
Journal of Food Composition and Analysis 48 (2016) 102–110
Meat physicochemical properties, fatty acid profile, lipid oxidation and
sensory characteristics from three North African lamb breeds, as
influenced by concentrate or pasture finishing diets

H. Hajjia, M. Joyc, G. Ripollc, S. Smetia, I. Mekkia,b, F. Molino Gahetec, M. Mahouachid,
N. Attia,*
aUniversity of Carthage, INRA-Tunisie, Laboratoire de Production Animale et Fourragère rue Hédi Karray, 2080 Ariana, Tunisia
bUniversity of Carthage, INAT, Institut National Agronomique de Tunis, Tunisia
cCITA Centro de Investigación y Tecnología Agroalimentaria de Aragón Zaragoza, Spain
dUniversity of Jendouba, ESA Kef, Le Kef, Tunisia

A R T I C L E I N F O

Article history:
Received 1 August 2015
Received in revised form 26 February 2016
Accepted 26 February 2016
Available online 3 March 2016

Keywords:
Sheep breed
Pasture
Concentrate
Food composition
Meat analysis
Lipid oxidation
Fatty acid

A B S T R A C T

This study investigated the meat quality of lambs from three North African breeds (Barbarine, BB; Queue
Fine de l’Ouest, QFO; and Noire de Thibar, NT) reared on concentrate (S) or on pasture (P). A total of 18 P
and 18 S lambs (20 kg initial body weight) were used, with 6 P and 6 S lambs for each breed. After 67 days,
all lambs were slaughtered at 26 kg final body weight and meat quality was studied. The pH of S lambs 1 h
post-mortem was lower than that of P lambs (p = 0.001). Water cooking loss, colour and sensory quality
were not affected by both factors. The pasture and the concentrate meats had the same proportions of
lipids and proteins; however QFO and BB breeds had more intramuscular fat than NT breed. The saturated
fatty acid proportion was higher for S than P groups (50.63 vs. 44.48%, respectively) and for QFO
compared to other breeds. C18:1 was higher for S groups, while C18:2, C18:3 and CLA were higher for P
groups. The S group had higher lipid oxidation, while the QFO breed had the highest TBARS. P lambs may
have healthier meat than S lambs and the NT breed had the leanest meat with higher concentration of
desirable FAs.

ã 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Food is no longer seen as a way to only alleviate hunger, but
rather provide good health and welfare for humans; consumers are
becoming more health-conscious and tend to search nutritious
foods with health-promoting functions (Milner, 1999). Recently,
special attention is increasingly given to the fatty acid (FA) profile
and its partition into saturated fatty acids (SFA) and polyunsatu-
rated fatty acids (PUFA), especially n–3 PUFA at the expense of n–
6 PUFA. Also some biologically-active substances like conjugated
linoleic acid (CLA), a product of biohydrogenation of linoleic acid,
have particular interest (Pariza et al., 2001). It is believed that meat
of sheep and beef produced on pasture has a superior nutritional
quality and better taste (Atti and Abdouli, 2001; Ådnøy et al., 2005;
Serrano et al., 2007). The nutritional value of n–3 PUFAs is well
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recognized, and increased consumption of these FAs has been
recommended.

Ruminant fats are among the richest natural sources of CLA, in
particular the cis-9, trans-11 isomer, which arises from microbial
hydrogenation of dietary linoleic acid in the rumen (Ha et al.,1990).
Previous research has shown that including grass in the diet
increased CLA concentration in milk and intramuscular fat of
ruminants (Atti et al., 2006; French et al., 2000). Although an
increase in the n–3 PUFAs concentration is desirable from a human
health perspective, oxidative stability of meat is reduced. Lipid and
muscle pigment oxidation are the major problems causing quality
deterioration in meat. Meat oxidation can be reduced by the
presence of anti-oxidants which are naturally present at elevated
levels in green forage (López-Bote et al., 2001; Wood et al., 2004).
Products of auto-oxidation processes can adversely affect texture,
colour, flavour, nutritive value and safety of meat products
(Buckley et al., 1995). Some studies have reported negative effects
of forage-feeding on meat colour, toughness and sensory attributes
compared with that from concentrate-fed animals (Larick and
Turner, 1989, 1998; Priolo et al., 2002), while other studies
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reported no differences (French et al., 2001). Greater fat content is
generally found in muscle from animals raised on concentrate
compared with animals allowed to graze herbage at pasture
(Aurousseau et al., 2004; Atti et al., 2013; Hajji et al., 2014).

Although the dietary effect on different meat quality aspects
has been widely studied, information on the differences between
sheep breeds in most meat characteristics, particularly lipid
oxidation is, to our knowledge, scarce or absent. Furthermore,
information about African sheep meat quality and FA profile is very
scarce (Van Heerden et al., 2007). The purpose of this work was to
characterize meat quality, FA profile and lipid oxidation of lambs
from three different North African breeds, reared on concentrate
and pasture.

