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Abstract

This study aimed to evaluate the physicochemical and sensory properties of the meat of Santa Ines lambs subjected
to quantitative nutrient restrictions. Twenty-four confined animals received diets with 30% and 60% feeding restriction
levels, and were compared to a controlled group without feeding restrictions (ad libitum). After slaughter, the
Longissimus thoracis et lumborum (LTL) muscle was collected for the evaluation, being the lamb meat was affected by
the feeding restrictions (p < 0.05). The lipid content decreased with the increased restriction, whereas the shear
strength, the lightness (L*) and the red index (a*) were lower in lambs treated with the 60% restriction and there were
significant variation (p < 0.05) in the sensory properties according to diet. Due to the greater score in relation to aroma
and similarity to control with respect to flavor, tenderness and overall evaluation, the 30% feeding restriction level can
be considered an economic and efficient alternative for the maintenance of quality in lamb meat.

Keywords: Performance; Diet; Nutrition; Lipid profile; Production; Sensory properties.

Resumo

O objetivo deste estudo foi avaliar as propriedades fisico-quimica e sensorial da carne de cordeiros Santa Inés
submetidos a restricdes quantitativas de nutrientes. Vinte e quatro animais confinados receberam dietas com 30%
e 60% de restricdo alimentar e foram comparados ao grupo controle sem restricdo alimentar (ad libitum). Apds o
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abate, o musculo Longissimus thoracis et lumborum (LTL) foi coletado para avaliacdo, tendo sido a carne de cordeiro
afetada pelas restri¢cdes alimentares (p < 0,05). O conteudo lipidico diminuiu com o aumento da restri¢do, enquanto
a resisténcia ao cisalhamento, a luminosidade (L*) e o indice de vermelho (a*) foram menores nos cordeiros tratados
com 60% de restricdo e houve variagdo significativa (p < 0,05) nas propriedades sensoriais de acordo com a dieta.
Em razdo do maior escore quanto ao aroma e a similaridade ao controle em relagdo ao sabor, a maciez e a avaliagdo
global, o nivel de restricdo alimentar de 30% pode ser considerado uma alternativa econdmica e eficiente para a
manutencao da qualidade da carne de cordeiro.

Palavras-chave: Desempenho; Dieta; Nutricdo; Perfil lipidico; Producéo; Propriedades sensoriais.

1 Introduction

The lamb industry represents an excellent opportunity to increase the profitability of rural properties,
especially concerning the production of meat lambs. Lamb meat is considered highly nutritious and easily
digestible. It is highly valued for its chemical composition, which makes it suitable for human consumption
(Nuernberg et al., 2008).

In Brazil, the consumer market is increasingly demanding in relation to the qualitative characteristics of
lamb meat, especially its nutritional composition. The market trend favors increased consumption, which it
is still extremely low (approximately 0.7 kg per capita annual consumption) (Fernandes et al., 2012).

In the Brazilian production system, sheep have a great capacity to climate adaptation. This characteristic,
along with the great production potential of pastures, can promote increased domestic and export production,
thereby serving the interests of the producer and meeting the current demands (Fernandes et al., 2013).

Commercialization occurs predominantly in the form of commercial cuts (Firetti et al., 2018). In this
context, the production of meat largely depends on the growth and development of the animals, which results
in the growth of body tissues (Cunha et al., 2008). As the physiological maturity of the animal approaches,
the rate of muscle deposition decreases and fat increases. The increase in fat generally occurs as an
accumulation of visceral fat, which is a product with little commercial value (Dutta et al., 2008).

The tissues develop in a specific sequence, beginning with the nervous tissue, followed with bones and
muscles, and, finally, the adipose tissue (fat). From birth to puberty, the growth rate of muscle tissue is greater
than the rates of bone and adipose tissue, whereas after puberty to maturity the growth of adipose tissue
predominates. That is, as the physiological maturity of the animal approaches, the rate of muscle deposition
decreases and fat increases. The adipose tissue is the last to be deposited, with more accentuated growth after
puberty, when the muscular growth begins to diminish. The fat presents four distinct areas of deposition,
according to the follow sequence: first, the abdominal fat, renal-iguinal and pelvic; second, the intermuscular,
then subcutaneous or coverage, and finally intramuscular or marbled. At maturity the muscle growth it is
zero, or rather, it is the moment when the muscle mass reaches the maximum peak, where the weight gain is
composed only of fat implying in higher food consumption and consequently higher costs (Owens et al.,
1995).

