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Meat quality of Morada Nova lambs subjected to di൵erent feeding 
regimes

Qualidade da carne de ovinos Morada Nova submetidos a diferentes 
manejos alimentares

Antônio Clébio Ferreira da Silva1*; Hélio Henrique Araújo Costa2; 
Maria Claudete Rodrigues Peres1; Adailton Camêlo Costa1; 

Diego Rodrigues de Sousa1; Ana Sancha Malveira Batista3; Aline Vieira Landim3

Abstract

This study aimed to evaluate the e൵ect of pre- and post-calving feed restriction on quantitative 
characteristics and lipid pro¿le of meat from Morada Nova sheep. Twenty-four male lambs from single 
births only, with an initial weight of 10.0 ± 3.07 kg and at four months of age, were distributed in 
a randomized complete design, into three groups: pre-calving restriction (R-PRE; n=8) post-calving 
restriction (R-POS; n=8), and ad libitum feeding (ADLI; n=8). To make up the experimental treatments, 
the feeding regime applied previously on the sheep in the last third of pregnancy was considered. 
Treatments ADLI and R-POS were composed of lambs born from ewes fed ad libitum in the last third 
of pregnancy. Treatment R-PRE consisted of lambs born from ewes subjected to feed restriction in 
the last third of pregnancy at 60% of the recommended requirements for the group of ewes feeding 
ad libitum. For the lambs from treatments ADLI and R-PRE, the diet was supplied allowing 20% of 
the total supplied as refusals. For the animals from R-POS, a 30% restriction was imposed in relation 
to the animals feeding ad libitum. Animals were slaughtered with an average live weight of 25 kg. 
Afterwards, carcasses were chilled at 4 ºC for 24 h. Meat quality measurements were taken on the right 
side of each carcass; pH was determined immediately after slaughter and then again after chilling. 
Samples of the longissimus dorsi muscle were collected and frozen at -20 ºC. Moisture, ash, protein, 
total lipids, water-holding capacity, and cooking loss were determined in the meat samples, which were 
then subjected to the shear-force test. The sensory analysis was determined by the hedonic-scale test, in 
which sensory parameters of tenderness, juiciness, Àavor, aroma, and overall acceptability and fatty acid 
pro¿le were evaluated. There was a feed-restriction e൵ect on protein, lipids, and water-holding capacity 
(P<0.05). Meat sensory attributes were not inÀuenced by the nutritional regimes (P>0.05). Saturated 
fatty acid contents were a൵ected by the treatments (P<0.05); however, there was no e൵ect of nutritional 
regimes on mono- or polyunsaturated fatty acids (P>0.05). Feed restriction does not compromise the 
physicochemical or sensory quality of Morada Nova lambs meat, but rather provides a meat product of 
good acceptance.
Key words: Feedlot. Feed restriction. Lipids. Sheep. Tenderness.
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Resumo