2. Material and methods

The experiment was carried out at the experimental farm
Lafereg of the Crop Center of Beja, in the sub-humid region of
Tunisia; the annual rainfall was 650 mm, mean temperature and
humidity were about 17.5 �C and 65%, respectively, during the trial.
The animals were handled by specialized personnel who ensured
their welfare. Furthermore, all procedures employed in this study
(transport and slaughtering) meet ethical guidelines and adhere to
Tunisian legal requirements (The Livestock Law No. 2005-95 of
18 October 2005, Chapter II; Section 1 and Section 2 relative to the
slaughter of animals).

2.1. Animals, diets, slaughtering and meat sampling

The experiment started in April 2012 with a total of 36 male
lambs from 3 breeds, fat-tail Barbarine (BB, n = 12), Queue Fine de
l’Ouest (QFO, n = 12) and Noire de Thibar (NT, n = 12). Lambs were
4 months old and weighed 20.3 � 1.9 kg at the beginning of the
experiment. Lambs from each breed were randomly allocated on
the basis of body weight (BW) to one of two groups, pasture-
feeding (P, n = 18) or stall-feeding (S, n = 18). The three S lamb
groups were raised in individual boxes in a sheep fold close to the
land grazed by the P group and fed ad libitum concentrate (72%
barley, 25% faba bean and 3% mineral-vitamin supplement (10.0%
Ca, 3.5% P, 8.0% Na, 4.4% Mg, 0.4% S, 0.4% Zn, 0.2 Mn, 0.2%Fe)) plus
500 g/d/lamb of oat hay. The three P lamb groups were reared
together on natural pasture and grazed for 6 h daily (from 10 h to
16 h) on a plot of 2500 m2. The biomass was estimated according to
Tothill et al. (1992). The grazed flora was composed of 45% grass,
14% legumes and 41% other species (mainly thistle 30%). The most
consumed varieties were grass and legumes. Indoors they received
only oat hay, in similar quantity to the S lambs. The chemical
composition of different ingredients of the diets is presented in
Table 1. At the end of the experiment (67 days), all lambs were
transported to a slaughterhouse located 120 km from the
experimental site and were slaughtered after 12 h of fasting with
access to water. They were weighed before slaughter to determine
the slaughter weight (averagely 26 kg). The carcasses were stored
at 4 �C for 24 h after which each carcass was split along the midline
and longissimus dorsi (LD) muscle was removed from the left side
Table 1
Chemical compositions of diets (concentrate, oat hay and pasture).

Pasture Oat hay Concentrate

Dry matter (g/kg) 89.60 89.67 90.93
Ash (g/kg DM) 17.63 11.51 4.90
Crude protein (g/kg DM) 13.63 6.94 15.02
NDF (g/kg DM) 44.56 69.77 41.34
ADF (g/kg DM) 27.60 43.16 12.93
ADL (g/kg DM) 6.04 7.21 1.31
and conserved at �20 �C for 3 months for subsequent analysis. Raw
meat samples were trimmed of external fat and divided into
5 slices. Two slices were immediately used for pH, colour
parameters and cooking loss determination. One sample was
dried by lyophilisation (DM), ground (1 mm screen) and stored for
subsequent chemical analysis (ash, CP and fat). The last two
samples were frozen at �20 �C for sensorial evaluation and
individual fatty acids (FA) determination.

2.2. Laboratory analysis

2.2.1. Physical and chemical analyses
The pH was measured 1 h (pH1) and 24 h post mortem (pH 2), in

the longissimus lumborum muscle before carcass slice, with a
penetrating electrode connected to a portable pH-meter (Hanna
instruments HI 99163) after calibration with two buffers (7.01 and
4.01). For cooking loss determination, meat samples of LD muscle
were weighed (initial weight, Wi), held in plastic bags then
immersed in a water-bath at 75 �C and heated for 30 min until the
internal temperature reached 75 �C which was monitored with a
thermocouple. Then the bags were cooled under running tap water
for 30 min and blotted dry with paper towels. The cooked meat was
weighed again (final weight, Wf) and cooking loss (g/kg) was
calculated as 1000 � (Wi� Wf)/Wi.

For meat colour parameters, a Minolta CM-2006d spectropho-
tometer (Konica Minolta Holdings, Inc., Osaka, Japan) was used to
measure colour directly on the muscle surface; the measured area
diameter was 8 mm. Lightness (L*), redness (a*) and yellowness
(b*) parameters were recorded (CIE, 1986). Hue angle (H*) and
chroma (C*) indices were calculated as H* = tan�1 (b*/a*) � 57.29,
expressed in degrees and C* = (a*2 + b*2)1/2. H* is the attribute of a
colour perception denoted by blue, green, yellow, red, purple, etc.;
C* is related to the quantity of pigments; high values represent a
more vivid colour and denote lack of greyness.

The ash content was determined as the residue after combus-
tion at 600 �C for 8 h. Total nitrogen was determined by Kjeldahl
method using Büchi Digestion Automat K-438 and Büchi Distilla-
tion Unit B-324 (Büchi Laboratory Equipment, Flawil, Switzerland).
The CP was calculated as N � 6.25. Intramuscular fat (IMF) was
extracted using an automated Soxhlet apparatus with hexane as
solvent (AOAC, 1999).