Fat is the component with the greatest variation in the carcass and is directly associated with quality of the
meat, because it is related to the proportion of muscle. Several factors influence the tissue composition;
for instance, diet is an important because productivity is influenced by the quality and quantity of the nutrients
consumed (Dutta et al., 2008; Cartaxo et al., 2011).

The semi-arid region of northeastern Brazil suffers periods of severe drought. This phenomenon has
caused significant losses in rural production, especially in sheep and goat farming, which are the main
livestock activities in the region. Food and water shortages are caused by low and irregular rainfall, which
reduces forage production. The drought polygon of Brazil consists of the municipalities most affected by
drought in the semiarid region of the country. In this region, the mean annual rainfall is less than 800 mm
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(Superintendéncia do Desenvolvimento do Nordeste, 2011), which is a value considered low for livestock
production. Because of the low quality and quantity of forage in the dry season, alternatives that can assist
livestock production without raising cost have been the focus of agents involved in the lamb industry.
The increased demand for ingredients to compose diets formulated for the various categories of animals in
the lamb industry points to a growing demand for diets that enable high animal performance and low cost
under intensive production systems to maintain a regular supply of meat to the market throughout the year
(Cunha et al., 2008).

Among the animal nutrition alternatives, food restriction is an interesting tool that has shown favorable
results for cost savings in meat production (Andersen et al., 2005). This alternative reduces the amount of
body fat and reduces costs because feed is the most expensive item in meat production (Mushi et al., 2008;
Homem Junior et al., 2010). However, Verbeek et al. (2011) warned that prolonged or severe food
restriction could trigger the subjective state of hunger and consequently potentially reduce the animal’s
welfare.

Andersen et al. (2005), Fernandes et al. (2011) and Verbeek et al. (2011) emphasize that the feeding
system becomes the main component of the production cost due to the difficulty of maintaining quality
pastures and the use of grains in concentrated supplements. Thus, the feeding system is limited by economic
considerations. It is necessary to assess the appropriate amount of food needed to provide nutritional support
to the animals, while meeting their nutritional requirements and considering the bioavailability of nutrients
in the region to ensure the best performance indexes with positive effects on carcass yield. In this context,
this study aimed to assess the effect of feeding restrictions at multiple levels on the quality of meat from
Santa Inés lambs with respect to its physical, chemical and sensory aspects.

2 Materials and methods

2.1 Animals and diet

The experiment was conducted at the Center for Health and Rural Technology (Centro de Saude e
Tecnologia Rural - CSTR) of the Federal University of Campina Grande (Universidade Federal de Campina
Grande - UFCG), Patos Campus, located in the Sertdo Paraibano (Paraiba Hinterlands) mesoregion at
7°0°28” S latitude and 37°16°48” W longitude, and altitude of 242 m above sea level. The regional climate
is BSh (semiarid) type and is hot and dry with winter rains. The annual rainfall varies from 400 to 800 mm,
with a mean annual temperature of 28.5 °C, maximum temperature of 37 °C and minimum of 26 °C
(City Brazil, 2013). The mean annual relative air humidity is 61%.

To conduct the study, 24 intact male Santa In€s lambs between the ages of 6 and 7 months were selected
after reaching a live weight of 30 kg. The animals were distributed into three groups of eight animals with
homogenous weights and were subjected to an initial 10-day period of adaptation to the diets. Then, the lambs
began to receive the treatments as follows: no feeding restriction (NR), 30% feeding restriction and 60%
feeding restriction. The highest feeding restriction level chosen was based on the maintenance needs of the
animals according to the National Research Council (2007).

The animals received a complete feed consisting of 45% elephant grass hay (Pennisetum purpurreum) and
55% concentrate containing soybean meal, ground corn, calcitic lime, dicalcium phosphate, and mineral salt
(Table 1). The diet met the sheep nutritional requirements for animals within the 30 to 45 kg range, with an
average daily gain of 250 g day™! based on the NRC requirements (National Research Council, 2007).
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Table 1. Ingredients and chemical composition of the diet used for the feeding of Santa Inés lambs.