Objetivou-se avaliar o efeito da restrição alimentar pré e pós-natal sobre características qualitativas 
e do per¿l lipídico da carne de ovinos da raça Morada Nova. Vinte e quatro cordeiros foram usados, 
machos, somente de parto simples, peso inicial 10,0 ± 3,07 kg e quatro meses de idade, distribuídos num 
delineamento inteiramente casualizado, em três grupos: restrição pré-natal (R-PRE; n=8) e pós-natal 
(R-POS; n=8), e ad libitum (ADLI; n=8). Para composição dos tratamentos experimentais foi considerado 
o manejo alimentar aplicado anteriormente nas ovelhas no terço ¿nal de gestação. Os tratamentos ADLI
e R-POS foram formados por cordeiros nascidos de ovelhas alimentadas ad libitum no terço ¿nal da 
gestação. O tratamento R-PRE foi constituído por cordeiros nascidos de ovelhas submetidas à restrição 
no terço ¿nal de gestação em 60% da recomendação das exigências do grupo de ovelhas ad libitum. 
Para os cordeiros dos tratamentos ADLI e R-PRE a dieta foi fornecida permitindo-se sobras de 20% 
do total oferecido. Para os animais do tratamento R-POS foi imposto restrição de 30% em relação aos 
animais alimentados ad libitum. Os animais foram abatidos com peso vivo médio de 25 kg. Após isso, 
as carcaças foram resfriadas a 4°C por 24 horas. As mensurações de qualidade da carne foram realizadas 
no lado direito de cada carcaça. O pH foi determinado imediatamente após o abate e novamente após o 
resfriamento. Foram coletadas amostras do músculo longissimus dorsi e congelados a -20°C. Na carne, 
foram determinados os teores de umidade, cinzas, proteína e lipídios totais, capacidade de retenção de 
água, perda de peso por cocção, em seguida, submetidas à determinação da força de cisalhamento. A 
análise sensorial foi determinada pelo teste da escala hedônica sendo avaliados parâmetros sensoriais 
de dureza, suculência, sabor, aroma, aceitação global, e o determinado o per¿l de ácidos graxos. 
Houve efeito da restrição alimentar para proteína, lipídeos e capacidade retenção de água (P<0,05). Os 
atributos sensoriais da carne não foram inÀuenciados pelos manejos nutricionais (P>0,05). Os teores 
de ácidos graxos saturados foram afetados pelos tratamentos (P<0,05), contudo, não houve efeito dos 
manejos nutricionais para ácidos graxos mono e poli-insaturados (P>0,05). A restrição alimentar não 
compromete a qualidade físico-química e sensorial da carne de cordeiros Morada Nova, e proporciona 
produto cárneo de qualidade e de boa aceitação.
Palavras-chave: Con¿namento. Lipídios. Maciez. Ovinos. Restrição alimentar.

Introduction
Meat sheep farming is a growing activity all 

over Brazil. The demand for lamb meat in the 
country rose by 5% between the years 2000 and 
2007, totaling a per capita consumption of 0.7 
kg year-1 (FAO, 2013). However, the demand for 
lamb meat can be considered low when compared 
with other meats such as beef, pork, and poultry 
(HERMUCHE et al., 2013a, 2013b). Some factors 
exert a great inÀuence on lamb meat consumption, 
mainly those associated with eating habits and 
purchasing power (PAIM et al., 2011). Also 
according to these authors, the decisive factor for 
the expansion and consolidation of this market in 
Brazil is quality carcass production.

In meat production systems, the carcass 
qualitative characteristics are of paramount 
importance, since they are related to the end product 

- the meat - and are inÀuenced by genetic, sanitary, 
and nutritional factors. Feeding, for instance, 
is the factor of greatest impact in production 
systems, representing around 70-80% of total costs, 
determined by the technology level adopted on the 
farm.

To reduce feed costs in small-ruminant 
production, it is relevant to understand the 
aspects related to feed restriction, which may 
provide economic return to the producer, since 
this knowledge will allow for relationships to be 
established between the nutritional regime and 
tissue development at the di൵erent animal growth 
stages.

Research investigating the quality of meat 
from Morada Nova sheep subjected to di൵erent 
nutritional regimes is incipient. However, studies 
on other breeds have shown that imposing a feed 
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restriction condition makes it possible to evaluate 
and understand this e൵ect on the carcass tissue 
depositions (DANIEL et al., 2007). Therefore, the 
aim of the present study was to evaluate the e൵ect of 
pre- and post-calving feed restriction on qualitative 
characteristics and on the lipid pro¿le of Morada 
Nova lambs meat.

Material and Methods
The experiment was carried out on the 

Experimental Farm of the State University of Vale 
do Acaraú, in Sobral-CE, Brazil, complying with 
the criteria established by the ethics committee on 
animal use (no. 002.04.015.UVA.504.02). Twenty-
four uncastrated male lambs from single births, with 
an average initial weight of 10.0 ± 3.07 kg, at four 
months of age, were allocated to individual stalls.

Calving type and order were considered in the 
choice of lambs and in the balancing and distribution 
of treatments. Only lambs from single births were 
utilized. Additionally, to make up the experimental 
treatments, the feeding regimes applied previously 
on the ewes during the last third of pregnancy were 
adopted.

