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Introduction

The Italian sheep population, numbering about 7.000.000 
heads [1], consists mainly of breeds specialized in milk production, 
such as Sarda and Comisana (the most numerous breeds), 
Pinzirita, Valle del Belice and Massese (of local importance) [2]. 
The Sarda breed, with more than 3.000.000 heads [1], is reared 
mainly in the island of Sardinia, where sheep livestock system still 
represents the main activity in many rural areas [3].

The Sarda sheep production system is based on natural 
pasturing, with lambing season mainly in November–December 
for adult ewes and in February–March for yearlings, to maximize 
the amount of sheep milk directed towards the cheese production. 
The Sarda lambs are poorly suited genetically to produce heavy 
carcasses [2] and are traditionally slaughtered between 30 and 40 
days of age (suckling lambs), in conjunction with Christmas and  

 
Easter when their meat is traditionally consumed. Sarda suckling 
lambs is a traditional meat product, and accounts for about 42% 
of the total Italian production [4], with about 1.7 million of lambs 
slaughtered every year [5]. Until now, for Sardinian sheep farmers, 
lamb meat has been a secondary product, although important, 
respect to the milk production, representing about the 30% of the 
gross saleable product, [4]. The decline in profitability of sheep 
milk prices, in the recent past, induced the sheep livestock sector 
to re-evaluate lamb meat as source of income. In this perspective, 
the farmers are trying to implement a diversification of meat 
production, which can include, besides the traditional suckling 
lamb, the production of light and heavy lamb, considering also 
that these products are actually granted by the European Union 
label “Agnello di Sardegna” (Protected Geographical Indication 
CE No 138/01). The product “light lamb”, belonging to the 
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Sarda breed or from cross-breeding of Sarda ewes with highly 
specialized meat breeds (F1) and fed mainly with mother’s milk, 
is sacrificed at cold carcass weight between 7 and 10 kg. This 
product could allow a higher productivity and give more flexibility 
in production systems, taking into account that, according with 
[6], the production of slightly heavier carcasses and slaughter 
weight should not compromise the quality of products. The 
cross-breeding with Ile de France and Berrichon du Cher, to 
improve both productive performance and meat quality [7] is 
not widespread in Sardinia, although the F1 lambs have higher 
growth rates and can be sacrificed at heavier weights than pure 
Sarda breed lambs, as shown in previous studies [8-10]. Since 
the value of a food cannot be separated from its characterization 
regarding, in particular, nutritional and nutraceutical properties, 
the attention of researchers on Sarda suckling lamb meat quality 
has markedly raised up [3,11,12]. To date several studies have 
concerned the meat quality of suckling lambs but information 
for the characterization of “Agnello di Sardegna” PGI light lambs 
is lacking The aim of this work was to fill this knowledge gap, 
evaluating the effects of litter size and sire breed (Sarda or Ile de 
France) on performances, meat quality and nutritional parameters 
(chemical and fatty acid composition) of light lambs.

Materials and methods

The experiment was carried out at the Bonassai experimental 
farm (Olmedo, Sardinia, Italy 40°N, 8°E, 32 m a.s.l.) of Agris, 
Livestock Production and Animal Product Divisions. It was 
conducted in compliance with the principles and specific 
guidelines on animal care and welfare as required by Italian law 
(Gazzetta Ufficiale, DL no. 116, January 27, 1992).

Animals and Management

Fourteen male lambs, homogeneous for age and litter size 
were divided into two groups consisting of seven pure Sarda (S 
X S) and seven crossbred Ile de France x Sarda (IF X S) lambs. 
The lambs, together with their dams, managed as a group, 
rotationally grazed 5.5 ha of perennial or self-reseeding pastures 
from 15 days before pregnancy to lamb slaughtering. The adult 
ewes were supplemented with ryegrass hay and a commercial 
concentrate (0.3 kg/head day and 0.4 kg/head day, respectively) 
until lambing; after the ewes received alfalfa hay (0.5 kg/head 
day) and a commercial concentrate (0.5 kg/head day). During 
the experimental period, as traditionally in Sardinia, lambs were 
naturally suckled, grazed with their dams and were managed 
in one flock under identical conditions, without any discernible 
differences in nutrition or management.