_Ingredients g/kg dry matter
Soybean meal 235.0
Ground comn 289.9
Elephant grass hay (Pennisetum purpureum) 450.0
Calcitic lime 11.9
Dicalcium phosphate 3.2
Commercial mineral salt' 10.0
Chemical composition (g/kg)
Dry matter? 928.7
Mineral matter 80.1
Crude protein 146.4
Ether extract 33.9
Neutral detergent fiber? 458.4
Acid detergent fiber 339.6
Non-fibrous carbohydrates 308.9
Metabolizable energy (Mcal/kg of dry matter)* 1.89

!Composition of mineral salt/kg: Na 147 g, Ca 120 g, P 87 g, S 18 g, Zn 3800 mg, Fe 3500 mg, Mn 1300 mg, Fl 870 mg, Cu 590 mg,
Mo 300 mg, 1 80 mg, Co 40 mg, Cr 20 mg, Se 15 mg, Vit. A (IU) 250 mg, Vit. D (IU) 100 mg, and Vit. E (IU) 500 mg. *g/kg of natural matter.
Neutral detergent fiber corrected for ash and protein. “Estimated using the metabolism assay. Source: Aratjo Filho (2012).

The animals were weighed (initial weight - IW) upon entering the experimental period. The amount of
feed provided and the feed leftover were also weighed to determine the daily consumption. The intake of
organic material (IOM) was calculated by subtracting the dry matter from the mineral matter. At the end of
90 days, the animals final weight (FW) was determined prior to slaughter. For the calculation of animal
performance, the FW was subtracted from the IW to determine the average weight gain of the animals. This
value was related to the number of days to determine the average daily weight gain (ADG). Prior to slaughter,
the animals were subjected to 24 and 16 hours of solid and liquid fasting, respectively, and were weighed to
obtain the slaughter body weight (SBW).

The slaughter was performed through stunning and bleeding by cutting the carotid artery and jugular vein,
followed by skinning and the removal of the viscera (Brasil, 2017). The hot carcass weight was divided by
the slaughter body weight, and the result was multiplied by 100 to obtain the hot carcass yield (HCY). Next,
the carcasses were refrigerated (3 £ 2 °C for 24 hours) and then dissected to obtain the Longissimus thoracis
et lumborum (LTL) muscle, of the both sides of the carcasses. The muscles were individually packaged in
polyethylene bags under a vacuum, labeled and stored in a freezer at -20 °C = 1 °C prior to analysis.
The maximum storage period was four months. All analyses were performed in triplicate.

2.2 Analysis of meat quality

2.2.1 Sample preparation

The Longissimus thoracis et lumborum (LTL) muscle was thawed under refrigeration (4 °C) for 24 hours.
Then, 3/4 cranial part of the muscle was reserved for the determinations of color (L*, a*, and b*) and shear
force (SF) and the sensory evaluation. The remainder was ground in a domestic food processor (R17620,
Philips Walita, Brazil) for the analysis of chemical composition, fatty acids, cholesterol, pH, collagen and
water-holding capacity (WHC).

2.2.2 Physicochemical analysis

The color determination analysis was made using a portable colorimeter (Minolta Chromameter CR-200)
and the L*, a* and b* scale of the CIELab evaluation system. Firstly, the samples were exposed to room air;
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after 30 minutes, readings were taken at three different surface points perpendicular to the cross-section
avoiding areas with connective tissue or intramuscular fat (Commission Internationale de I’Eclairage, 1978).

To determine the shear force (SF), the meat was grilled (Gran Master Gourmet, Brand ECO) at 180 °C
until internal temperature of 72 °C (geometric center) for 8 minutes (Fernandes et al., 2012). The temperature
monitoring was performed individually using thermocouples connected to a temperature indicator (Brand
Gulton). After, the samples were refrigerated (2 to 5 °C) for 24 hours and then were cut in cubes of 2 cm?, in
parallel to the muscle fibers, avoiding nerves and fat. The external parts of the steaks were removed.

