g 100 g™' of meat) 2.0 mm 3.0 mm 4.0 mm (A%
Moisture 74.01£1.13 73.55+1.13 75.62+1.13 0.04
Crude protein 21.74+0.28 22.354+0.28 22.224+0.28 0.04
Ash 1.06:+0.06b 1.12+0.06ab 1.31£0.06a 0.16
Total lipids 1.42+0.17b 2.87+0.17a 3.33+0.17a 0.19

Means followed by different letters in the row differ according to Tukey’s test (P<0.05).

CV - coefficient of variation.

Table 4 - Means and standard deviations for sensory traits of the longissimus dorsi muscle of Santa Inés lambs slaughtered with different

subcutaneous fat thicknesses

Fat thickness

Variable

2.0 mm 4.0 mm Overall mean Ccv
Characteristic odor 6.39+1.78a 6.84+2.18a 6.25 0.27
Characteristic flavor 6.82+1.72a 7.41+1.63a 6.55 0.26
Juiciness 6.88+1.53a 7.59+1.99a 6.98 0.22
Overall acceptance 6.39£1.68a 7.53+1.96a 7.23 0.25

Means followed by different letters in the row differ according to Tukey’s test (P<0.05).

CV - coefficient of variation.
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9.07 for b*. The amount of water in the meat tends to
decrease with the increase in fat deposition, resulting in
a lower light intensity. However, this did not occur in the
current experiment. This response may be attributed mainly
to the small intramuscular fat depot (marbling) in Santa
Inés lambs slaughtered with 2.0 and 4.0 mm SFT. Santa
Inés lambs slaughtered with a SFT higher than 4 mm must
present an already significant proportion of marbling fat,
sufficient to cause differences in a* and b* as compared
with those slaughtered with a SFT of 2 mm.

The meat color is related mainly to the concentration
and chemical form of myoglobin, the main pigment of
meat, in addition to the muscle structure and the inter- and
intramuscular muscle proportion. Myoglobin is composed
of globin and a prosthetic group (heme), which contains
iron. The iron atom may be in ferrous (Fet+) or ferric
(Fe+++) state. The iron atom from the meat hemoglobin in
absence or at a low concentration of oxygen (within the cut
or in the vacuum packing) is found as Fet++, providing a
dark-red meat. When the meat is exposed to an oxygen-rich
environment, myoglobin is converted to oxymyoglobin,
having a pink or bright-cherry color.

According to the observed results, it can be inferred
that irrespective of the SFT with which the Santa Inés lambs
were slaughtered, their meats could be considered tender.
For Cezar and Sousa (2007), sheep meats should receive
the following classifications: tender, when its shear force
values are below 2.27 kgF; of medium-tenderness between
2.28 and 3.63 kgF; tough between 3.64 and 5.44 kgf/cm?;
and extremely tough when its shear force is above 5.44 kgF.

The cooking weightlossisimportantinthe determination
of the meat quality, characterized mainly by the losses
occurring during the process of preparation of the meat for
consumption, which interfere with its juiciness. In the study
of Vieira et al. (2010), CWL varied from 21.6 to 253 g
100 g' among the studied treatments. In the experiment of
Pinheiro et al. (2009), however, CWL values ranged from
39.33t046.44 g 100 g!. The average 13.09 g 100 g CWL
found in this experiment can be considered excellent, since
lower CWL may promote greater meat juiciness.

In this study, the moisture and protein contents found
in the meat from Santa Inés lambs are within the range
attributed to young animals of the ovine species, which is
from 63 to 75 g 100 g! for moisture and 18 to 23 g 100 g
for protein (Tshabalala et al., 2003; Ortiz et al., 2005). Overall,
regarding the obtained results, ash contents compatible with
those of the scientific literature, from 0.98 to 1.53 g 100 g,
were found (Madruga et al., 2006; Freire et al., 2010).

This outcome of greater deposition of lipids in the
longissimus dorsi muscle of lambs slaughtered with a SFT

greater than 3 mm may be attributed to the longer time spent
in the feedlot by these lambs in relation to those slaughtered
with 2.0 mm. It should be taken into account that the lambs
belonged to the same breed group and received the same
diet. The values obtained for the lipid contents corroborate
Lopes et al. (2012) and Menezes Junior (2014).

Although the sensory evaluations did not differ between
treatments, it is important to discuss the scores attributed by
the consumers to the analyzed variables. The characteristic
odor to the species received a score of 6.25, and the
characteristic flavor received an overall mean score of 6.55,
demonstrating the consumers’ ability to identify sheep meat.

For juiciness, the test averaged 6.8, which is close
to 7.0, so this meat can be classified as very juicy. The
overall mean of 7.23 attributed by the consumers to overall
acceptance of the Santa Inés lambs’ meat, regardless of the
SFT with which the animals were slaughtered, allows us to
state that, by the hedonic scale, their meat was classified as
extremely well-accepted.

Conclusions

Lambs slaughtered with 3.0 and 4.0 mm SFT produce
meats with superior characteristics for color and total
lipids. However, the animals slaughtered with 4.0 mm SFT
remained confined 33 days longer and showed similar live
weight to those with 3.0 mm, which shows their unfeasibility.
Therefore, it is recommended to slaughter Santa Inés lambs
with a subcutaneous fat thickness of 3.00 mm.
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