Measurements and Samplings

The lambs were weighted at birth and every week until 
slaughter at the same time of day (0830 Central European Time, 
CET) to minimize the effects of diurnal variations in feed intake. 
Average daily gain (ADG) was then calculated as the coefficient 
of the linear regression of live weight on time. At the foreseen 
slaughter age (50±1 days old and 17±3 kg live weight, mean±st.

dev), the lambs were transported to a commercial abattoir, 
authorized according to EU legislation, weighed before sacrifice 
(LWS) and all slaughtered within 1 h from arrival, to minimize 
pre-slaughter stress. The chilled carcass weight (CCW) after 24 h 
of cooling at 4°C was determined. The dressing-out percent was 
calculated by the following formula: 

dressing-out percent = (CCW/LWS) × 100.

The pH value of Longissimus lumborum muscles (LL) muscle 
was measured 24 h post-mortem (ultimate pH, pHu) between 
the 1st and 2nd lumbar vertebra, using a Eutech pH 600 pH meter 
with a penetrating probe and a temperature compensator (Eutech 
Instruments Pte Ltd, Singapore/Oakton Instruments, USA). In the 
abbatoir, at 24 h post-mortem, carcasses were sliced at the 1st and 
2nd rib of LL muscle and colour coordinates were measured on the 
exposed cut surface, after 1 hour of air exposure, with a Chroma 
Meter CR-400 colorimeter (KONICA MINOLTA Sensing Inc., Japan) 
according to the CIE L* a* b* system and standard illuminant C. 
Two locations were randomly selected to have a representative 
reading of surface colour and the measurements were averaged 
[13]. Colour measurements were made directly on the meat surface 
without overwrap film [14]. The lightness (L*), redness (a*) and 
yellowness (b*) were recorded Muscle LL was collected from 1st 
to 5th lumbar vertebra for chemical analysis and intramuscular 
fatty acid (FA) composition. Meat, trimmed to remove residual 
adipose tissue and the epimysium, grounded and homogenized 
using a meat mincer, has been divided into homogeneous samples 
of 50 g each, vacuum-packaged and stored at -20°C until analysis. 
Before analysis, the samples were thawed gradually at +4°C for 
12h. The milk yield of suckling ewes was estimated as [15].

Chemical analysis and fatty acid composition 

L. lumborum muscle samples were analyzed for dry matter 
content (DM), intramuscular fat (imf), protein (cp) and ash 
content using AOAC official methods 950.46, 960.39, 981.10, 
900.02, respectively [16]. Muscle lipids were extracted by means 
of a hexane/2-propanol solution (3:2 v/v), according to Hara and 
Radin method [17]. Solvent was removed under vacuum on a rotary 
evaporator at 37°C. Lipid content was determined, gravimetrically, 
after total solvent evaporation and expressed as g/100g of meat. 
The extracted lipids (60 mg) were subjected to acid trans-
esterification to obtain fatty acids methyl esters (FAMEs) [18]. 
Gas chromatographic separation of FAMEs was carried out with 
a VARIAN 3900 GC on a Supelco SP 2560 capillary column (100 m 
length, 0.25 mm inner diameter, 0.2 µm film thickness). Individual 
FAMEs were identified by comparison with a standard mixture of 
37 components (Matreya Inc., Pleasant Gap PA, USA). Conjugated 
linoleic acid (CLA) standards (CLA 9c 11t; CLA 10t 12c; CLA 9c 11c; 
CLA 9t 11t, Matreya) and published isomeric profiles [19] were 
used to identify the CLA isomers. The quantitative measurement 
of each fatty acid methyl ester (FAME) was performed with 
a calibration curve using the internal standards Me-C9:0 (to 
quantify C8:0÷C10:0), Me-C13:0 (to quantify C11:0÷C17:0), and 
Me-C19:0 (to quantify C18:0÷C26:0). The concentration of each 
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internal standard added to the fat sample was 170 mg/g of fat. The 
contents of total cholesterol in the meat samples were determined 
by the methods proposed by [20] and [21].

Before the analyses, data on the fatty acid composition were 
processed to compute the contents of saturated fatty acids (SFA), 
monounsaturated fatty acids (MUFA), polyunsaturated fatty acids 
(PUFA), ω3-PUFA [C18:3 9c 12c 15c (linolenic acid ALA), C20:5 
(EPA), C22:5 (DPA) and C22:6 (DHA)] and ω6-PUFA [(C18:2 9c 12c 
(linoleic acid LA), C20:3, C20:4 (arachidonic acid)]. Moreover, the 
following ratios were calculated: ω6/ω3, P/S (PUFA/SFA), as well 
as the LA/ALA ratio, considering its interest in infant nutrition. 