2.2.2. Lipid extraction and methylation and fatty acid analyses
Intramuscular fat extraction was carried out according to Bligh

and Dyer (1959) method with the following modifications: 2.5 g of
lyophilized minced samples of muscle were mixed with 5 mL of
chloroform and 10 mL of methanol and vortexed for 2 min. Five
millilitres of chloroform and 10 mL of KCl 0.88% were added,
vortexed for 15 min and centrifuged at 4000 rpm for 10 min at 4 �C.
The lower phase (FA and chloroform) was extracted and deposited
in a glass tube with 10 mL BHT. A rotary evaporator was used to dry
the fat extracts under vacuum and the extracts were dried in a
vacuum oven at 50 �C. The extracted fat was stored at �80 �C in a
glass vial with push-in top until further analyses

Meat FA composition was determined by capillary gas
chromatography of the fatty acid methyl esters (FAMEs). These
FAMEs were prepared by base-catalysed methanolysis of the
glycerides with KOH according to the UNE-EN ISO
5509:2000 methods. FAMEs were separated and determined using
gas chromatography with flame ionization detector (GC-FID
Bruker 436 gas chromatograph) equipped with a capillary column
of biscyanopropyl polysiloxane (100 m � 0.25 mm; 0.20 mm film
thickness; Bruker Nederland B.V., Leiderdorp, the Netherlands) The
carrier gas was helium and the flow rate was 1 mL/min. The
temperature of the inlet and detector was maintained at 250 and
275 �C respectively. The injection volume was 1.0 mL and the split
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ratio was 1:50. The temperature program was as follows: the initial
temperature was held at 140 �C after injection, increased to 170 �C
at 3.0 �C/min (held there for 10 min), increased to 180 �C at 1.0 �C/
min (held for 5 min), then increased at 20.0 �C/min to 210 �C (held
for 24 min) and finally increased by 30 �C/min to 220 �C (held for
15 min). Analysis time was 78.50 min (including equilibration
time). FAMEs identification was based on retention times as
compared with those of the standard FAME mixture.

Lipid quality ratios in relation to human health were calculated
as follows: desirable fatty acids (MUFA + PUFA + 18:0; Huerta-
Leidenz et al., 1991) and Sn–6 PUFA/Sn–3 PUFA (n–6/n–3 PUFA
ratio), PUFA/SFA, atherogenic index (AI: (12:0 + 4 �14:0 + 16:0)/
Sn–6 + Sn–3 + SMUFA; Ulbricht and Southgate, 1991). The
D-9 desaturase activity index for 18:0 was estimated using the
following ratio: 18:1/(18:0 + 18:1) (Malau-Aduli et al., 1998).

2.2.3. Lipid oxidation
Samples of LD were placed on semi rigid trays, wrapped with a

film (Cryovac Europe, Sealed Air S.L., Barcelona, Spain) which has
an oxygen permeability rate of 15 cm3m�2 (24 h at 1 bar and 23 �C)
and stored in darkness at 4 �C for 9 days. Samples from each tray
were randomly taken at Day 1, 3, 6 and 9 to measure lipid oxidation
(TBARS) by the procedure reported by Botsoglou et al. (1994).

2.3. Sensory evaluation

For sensorial analysis, unsalted samples of LD were roasted in
aluminium foil in a pre-heated oven at 180 �C for 30 min. Each
sample was cut into 5 pieces of 1 �1 cm and each piece was coded
and then served in random order for testing by 5 panellists.
Panellists did not have any information regarding the treatments;
each consumer was asked to evaluate 7 samples per day, regardless
of breed and diet, for tenderness (scale 1–10; 1 = extremely tough,
10 = extremely tender), juiciness (scale 1–10; 1 = extremely dry,
10 = extremely juicy), flavour (scale 1–10; 1 = very poor, 10 = very
good), overall preference (scale 1–10; 1 = not acceptable 10 = ex-
tremely acceptable), specific flavour and residual taste. The
sensory evaluation was achieved over 5 days. Bread and water
were provided for panellists to refresh their palates between
samples.

2.4. Statistical analysis

Data of meat chemical composition, sensory evaluation and
fatty acid profile were analyzed using ANOVA with feeding system
(n = 18 for each diet) and breed (n = 12 for each breed) as fixed
effects. Differences between breeds were evaluated by the Tukey’s
test and significance was declared at p < 0.05.

Data of lipid oxidation was analyzed using the MIXED
procedure for repeated measures based on Kenward–Roger’s
adjusted degrees of freedom solution. The included factors were
Table 2
Chemical composition of meat from Barbarine (BB), Queue Fine de l’Ouest (QFO) and N

Breed1 Feeding syste

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

DM (%) 25.72a 25.47a 25.13a 24.48 

OM (%) 95.46a 95.60a 95.14b 95.20 

Ash (%) 4.53b 4.39b 4.85a 4.79 

Proteins (%) 71.78b 70.64b 79.95a 73.89 

Lipids (%) 23.67a 24.56a 18.68b 21.37 

OM: organic matter; DM: dry matter; a,b, means for breed groups within a row that h
1 BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Thibar.
2 Breed = breed effect; FS = feeding system effect.
feeding system (2 levels) and breed (3 levels) as between-subject
fixed effects, time as within-subject effect and animal as subject
(experimental unit) and repetition as blocking factor. The lowest
Akaike Information Criterion (AIC) was used to choose the matrix
of the error structure. Least square means were estimated and
differences were tested with a t-test. Pearson’s correlation
coefficients among TBARS and the other variables were calculated.