The treatments ad libitum (ADLI; n=8) and 
post-calving restriction (R-POS; n=8) included 
lambs born from ewes fed ad libitum in the 
last third of pregnancy. Treatment pre-calving 
restriction (R-PRE; n=8) comprised lambs born 
from ewes subjected to restriction in the last 
third of pregnancy, at 60% of the requirements 
recommended for the group of ewes feeding ad 
libitum. For the lambs from treatments ADLI and 
R-PRE, the diets were supplied so that 20% of the 
total would be left as refusals. A 30% restriction 
was imposed on R-POS animals in relation to 
those fed ad libitum. Diets were supplied in two 
meals, at 08h30 and 16h30. Samples of feeds 
and refusals were weighed daily. Feed intake was 
adjusted weekly.

Animals underwent a period of 10 days of 
adaptation to experimental conditions. The diet 
was composed of antelope grass (Echinocloa 
pyramidalis) plus a concentrate based on maize, 
soybean meal, wheat bran, and limestone, formulated 
to meet the requirements of ¿nishing lambs with an 
estimated weight gain of 150 g day-1 (NRC, 2007) 
(Table 1). Water and mineral supplement were 
provided ad libitum.

Table 1. Chemical composition of ingredients and experimental diet.

Nutrient, %
Ingredient

Antelope grass† Maize Soy. m.£ Wheat b.£ Diet
Dry matter (DM)β 32.9 91.2 92.4 92.7 69.7
%DM
Organic matter 85.2 89.8 86.4 86.9 85.5
Crude protein 6.26 10.6 51.3 15.2 16.1
Neutral detergent ¿ber 49.4 15.1 15.6 48.2 30.6
Acid detergent ¿ber 40.2 2.57 7.39 16.4 17.9
Hemicellulose 17.5 12.6 8.16 31.8 15.6
Cellulose 64.9 2.48 14.9 12.5 27.1
Lignin 5.93 0.39 1.25 4.23 2.87
Total digestible nutrients 59.1 89.4 77.7 54.8 71.4

βDry matter, on a fresh matter basis. †Echinocloa pyramidalis. £Soybean meal and wheat bran.
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The animals were slaughtered with an average 
live weight of 25 kg. Prior to slaughter, they were 
fasted for 16 h. After fasting, lambs were stunned by 
brain concussion, followed by bleeding, according to 
commercial procedures and industrial and sanitary 
inspection regulatory rules for animal products 
(BRASIL, 1997). Afterwards, carcasses were chilled 
at 4 ºC for 24 h. Meat quality measurements were 
made on the right side of each carcass. The pH was 
determined immediately after slaughter, and again 
after chilling (24 h), using a digital potentiometer 
(DIGIMED, Model pH 300M, São Paulo, Brazil) 
equipped with a glass electrode and calibrated with 
a bu൵er solution with pH 7.0 and pH 4.0. Samples 
of the longissimus dorsi muscle were collected and 
frozen at -20 ºC.

Moisture (method 950.46), ash (method 
920.153), and protein (method 984.13) were 
determined in the meat (AOAC, 1990). Total lipids 
were determined with chloroform and methanol 
2:1 (FOLCH et al., 1957). Water-holding capacity 
was obtained by the technique of Weismer-
Pedersen Grau and Hamm, modi¿ed by Sierra 
(1973). Cooking loss was determined according 
to Duckett et al. (1998). After cooking, samples 
were cut to dimensions of 2×1×1 cm and the shear 
force was determined on a Warner-Bratzler-Shear 
texturometer (WHEELER et al., 1996). Sensory 
analysis was performed using a hedonic scale 
(AMARINE et al., 1965; LARMOND, 1979), in 
which sensory parameters of tenderness, juiciness, 
Àavor, aroma, and overall acceptance were 
evaluated.

The meat fatty acid pro¿le was determined by 
chromatography, using samples of the longissimus 
dorsi muscle. Extraction was performed as described 
by Bligh and Dyer (1959), and methylation as in 
Molkentin and Prencht (2000).

Fatty acid concentrations were determined by 
the peak areas shown in the chromatogram for each 
acid in relation to the total area of the fatty acids. 
Data were expressed as a percentage of the area of 

each fatty acid. The nutritional quality of the lipid 
fraction was evaluated by indices obtained from the 
composition of the fatty acids. The atherogenicity 
index was calculated as proposed by Ulbricht 
and Southgate (1991) as an indicator for risk of 
cardiovascular disease. Calculations were made as 
follows:

Desirable fatty acids (AGD) = monounsaturated 
fatty acids (MUFA) + polyunsaturated fatty acids 
(PUFA) + C18:0;

Atherogenicity index (AI) = [(C12:0 + (4 × 
C14:0) + C16:0)]/total unsaturated; C18:0 + C18:1/
C16:0 ratio.