Moreover, The atherogenic index (AI) and Thrombogenic 
index (TI) were calculated according to the formulas proposed by 
[23].

AI = (C12:0+4*C14:0+C16:0)/(MUFA+ (ω3-PUFA + ω6-PUFA) 

TI =  (C14:0+C16:0+C18:0)/ [(0.5*ω6) + (0.5*MUFA)+ 
(3*ω3)+ (ω3/ω6)]

The Ipo-ipercholesterolemic index (HH) was calculated 
according to the following formula suggested by [6]: HH = (C18:1 
9c + C18:2 9c 1c + C18:3 9c, 12c, 15c + C20:4 +EPA + DPA +DHA)/
(C14:0 + C16:0)

Statistical analysis

Data of birth and slaughter weights, growth rate, performances 
at slaughter (dressing-out percent and pHu), meat color parameters, 
meat chemical composition, fatty acids content of intramuscular 
fat of L. lumborum of light lambs, nutritional indexes values and 
ewes milk yield were analysed using a bi-factorial model with 
sire effect and litter size as fixed effects. The lm procedure of R 
software version 3.3.2 (The R Development Core Team, 2016), was 
exploited to develop the model. Differences between treatments 
were determined by F tests. Tukey’s multiple comparison test was 
applied as appropriate to evaluate pairwise comparisons between 
treatment group means. Treatment differences with a P-value less 
than or equal to 0.05 were considered as significantly different, 
unless indicated otherwise.

Results 

Growth rate and performance at slaughter

Since the interaction between litter size and sire effect was 
never significant, the results will not be shown hereafter. The 
effects of genotype and litter size on birth weight, slaughter weight 
and on average daily gain (ADG) during experimental period are 
shown in Table 1.

Table 1: Effect of litter size on birth weight, weight at slaughter, average daily gain (ADG), amount of suckled milk, dressing-out percent, ultimate 
pH meat and colorimetric parameters (least squares means ± SE) of experimental lambs.

  Single Twins Sarda x Ile de 
France Sarda X Sarda Litter size effect (P 

value*) Sire effect (P value*)

Birth weight (kg) 4.14±0.22 3.96±0.19 4.43±0.21 a 3.67±0.20 b 0.55 0.03

Slaughter weight (kg) 18.9±1.2 15.6±1.05 18.6±1.15 15.8±1.10 0.07 0.11

ADG (kg/day) 0.299±0.02 a 0.229±0.02 b 0.264±0.02 0.265±0.02 0.03 0.96

Suckled milk (ml/animal 
day) 1491±96.8 a 1173±83.3 b 1329±91.7 1335±87.9 0.03 0.96

Cold Dressing-out per-
cent (%) 62.5±2.4 55.7±2.05 61.8±2.25 56.3±2.16 0.06 0.11

pH 24 h.(n°) 5.72±0.04 5.79±0.04 5.76±0.04 5.75±0.04 0.21 0.81

L* (n°) 37.0±0.98 38.7±0.84 37.9±0.93 37.8±0.89 0.24 0.98

a*(n°) 17.5±0.84 16.5±0.72 17.3±0.80 16.7±0.76 0.62 0.39

b*(n°) 5.0±0.45 5.3±0.39 4.79±0.43 5.50±0.41 0.63 0.26

Means in the same row within sire effect or litter size with no superscript letters after them are not significantly different (P>0.05);
*: P values for the effect tested.

The birth weight was affected by sire effect, with IF x S lambs 
heavier at birth than purebred ones. The litter size did not affect 
the birth weight of lambs. The ADG was influenced only by litter 
size, and single lambs showed higher growth rate than twins 
(Table 1). The performances at slaughter of experimental lambs 
did not show significant differences, despite the dressing-out 
percent tended (P=0.06) to be higher in single lambs than in twins. 
The pH values, measured 24 h after slaughter, and the colorimetric 
parameters were unaffected by sire effect and litter size. 