The SF was measured cutting perpendicularly to fiber the grilled meat cubes with a Texturometer (model
TAXT2i, Stable Micro System) coupled to a Warner-Bratzler blade operating at 1.27 cm/min according to
the methodology of Duckett et al. (1998). The results were expressed in N/cm?.

Moisture, ash and meat protein contents were determined according to the analytical procedures described
in items no. 950.46.41, 920.153, and 928.08 of the Association of Official Analytical Chemists (2000). Total
lipids were quantified by extraction in a mixture of chloroform and methanol according to the method
described by Folch et al. (1957). The total collagen content was determined from of the conversion of
hydroxyproline, following the methodology described by AOAC 990.26 (Association of Official Analytical
Chemists, 2006), and the results were expressed in g/100g.

The water activity was determined through of the method 978.18, according Association of Official
Analytical Chemists (2000) utilizing a Hygrometer (Decagon Devices, AQUALAB CX-2, Washington,
EUA).

To assess the WHC, the samples were subjected to a pressure of 49.03 N/cm? for a period of five minutes
according to the method of Sierra (1973), being calculated for weight difference estimating of drip loss.
The pH measurements were made using a pH meter (PS-2, Digimed, Sao Paulo, Brazil) with a combined
electrode for readings in triplicate with perforation of the meat following method 947.05 (Association of
Official Analytical Chemists, 2000).

2.2.3 Fatty acid analysis

Fatty acids were measured using the lipid extract obtained based on the methodology of Folch et al. (1957),
which was subjected to methylation (Hartman & Lago, 1973). The fatty acid esters were identified and
quantified by gas chromatography (Varian 430-GC, CA, USA) coupled with a flame ionization detector.
The separation occurred in a fused silica capillary column (Varian CP WAX 52 CB - dimensions:
60 m x 0.25 mm and 0.25 pm film thickness) using helium as the carrier gas (flow rate of 1 mL/min).
The initial and final temperatures of the column were 100 and 240 °C, respectively, with a temperature rise
increment rate of 2.5 °C per minute and holding at the maximum temperature for 20 minutes. The temperature
of the detector was held at 260 °C. The methyl ester samples (1.0 pL) were injected into a split/splitless
injector at 250 °C, and the chromatograms were recorded using the Galaxie Chromatography Data System
program. The fatty acid results were obtained by normalizing the areas of the methyl ester. Thus, the results
were expressed as the percent area (%), according the retention times in comparison to the authenticate
standards. After quantification, the results were classified as saturated, monounsaturated and polyunsaturated
fatty acids.

2.2.4 Sensory analysis

To conduct the sensory analysis, the research project was initially submitted to the Research Ethics
Committee of the Center of Health of the Federal University of Paraiba (Universidade Federal da Paraiba -
UFPB) and approved under protocol number 86009 recognized by the National Committee for Ethics in
Research (CONEP).
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The sensory characteristics of meat samples were determined by Quantitative Descriptive Analysis (QDA)
with the participation of trained assessors (Stone & Sidel, 1998; Faria & Yotsuyanagi, 2002; Meilgaard et al.,
2006). Therefore, were recruited twenty individuals among the students and staff of UFPB based on their
appreciation and consumption of lamb, availability to participate and ability to describe proportionality
through scales. A questionnaire was answered containing questions related to the consumption of lamb meat
aiming the descriptive analysis. Informed Consent forms were provided prior to the analysis. The panel was
trained according to ISO standards (International Organization for Standardization, 1993, 2006) and basic
odor and taste recognition tests were performed as well as ordination tests using unstructured scales
(Dutcosky, 2011).

We used the triangular test to select the assessors with higher sensory acuity. The ability of each individual
to discriminate the samples was analyzed through two triangular tests in three sessions, representing the
repetitions. The training was completed after verifying the individual skills of the assessors, being selected
those with the highest discriminatory power with reproducible results.