A randomized complete design with three 
treatments and eight replications was adopted. Proc 
GLM procedure of Statistical Analysis System - 
SAS® 9.0 was utilized. Means were compared by 
Tukey’s test. For the organoleptic attributes, the 
Kruskal-Wallis test was applied. Signi¿cance was 
declared at P<0.05.

Results and Discussion
Feeding restriction did not inÀuence the 

chemical composition or organoleptic attributes 
of the meat from Morada Nova lambs (P>0.05; 
Table 2), except for protein, lipids, and water-
holding capacity. A higher protein content was 
observed for R-POS compared with R-PRE. The 
lipid fraction was higher for R-PRE (P<0.05), with 
a similar response observed for water-holding 
capacity (Table 2).

Animals in di൵erent nutritional plans, even of 
the same breed and with the same weight, di൵er 
in tissue composition (HAMMOND 1932, cited 
by LAWRIE, 2005). The lower lipid content in 
R-POS animals compared with R-PRE is possibly 
associated with the use of this fraction to meet the 
energy demands, since it is the ¿rst to be used, 
followed by protein. These tissues are utilized from 
late-maturing body regions, such as the longissimus 
dorsi muscle.
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At the same time, R-PRE animals displayed 
a greater lipid composition, which may be 
related to the animal responses under ad libitum
feeding conditions, implying alterations in tissue 
distribution in an attempt to establish an energy 
reserve for a possible new feeding stress. In this 
study, we evaluated the e൵ect of maternal dietary 
restriction during pregnancy on the characteristics 

of lamb meat, which resulted in decreased protein 
content, increasing the carcass fat:lean ratio 
(DANIEL et al., 2007). These authors reported 
that the change in fat content does not seem to be 
related to changes in protein content. By contrast, 
the more modest fetal growth in young ewes 
subjected to feed restriction is associated with a 
preservation of the growth of the fetal skeleton 
and depletion of the fetal fat storage.

Table 2. E൵ect of di൵erent nutritional regimes on Morada Nova lambs meat quality.

Variable 
Nutritional regime£

SEM¥

ADLI R-PRE R-POS
Chemical attributes (%)

Moisture 74.3 73.8 74.3 0.141
Ash 0.950 0.890 0.860 0.017
Protein 17.6ab 17.1b 18.1a 0.165
Lipids 7.16b 8.24a 6.68b 0.207

Physical attributes
Water-holding capacity (mL/100 g) 54.7b 66.0a 55.3b 2.08
Cooking loss (%) 15.1 17.9 13.3 1.14
Shear force (kgf/cm2) 4.19 4.94 3.57 0.291
Final pH 5.62 5.58 5.70 0.026

Organoleptic attributesβ (1-9)
Tenderness 3.06 2.47 2.30 0.178
Juiciness 4.30 4.30 4.72 0.199
Flavor 4.93 5.07 5.10 0.178
Aroma 4.91 4.60 4.78 0.193
Overall acceptance 5.65 5.58 5.98 0.178

a Means in the same row followed by di൵erent letters do not di൵er by Tukey’s test (P<0.05). βKruskal-Wallis. £ADLI: ad libitum; 
R-PRE: pre-calving restriction; and R-POS: post-calving restriction. ¥SEM = standard error of the mean.

The water-holding capacity values are 
within the normal parameters (LAWRIE, 2005). 
However, the higher lipid content in R-PRE 
provided higher water retention. The average lipid 
contents of 7.70%, despite the lack of di൵erences 
in shear force (4.23 kgf cm2-1), provided meat 
with standard tenderness. Meat tenderness is 
an important attribute in terms of consumer 
satisfaction (ARGÜELLO et al., 2005). These 

authors reported that shear force values below 
8, between 8 and 11, and above 11 kgf cm2-1

correspond to tender, medium-tenderness, and 
tough meat, respectively.