Chemical composition and fatty acid content 

The chemical composition of L. lumborum muscle from 

experimental light lambs is shown in Table 2. Sire effect did not 
affect chemical composition and cholesterol content whereas 
litter size affected the DM of meat, higher in single lambs than 
in twins. The fatty acid profile of L. lumborum intramuscular fat 
(expressed as a proportion by weight of total fatty acid methyl 
esters) is reported in Table 2. The main fatty acid of intramuscular 
fat of light lambs was oleic acid (C18:1 9c) followed by palmitic 
(C16:0), stearic (C18:0) and myristic (C14:0). The litter size 
showed a greater influence on fatty acid composition than sire 
effect. The latter affected the content of some branched chain 
fatty acids (BCFA, C17:0i and C17:0ai), SFA, some polyinsatured 
fatty acids (C20:4, C20:5), and some nutritional indexes (TI, HH 
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and LA/ALA ratio) (Table 2). The litter size affected some BCFA, 
LA and ALA content, CLA 9c11t, some derivatives of ALA (DPA and 

DHA), MUFA and PUFA, n-3 and n-6 fatty acids, TI and HH (Table 
2).

Table 2: Meat chemical composition and fatty acids composition (% of total fatty acid methyl esters weight) of intramuscular fat of experimental 
lambs (least squares means ± SE.).

  Single Twins Sarda x Ile de 
France Sarda X Sarda

Litter size 
effect (P 
value*)

Sire effect 
(P value*)

Dry matter (DM, % of meat) 25.3±0.29 a 23.7±0.27 b 24.7±0.27 24.3±0.29 0.002 0.38

