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Abstract

Effect of outdoor (OUT) or indoor (IND)
rearing systems (RS) of 48 male and female
Sarda suckling lambs on fatty acid (FA) compo-
sition and lipid oxidation of raw and cooked
meat was studied. Ewes grazed daily on natural
pasture for 6 h. During grazing time of ewes,
IND lambs were kept indoors whereas OUT
lambs followed the mother. Slaughter age was
28 days. RS did not affect meat chemical com-
position, pH, cooking loss and FA profile.
Microwave cooking changed markedly the con-
centrations of almost all meat FAs and FA class-
es: short (-28%) and medium chain fatty acids
(-11%), saturated fatty acids (-7.6%), odd-
number carbon and branched-chain FA 
(-11.8%), proportion of long chain fatty acids
(+5.3%) and PUFAn3 (+37.3%) and PUFAn6
(+26.1%) class. Sex influenced significantly
the concentration of the main odd-number car-
bon and branched chain fatty acid. OUT rear-
ing system increased MDA concentration

(P<0.01). RS × cooking interaction affected
PUFA and MDA, which were higher in cooked
samples of OUT than IND lambs. The results
evidenced that the meat composition of suck-
ling lambs is affected by the feeding system of
the mother rather than the management sys-
tem of lambs.

Introduction 

The consumption of meat from suckling
lambs is typical in Mediterranean countries,
where lambs are traditionally slaughtered as
early as possible, so that sheep milk can be
transformed into cheese. In the region

Sardegna, there is the production of the
Sardinian Lamb (Agnello di Sardegna) with
Protected Geographic Indication (PGI) created
in 2001 (CE N° 138/01). These lambs are
raised with their dams and fed almost exclu-
sively maternal milk, being slaughtered at 25-
30 days of age and a body weight of 9-11 kg.

The suckling lamb meat has a considerable
content of fatty acids of nutritional interest
(Nudda et al., 2011). Recently, great attention
has focused on conjugated linoleic acid (CLA),
PUFAn3 and long chain FA, which have several
benefits to human health. Biochemical studies
showed beneficial effects of the cis9, trans11
CLA, against neoplastic and atherosclerotic
processes (Bhattacharya et al.,  2006; Sofi et
al., 2009) as well as a cholesterol lowering
effect (Pintus et al., 2012). Epidemiological
studies evidenced that, among PUFAn3,
C18:3n3 is associated with a reduced risk of
cardiovascular diseases (Roth and Harris,
2010), whereas its elongation products, EPA
and DHA, has beneficial effects on proper
brain and visual development in the fetus, and
maintenance of neural and visual tissues
throughout life (Ruxton et al., 2004).

Maternal feeding systems have influenced
intramuscular fatty acids composition of suck-
ling lambs in Italian (Scerra et al., 2007; Valvo
et al., 2005) and European sheep breeds (Joy et
al., 2012), with an increased content of CLA
c9t11 and PUFAn3, and thus a decreased
PUFAn6/PUFAn3 ratio, in the meat of suckling
lambs from ewes grazing on pasture or fed
dietary linseed, rich in C18:3n3. However,
under the same maternal feeding system, dif-
ferent rearing systems of suckling lambs can
also be applied. Outdoor or indoor rearing sys-
tem may influence behavior and physiological
response of animals. For example, the suckling
lambs that follow their dams on pasture  are
intuitively subjected to a higher physical activ-
ity, spent more time with the mother  and can
start to graze grass compared to suckling
lambs that are raised exclusively indoors.
Therefore, the management system of the ani-
mals can affect muscle lipid content and fatty
acid composition, with important conse-
quences on meat lipid oxidation  both in raw
and cooked meat. Usually, the increase of
PUFA in meat of lambs fed a concentrate-based
diet enhances its susceptibility to oxidation
(Luciano et al., 2013). Differently, the natural
anti-oxidants present in grass  partially coun-
teract the oxidation susceptibility of meat with
high levels of PUFA when lambs are fed a pas-
ture-based diet (Luciano et al., 2012). In addi-
tion, even though most antioxidant defenses
can remain active in fresh meat, some process-
es such as mincing (O’Grady et al., 2000) or

cooking (Alfaia et al., 2010) can reduce meat
oxidative stability. The present study aimed to
investigate if raw or cooked meat from suck-
ling lambs that stay outdoor with their mother
during their grazing time differed in fatty acid
profile and lipid oxidation from that from suck-
ling lambs which stay indoor during the graz-
ing time of their mother. The effects of sex on
FA profile and FA oxidation were also investi-
gated.

Materials and methods

Animals and diets
Forty-eight lambs born from 36 Sarda dairy

sheep were randomly distributed to 4 collective
pens. At birth, all newborn lambs, covered by
the Protected Geographical Indication (PGI)
Agnello di Sardegna, were housed with their
respective mothers for 24 hours and then were
divided into two groups (24 lambs each): one
remaining with their mother all day long and
followed them outdoors during the grazing
time (group OUT) and one was housed indoors
in the pens  (group IND) and therefore their
mothers grazed without their lambs. Both
groups were balanced for males and females
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and for twins. The fresh water was always
available for IND lambs. Ewes grazed daily on
natural pasture for 6 hours (from 9:30 to
15:30), and were supplemented with concen-
trate (500 g/d per head), individually adminis-
tered during the two daily milkings (8:00 and
16:00), and with hay ad libitum, when kept
indoors with their lambs. During the experi-
ment, the available concentrate was complete-
ly eaten by the animals. After evening milking
the ewes were kept with IND lambs until the
morning milking. All lambs were fed by suck-
ling until slaughter at 28 days of age.

Feed samples of the ewes’ diet were collect-
ed at the beginning and at the end of the trial
for subsequent chemical analysis. A represen-
tative pasture sample was collected by clipping
ten squares of 0.25 m2 each, in the selected
areas of the pasture.

Diets were formulated to satisfy sheep ener-
gy and protein requirements using the Small
Ruminant Nutrition Model (Tedeschi et al.,
2010). Pasture intake was estimated to be
equal to 650 g of DM per head, based on animal
energy requirements and diet characteristics,
and the average daily consumption of hay was
about 800 g of DM per head. Protein and fat
content of the diet was 143 g/kg and 18.8 g/kg
of DM, respectively. The estimated nutritive
value of the diet was 2.22 Mcal of metaboliz-
able energy (ME)/kg of DM.