3. Results and discussion

3.1. Meat chemical composition

The difference in fat content in meat of lambs raised on
concentrates compared with lambs allowed to graze herbage at
pasture was not significant (22.75 vs. 21.37%). However, it was
shown, in other works, that feedlot lambs had more intramuscular
fat than pasture lambs in relationship with higher energy
expenditure for grazing animals (Aurousseau et al., 2004; Atti
and Mahouachi, 2009; Hajji et al., 2014). The breed affected
(p = 0.01) both intramuscular lipids and protein percentage
content. The NT breed had the highest protein and the lowest
fat percentages (79.95 and 18.68%, respectively). The QFO and the
BB breeds had the fattiest meat and the lowest protein proportions
(Table 2). This result is in accordance with previous works on the
same breeds which characterized NT meat as the leanest and QFO
meat as the fattiest (Hajji et al., 2013, 2014).

3.2. The pH, meat colour and water cooking loss

The initial pH was not affected by the feeding system. The
absence of diet effect on the initial pH suggests that regardless of
diet, the glycogen content resulted in the same acidity in the
muscle, one hour post mortem (Velasco et al., 2004). However, the
initial pH was significantly affected by breed (p = 0.001) and the
lowest value was attributed to the NT breed. This difference in
initial pH can be explained by the fact that the three breeds had
different reactions to the same stress. The lowest pH is attributed
to the most stressed lambs. The ultimate pH tended to be affected
by feeding system (p = 0.09). The ultimate pH of the stall-fed lambs
was lower than that of the pasture fed ones (5.59 vs. 5.66,
respectively). These results confirmed the fact that high-energy
diets protect animals against potentially glycogen-depleting
stressors. This protection results in lower pH (Immonen et al.,
2000; Priolo et al., 2002). The ultimate pH tended to be affected by
the breed (p = 0.07).

Water cooking loss (WCL) was higher for NT than other breeds
and pasture than stall lambs; however, the difference was not
significant (Table 3). For fattier lambs from the three breeds (Hajji,
2015), the mean value of the WCL was lower than the value of the
present study. This observation confirms the fact that higher fat
deposition limits the water cooking loss (Kemp et al., 1976).
oire de Thibar (NT) breeds under two feeding systems (pasture and stall-fed).

m Probability2

Stall-fed
n = 18

SEM Breed FS Breed � FS

26.33 0.29 0.77 0.003 0.50
95.59 0.04 0.001 0.001 0.07
4.41 0.04 0.0001 0.001 0.07

72.84 0.85 0.01 0.68 0.03
22.75 0.85 0.01 0.55 0.03

ave no common letter differ significantly (p < 0.05).



Table 3
Water cooking loss, pH and meat color parameters from Barbarine (BB), Queue Fine de l’Ouest (QFO) and Noire de Thibar (NT) breeds under two feeding systems (pasture and
stall-fed).

Breed1 Feeding system Probability2

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

Stall-fed
n = 18

SEM Breed FS Breed � FS

WCL3 (%) 11.14a 14.62a 17.71a 15.49 13.47 1.36 0.16 0.57 0.78
pH1 6.60a 6.75b 6.20a 6.54 6.50 0.04 0.001 0.60 0.60
pH2 5.62ab 5.68b 5.57a 5.66 5.59 0.01 0.07 0.09 0.78
L 43.29a 41.66a 42.65a 42.79 42.25 0.53 0.47 0.59 0.50
a 14.85a 14.23a 14.96a 14.81 14.55 0.28 0.53 0.64 0.69
b 6.66a 6.27a 6.06a 6.44 6.21 0.29 0.69 0.67 0.71
c 16.31a 15.67a 16.20a 16.26 15.86 0.31 0.67 0.51 0.89
h 23.98a 23.15a 22.39a 44.23 23.24 9.54 0.34 0.29 0.34

pH1: measured 1 h post mortem.
pH2: measured 24 h post mortem.
a,b, means for breed groups within a row that have no common letter differ significantly (p < 0.05).

1 BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Thibar.
2 Breed = breed effect; FS = feeding system effect.
3 WCL = water cooking loss.
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Colour parameters were not influenced by either factor as
already observed on the same breeds (Hajji et al., 2014). It was
shown for Hereford steers that redness and yellowness of
longissimus dorsi muscle were similar for animals fed on pasture
and concentrate (Realinia et al., 2004). However, many authors
have shown that meat of lambs on pasture had higher b* values
than meat of lambs finished on concentrate (Atti et al., 2013;
Bidner et al.,1986; Schroeder et al.,1980). There were no significant
between-breed differences for the colour of muscle. Between-
breed differences of muscle colour depend essentially on the
precocity of the breed during the development stage. Since the
three used breeds were at the same age and same stage of maturity,
no differences in muscle colour were detected. All lambs displayed
average L* values of 40, indicating a light-coloured and acceptable
meat. According to Velasco et al. (2004), meat with a lightness
value equal to or above 34 was acceptable on average and above
44 was acceptable by 95% of consumers.