Ash (%DM) 1.23±0.02 1.21±0.02 1.22±0.02 1.22±0.02 0.63 0.88

Intramuscular fat (IMF, %DM) 2.01±0.44 1.63±0.42 2.04±0.42 1.59±0.44 0.57 0.5

Proteins (CP, %DM) 21.1±0.15 20.8±0.14 20.8±0.14 21.2±0.15 0.29 0.12

Cholesterol (mg/kg) 778±84.8 797±52.3 803±68.0 772±65.4 0.86 0.12

C12:0 0.47±0.06 0.63±0.06 0.53±0.06 0.57±0.06 0.07 0.65

C14:0 5.2±0.24 4.9±0.19 5.26±0.21 4.81±0.21 0.31 0.16

C16:0 20.7±0.48 a 19.2±0.38 b 20.5±0.42 19.4±0.43 0.03 0.09

C14:0i 0.04±0.003 0.04±0.002 0.04±0.002 0.04±0.002 0.41 0.49

C15:0i 0.13±0.005 a 0.11±0.004 b 0.13±0.005 0.11±0.005 0.01 0.09

C15:0ai 0.17±0.01 0.18±0.01 0.18±0.01 0.17±0.01 0.54 0.51

C16:0i 0.22±0.01 a 0.19±0.01 b 0.22±0.01 0.19±0.01 0.02 0.09

C17:0i 0.64±0.02 0.65±0.01 0.68±0.01 a 0.61±0.01 b 0.54 0.01

C17:0ai 0.53±0.03 a 0.43±0.02 b 0.53±0.03 a 0.44±0.03 b 0.03 0.04

C18:0 11.3±0.30 11.8±0.24 11.4±0.27 11.6±0.27 0.24 0.65

C18:1 9t 0.22±0.01 0.20±0.01 0.21±0.01 0.21±0.01 0.19 0.95

C18:1 9c 30.0±1.46 26.1±1.17 29.0±1.29 27.1±1.32 0.07 0.31

C18:2 9c,12c (LA) 7.45±0.92 b 10.04±0.74 a 7.55±0.81 9.93±0.83 0.05 0.07

C18:3 9c,12c,15c (ALA) 1.96±0.08 b 2.22±0.07 a 2.08±0.07 2.10±0.07 0.04 0.87

CLA 9c,11t (VA) 1.13±0.04 a 0.94±0.03 b 1.05±0.04 1.02±0.04 0.006 0.58

C20:4 5c,8c,11c,14c 2.41±0.41 b 3.89±0.32 a 2.54±0.36 b 3.76±0.37 a 0.02 0.04

C20:5 (EPA) 0.36±0.04 b 0.63±0.03 a 0.46±0.04 b 0.53±0.03 a 0.18 <0.001

C22:5 (DPA) 1.15±0.16 b 1.81±0.13 a 1.29±0.14 1.66±0.15 0.01 0.1

C22:6 (DHA) 0.57±0.09 b 0.87±0.07 a 0.62±0.08 0.83±0.08 0.02 0.09

SFA 42.8±0.41 42.5±0.32 43.2±0.36 a 42.0±0.37 b 0.6 0.04

MUFA 40.1±1.51 a 35.2±1.21 b 39.1±1.34 36.2±1.37 0.03 0.16

PUFA 17.1±1.5 b 22.3±1.2 a 17.6±1.32 b 21.8±1.36 a 0.02 0.05

UFA 57.2±0.41 57.5±0.32 56.8±0.36 b 58.0±0.37 a 0.6 0.04

PUFA/SFA 0.44±0.04 0.50±0.04 0.42±0.04 0.52±0.04 0.26 0.11

ω3-PUFA 4.5±0.28 b 5.9±0.2 a 4.92±0.25 5.52±0.25 0.003 0.12

ω6-PUFA 10.5±1.34 b 14.6±1.07 a 10.7±1.19 14.3±1.22 0.04 0.06

ω6/ω3 2.27±0.18 2.46±0.14 2.15±0.16 2.58±0.16 0.42 0.09

AI 0.73±0.03 0.68±0.02 0.74±0.02 0.68±0.02 0.2 0.08

TI 0.96±0.03 a 0.84±0.02 b 0.94±0.02 a 0.86±0.02 b 0.006 0.05

HH 1.70±0.07 b 1.91±0.06 a 1.70±0.06 b 1.91±0.06 a 0.04 0.04

LA/ALA 3.74±0.37 4.55±0.30 3.61±0.33 b 4.68±0.33 a 0.11 0.04

VA: vaccenic acid; LA: linoleic acid; ALA: linolenic acid; EPA: eicosapentaenoicacid; DPA: docosapentaenoic acid; DHA: docosahexaenoic acid; 
SFA: Saturated Fatty Acids; MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated Fatty Acids; UFA: Unsaturated Fatty Acids; 
ω3: C18:3 9c 12c 15c (ALA), C20:5 (EPA), C22:5 (DPA) and C22:6 (DHA)
ω6: C18:2 9c 12c (LA), C20:3, C20:4 (arachidonic acid).
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AI = (C12:0+4*C14:0+C16:0)/(MUFA+ (ω3-PUFA + ω6-PUFA).
TI = (C14:0+C16:0+C18:0)/[(0.5*ω6)+(0.5*MUFA)+(3*ω3)+(ω3/ω6)]
HH=(C18:1 9c + C18:2 9c 1c + C18:3 9c, 12c, 15c + C20:4 +EPA + DPA +DHA)/(C14:0 + C16:0)
Means in the same row within sire effect or litter size with no superscript letters after them are not significantly different (P>0.05);

*: P values for the effect tested.

Discussion

The higher birth weight of IF x S lambs than purebred (Table 
1) is in agreement with [24-26] and [27]. The ADG, as expected, 
was influenced by litter size while the sire effect did not play a 
significant role, contrary to what found in [28] and [29]. The lambs 
have been sacrificed at 50±0.1 days old (means±s.e) likely before 
the greater growth potential of the sire breed in IF x S lambs could 
extrinsic. As reported in Table 1 the performances at slaughter 
of light lambs did not show significant differences, except for the 
dressing-out percent, that tended (P=0.06) to be slightly higher 
in single lambs, mirroring the result of slaughter weight (higher 
in single lambs, P=0.07), being probably a consequence. The lack 
of significance of sire effect on pHu and dressing-out percent, 
in disagreement with [30,31] and [28] (as well as the results of 
performances ante mortem previous reported) appears to be due 
to the age and weight at slaughter of experimental lambs, since 
the better attitude to meat production of IF X S lambs occurs at 
higher weights and greater slaughtering ages than those recorded 
in this work.

The pHu values fell within the accepted quality range for all 
the animals [32] and were in line with [5] in Sarda suckling lambs, 
with [33] in Portuguese lamb of Bragançana and Mirandesa breeds 
as well as in Spanish suckling lamb of Manchego [33] and Churra 
[34]. The values of meat colorimetric parameters, unaffected 
by treatments (Table 1), differed from suckling lambs in [3], 
confirming that, within breed, color parameters are influenced by 
live weight. In particular, as slaughter weight and age increased 
compared to suckling lambs, meat lightness decreased and the 
redness, together with yellowness index (a* and b*) increased. 
The higher a* index depends on an increase of the myoglobin 
concentration in the meat of light lambs and the higher b* index 
is probably due to the xanthophylls and carotenes content in the 
grazed pasture, considering that light lambs, thanks to their age, 
grazed more than suckling lambs. Meat chemical composition 
of light lambs (Table 2) is comparable to that reported by [5], 
[12] and [3] for Sarda suckling lambs, and to those of other 
breeds (Lacha, Rasa Aragonesa, Barbaresca, Churra, Grazalema 
Merino and Churra Lebrijana) reared and slaughtered in similar 
conditions [34-37].