Individual milk yield was measured the two
consecutive days after slaughter as estimation
of the milk produced by the ewes that stay con-
tinuously or not with their lambs. Individual
milk samples were collected and stored at
−20°C for subsequent fatty acid analysis.

Muscles samples collection
At 28 days of age, the lambs were weighed

and then slaughtered. The cold carcass weight
(CCW; i.e. body weight minus blood, skin, vis-
cera, feet, tail) and meat pH were determined
after 24 h of storage at 4°C. The thigh muscles
(Semitendinosus, Semimembranosus and
Femoral biceps) were excised from the right
side of each carcass. After removing the visible
intermuscular fat and connective tissue, the
remaining was split into 2 portions (proximal
and distal) of about 50 g each. Proximal and
distal portions of each lamb were assigned
alternatively to raw or cooked treatment, in
order to ensure a balanced distribution of the
three muscles between treatments. Each por-
tion included the three muscles, because their
separation in lambs slaughtered at 28 days of
age would not have allowed a sufficient
amount of each muscle to perform the cooking
treatment. The raw and cooked samples were
freeze-dried for 72 h (−55°C and 2.0 hPa). The

freeze-dried samples were finely ground and
analyzed for chemical composition and fatty
acid profile.

Cooking method
Microwave cooking was performed using a

polypropylene (PP) pan suitable for microwave
placed inside a Samsung GE82W microwave
oven equipped with a revolving plate. A sample
of 50 g of each animal was cooked at 650 W, for
about 35 s, to reach a final core temperature of
75°C, required to achieve a constant degree of
doneness (medium, according to Matthews
and Garrison, 1975). The meat internal tem-
perature was measured with a common digital
thermometer (Taylor USA, model 9847N, Oak
Brook, IL, USA), inserted in the centre of the
sample, immediately after its removal from the
oven. Samples were cooled down to room tem-
perature, dried with filter paper and weighed.
Cooking loss was expressed as a percentage of
the pre-cooking weight. Samples were then
split into two pieces (~25 g): one was used for
chemical analysis, whereas the other was used
for evaluating the lipid oxidation.

Laboratory analyses

Feed analysis 
The DM content of the feed used in the ewes

diet was determined by oven-drying at 105°C
for 24 h. Dried feed samples were analyzed for
NDF, ADF and ADL with the procedure of Van
Soest et al. (1991) by using the filter bag
equipment of Ankom (Ankom Technology
Corp., Fairport, NY, USA), for ash (AOAC, 2000;
method 942.05), for CP (AOAC, 2000; method
988.05) and for lipid extract (Folch et al.,
1957). Feed chemical composition was
expressed as percentage of DM.

Chemical composition and energy value of
raw and cooked samples

The raw and cooked meat samples were ana-
lyzed for moisture, total protein, ash and lipid.

Crude protein content (N × 6.25) was deter-
mined by the Kjeldahl method (AOAC, 1997;
method 928.08). Moisture content was deter-
mined on about 50 g of samples after 72 h of
freeze-drying. Total ash content was deter-
mined at 550°C for 24 h according to method
920.153 of AOAC (1997). The energy value
(kcal) was calculated by multiplying the
amount of protein and fat by the general con-
version factors of 4 and 9, respectively
(European Commission, 1990). 

Fatty acid analysis 
Fatty acids composition of fat from feed,

milk and muscle samples was determined by
gas chromatography (GC Turbo 3400 CX,
Varian Inc., Palo Alto, CA, USA). Fat was
extracted from milk using the method
described by Nudda et al. (2006) and from
meat using the method described by Nudda et
al. (2011). The meat samples were lyophilized
and finely ground before fat extraction. About
20 mg of extracted lipids 0.5 mg were added
with nonadecanoic acid (C19:0) methyl ester
(Sigma-Aldrich, St. Louis, MO, USA) as inter-
nal standard. The mixture was esterified for 15
min at room temperature by cool base-cat-
alyzed methylation using 0.5 M methanolic
solution of sodium methoxide (Sigma-Aldrich)
according to the standard procedure of the
International Dairy Federation (1999).

The fatty acid methyl esters (FAME) of feed,
milk and meat lipids were separated in a capil-
lary column (CP-select CB for FAME; 100 m ×
0.32 mm i.d., 0.25-�m film thickness; Varian
Inc.). The injector and FID temperatures were
255°C. The programmed temperature was
75°C for 1 min. It was then raised to 165°C at
a rate of 8°C/min, maintained at 165°C for 35
min, increased to 210°C at a rate of 5.5°C/min,
and finally increased to 240°C at a rate of
15°C/min. The split ratio was 1:100 with He at
a pressure of 37 psi as the carrier gas.
Individual FAME were identified by comparing
them to known standards of FAME and pub-
lished isomeric profiles as detailed in Nudda et
al. (2011). 

The concentration of PUFA and of monoun-
saturated fatty acids (MUFA), saturated fatty
acids (SFA) and odd-branched chain fatty acids
(OBCFA) were calculated. The following nutri-
tional indices were calculated: PUFA/SA, n6/n3,
atherogenic index (AI), thrombogenic index
(TI) and hypocholesterolemic/hypercholes-
terolemic ratio (h/H). The AI and TI were cal-
culated according to Ulbricht and Southgate
(1991) as follows: AI = [C12:0 + (4 × C14:0) +

C16:0]/[(ΣPUFA) + (ΣMUFA)], and TI =

[C14:0 + C16:0] / [(0.5 × ΣMUFA) + (0.5 ×
n6) + (3 × n3) + (n3/n6)], without the inclu-
sion of C18:0, which is considered to be neu-
tral on serum cholesterol. The h/H was calcu-
lated according to Fernández et al. (2007) as
follows: h/H = [(sum of C18:1c9, C18:1c11,
C18:2n6, C18:3n6, C18:3n3, C20:3n6,C20:4n6,
C20:5n3, C22:4n6, C22:5n3 and C22:6n3)/(sum
of C14:0 and C16:0)].