Eleven assessors, composed of four men and seven women aged between 20 and 40 years old, were
selected to evaluate the sensory profile of meat samples. The L. dorsi samples were cooked on an electric
grill at 180 °C until reaches 72 °C internally (Gran Master Gourmet, Brand ECO), and the temperature
monitoring was performed individually using thermocouples connected to a temperature indicator (Brand
Gulton). The samples were cut into 2 cm? cubes and encoded with random three-digit numbers, being the
tests were performed in three sessions and evaluated in individual booths lit with white light. At each session,
the assessors evaluated the samples on an unstructured nine-cm scale, ranging from 1 to 9 with respect to the
intensity of the color, aroma, tenderness, juiciness, flavor and overall evaluation attributes.

2.3 Statistical analysis

For statistical analysis, the animals were distributed into three treatments (no feeding restriction - NR,
30% and 60% restriction) with eight replications using a completely randomized design. The variables
resulting from the physicochemical analyses were subjected to analysis of variance (ANOVA) using the
PROC ANOVA procedure. In the case of significant differences, the means were compared using Tukey’s
test at 5% probability.

The sensorial assessment data were subjected using the GLM (Generalized Linear Models) routine with the
treatments included in the model. The means were compared using the Ryan-Einot-Gabriel-Welsch test at 5%
probability in SAS (Statistical Analysis System Institute, 2001) considering the following Mathematical Model 1:

Yik = n+ Dy + ey (1

where: Yjx = observed value of each animal characteristic; p = overall mean effect; Djx = diet effect;
and ejjkx = random error.

3 Results and discussion

The quantitative restriction of nutrients significantly affected the performance parameters of the Santa Inés
lamb (Table 2). We observed a decrease in the FW, ADG, IOM, and SBW values with increasing food
restrictions. This is a result of the slower tissue development due to the low energy density intake provided
by the diet (Araujo Filho, 2012).

Table 2. Performance of lambs in confinement subjected to diets with different levels of feeding restrictions
(mean + standard deviation).

Variable Without restriction 30% restriction 60% restriction
IW! (kg) 31.842 £3.42 31.582+£3.42 31.702+1.82
FW? (kg) 45.19* + 1.46 39.31°+1.70 32.32¢+£2.21
ADG’ (g) 248.00* + 35.12 133.00° + 37.48 20.00°¢ £+ 5.80

I0M* (g/day) 1350.00% + 148.5 928.00° + 98 .4 543.00°+ 112.40
SBWS (kg) 42.822+1.31 37.80° +2.04 31.10°+2.20
HCY® (%) 50.80% +0.96 49302+ (.84 50.102£1.01

'nitial Weight. *Final weight. *Average daily gain. *Intake of organic material. *Slaughter body weight. Hot carcass yield. Mean values in the
same row not followed by a common letter significantly differ (Tukey, p <0.05). Source: Aratjo Filho (2012).

Braz. J. Food Technol., Campinas, v. 23, €2019264, 2020 | https://doi.org/10.1590/1981-6723.26419 6/13



Physicochemical and sensory characterization of meat from lambs subjected to feeding restrictions
Madruga, M. S. et al.

The weight of the animals decreased in accordance with the increasing percentage of the feeding
restriction, resulting in meat with a low fat content. Thus, the ADG ranged from 20 to 248 g. The animals
under no feeding restriction (NR) performed better because the SBW directly reflected the reduction in
intake. Lower SBW values were observed for the animals subjected to the 30% and 60% restrictions
(» <0.05) as result of the IOM, which was highest in the NR treatment. However, the HCY was not affected
(p > 0.05), indicating that there was no influence warm carcass yield, even with the reduction of the final
weight of the animal to be slaughtered according to the feeding restriction. This important tool could reduce
the cost of production. The quality of carcass did not depend only on animal weight, but also on the muscle
quantity, fat degree, conformation and aged, being that classification criterion based only on inconsistent
weights (Rodrigues et al., 2006).

In terms of the lamb meat quality (Table 3), the feeding restriction affected (p < 0.05) the lightness (L*),
red index, shear force (SF), lipid content, and medium and long chain fatty acid content parameters.
The intensity of L*, red index, SF and long chain fatty acid content were higher in animals under feeding
restrictions, although a smaller lipid percentage was observed in meat from animals under the 60% restriction
(p <0.05).