Except for DM, the meat chemical composition was not 
affected by treatments. The higher DM of meat in single lambs 
(P=0.002, Table 2) can occur as a result of total lipid content in 
the muscle, numerically higher in single lambs, although not 
statistically significant, being these traits directly related [38]. The 
intramuscular fat content of twin and Sarda lambs’ meat was lower 
than 2-3%, threshold value to ensure good organoleptic qualities 

[33]. Total cholesterol content was not affected by treatments 
and ranged from 772 mg/kg to 803 mg/kg muscle (Table 2), in 
line with [12] in Sarda suckling lambs, and with [39] in Texel x 
Polwarth and Texel x Corriedale crossbred lambs.

The fatty acid profile (Table 1) of lamb meat is typical of 
suckling lambs, considered as functional monogastrics, and 
linked to the fatty acid composition of maternal milk [40- 45]. 
Milk digestion occurs in the abomasum and the dietary fatty acid 
profile is not modified by the ruminal biohydrogenation. The main 
fatty acids were oleic acid (C18:1 9c) followed by palmitic (C16:0) 
and stearic (C18:0). Whereas palmitic acid is thought to increase 
blood cholesterol level [46], oleic acid can help to reduce both 
plasma cholesterol and triglycerides [47] and stearic acid should 
not elevate LDL-cholesterol being poorly digested and desaturated 
to oleic acid [12,4849]. Ruminant products are the major dietary 
sources of conjugated linolenic acids (CLA), and the C18:2 9c, 11t 
isomer (rumenic acid, RA) can help to prevent carcino-genesis and 
atherogenesis [50]. 

As reported by [42] and [44], RA in meat lambs results from: 
(1) dam’s milk, through the bio-hydrogenation of trans-vaccenic 
acid (VA) by the action of stearoyl Co-A desaturase (SCD) enzyme in 
the rumen and in the udder of ewes and subsequent incorporation 
into milk; (2) endogenous synthesis in lamb muscle by way of the 
SCD enzyme. The level of rumenic acid found in this experiment 
(Table 2) was in line with other studies on suckling lambs [3,36,37]. 
Whereas sire effect was not significant on RA content, single lambs 
showed highest level of RA (1.13% versus 0.93%; P=0.006, Table 
2). As found by [51] for kids, the difference in RA content could be 
probably explained by the higher amount of milk suckled by the 
single respect to twin lambs (P=0.03, Table 1) estimated according 
to [15]. Moreover, the dam’s milk was characterized by a high 
content of RA (1.63 % FAME) and vaccenic acid (3.71% FAME, 
data not shown) due to dietary regimen of lactating ewes based 
on grazing [52-54]. Furthermore, according to [44], the highest 
amount of RA in L. lumborum of single lambs could be due to an 
incipient rumen activity, as indirectly demonstrated by the content 
of some branched-chain fatty acid content (C15:0i, C16:0i and 
C17:0ai), highest in single lambs (Table 2). BCFAs are synthetized 
by bacteria as a main component of the bacterial membrane and, 
hence, are found in ruminant meat because of rumen bacterial 
activity [55]. An increase in BCFA content may be desirable and, 
given their potential anti-carcinogenic effects, BCFAs could be 
considered bioactive compounds [55-57] stated that forage-
based diets promote ruminal cellulolytic bacteria proliferation, 
increasing the outflow of BCFA. The sire effect affected some BCFA 
content, and IF X S lambs showed higher C17:0i, C17:0ai and C15:0i 
and C16:0i (P=0.09 for these latter, Table 2). Both for single and IF 
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X S lambs, it is reasonable to think that the highest rumen activity, 
indirectly highlighted by the greater content of some BCFA, is likely 
due to a greater grazing activity, linked, in turn, to the greater body 
weight of single and IF X S lambs, as demonstrated by their greater 
slaughter weight, although not statistically significant (Table 1). 
Table 2 highlighted that twin lambs had highest level of some 
long chain polyunsatured fatty acids (LA, ALA, C20:4 arachidonic 
acid, DPA, DHA, PUFA, ω3 and ω6-PUFA). It should be stated that 
the difference (not statistically significant, Table 2) in IMF level 
between single and twins may affect the proportion of individual 
FA and could lead to misinterpretations [6,32,57-59]. While 
the triacylglycerol content in intramuscular fat is strongly and 
positively related with the total fat content and varies from 0.2 to 
more than 5% [60], the amount of phospholipid in intramuscular 
fat is relatively constant (0.2-1% of muscle weight [58]), 
being their proportion strictly controlled in order to maintain 
membrane properties. As phospholipids are particularly rich in 
PUFA (whereas triacylglycerols contain much lower amounts of 
PUFA) at low levels of fat the contribution made by phospholipids 
and by long chain PUFA is proportionately greater [61,62,45]. The 
higher content of C20:4, DPA, DHA in twins than single lambs, due 
to the higher content of their precursor (LA and ALA), determined 
the greater content of ω6 and ω3-PUFA.