Fatty acids were expressed as a proportion
of total FAME (% of total FAME) or in gravimet-
ric concentration (mg/100 g of edible portion). 
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Fatty acids oxidation of raw and cooked
samples

Fatty acids oxidation was assessed in raw
and cooked chopped meat samples by determi-
nation of secondary products of fatty acids oxi-
dation as 2-thiobarbituric acid reactive sub-
stances (TBARS), using a modification of the
aqueous acid-extraction method described by
Raharjo et al. (1992). Briefly, 10 g of sample
were added with butylated hydroxytoluene, at a
level of 0.15% based on lipid content. The sam-
ple was then homogenized by using a solution
of trichloroacetic acid (TCA; 40 mL, 5% w/v),
centrifuged at 5000 g � 45 min at 5°C, filtered
and  volume with TCA (5% aqueous). Two mL
of the filtrate were mixed with 2-thiobarbituric
acid (TBA, 40 mM), heated at 93°C for 20 min
to develop a rose-pink colour. The absorbance
was measured at 525 nm, using a spectropho-
tometer, against a blank containing TCA (2 mL,
5% w/v) and TBA (2 mL 40 mM). The TBARS
values were calculated using an external stan-
dard technique from a standard curve (0.2-20

�M) of 1,1,3,3-tetraethoxypropane (TEP) and
expressed as mg of MDA per kg of muscle. The
final conversion of TEP concentration to MDA
concentration was done using the formula of
Pikul et al. (1989): 

TBARS (mg MDA/Kg meat) = ((A x m × 72.063 ×
10–6)/E) × 1000

where
A, absorbance of the sample; 
m, slope of the calibration curve; 
72.063, molecular weight of malondialdehyde; 
E, sample weight equivalent. 
Two replicates were run per sample.

Statistical analysis
The meat pH and cooking loss were analyzed

by ANOVA using lamb rearing system and sex
as main effects and their interaction. The dif-
ferences in milk fatty acid profile were tested
by one-way ANOVA, with the rearing system as
fixed effect. 

Data of meat fatty acids and chemical com-
ponents were analyzed with the following
repeated measures linear mixed model:

Yijk = �µ+ RSi + Cj + Sk + (RS x C)ij + (RS

x S)ik + (S x C)jk + Al (j) + εijk
where 
Yijk, observation of FA, fat, protein and ash; 

µ, overall mean; 
RSi, fixed effect of lamb rearing system (i, out-
doors and indoors); 
Cj, fixed effect of cooking (j, raw and cooked); 
Sk, fixed effect of sex; 
RS x C, RS x S and S x C, first-order interac-
tions; 

Al, random effect of animal l nested within
cooking treatment; 

εijk, residual error. 
Statistical analysis was performed using

SAS version 9.2 (SAS Inst. Inc., Cary, USA),
with differences being declared significant for
P≤0.05 and tendencies for P≤0.10.

Results and discussion

The chemical composition and the fatty acid
profile of the ewe’s dietary ingredients are
reported in Table 1. The pasture was character-
ized by grass at the vegetative phase as evi-
denced by its high protein and low fiber con-
tents and by the high proportion of C18:3 n3 in
the lipid extract. The milk yield of ewes that
grazed alone or with their lambs was similar
(1296 vs 1277±52.9 g/d; P=0.80) both at the
morning (822 vs 807±33.3 g/d; P=0.76) and
evening milking (474 vs 470±23.9 g/d;
P=0.90).

The body weight (mean ±SD) at slaughter-
ing was 9.64±1.97 kg for OUT lambs and
9.47±1.65 kg for IND lambs (P>0.10), whereas
the CCW was 4.33±0.98 kg for OUT lambs and
4.37±0.83 kg for IND lambs (P>0.10).

Composition and nutritive value of
lamb meat

The chemical characteristics of raw and
cooked meat samples for both genders and the

two rearing systems evaluated are reported in
Table 2. The chemical composition and energy
value of the raw meat  were within the range
values reported for lamb rib loin or other
generic cuts of lean lamb meat in food compo-
sition databases or surveys carried out in dif-
ferent EU countries (Berge et al., 2003; INRAN,
2000) and non-EU countries (USDA, 2013;
Hoke et al., 1999; Williams, 2007). Based on
this information, the meat samples from Sarda
lambs analyzed in the present study can be
classified as extra-lean meat as defined by FDA
(1999), with less than 5 g of fat and 2 g of sat-
urated fatty acid in 100 g of meat.

The rearing system did not affect the meat
chemical composition (Table 2), pH (5.7 on
average, data not shown) and cooking loss
(26.6 and 27.3 in IND and OUT samples), in
accordance with other experiments where the
type of lamb diet have not influenced meat
cooking loss (Vincenti et al., 2004; Osorio et
al., 2008) or pH (Lanza et al., 2006; Napolitano
et al., 2006). The cooking loss observed in our
trial was similar to that observed for
microwaved lamb rib-loins by Maranesi et al.
(2005). As expected, the cooking process
reduced the meat moisture, with a consequent
increase in fat and protein concentration thus
determining an increase in energy value. On
the basis of our data, the consumption of 100 g
of cooked leg muscles from this lamb would
provide approximately 5% of the daily energy of
2500 Kcal, 40% of the protein and about 4% of
the fat, respectively, recommended as daily
allowance for an adult involved in moderate

                                                                   Rearing system and fat quality of lamb meat

Table 1. Chemical composition and fatty acid profile of concentrate, hay and pasture of
the diet of the ewes.