The pH value after chilling (5.63) was 
considered appropriate in the post mortem period, 
providing an adequate rigor mortis for muscle 
formation in the meat (LAWRIE, 2005). Reduced 
pH values are associated with care taken to avoid 
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animal stress pre-slaughter; additionally, they 
are desirable, as they allow a greater activity of 
calpains and cathepsins, resulting in more tender 
meat (TEIXEIRA et al., 2005).

Thus, it is noteworthy that the critical functions 
of an animal depend on its levels of protein, fat, 
carbohydrates, minerals, and vitamins and water 
composition, which in turn inÀuence the post-
calving growth rate. Further, the skeletal muscle 
content, fat, connective tissues, and number of 
muscle ¿bers are the main factors that might 
a൵ect the meat quality post mortem. Moreover, 
the intramuscular glycogen concentration and 
the glycolysis rate post-slaughter alter the meat 
lactic acid production and pH, as well as its water-
holding capacity (WU et al., 2006).

As regards the organoleptic aspects, the grades 
attributed to the meat tenderness and the lack 
of di൵erence between nutritional regimes may 
be related to the amount of lipids present in the 
muscles. The Morada Nova lambs meat can be 
classi¿ed as of medium tenderness, given the 
average value of 2.61. This indicates that the meat 
from lambs under feeding restrictions meets the 
consumers’ demands, since that is one of the main 
organoleptic characteristics appreciated in a meat.

The attributes of juiciness, Àavor, aroma, color, 
and overall acceptance did not show signi¿cant 
di൵erences between the feeding regimes, averaging 
4.44, 5.03, 4.84, 4.82, and 5.73, respectively. For the 
attribute Àavor, the similarity between treatments 
might have stemmed from the high lipid content of 
the meat. However, even being inÀuenced by the 
dietary regime, this content was not su൶cient to 
modify the Àavor and aroma of the meat.

Eighteen fatty acids were found, divided into 
saturated (SFA; n=8), monounsaturated (MUFA; 
n=4), and polyunsaturated (PUFA; n=6), in the 
meat of Morada Nova lambs under di൵erent 
nutritional regimes (Table 3).

The total SFA was higher for R-POS compared 
with R-PRE (P<0.05). There was no e൵ect of 
feeding regimes on the fractionation of SFA 
(P>0.05), except for C:18, stearic acid, with higher 
concentrations in R-POS compared with ADLI
(P<0.05; Table 3). No e൵ect of feeding regimes 
was observed on the mono- and polyunsaturated 
fatty acid contents, either (P>0.05). Analyzing the 
ratios between SFA, MUFA, and PUFA, and the 
total desirable fatty acids and the atherogenicity 
index, no e൵ect of feed restriction was observed 
on these parameters, except for PUFA:SFA, which 
was higher for R-PRE compared with R-POS 
(P<0.05; Table 3).

Regarding the total fatty acids identi¿ed in the 
meat, higher concentrations of C18:1n9c (oleic; 
46.5%), followed by C16:0 (palmitic; 23.0%), 
C18:0 (stearic; 15.3%), and C18:2n6c (linoleic; 
5.53%) were detected.

Oleic acid is usually the fatty acid found in 
largest quantity, and it features the ability to elevate 
blood high-density lipoprotein (HDL) levels 
(LOPES et al., 2012). On the other hand, among 
the classes of fatty acids present in the meat, only 
the sum of SFA was a൵ected by the dietary regime. 
Besides, the hypercholesterolemic e൵ect of the 
SFA is associated with the lower action of hepatic 
receptors for low-density lipoprotein (LDL), or 
‘bad cholesterol’, elevating the circulating LDL in 
the blood plasma.
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Table 3. E൵ect of di൵erent nutritional regimes on the fatty acid pro¿le of Morada Nova lambs meat.