The PUFA/SFA ratio value, not influenced by treatments, was 
near to 0.45, below which is considered unhealthy because of 
its hypercholesterolaemic action [63] and in line with previous 
observations in suckling lamb [3,5,11,37]. The ω6/ω3 ratio, 
unaffected by treatments, was below 4, the value recommended 
by [63] and in line with [5,11,36,64] in suckling lambs. 

The values of the atherogenic index (AI) and thrombogenic 
index (TI) were lower than 1, indicating good dietetic 
characteristics of this meat [23,65]. The lower value of TI in twin 
and Sarda lambs seems result from their higher ω3 content, 
although, for Sarda lambs not statistically significant (P=0.12). The 
ratio hypocholesterolaemic:hypercholesterolaemic (H/H) refers 
to the ratio of hypocholesterolemic over hypercholesterolemic 
fatty acids and is related with the specific effects on cholesterol 
metabolism. Higher HH values are considered more beneficial 
to human health [66]. HH index was affected by both sire effect 
and litter size: Sarda pure and twin lambs showed higher value. 
Many pediatricians recommend the lamb as first meat at baby’s 
weaning because of its presumed lower allergenicity compared 
with other meats [11]. In infant nutrition the LA/ALA ratio in the 
diet could play an important role in C20:4 and DHA biosynthesis, 
considered essentials for normal neural development of the infant 
[67]. For this reason, the infant diets should have an LA/ALA ratio 
between 5:1 and 15:1 [11,68]. The LA/ALA ratio was below the 
recommended value and not different between twin and single 
lambs, whereas the S X S lambs showed higher value than IF X S 
lambs, probably due to their higher LA content.

Conclusions

This work represents a first attempt to fill the lack of 
knowledge on “Agnello di Sardegna” PGI light lamb, highlighting 
the high nutritional quality of meat and characterized by 
nutritional indices values within the recommended limits. The 
production of the light lamb with a cold carcass weight of 7-10 kg 
does not seems to justify the use of specialized meat breed, as Ile 
de France. Indeed, in the short period (50 days) between birth and 
slaughter, the crossbred lambs fail to show their greater potential 
for muscle development than purebred ones. The high nutritional 
quality of intramuscular fat in lamb meat, highlighted by the 
nutritional indices, is related to the feeding system of dams, based 
mainly on grazing. The lambing season, occurring in November-
December and February-March, allow the suckling ewes to graze 
the high-quality herbage available for from winter to spring. The 
very high CLA content in meat of single lambs, in addition to the 
greater amount of intramuscular fat, respect to twin ones, is a 
result to take into account in a meat production system aimed at 
high quality, featured by high CLA levels and better intramuscular 
fat content. 

Conflict of interest

There is no conflict of interest in this article.

Acknowledgments

We thank Dr. G. Molle for his enlightening contribution; 
moreover, we thank Mr. S. Picconi, A. Pintore and S. Mastino for 
their technical assistance.

References      
1.	 ISTAT Italian National Institute of Statistics (accessed 10.08.14).

2.	 Molle G, Sanna SR, Oregui LM (2006). Dairy sheep production in Italy 
and Spain. Kirilov, A. (Ed.), Sheep Production in Europe: State and 
Perspectives. Eniovche Publishing: 21-32.

3.	 Manca C, Addis M, Riu G, Fiori M, Scintu MF (2013) Physicochemical 
Properties of Different Muscles from Sarda Suckling Lambs Covered By 
The Protected Geographical Indication “Agnello di Sardegna”. Journal of 
Food Quality 36(5): 369-374.

4.	 Idda L, Furesi R, Pulina P (2010) Economia dell’allevamento ovino da 
latte. Produzione, trasformazione, mercato. Franco Angeli ed.

5.	 Vacca GM, Carcangiu V, Dettori ML, Pazzola M, Mura MC, et al., (2008) 
Productive performance and meat quality of Mouflon x Sarda and 
Sarda x Sarda suckling lambs. Meat Science 80(2): 326-334.