                                                                             Concentrate°                       Hay                                   Pasture

Dry matter, g/kg                                                         872                                910                                        223
Chemical composition, g/kg DM                                                                                                                   
    Crude protein                                                       170                                 95                                         183
    Neutral detergent fibre                                      415                                610                                        425
    Acid detergent fibre                                            207                                500                                        252
    Acid detergent lignin                                            53                                   50                                          30
    Ash                                                                            98                                   79                                         104
    Lipid extract                                                           24                                   19                                          15
Fatty acid, mg/100 mg total FA                                                                                                                       
    C14:0                                                                        1.20                               0.39                                       0.46
    C16:0                                                                       31.7                              18.83                                     12.82
    C18:0                                                                       27.3                               2.37                                       0.89
    C18:1 c9                                                                   10.6                               16.5                                       1.35
    C18:2 n6                                                                  22.6                              40.55                                     10.79
    C18:3 n3                                                                  2.00                              19.24                                     69.12

°Commercial concentrate with the following ingredients: wheat bran, soybean hulls (from genetically modified soybean), alfalfa
meal, wheat distilled dried grains, wheat bran, sunflower extraction meal, maize germ cake, dried sugar beet pulp, hydrogenated veg-
etable fatty acid,  corn gluten meal, molasses sugar beet, calcium carbonate from limestone rocks, soybean cake, maize. Vitamin sup-
plement: A, 15,000 U/kg; D3 2923, U/kg; E, 30 mg/kg; B12, 0.06 mg/kg; minerals supplement: Fe (FeSO4), 35 mg/kg; iodine (Ca(IO3)2), 1.1
mg/kg; MnO, 70 mg/kg; Se (Na2SeO3), 0.51 mg/kg; ZnO, 70 mg/kg; Mo (Na2MoO4), 1.0 mg/kg.
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activity (Società Italiana di Nutrizione Umana,
2012). Ash content differed between genders.
Gender did not influence the chemical compo-
sition, values of pH and cooking loss of the
lamb meat.

Fatty acid composition of milk and
lamb meat

The fatty acid composition of ewes milk is
reported in Table 3. No differences were
observed for any fatty acid for milk suckled by
IND and OUT lambs, because there were no
differences in the feeding system of the moth-
er. The majority of fatty acids of milk were
C18:1 c9, C16:0 and C18:0, and the fatty acid
composition is in line with those of animals
grazing on lush pasture as evidenced by the
values of vaccenic acid (VA), CLA c9t11 and
C18:3n3 (Nudda et al., 2005; Biondi et al.,
2008).

The fatty acid profile of lamb meat is report-
ed in Table 4. The fatty acid patterns of lamb
muscle were similar to those of the milk from
the suckled ewes, being C18:1 c9, C16:0 and
C18:0 the main fatty acids found in lambs as
well. 

Effect of sex
There were differences between males and

females (Table 4) for C12:0, for several odd-
number carbon, such as C13:0, C15:0, C17:1 c8
and C17:1 c9, and for the branched-chain fatty
acids iso C15:0, anteiso C15:0 and iso C17:0. A

significant RS × sex interaction was observed
for iso C17:0, anteiso C17:0, C17:0, C17:1 c9,
and C18:2 c9t12. In particular, females had a
higher proportion of anteiso C17:0 than males
in the IND system, whereas males had higher
value of this FA in the OUT system. On the
other hand, the differences between males and
females were evident only in the IND system
for C17:0 and only in the OUT system for iso
C17:0. 

Effect of rearing system
The RS did not have a relevant effect on

meat individual fatty acids (Table 4) and FA
classes (Table 5). In fact, only some minor fatty
acids (C16:1 t8, C18:1 t4, C18:1 t6-8, C18:1 c10,
C18:1 c12, C18:2 t9t12, C18:2 t8c13, C18:1 c15,
C22:0, C22:1), and some minor isomers of CLA
(t10c12, t11c13, c9c11) were influenced  by
rearing system. The C18:0 proportion was not
influenced by rearing system. In general, the
lack of differences in the fatty acid profile of
meat between IND and OUT lambs could be
mainly explained by the absence of differences
in the feeding system of all mothers, which
lead to a similar composition of the milk suck-
led by the two groups of lambs. In addition, the
lack of differences between IND and OUT
lambs could also be partly related to the early
age of slaughter. In this trial,  a visual inspec-
tion of the colour of the abomasums content
evidenced grass intake by OUT lambs.
However, grass ingestion usually starts in the
last week before weaning; therefore, the time
was likely not long enough to affect rumen
function. This is supported by the absence of
differences in the meat concentration of odd
chain fatty acid (OCFA) between IND and OUT
lambs. Indeed, since these fatty acids are use-
ful indicators of an incipient rumen activity,
the observed results suggest that rumen activ-
ity did not start in OUT and IND lambs during
the trial.

In both rearing systems, the VA (C18:1 t11)
in meat represented 64% of the total C18:1 cis
FA. The value of CLA c9t11 is in line with those
ones  reported in other studies on suckling
lambs (Serra et al., 2009) and no suckling
lambs (Jeronimo et al., 2009). The proportion
of PUFAn3, including long chain PUFA (LC-
PUFA, C > 20), was not affected by the rearing
systems of lambs. However, it is noteworthy to
highlight that the DHA value found in the stud-
ied lambs is higher than that found in meat

from lambs fed concentrate (Terre et al., 2011)
and from heavier animals fed a grass-based
diet (Demirel et al., 2008). This could be
explained by differences in anatomical depot
location (Juárez et al., 2008), weight of slaugh-
ter (Serra et al., 2009) and
phospholipids/triglycerides ratio between the
samples analyzed in our trial and those from
other studies. Since LC-PUFA are incorporated
preferentially into membrane phospholipids
rather than in the triglycerides fraction
(Jerónimo et al., 2009), the high content of LC-
PUFA in the meat of young animals compared
to fatter or heavier animals could be related to
a high proportion of the phospholipids fraction
in relation to the triglycerides fraction. This is
confirmed by previous observations in which
the content of LC-PUFAn3 was very low in adult
Sarda sheep (Nudda et al., 2007).

Cooking effect
As expected, the cooking process changed

markedly the concentrations of almost all FA
and FA classes of meat samples (Tables 4 and
5). Cooking decreased significantly the
amounts of short (-28%) and medium chain
fatty acids (-11%), saturated fatty acids (-
7.6%), and odd-number carbon and branched-
chain (with iso- or anteiso structure) fatty
acids (-11.8%). Cooked meat had, instead, a
greater proportion of long chain fatty acids
(LCFA; +5.3%) and polyunsaturated fatty acids
of the omega3 (PUFAn3; +37.3%) and omega6
(PUFAn6; +26.1%) families. The lower SFA and
medium chain fatty acid concentrations
observed in the cooked meat are explained by
the decrease of C12:0, C14:0 and C16:0. This
represents an improvement in the FA profile of
meat considering that these fatty acids have
potential cholesterol-raising activities (Kris-
Etherton and Yu, 1997). Among the C18 FA
family, the proportions of C18:0 and C18:1 c9
were not influenced by cooking, whereas the

                                                                                                                     Nudda et al.