Table 3. Physicochemical characteristics of meat from lambs subjected to a diet with feeding restrictions
(meantstandard deviation).

Treatments
Variable Without 30% 60%

restriction restriction restriction
L*! 39.26°+0.73 41.51% 4+ 0.81 43.09*+0.78
a*? 15.40°+0.58 17.162+0.41 17.622+0.44
b*3 8.192+ 0.55 9.102+ 0.47 7.612+0.47
WHC* (%) 73.78*+0.85 73.192+1.24 72.96+ 1.46
pH 5.97*+0.07 6.042 + 0.08 6.032+0.09
SF? (N/cm?) 23.942+0.20 30.40% + 0.20 34.23"+0.26
Wa® 0.98* £ 0.01 0.982+ 0.00 0.972 £ 0.00
Moisture (g/100 g) 72.092 +0.65 72.60* +0.20 73.132 £ 0.40
Ash (g/100 g) 1.012+0.02 1.052+0.01 1.0324+0.02
Proteins (g/100 g) 23.233+0.72 22.233+0.74 23.742+1.05
Collagen (g/100 g) 0.532+£0.12 0.752+0.18 0.452+0.03
Lipids (g/100 g) 5.162+0.37 4592+ 0.27 3.19°+0.37
SFA’ 0.402 £ 0.10 0.352+0.05 0.312+£0.11
MUFAS$ 4,482 +0.84 3.436+0.48 3.66°+0.36
PUFA® 95.08>+ 0.96 96.182+0.50 95.982+0.41

'Lightness. *Intensity of the color red. *Intensity of the color yellow. *Water holding capacity. *Shear force. *Water activity. "Saturated fatty
acid (C4 a C9). *Monoinsaturated fatty acid (C10:0-C15:1). *Poliinsaturated chain fatty acid (C16:0-C24:0). Mean values in the same row not
followed by a common letter significantly differ (Tukey, p < 0.05).

The meat of animals under the 60% feeding restriction showed higher lightness (L*) intensity, which
differed from that of the animals not under a feeding restriction. This behavior can be justified by the lower
fat content that makes the meat lighter. The fat implies loss of capillary permeability, which difficulty the
transfer of oxygen from the muscle fiber, requiring a greater contribution of myoglobin to oxygen storage,
reducing the luminosity (Sousa et al., 2016).

Studies have reported lightness values >30 for lamb meat (Madruga et al., 2008; Fernandes et al., 2012).
We reproduced these results with lightness ranging from 39.26 to 43.09. The meat of the animals subjected
to 30 to 60% feeding restrictions showed no differences in lightness and red index, although a larger a* value
was observed for these treatments when compared to meat from the animals fed ad libitum (NR). The a*
values for the NR treatment were similar to those described by Costa et al. (2009) when evaluating lamb meat
from the same breed subjected to diets with different fiber contents (a* = 14.73).
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The meat from animals subjected to the 60% restriction was considered lean (3.19 g/100 g) when compared
to the other animals, which may be attributed to the lower accumulation of intramuscular and intermuscular
fat because the animals in this group had lower final weights at slaughter. Fat is considered an important
fraction because it influences the visual aspect and the edible portion and has a direct influence on the quality
of meat by contributing to both nutritional and sensory characteristics; however, its excess can reduce the
lean meat yield (Fontenele et al., 2010).

For all treatments, the lipid content was higher than that obtained by Freire et al. (2010), who evaluated
the lipid content of meat from Santa Inés lambs in the same weight range. In a study on food restriction and
refeeding in lambs, Savary-Auzeloux etal. (2008) observed that an inappropriate feeding level after
nutritional stress might have consequences for the animal’s capacity to cope with future oxidative processes
as well as the oxidation level of the meat components during meat maturation. In contrast, the results
corroborated the findings of Almeida Junior et al. (2004) and Fontenele et al. (2010), who stated that the
percentage of fat deposited between and within the cells of the Longissimus thoracis et lumborum (LTL)
muscle might be an important indication of the percentage of intramuscular fat in the carcass. Consequently,
there was a significant difference in relation to percentage of lipids among the treatments (Table 3), indicating
that the food restriction reduces fat and minimizes cost.