3.3. Sensory properties

The sensory quality of the meat was affected by neither breed
nor diet. The meat of all breeds and diets had the same tenderness,
juiciness and flavour. Meat was averagely tender and juicy
(Table 4). However, lamb and fat residual tastes were noted by
assessors more often in pasture group than in stall-fed group (65.14
vs. 60.38% and 21.10 vs. 14.15%, respectively), which confirmed
previous results comparing meat flavour for grazing and feedlot
Table 4
Meat sensory evaluation (score) and distribution of different meat taste (%).

Breeda Feeding s

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

Score
Tenderness 6.79 6.45 6.52 6.49 

Juiciness 6.02 6.01 5.81 5.59 

Flavour 6.72 6.51 6.51 6.38 

General impression 6.64 6.38 6.54 6.45 

Taste (%)
Lamb 60.94 60.29 66.27 65.14 

Liver 14.06 5.88 12.05 4.59 

Fat 21.88 20.59 12.05 21.10 

Blood 3.13 13.24 9.64 9.17 

a BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Tibar.
b Breed = breed effect; FS = feeding system effect.
lambs (Hajji et al., 2014). Liver residual taste was more detected in
meat from S lambs than in meat from pasture lambs (16. 98 vs.
4.59), in contradiction with results of Priolo et al. (2002) who find
that liver taste was more abundant in P meat. According to breed,
lamb flavour was detected more often in NT meat. Fatty flavour was
reported more often in BB meat, as was liver flavour and bloody
flavour (Table 4).

3.4. Fatty acid profile

3.4.1. Saturated fatty acids
The SFA (Table 5) was higher for the stall-fed group (50.63 vs.

44.48%, respectively). The main SFAs were C16:0 (19.70–25.76% of
total FA) and C18:0 (19.81–19.84% of total detected FA). This
prevalence is in line with values commonly accepted for
intramuscular FA of thin-tailed (Wood and Enser, 1997; Bas
et al., 2007) and fat-tailed sheep (Atti and Mahouachi, 2009;
Yousefi et al., 2012). Other medium chain fatty acids (C14:0 and
C12:0) accounted for around 2.83% of the total detected FA.

C10:0, C15:0, C16:0 and C22:0 were affected by the diet.
C15:0 was higher for the pasture-fed group, however C10:0 and
C16:0 were higher for the stall fed group (Table 5). It was shown
that the palmitic acid had higher percentage for the stall fed group
of steers (Realinia et al., 2004; Scerra et al., 2007). In the present
study, both C12:0 and C14:0 were not affected by diet (Table 5),
while in other research, comparing the FA profiles of S and P meats,
they were affected by diet (Demirel et al., 2006; Scerra et al., 2007);
ystem Probabilityb

Stall-fed
n = 18

SEM FS Breed Breed � FS

6.68 0.14 0.53 0.60 0.55
5.94 0.11 0.95 0.67 0.76
6.69 0.10 0.61 0.47 0.79
6.58 0.11 0.57 0.64 0.56

60.38 – – – –

16.98 – – – –

14.15 – – – –

8.49 – – – –



Table 5
Effect of breed and feeding system on unsaturated fatty acids (%) of longissimus dorsi of lambs.

Breed1 Feeding system Probability2

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

Stall-fed
n = 18

SEM Breed FS Breed � FS

SFA 48.21a 47.82a 46.95a 44.48 50.63 0.73 0.77 0.0002 0.93
C10:0 0.169a 0.150ab 0.110b 0.101 0.180 0.00 0.02 0.001 0.25
C12:0 0.190a 0.190a 0.152a 0.173 0.180 0.02 0.67 0.88 0.96
C14:0 2.819a 2.723a 2.402a 2.405 2.908 0.16 0.50 0.13 0.70
C15:0 0.470a 0.425a 0.487a 0.524 0.401 0.02 0.54 0.01 0.80
C16:0 24.01a 22.49ab 22.06b 19.70 25.76 0.31 0.04 0.001 0.34
C17:0 1.240a 1.081a 1.189a 1.214 1.125 0.03 0.18 0.19 0.53
C18:0 18.94a 19.46a 21.01a 19.84 19.81 0.49 0.22 0.97 0.54
C20:0 0.135b 0.109b 0.200a 0.167 0.131 0.01 0.005 0.11 0.02
C22:0 0.230a 0.262a 0.201a 0.350 0.110 0.02 0.67 0.001 0.54

Sum of saturated FA (SFA).
a,b, means for the breed groups within a row that have no common letter differ significantly (p < 0.05).

1 BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Thibar.
2 Breed = breed effect; FS = feeding system effect; SFA = saturated fatty acids.
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C12:0 was lower in subcutaneous fat and muscle of P lambs
compared to S lambs. Although SFA are generally considered
unhealthy, some of them have a positive influence, such as lauric
acid, which possesses antibacterial (Hinton and Ingram, 2006;
Nakatsuji et al., 2009) antioxidative and antiviral (Hornung et al.,
1994) properties.