Table 2. Chemical composition and energy value of raw and cooked leg muscle (semitendinosus, semimembranosus and femoral biceps)
from female and male Sarda suckling lambs from different rearing systems. 

                                                        Rearing systems                                    Sex                    Cooking                                                                                   P 

                                                  Indoor                 Outdoor          Female                     Male                 Raw                 Cooked                     SEM                       RS       Sex      Cook

Moisture, %                             71.46                      71.75               71.24                       71.96                74.33                   68.90                       0.368                       ns         ns          **
Protein, %                                22.94                      22.74               23.05                       22.69                20.45                   25.23                       0.196                       ns         ns          **
Lipids, %                                   2.50                        2.78                  2.69                         2.59                   2.12                     3.10                        0.155                       ns         ns          **
Ash, %                                        1.22                        1.23                  1.19                         1.25                   1.22                     1.24                        0.014                       ns          *           ns
Energy value, kcal/100 g        114.0                      115.8               115.5                       114.4                101.4                   128.4                       1.404                       ns         ns          **

RS, rearing system. **P≤0.01; *P≤0.05; ns, not significant.
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proportions of CLA c9t11, VA and other trans
isomers were reduced in cooked meat. The
decrease in CLA c9t11 and VA by cooking was
expected, because their concentration is gen-
erally higher in fat tissues than in lean mus-
cles (Jiang et al., 2010).

The increase of PUFA content in cooked
meat is related partly to the increase of
C18:3n3 (+25.4%) and mainly to the increase
in concentration of very long chain PUFA,
especially EPA and DHA (+51.0%). This is
probably because PUFA are incorporated in the
membrane structure to a greater extent than
SFA, which are more concentrated in the
triglycerides fraction. Thus, the proportional
change in fatty acid composition may be
explained by the fat loss during cooking, which
regards mainly triglycerides of adipose tissue
with relatively more SFA than unsaturated
fatty acids. In the present study, the MUFA was
not influenced by cooking, in accordance to
previous observations in cooked lamb rib loin
(Maranesi et al., 2005).

The nutritional value of intramus-
cular fat

The nutritional indexes of meat quality
PUFA/SFA and n6/n3 ratios were increased
during the cooking process. In general, a
ratio of PUFA to SFA above 0.45 and a ratio of
n6/n3 below 4.0 are required in the diet
(Simopoulos, 2002; 2008). The values of such
indexes observed in the present trial are
below the reference level and in line with
previous observations in suckling lamb meat
(Serra et al., 2009; Oriani et al., 2005). 

Table 6 summarizes the content (mg/100 g
of meat) of the FA groups and the most nutri-
tionally important fatty acid. As expected,
cooking caused significant increases in the
contents of almost all fatty acids reported.
Regarding the PUFAn3, the EFSA (2010) has
proposed an intake of 250 mg/day of
EPA+DHA for primary prevention of cardio-
vascular diseases in healthy subjects. In this
experiment, 100 g of our cooked lamb meat
provide about 38 mg of EPA+DHA, which rep-
resent 15% of the recommended daily intake
for adults.  Scientific experts in the area of
infant nutrition  (Institute of Medicine,
2002) reported that the adequate intake of
total PUFAn3 is 0.5 g/d in 6-12 month-old
children. Considering that 100 g of a cooked
lamb meat contain about 80 mg of PUFAn3
(Table 6), it can be estimated that this por-
tion can satisfy 16% of the recommended
daily allowance for PUFAn3 in infants. This is
interesting, if we consider that lamb meat is
the first meat usually recommended at wean-
ing by Italian pediatricians, because of its

presumed lower allergenicity compared with
other types of meat (Cardi et al., 1998a;
1998b; Martino et al., 1998).

Regarding the CLA, no reference values
have been established yet. However, it is
believed that about 1.33 g/d of CLA from dairy
origin, with 90% of the c9t11 isomer, can help
to prevent cancer in humans (Baer et al.,
2001). The cooked lamb meat samples had
about 30 mg/100 g of cooked meat. Assuming
a 20% conversion rate in the human body of
VA to CLA (Turpeinen et al., 2002), the meas-
ured VA would provide 10 mg of CLA. By
adding the CLA and the VA converted into
CLA, the lamb meat would provide about 40
mg of CLA/100 g of cooked meat. Therefore,
100 g of this lamb meat would provide only
3.0% of the daily recommended dose of CLA
c9t11, which might be considered too low for
a potentially beneficial effect on humans.
However, this source should not be neglect-
ed, because ruminant  products are one of
the main natural sources of CLA c9t11 in
human diet.

Lipid oxidation
The fatty acids oxidation (Table 5),

expressed as mg MDA/kg muscle, was higher
for OUT than IND lambs, for female than male
lambs, and for cooked than raw meat (P<0.01).
Furthermore, significant interactions RS � sex
(P<0.05) and RS � cooking (P<0.01) were
observed.

The higher MDA value in OUT than in IND
lambs was unexpected, because the FA profile,
including PUFA and highly peroxidable PUFA
(HP-PUFA), did not differ between these two
groups. Therefore, it can be hypothesized that
the higher MDA levels in meat from OUT
lambs was due to a presumably higher physical
activity, which could have increased the fat
oxidation. The significant interaction RS � sex
was due to higher MDA content in females
than males in the OUT system likely related to
the FA composition of the meat, because
females showed a numerically higher concen-
tration of highly-oxidable PUFA in the OUT
system than in IND system (data not showed).
The interaction RS � cooking evidenced that

Table 3. Fatty acid profile of sheep milk suckled by Sarda lambs from different rearing
systems.