In the present study, the SF values obtained for the meat from lambs under NR and subjected to a 30%
restriction were similar (23.94 N/cm? and 30.40 N/cm?, respectively), whereas compared to that of the control
group, the 60% restriction group resulted in tougher meat with a SF 34.23 N/cm? (p < 0.05). This difference
may be related to the low lipid content in the meat. The observed SF values were inferior to those obtained
by Costa et al. (2009) for meat from Santa Ines lambs slaughtered with similar weight ranges (45 kg). This
pattern may be explained by the influence of feeding management on the amount of fat deposited
(Geraseev et al., 2007). The relationship between the effect of feeding restriction on the fat content and SF
of the lamb meat may be attributed to the accumulation of intramuscular and intermuscular fat. Animals
subjected to moderate feeding restrictions (in this case 30%) showed final slaughter weights similar to the
group under no feeding restriction, whereas the 60% restriction group had a lower ADG compared to these
two groups.

The results obtained for medium-chain fatty acids (MCFA) were the inverse of those obtained for long
chain fatty acids (LCFA), with a decrease and increase of the chains observed in the meat of animals subjected
to restricted intake, respectively.

Therefore, the fatty acid profile undergoes variations depending on the diet because lamb meat has higher
concentrations of saturated fatty acids (Fernandes et al., 2014) and a low ratio of polyunsaturated:saturated
fatty acids. Madruga et al. (2005) reported a tendency towards the predominance of palmitic (C16:0), stearic
(C18:0) and oleic (18:1) acids when investigating the effects of the diet on meat quality of Santa Inés lambs.

An interesting result was the uniformity of the observed pH values, which did not differ among treatments
(» > 0.05). Generally, the nutritional status influences the pH of the meat too. In this study (Sousa et al.,
2016), the animals subjected to a 60% restriction showed no increase in pH, indicating that this restriction
probably did not take the animals to a state of malnutrition due to the short restriction period (60 days) to
which the animals were subjected. Malnutrition in sheeps is one of the primary causes of elevated pH in meat
because it prevents sufficient accumulation of glycogen reserves in the muscles, thereby reducing the
formation of lactic acid and preventing the pH from declining normally (Madruga et al., 2008).

After the bleeding process, in the absence of oxygen, muscle glycogen becomes the energy source for
contraction through the anaerobic glycolytic pathway. Glycogen is transformed into glucose and through of
the process of glycolysis is consumed, generating lactic acid that accumulates in muscle tissue, causing the
pH to be reduced from 7 to 7.2 to a range between 5.5 to 5.8 after 24 hours of the slaughter. When the pH
reaches these values, enzymatic inhibition occurs and the anaerobic glycolysis process is paralyzed.
According to the results shown in the Table 3, due to pH values between 5.97 and 6.04, probably occurred a
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higher muscle glycogen consumption before slaughter, making it difficult the pH decrease, developing a DFD
meat (dark, firm and dry). Higher the pH value can affect the color, appearance, taste, aroma, texture and
water holding capacity (WHC) of the meat. In addition to the speed of pH drop, muscle temperature is also
very important. If the carcass is cooled too fast with a pH above 6.0, before rigor mortis is completed, muscle
fiber shortening occurs, decreasing sarcomere size and reducing softness and water retention capacity
(Jimenez Filho, 2012).

According to the results presented in Table 3, there was a significant difference between the color and
texture results. However, as the samples did not presented significant variations relation to the pH, remaining
between 5.97 and 6.04 in the three treatments, was considered only the influence of the type of quantitative
restriction applied according to the treatment. Thus, probably these differences are not related to the high pH
values detected, because were consider the same conditions of pH and in the moment of the analyses.

The absence of a significant difference (p > 0.05) in the protein content (between 22.23 and 23.74 g/100 g)
probably resulted from the fact that protein is the component that undergoes the least change in the meat
composition after the growth phase (Ortiz et al., 2005).

Under feeding restrictions, animals tend to exhibit low fat deposition due to the reduction in energy intake.
This decrease is reflected weight reduction of the organs compared to the weight of the empty carcass. Thus,
with the increase in restriction, the decrease in protein only initiates as an attempt at subsistence if the feed
ingested by the animals does not supply the requirements for maintenance.