The breed affected the C10:0, the C16:0 and the
C20:0 concentrations (Table 5), which confirms the genotype
effect on FA profile (Yousefi et al., 2012; Turner et al., 2014).
C10:0 and C16:0 were higher for the BB breed and C20:0 for the NT
breed. This difference resulted in a higher amount of SCFA in the BB
breed. C14:0 and C16:0 are not recommended for human
consumption (Nieto and Ros, 2012; Costa et al., 2011) given their
alliance with increasing risk of obesity, hypercholesterolaemia,
some cancers (Wood et al., 2004) and a drop in low-density (LDL)
serum cholesterol (Rowe et al., 1999).

3.4.2. Unsaturated fatty acids
Total MUFA content accounted for about 36% of the total

detected FA. The major MUFA for all breeds was C18:1n–9c, which
counted for 33.80% of total FA and 94.50% of total MUFA. The
Table 6
Unsaturated fatty acids (%) in intramuscular fat of lambs.

Breed1 Feeding

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

P
MUFA 38.39a 36.47a 37.64a 34.75 

C16:1n–7 0.499a 0.491a 0.61a 0.51 

C17:1 0.70a 0.47b 0.57ab 0.62 

C18:1n–9c 34.59a 32.76a 34.20a 30.23 

C18:1n–7 0.880a 0.838a 0.848a 0.86 

P
PUFA 12.4a 11.81a 13.10a 18.06 

C18:2n–6 tt 0.102a 0.023a 0.120a 0.120 

C18:2n–6cc 5.918a 5.429a 6.121a 7.920 

C18:3n–3 1.290a 1.291a 1.424a 2.27 

C18:2c9–t11 (CLA) 0.586a 0.588a 0.501a 0.70 

C20:4n6 2.320a 2.491a 2.755a 3.71 

C20:5n3 (EPA) 0.594a 0.655a 0.683a 1.13 

C22:4n–6 0.126a 0.112a 0.188a 0.194 

C22:5n3 (DPA) 1.071a 1.028a 1.113a 1.71 

C22:6n–3 (DHA) 0.130a 0.194a 0.200a 0.270 

Sum of monounsaturated FA (MUFA).
Sum of polyunsaturated (PUFA).
MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids; UFA = unsatu
a,b, means for the breed groups within a row that have no common letter differ signifi

1 BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Thibar.
2 Breed = breed effect; FS = feeding system effect.
C18:1n–9c was higher for the S group (Table 6). This result is in
concordance with that of Realinia et al. (2004) working on steers
finished either on pasture or concentrate. The breed had no effect
on the proportion of C18:1n–9c. No differences were observed for
18:1n–7t content probably because other isomers co-elute with it
during the chromatographic resolution. The biological properties
of trans-FA of ruminant fat origin are still poorly understood and
often considered as unhealthy lipids. However, recent data suggest
that vaccenic acid intake may convey health benefits, since it is the
precursor of CLA (Costa et al., 2011).

Total PUFA content accounted for 12.51% of the total fatty acids
detected. PUFA content was affected by diet in favour of the P group
(18.06 vs. 6.97). C18:2n–6 and C20:4n–6 were the most abundant
PUFA in intramuscular fat for all groups. All individual PUFAs were
affected by the diet, with higher percentages for meat from
pasture-fed animals. Several studies have shown that ruminants
consuming fresh pasture have higher content of PUFA in their meat
than those receiving a cereal-based concentrate diet (Fisher et al.,
2000; Priolo et al., 2002). C18:2 and the C18:3 were higher in the P
group (p = 0.001) (Table 5). Other studies confirmed that pasture
fat contain higher proportions of unsaturated linolenic acid (C18:3
 system Probability2

Stall-fed
n = 18

SEM Breed FS Breed � FS

40.05 0.52 0.33 0.0001 0.55
0.55 0.02 0.13 0.50 0.55
0.542 0.03 0.03 0.2 0.87

37.22 0.49 0.30 0.001 0.62
0.85 0.03 0.88 0.88 0.75
6.97 0.95 0.84 0.0001 0.62
0.037 0.02 0.18 0.04 0.06
3.820 0.44 0.80 0.001 0.44
0.44 0.07 0.77 0.001 0.61
0.42 0.03 0.44 0.001 0.56
1.41 0.29 0.83 0.001 0.84
0.18 0.07 0.87 0.001 0.93
0.094 0.01 0.16 0.006 0.17
0.46 0.10 0.94 0.001 0.74
0.80 0.01 0.26 0.001 0.59

rated fatty acids; CLA = conjugated linoleic acid.
cantly (p < 0.05).



Table 7
Fatty acid ratios of intramuscular fat of lambs.