                                                                                             Rearing system                                                           P 

                                                                       Indoors                                          Outdoors                                    

Fatty acid, g/100g of FAME                                                                                        
    <C14:0                                                        15.93                                                 16.58                                      ns
    C14:0 Myristic                                            9.35                                                   9.14                                       ns
    C16:0 Palmitic                                           21.99                                                 21.16                                      ns
    C18:0 Stearic                                             10.55                                                 10.32                                      ns
    C18:1 c9 Oleic                                           21.18                                                 23.03                                      ns
    C18:1 t11 Vaccenic                                    5.55                                                   4.39                                       ns
    CLA c9t11 Rumenic                                   1.50                                                   1.50                                       ns
    C18:2n6 Linoleic                                        2.77                                                   3.02                                       ns
    C18:3n3 α-linolenic                                  0.95                                                   0.93                                       ns
    C20:4n6 Arachidonic                                 0.14                                                   0.19                                       ns
    C22:1n9                                                        0.00                                                   0.00                                       ns
    C20:5n3 (EPA)                                            0.06                                                   0.05                                       ns
    C24:1c15 Nervonic                                    0.00                                                   0.00                                       ns
    C22:5n3 (DPA)                                           0.12                                                   0.15                                       ns
    C22:6n3 (DHA)                                           0.04                                                   0.04                                       ns
Sums and ratios                                                                                                          
    SFA                                                              61.96                                                 61.07                                      ns
    MUFA                                                          31.11                                                 32.04                                      ns
    PUFA                                                            6.92                                                   6.89                                       ns
    BCFA                                                            2.30                                                   2.19                                       ns
    PUFAn3                                                        1.23                                                   1.21                                       ns
    PUFAn6                                                        3.09                                                   3.42                                       ns
    PUFA/SFA                                                    0.11                                                   0.11                                       ns
    n6/n3                                                            2.51                                                   2.81                                       ns

FAME, fatty acid methyl esters; SFA, saturated fatty acids; MUFA, monounsatured fatty acids; PUFA, polyunsatured fatty acids; BCFA,
branched fatty acids; ns, not significant.
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Table 4. Fatty acid profile (g/100 g of FAME) of raw and cooked leg muscle (semitendinosus, semimembranosus and femoral biceps)
from female and male Sarda suckling lambs from different rearing systems.

                                            Rearing system                              Sex                                   Cooking                                                                                  P

                                      Indoor           Outdoor           Female            Male                Raw              Cooked             SEM               RS             Sex           C         RS x Sex     RS x C