The collagen content calculated from the hydroxyproline in animals subjected to the three treatments did
not differ (p > 0.05), reflecting the behavior of the muscle proteins. We observed a trend of increase collagen
content in the treatment with restriction of 30%. Similarly to the studies of Jacques et al. (2017), the collagen
content did not influenced for the dietary treatments (p > 0.05). Differently, Zhao et al. (2015) observed the
collagen content presented an increase in lamb meat that were submitted to feed restriction, but not
influencing also the levels of proteins, as the present study.

The sensory evaluation (Figure 1) showed a significant difference (p < 0.05) for flavor and aroma, different
from Silva et al. (2016) findings, where the restriction did not influence the sensory parameters of meat from
Morada Nova sheep.

The scores for the flavor attribute ranged from 4.25 to 5.38, with the highest score attributed to the meat
from the NR lambs that showed a higher percentage of fat. The accentuated flavor was presented in the
treatment with greater amount of concentrates (without restriction), compared to the animals subject to
restrictions. This result is explained by the fact that fat is responsible for attributing flavor and texture to the
meat and, therefore, its reduction may affect the overall evaluation of the product. Meat from very lean
animals has less intense flavor because the amount of intramuscular fat can directly affect the sensory
properties of the meat, producing detectable changes in palatability. This sensory difference, especially in
relation to the meat flavor, can be explained by the animals diets, and reflects the differentiated production
of volatile fatty acids by rumen microorganisms that in turn alter fat deposition in the muscle tissue
(Santos et al., 2013; Rego et al., 2017). The amount of intramuscular fat can affect the sensory properties of
the meat by replacing the muscle fiber with fat, producing detectable changes in the palatability of the animals
that received food ad libitum. Similarly, meat from animals under the 30% restriction showed higher scores
for aroma (p < 0.05).

The color was not affected by feeding restrictions. In this case, we observed that the meat of the animals
under feed restriction presented a paler trend according to the increased restriction levels, with values ranging
from 3.47 to 4.20. Thus, higher color scores were attributed to the meat from animals not subjected to feeding
restriction, which were considered redder. As for flavor, a higher use score was attributed to an unrestricted
diet, probably with higher fat content, which benefits as sensory properties of meat. All samples that were
sensorially evaluated were considered to be similar in tenderness and juiciness (p > 0.05), presenting a trend
of lower values with the increase of the restriction.
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Figure 1. Sensory evaluation of meat from lambs subjected to different diets. Mean values of each attribute not
followed by a common letter significantly differ (Tukey, p < 0.05).

This result can be explained by the low SF values, which remained below 4.6 kg (the value considered
acceptable) (Gallo et al., 2019).

Generally, the mean values assigned for the overall evaluation remained above 5 for all samples.
The results showed that higher scores were attributed to the meat of animals fed ad libitum (NR) and under
the 30% feeding restriction (6.42 and 6.23, respectively), whereas those with the 60% restriction were also
considered above average by the sensory panel (5.56). Thus, overall evaluation favors the practice of feeding
restriction in production systems because the results obtained for both groups did not present significant
differences.

Juiciness was highest in the treatment with the highest level of restriction and tenderness and color did not
differ significantly compared to the animals under no feeding restrictions. The other two treatments
(ad libitum and 30% of restriction) showed greater intensity for most attributes, which influence purchase
and may make the product unacceptable to consumers (Renerre, 2000).

4 Conclusion

Therefore, a feeding restriction of up to 60% interferes with the lambs’ performance but does not affect
the hot carcass yield parameters; thus, it is an important tool for the reduction of production costs. The lipid
content decreases with the increasing feeding restriction level, whereas the lightness intensity, yellow color
(b*), shear force, flavor, tenderness and overall evaluation of lamb meat were similar between animals
subjected to the ad libitum and 30% restriction diets. The meat from the latter group (30%) had greater aroma
score, estimating higher acceptability. Therefore, a feeding restriction of up to 30% is an economical
alternative for lambs in confinement during periods of drought because it maintains the quality of the meat
and feed efficiency similar to animals fed ad libitum.
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