Breed1 Feeding system Probability2

BB
n = 12

QFO
n = 12

NT
n = 12

Pasture
n = 18

Stall-fed
n = 18

SEM Breed FS Breed � FS

P
18:1 37.66a 35.44a 36.41a 33.55 38.86 0.52 0.45 0.0001 0.60

P
n–6 8.46a 8.057a 9.18a 11.96 5.37 0.73 0.81 0.0001 0.54

P
n–3 1.49a 2.51a 2.73a 4.26 0.99 0.18 0.83 0.0001 0.70

Total CLA 0.59a 0.59a 0.50a 0.70 0.42 0.03 0.44 0.001 0.56
Desirable fatty acids 69.47ab 67.75b 71.76a 72.66 66.84 0.63 0.04 0.0001 0.40
Atherogenic index 0.56a 0.56a 0.51a 0.45 0.63 0.01 0.28 0.0001 0.69
Desaturase C18 index 0.66a 0.64a 0.63a 0.63 0.66 0.00 0.34 0.01 0.40
n–6/n–3 4.38a 3.80a 4.34a 2.73 5.54 0.19 0.42 0.0001 0.83
PUFA/SFA 0.27a 0.26a 0.28a 0.42 0.14 0.02 0.96 0.0001 0.70

Sum of v-6 FA (n–6).
Sum of v-3 FA (n–3).
Desirable fatty acids: 18:0 + unsaturated fatty acids; CLA = conjugated linoleic acid; desaturase C18 index: 18:1/(18:1 + 18:0); atherogenic index: (C12:0 + 4 � C14:0 + C16:0)/
(Sn–6 + Sn–3 + Smonounsaturated fatty acids).
a,b, means for the breed groups within a row that have no common letter differ significantly (p < 0.05).

1 BB = Barbarine; QFO = Queue fine de l’ouest; NT = Noir de Thibar.
2 Breed = breed effect; FS = feeding system effect.
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n–3) (Wood et al., 2004; Aurousseau et al., 2004; Realinia et al.,
2004; Atti et al., 2006). French et al. (2002) found that grass and
grass silage had a much greater proportion of linolenic acid than
concentrates, although levels of linoleic acid were similar (Sañudo
et al., 2000; Nieto and Ros, 2012).

The long chain PUFA; C20:4n–6, C20:5n–3, C22:4n–6, C22:5n–
3, C22:6n–3 were also affected by the diet in favour of the P group
(Table 5). Realinia et al. (2004) found that pasture-fed cattle
showed greater (p < 0.01) proportions of C20:4, C20:5, and C22:5.
Results from this study suggest that the negative image of lambs
attributed to its highly saturated nature may be overcome by
enhancing the fatty acid profile of intramuscular fat through
pasture feeding. Individual PUFA were not affected by breed.

The n–6 PUFA were higher for S group, while the n–3 PUFA were
higher for P group (Table 7). It was confirmed that grass is a good
source of n–3 PUFA although there can be variation due to maturity
and variety (Nieto and Ros, 2012). The n–6/n–3 ratio was affected
by the diet in favour of the S group (2.73 vs. 5.54). Other studies
have suggested that the n–6/n–3 ratio in phospholipids may be
useful to discriminate grass-fed from grain-fed lambs (Wood et al.,
2004; Aurousseau et al., 2004; Costa et al., 2011). The PUFA/SFA
Fig.1. Effects of breed [BB (Barbarine), QFO (Queue Fine de l’Ouest), NT (Noire de Thibar)]
intramuscular lipid oxidation.
ratio was affected by the diet and it was higher for the P group
(Table 6). According to French et al. (2000), decreasing the
proportion of concentrate in the ration resulted in a linear increase
in PUFA/SFA ratio (p < 0.01) and a linear decrease in the
concentration of SFA (p < 0.001) with the highest concentration
of PUFA for animals having consumed grass only.

The percentage of fatty acids considered desirable for human
health was significantly higher (p = 0.001) in pasture meat (72.66
vs. 66.84%). This difference is mainly due to the higher amount of
PUFA in P meat. This ratio had the highest value for the NT breed
(p = 0.04) (Table 6). This between-breed difference can be
explained by increased PUFA and C18:0 in NT meat even though
the differences for each FA class were not significant. The present
result can suggest that the NT breed considered as a meat breed has
the potential to produce meat with higher levels of desirable FA.

Total conjugated linoleic acid (CLA) was higher (p = 0.0003) for P
group (Table 6), which confirmed other results in meat (Scollan
et al., 2006; French et al., 2000) and milk (Atti et al., 2006).
Ruminant meats are among the richest natural dietary source of
CLA isomers, particularly 18:2c9t11, which is mainly produced in
tissues by D9-desaturation of vaccenic acid and by ruminal
 and feeding system (P (pasture), S (stall-fed) over time [day 0, 3 and 6 of storage]) on



Table 8
P-values for fixed effects of breed, diet, time and their interactions on TBARS (thiobarbituric acid reactive substances) values.

Fixed effects Interactions

Breed Feeding system Time Breed � diet Time � breed Time � diet Time � breed � diet

P
a � 0.05

0.0006 0.02 <0.0001 0.24 0.0001 0.1925 0.3477
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biohydrogenation of dietary PUFA. It is well known that diets
containing high levels of grass/concentrate ratio increase the
deposition of 18:1t11 and CLA in meat (French et al., 2000).
Numerous health benefits have been attributed to CLA in
experimental animal models, including positive effects on
carcinogenesis, atherosclerosis, immune response, diabetes and
body fat mass (Costa et al., 2011).