C12:0                               0.48                   0.54                  0.45                0.57                 0.59                  0.43                 0.028               ns              **           **             ns              ns
C13:0                               0.02                   0.02                  0.02                0.03                 0.03                  0.02                 0.001               ns              **           **             ns              ns
C14:0 iso                        0.03                   0.03                  0.03                0.03                 0.04                  0.03                 0.002               ns              ns           ns             ns              ns
C14:0                               4.88                   4.75                  4.61                5.02                 5.45                  4.18                 0.178               ns              ns           **             ns              ns
C14:1c9                          0.15                   0.14                  0.15                0.14                 0.16                  0.13                 0.008               ns              ns           **             ns              ns
C15:0 iso                        0.09                   0.09                  0.09                0.10                 0.11                  0.08                 0.004               ns             ***          **             ns              ns
C15:0 anteiso                0.16                   0.16                  0.15                0.17                 0.18                  0.14                 0.006               ns               *            **             ns              ns
C15:0                               0.47                   0.46                  0.43                0.50                 0.51                  0.42                 0.016               ns              **           **             ns              ns
C16:0 iso                        0.17                   0.16                  0.16                0.17                 0.18                  0.15                 0.004               ns              ns           **             ns              ns
C16:0                              20.33                19.75                19.88              20.21               20.87               19.22               0.289               ns              ns           **             ns              ns
C16:1 t6-7                      0.02                   0.02                  0.02                0.02                 0.02                  0.02                 0.001               ns              ns          ***            ns              ns
C16:1 t8                          0.04                   0.02                  0.03                0.04                 0.03                  0.03                 0.006                *               ns           ns             ns              ns
C16:1 t9                          0.16                   0.15                  0.14                0.16                 0.14                  0.16                 0.004               ns               *             *               ns              ns
C16:1 t10                        0.01                   0.01                  0.01                0.01                 0.01                  0.01                 0.001               ns              ns           ns             ns              ns
C16:1 c7                         0.45                   0.46                  0.45                0.47                 0.46                  0.45                 0.013               ns              ns           ns             ns              ns
C16:1 c9                         1.42                   1.35                  1.43                1.35                 1.48                  1.30                 0.046               ns              ns           **             ns              ns
C16:1 c10                       0.04                   0.04                  0.04                0.04                 0.04                  0.04                 0.003               ns              ns           ns             ns              ns
C17:0 iso                        0.45                   0.46                  0.44                0.47                 0.47                  0.45                 0.009               ns               *            ns              *               ns
C17:0 anteiso                0.50                   0.48                  0.49                0.49                 0.51                  0.47                 0.012               ns              ns            *              **              ns
C17:0                               0.88                   0.90                  0.91                0.87                 0.94                  0.85                 0.022               ns              ns           **              *               ns
C16:2 n-4                        0.03                   0.00                  0.00                0.03                 0.00                  0.03                 0.016               ns              ns           ns             ns              ns
C17:1 c8                         0.11                   0.10                  0.10                0.11                 0.10                  0.11                 0.003               ns               *             *               ns              ns
C17:1 c9                         0.49                   0.47                  0.51                0.46                 0.49                  0.48                 0.011               ns              **           ns              *                 *
C18:0                              12.72                13.32                13.08              12.96               12.92               13.12               0.233               ns              ns           ns             ns              ns
C18:1 t4                          0.06                   0.08                  0.07                0.07                 0.07                  0.07                 0.004               **              ns           ns             ns              ns
C18:1 t6-8                      0.16                   0.19                  0.17                0.18                 0.19                  0.16                 0.008                *               ns           **            ***             ns
C18:1 t9                          0.23                   0.26                  0.25                0.24                 0.26                  0.23                 0.014               ns              ns          ***            ns               n
C18:1 t10                        0.88                   0.60                  0.65                0.82                 0.78                  0.69                 0.138               ns              ns           ns             ns              ns
C18:1 t11                        2.16                   2.19                  2.12                2.22                 2.26                  2.09                 0.055               ns              ns            *               ns              ns
C18:1 c9                        33.44                33.99                34.30              33.12               33.66               33.76               0.511               ns              ns           ns             ns              ns
C18:1 c10                       0.75                   0.47                  0.67               0. 56                 0.62                  0.61                 0.060                *               ns           ns             ns              ns
C18:1 c11                       1.10                   1.13                  1.10                1.12                 1.03                  1.20                 0.024               ns              ns           **             ns              ns
C18:1 c12                       0.30                   0.35                  0.33                0.32                 0.30                  0.36                 0.010                *               ns           **             ns              ns
C18:1 c13                       0.11                   0.12                  0.11                0.12                 0.11                  0.12                 0.007               ns              ns           ns             ns              ns
C18:1 c14                       0.21                   0.23                  0.22                0.22                 0.24                  0.20                 0.010               ns              ns           **             ns              ns
C18:2 t9t12                    1.05                   1.15                  1.11                1.09                 1.10                  1.10                 0.025               **              ns           ns             ns              ns
C18:1 c15                       0.14                   0.16                  0.16                0.15                 0.16                  0.15                 0.007                *               ns           ns             ns              ns
C18:2 t8c13                    0.34                   0.38                  0.36                0.36                 0.37                  0.35                 0.012                *               ns           ns             ns              ns
C18:2 c9t12                    0.12                   0.12                  0.13                0.11                 0.11                  0.13                 0.008               ns              ns          ***             *               ns
C18:2 t9c12                    0.07                   0.07                  0.07                0.07                 0.08                  0.07                 0.006               ns              ns           ns             ns              ns
C18:2 n6                         5.77                   5.75                  5.78                5.75                 5.09                  6.44                 0.296               ns              ns           **             ns              ns
C18:3 n6                         0.05                   0.05                  0.05                0.05                 0.04                  0.05                 0.003               ns              ns           **             ns              ns
C18:3 n3                         1.34                   1.31                  1.33                1.32                 1.18                  1.48                 0.048               ns              ns           **             ns              ns
CLA c9t11                      1.44                   1.43                  1.40                1.47                 1.48                  1.40                 0.040               ns              ns           **             ns              ns
C18:4 n3                         0.04                   0.03                  0.03                0.04                 0.03                  0.04                 0.003               ns              ns           ns             ns              ns
CLA t9c11 + C20          0.11                   0.11                  0.11                0.11                 0.11                  0.11                 0.004               ns              ns           ns             ns              ns
CLA t10c12                    0.04                   0.03                  0.03                0.04                 0.04                  0.03                 0.001                *                *            ns             ns              ns
CLA t11c13                    0.11                   0.09                  0.10                0.10                 0.10                  0.10                 0.004               **              ns           ns             ns              ns
CLA c9c11                      0.07                   0.05                  0.06                0.06                 0.06                  0.06                 0.002               **              ns           ns             ns              ns
CLA t9t11 + C20:1        0.14                   0.14                  0.14                0.14                 0.13                  0.15                 0.004               ns              ns            *               ns              ns
C20:2 n6                         0.06                   0.05                  0.05                0.06                 0.05                  0.06                 0.004               ns              ns           **             ns              ns
C20:3 n-9                        0.56                   0.55                  0.55                0.56                 0.46                  0.65                 0.004               ns              ns           **             ns              ns
C20:3 n6                         0.21                   0.21                  0.22                0.21                 0.18                  0.25                  0.01                ns              ns           **             ns              ns
C20:4 n6                         1.86                   1.89                  1.85                1.90                 1.55                  2.20                 0.149               ns              ns           **             ns              ns
C20:3 n3                         0.03                   0.03                  0.03                0.03                 0.03                  0.04                 0.002               ns              ns           **             ns              ns
C22:0                               0.02                   0.03                  0.02                0.03                 0.02                  0.03                 0.001                *               ns           **             ns              ns
C20:4 n3                         0.04                   0.03                  0.04                0.03                 0.03                  0.04                 0.002               ns              ns           **             ns              ns
C22:1                              0.02                   0.00                  0.00                0.00                 0.00                  0.01                 0.001               **              ns           **             ns               *
C20:5 n3 (EPA)             0.78                   0.75                  0.78                0.75                 0.61                  0.92                 0.058               ns              ns           **             ns             ***
C22:4 n6                         0.11                   0.10                  0.10                0.12                 0.09                  0.13                 0.007               ns              ns           **            ***             ns
C24:0                               0.04                   0.04                  0.03                0.04                 0.03                  0.04                 0.004               ns               *            **            ***             ns
C22:5 n3 (DPA)            1.06                   1.01                  1.01                1.06                 0.87                  1.20                 0.068               ns              ns           **             ns               *
C22:6 n3 (DHA)            0.65                   0.64                  0.61                0.68                 0.51                  0.77                 0.037               ns              ns           **             ns               *

FAME, fatty acid methyl esters; C, cooking; RS, rearing system. **P≤0.01; *P≤0.05; ***P≤0.10; ns, not significant.
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the TBAR  increased with cooking but in high-
er proportion in OUT than in IND meat sam-
ples. However,  the amounts of TBARS formed
with the microwave cooking were below the
critical value of 3 mg/kg at which rancidity is
virtually detected (Wong et al., 1995). 

Conclusions

This study has shown that the indoor and
outdoor rearing systems did not change the
meat fatty acid profile of suckling lambs.
Cooking enhanced the fatty acid profile of
meat from suckling lambs, because of a higher
concentration of very long chain fatty acids of
the omega 3 family, such as EPA and DHA. Sex
influenced significantly the concentration of
the main odd and branched chain fatty acids.
Fatty acid oxidation increased in OUT lambs,
suggesting a higher physical activity in the
animals that followed the mother on pasture.

                                                                   Rearing system and fat quality of lamb meat

Table 5. Fatty acid groups (g/100 g of FAME), lipid oxidation and nutritional indexes of raw and cooked leg muscle (semitendinosus,
semimembranosus and femoral biceps) from female and male Sarda suckling lambs from different rearing systems.