Variable
Nutritional regime£

SEM
ADLI R-PRE R-POS

Saturated fatty acids (SFA) 40.4ab 39.8b 42.8a 0.59
C10:0 (capric) n.d. n.d. 0.02 -
C12:0 (lauric) n.d. n.d. 0.03 -
C14:0 (myristic) 1.66 1.42 1.46 0.02
C15:0 (pentadecanoic) 0.16 0.18 0.13 0.41
C16:0 (palmitic) 23.4 22.3 23.3 0.08
C17:0 (margaric) 0.78 0.79 0.80 0.02
C18:0 (stearic) 14.1b 14.8ab 16.9a 0.03
C22:0 (behenic) 0.19 0.21 0.15 0.03

Monounsaturated fatty acids (MUFA) 49.2 47.4 47.1 0.92
C16:1 (palmitoleic) 1.46 1.25 1.16 0.08
C17:1 (heptadecenoic) 0.60 0.54 0.43 0.04
C18:1n9t (elaidic) 0.76 0.98 0.80 0.09
C18:1n9c (oleic) 47.8 45.9 45.8 0.94

Polyunsaturated fatty acids (PUFA) 11.6 8.95 8.93 1.22
C18:2n6c (linoleic) 4.96 6.43 5.19 0.64
C18:2c9t11 (rumenic) 0.67 0.44 0.39 0.04
C18:2t10c12 (CLA) 0.72 0.41 0.26 0.07
C18:3n6 (y-linolenic) 0.03 0.82 0.02 0.01
C18:3n3 (α-linolenic) 0.20 0.24 0.19 0.02
C20:4n6 (arachidonic) 2.37 4.13 2.71 0.58

MUA:SFA 1.22 1.19 1.10 0.02
PUFA:SFA 0.22 0.31 0.21 0.03
UFA:SFA 1.44ab 1.50a 1.31b 0.04
Desirable fatty acids 72.3 73.8 72.9 0.50
Atherogenicity index 0.46 0.42 0.46 0.02

a Means in the same row followed by di൵erent letters do not di൵er by Tukey’s test (P<0.05). ¥SEM = standard error of the mean; n.d. 
= not determined. £ADLI: ad libitum; R-PRE: pre-calving restriction; and R-POS: post-calving restriction.

French et al. (2003) reported that the most 
desirable fatty acid would be myristic acid (C14:0), 
which represented 1.51% of the total saturated fatty 
acids in the meat. Linoleic and conjugated linoleic 
acids (CLA), in turn, had mean values of 0.21 and 
5.52%, respectively. The latter is a polyunsaturated 
fatty acid, and an increase in the concentrations of 
these acids in animal products is desirable, because 
of their anticarcinogenic, anti-atherosclerotic, 
antithrombotic, hypercholesterolemic, and 
immunostimulatory properties, in addition to 

increasing muscle mass while reducing body fat and 
preventing diabetes (MOREIRA et al., 2003).

The average PUFA:SFA ratio was 0.25. A 
PUFA:SFA ratio lower than 0.45 indicates little 
healthy foods, mainly with regard to cardiovascular 
disease (DEPARTMENT OF HEALTH AND 
SOCIAL SECURITY, 1984). Low values for this 
ratio are commonly expected, since ruminants have 
higher proportions of saturated fatty acids due to 
an intense hydrogenation of diet components from 
the action of rumen microorganisms (FRENCH et 
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al., 2000). However, it must be taken into account 
that the percentage of stearic acid can be converted 
to oleic acid, increasing the UFA:SFA ratio, 
providing bene¿cial e൵ects to the human health.

The observed MUFA:SFA ratio was 1.17. This 
occurrence may be linked to the high oleic acid 
contents and a consequent increase in MUFA:SFA, 
suggesting that Morada Nova sheep meat has its 
lipid fraction favorable to human consumption. 
These results are close to those found for sheep meat 
by Rhee et al. (2003), who obtained 1.05 to 1.21.

The desirable fatty acids content and the 
atherogenicity index (AI) were 73.0% and 0.447, 
respectively. The AI has been utilized as an indicator 
of dietary risk for cardiovascular disease. There is 
no standard value that can be used to indicate risk 
for development of some diseases such as cancer, 
diabetes, among others are associated with the 
ingestion of meats. However, it is noteworthy that 
the meat represents only one of the ingredients of 
the human diet, and thus the meat triglycerides 
content should not be regarded alone, but rather 
the total contents contained in the consumed diet. 
Meat consumption should be recommended, as 
this product contains fatty acids bene¿cial to the 
human health, e.g. oleic acid and CLA. The latter is 
found only in animal products, notably in ruminants 
(LOPES et al., 2012).

Conclusion
Feed restriction does not compromise the 

physicochemical or sensory quality of meat from 
Morada Nova sheep, but rather provides a meat 
product of quality and good acceptance.
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