The breed had no effect on AI and desaturase C18 index.
Feeding systems were found to have a significant effect on AI and
desaturase C18 index; both indices were higher for S than P lambs
(Table 6). In general, AI ranges from 0.5 to 1 in meat fats (Turan
et al., 2007). The results reported in lambs’ intramuscular fat in
this study are in line with these values. The pasture seemed to
reduce AI of meat of the three breeds, which can be considered
favourable from a human health point of view, since the reduced
AI reflected a decrease in undesirable FA (C12:0, C14:0, C16:0).
The S meat had higher desaturase C18 index, suggesting that
concentrate diets promote higher D-9 desaturase activity leading
to more C18:1 production than the green forage diets.

3.5. Lipid oxidation

The evolution of thiobarbituric acid reactive substances
(TBARS) values according to the feeding system and the breed
over the time are reported in Fig. 1. The effects of breed, diet and
time were significant for TBARS (p = 0.001, p = 0.02 and p < 0.001,
respectively, Table 8). The interaction between breed and diet as
well as the interaction between time and diet were not significant
whereas the interaction between time and breed was (p = 0.001),
revealing different rates of development of lipid oxidation between
breeds across the 6 days of storage.

On the first day TBARS values were similar between breeds.
Analysis of variance showed significant differences (p = 0.002)
between QFO breed and both BB and NT breeds from day
3 onwards. After 6 days of storage both BB and NT breeds had
similar TBARS values with the QFO breed having higher lipid
oxidation (1.31 mg MDA/kg). This value exceeded slightly the
threshold accepted value of 1 mg MDA/kg meat (Ripoll et al.,
2011). Intramuscular fat content and fatty acids composition are
key factors to consider when meat oxidative stability is
investigated. In fact, all breeds had the same amount of PUFA
and both QFO and BB breeds had higher intramuscular fat
content in longissimus dorsi muscle; however, the QFO breed had
the highest TBARS values. These results confirms the findings of
Min and Ahn (2005) that differences in the amount of total fat
and polyunsaturated fatty acid (PUFA) had little effect on the
oxidative stability of raw meat, because most lipids are stored in
adipose tissues where the amounts of pro-oxidants are low. In
addition, this result can suppose a difference in reducing
compounds between breeds. These compounds may be higher
in the QFO meat, inducing differences in meat oxidation, as was
demonstrated between animal species by Min (2006). This
hypothesis needs more investigation to be confirmed. The
difference between the diets in TBARS values was detected
from the first day of storage until the third day. The meat of the
S group had the highest lipid oxidation (0.112 vs. 0.048 and
0.623 vs. 0.370 mg MDA/kg meat, at 0 and 3 days of storage,
respectively). This difference in the lipid oxidation between
concentrate and pasture meat can be due to the higher
concentration of vitamin E (Ripoll et al., 2011), phenolic
compounds (Hollman and Katan, 1998; Nieto et al., 2010)
carotenoids, phytic acid and flavonoids (Mercier et al., 2004) in
green forage. Antioxidant properties of herbs, spices, plants and
other food extracts are apparently related to their phenolic
content, suggesting that antioxidant action is similar to that of
synthetic phenolic antioxidant (Lai et al., 1991). The greater
amount of natural antioxidants in the meat of pasture-fed
animals has been reported (Wood et al., 2004), alongside higher
amounts of PUFA in pasture-based diets. Indeed, PUFA in the
phospholipid fraction of cell membranes are substrates in which
lipid oxidation is initiated and then propagated in other muscle
components (Morrissey et al., 1998; Gatellier et al., 2005).
Therefore, increasing the degree of unsaturation of muscle
membranes reduces the oxidative stability of the muscle
(Horwitt, 1986). Feeding systems based on green forages confer
on meat a superior resistance to oxidative deterioration because
of the greater concentrations of antioxidant molecules in green
herbage (Wood and Enser, 1997). The natural antioxidants
limited the effect of the PUFA so that the meat of the pasture
group had higher lipid stability. In the present study, the effect
of these substances receded at 6 days of storage and the meat of
both groups had similar TBARS values. TBARS values had not
exceeded the threshold determined to cause rancid flavour.

4. Conclusion

Feeding lambs with concentrate or pasture led to the same
concentrations of lipids and proteins in meat. However, the pasture
meat had higher percentage of PUFAs than the meat of stall-fed
lambs (18.06 vs. 6.97). The P meat can be considered healthier than
the S meat due to the higher concentration of desirable fatty acids
and lower lipid oxidation. This visible difference in FA composition
of meat between both feeding systems could be used as a tool to
discriminate stall-fed lambs from pasture-fed ones.

The QFO and the BB breeds had higher percentage of
intramuscular fat in their meat; however, the NT breed had the
leanest meat containing higher concentration of desirable FAs and
having the lowest TBARS value. Lipid oxidation was higher for the
QFO breed although it had the fattiest meat and the same PUFA
amount as both NT and BB breeds. These results suggest further
research to study the differences in compounds causing lipid
oxidation between breeds.
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