                                                       RS                                           Sex                               Cooking                                                                           P                                              

                                         IND                  OUT              Female            Male            Raw            Cooked         SEM             RS          Sex       Cooking       RS x Sex     RS x Cooking

SFA                                41.41                41.39                40.96              41.84           43.03              39.77            0.517             ns           ns              **                  ns                     ns
MUFA                            42.45                42.55                43.04              41.96           42.63              42.37            0.435             ns           ns              ns                  ns                      *
PUFA                             15.55                15.47                15.43              15.59           13.76              17.26            0.675             ns           ns              **                  ns                     ns
PUFAn3                          3.94                   3.82                  3.84                3.92             3.27                4.49             0.202             ns           ns              **                  ns                     ns
PUFAn6                          9.30                   9.40                  9.36                9.35             8.27               10.43            0.446             ns           ns              **                  ns                     ns
OBCFA                           2.79                   2.79                  2.74                2.84             2.97                2.62             0.049             ns           ns              **                  ns                     ns
TFA                                 5.28                   5.23                  5.12                5.39             5.42                5.10             0.179             ns           ns              ns                  ns                     ns
HP-PUFA                        6.79                   6.69                  6.66                6.81             5.63                7.84             0.406             ns           ns              **                  ns                   ***
SCFA                               0.62                   0.71                  0.59                0.74             0.78                0.56             0.036             ns           ns              **                  ns                   ***
MCFA                            29.41                28.59                28.57              29.43           30.70              27.31            0.533             ns           ns              **                  ns                     ns
LCFA                              69.96                70.70                70.84              69.83           68.53              72.14            0.559             ns           ns              **                  ns                     ns
MDA, mg/kg°                1.25                   1.84                  1.70                1.40             0.43                2.66             0.074             **           **             **                   *                      **
Ratios and indexes                                                                                                                                                                                                                              
    n6/n3                          2.44                   2.56                  2.54                2.46             2.60                2.40             0.062             ns           ns              **                  ns                     ns
    PUFA/SFA                  0.39                   0.39                  0.39                0.38             0.33                0.45             0.023             ns           ns              **                  ns                     ns
    MUFA/SFA                 1.03                   1.04                  1.06                1.01             1.00                1.07             0.017             ns           ns              **                  ns                     ns
    AI                                0.73                   0.72                  0.70                0.75             0.81                0.64             0.024             ns           ns              **                  ns                     ns
    TI                                1.02                   1.03                  1.02                1.03             1.12                0.93             0.028             ns           ns              **                  ns                     ns
    h/H                              1.89                   1.98                  1.99                1.88             1.74                2.13             0.063             ns           ns              **                  ns                     ns

FAME, fatty acid methyl esters; RS, rearing system; SFA, saturated fatty acids (sum of C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C22:0, C24:0 and odd-branched fatty acids); MUFA, monounsatured fatty
acids (sum of C14:1, ΣC16:1, Σ C17:1 and Σ C18:1); PUFA, polyunsatured fatty acids (sum of total n6 and total n3); PUFA n3, sum of C18:3n3, C18:4n3, C20:3n3, C20:4n3, C20:5n3, C22:5n3, C22:6n3); PUFA
n6, sum of C18:3n6, C20:2n6, C20:3n6, C20:4n6, C22:2n6, C22:4n6; OBCFA, odd and branched fatty acids (sum of C13:0, C13:0 i, C13:0 ai, C14:0 i. C15:0 i, C15:0 ai, C16:0 i, C17:0, C17:0 i, C17:0 ai and Σ C17:1,
where i is an iso-isomer and ai is an ante-iso-isomer); TFA, trans fatty acids (sum of C16:1 t6-7, C16:1 t8, C16:1 t9, C16:1 t10, C18:1t4, C18:1t6+t8, C18:1t9, C18:1t10, C18:1t11, C18:2t,t + c/t, C18:2t8,c13);
HP-PUFA, sum of PUFA with three or more double bonds; SCFA, short chain fatty acid (C8-C10); MCFA, medium chain FA (C12-C17); LCFA, long chain FA (≥C18). °Lipid oxidation expressed as malondi-
aldehyde (MDA) concentration in the muscle. AI, atherogenic index; TI, thrombogenic index; h/H, hypocholesterolemic/hypercholesterolemic ratio. **P≤0.01; *P≤0.05; ***P≤0.10; ns, not significant.

Table 6. Fatty acid groups and nutritionally important fatty acid content (mg/100 g of
meat) of raw and cooked meat samples.

                                                              Cooking                                                                                                P

                                           Raw                                   Cooked                            SEM                             Cooking

SFA                                   702.9                                     860.7                              62.24                                   *
MUFA                               700.3                                     916.6                              65.77                                   *
PUFA                                219.6                                     325.8                              13.43                                  **
PUFAn3                             52.0                                       82.4                                3.27                                   **
PUFAn6                            131.9                                     195.9                               8.24                                   **
OBCFA                              48.6                                       57.3                                4.42                                   ns
HP-PUFA                           88.6                                      141.8                               5.35                                   **
VA                                      36.9                                       45.1                                3.31                                    *
CLA                                    23.9                                       29.7                                2.07                                    *
ALA                                    19.1                                       28.3                                1.37                                   **
ARA                                    23.8                                       38.7                                1.56                                   **
EPA                                     9.5                                        16.1                                0.70                                   **
DPA                                    13.7                                       21.6                                0.88                                   **
DHA                                    8.1                                        14.1                                0.61                                   **
n6/n3                                 2.59                                       2.39                                0.06                                    *

SFA, saturated fatty acids (sum of C10:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C22:0, C24:0 and odd-branched fatty acids); MUFA,
monounsatured fatty acids (sum of C14:1, ΣC16:1, ΣC17:1 and ΣC18:1); PUFA, polyunsatured fatty acids (sum of total n6 and total n3);
PUFA n3, sum of C18:3n3, C18:4n3, C20:3n3, C20:4n3, C20:5n3, C22:5n3, C22:6n3); PUFA n6, sum of C18:3n6, C20:2n6, C20:3n6, C20:4n6,
C22:2n6, C22:4n6; OBCFA, odd and branched fatty acids (sum of C13:0, C13:0 i, C13:0 ai, C14:0 i. C15:0 i, C15:0 ai, C16:0 i, C17:0, C17:0
i, C17:0 ai and ΣC17:1, where i is an iso-isomer and ai is an ante-iso-isomer); HP-PUFA, sum of PUFA with three or more double
bonds; VA, vaccenic acid; CLA, conjugated linoleic acid; ALA, alpha-linolenic acid; ARA, arachidonic acid; EPA, eicosapentaenoic acid;
DPA, docosapentaenoic acid; DHA, docosahexaenoic acid.**P≤0.01; *P≤0.05; ns, not significant.
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