6.	 Santos Silva J, Bessa RJB, Santos Silva F (2002) Effect of genotype, 
feeding system and slaughter weight on the quality of light lambs. II. 
Fatty acid composition of meat. Livestock Production Science 77(2-3): 
187-194.

7.	 Wood JD, Richardson RI, Nute GR, Fisher AV, Campo MM, et al., (2003) 
Effect of fatty acids on meat quality: A review. Meat Science 66(1): 21-
32.

8.	 Casu S, Sanna A, Vaira G (1976) Résultats des recherches effectuées en 

http://dx.doi.org/10.19080/ARTOAJ.2020.25.556305
http://dati-censimentoagricoltura.istat.it/Index.aspx
https://onlinelibrary.wiley.com/doi/full/10.1111/jfq.12040
https://onlinelibrary.wiley.com/doi/full/10.1111/jfq.12040
https://onlinelibrary.wiley.com/doi/full/10.1111/jfq.12040
https://onlinelibrary.wiley.com/doi/full/10.1111/jfq.12040
https://www.francoangeli.it/Ricerca/scheda_libro.aspx?Id=18202
https://www.francoangeli.it/Ricerca/scheda_libro.aspx?Id=18202
https://pubmed.ncbi.nlm.nih.gov/22063337/
https://pubmed.ncbi.nlm.nih.gov/22063337/
https://pubmed.ncbi.nlm.nih.gov/22063337/
https://www.sciencedirect.com/science/article/abs/pii/S0301622602000593
https://www.sciencedirect.com/science/article/abs/pii/S0301622602000593
https://www.sciencedirect.com/science/article/abs/pii/S0301622602000593
https://www.sciencedirect.com/science/article/abs/pii/S0301622602000593
https://pubmed.ncbi.nlm.nih.gov/22063928/
https://pubmed.ncbi.nlm.nih.gov/22063928/
https://pubmed.ncbi.nlm.nih.gov/22063928/


How to cite this article:   Acciaro M, Dimauro C, Sitzia M, Manca C, Fiori M, et al. Growth rate, meat quality and fatty acids composition of “Agnello di 
Sardegna” PGI light lambs. Agri Res & Tech: Open Access J. 2020; 25 (2): 556305. DOI: 10.19080/ARTOAJ.2020.25.556305007

Agricultural Research & Technology: Open Access Journal 

Sardaigne sur le croisement industriel pour la production d’agneaux, 
dans “Le croisement industriel Ovin dans le pays Méditerranéens”. Bull. 
Techn. Départ. Gènét. Anim. 25: 65-87.

9.	 Casu S, Sanna A, Carta R (1981a) Note sur la mortalité des agneaux de 
première génération, races à viande x Sarde. Options Méditerranéennes 
Série Etudes n° 1981-III: 97-100. 

10.	Casu S, Sanna A, Cappai P, Ruda G (1981b) Problèmes liés à l’introduction 
et l’utilisation de béliers de race à viande pour le croisement industriel 
en Sardaigne Options Méditerranéennes Série Etudes n° 1981-III: 113-
122.

11.	Nudda A, Mc Guire MK, Battacone G, Manca MG, Boe R, et al., (2011) 
Documentation of Fatty Acid Profiles in Lamb Meat and Lamb-Based 
Infant Food. Journal of Food Science 76(2): H43-H47.

12.	Addis M, Fiori M, Manca C, Riu G, Scintu MF (2013) Muscle colour 
and chemical and fatty acid composition of “Agnello di Sardegna” PGI 
suckling lamb. Small Ruminant Research 115(1-3): 51-55.

13.	Lobón S, Blanco M, Sanz A, Ripoll G, Bertolín JR, et al., (2017) Meat 
quality of light lambs is more affected by the dam’s feeding system 
during lactation than by the inclusion of quebracho in the fattening 
concentrate. J. Anim. Sci. 95(11): 4998-5011.

14.	Insausti K, Beriain MJ, Purroy A, Alberti P, Lizaso L et al., (1999) Colour 
stability of beef from different Spanish native cattle breeds stored 
under vacuum and modified atmosphere. Meat Science 53(4): 241-249.

15.	Pulina G, Rossi G, Brandano P (1986) Stima della produzione lattea 
della pecora in base al ritmo di accrescimento dell’agnello Ann.Fac.Agr.
Univ.Sassari 32: 43-48.

16.	A.O.A.C. Official methods of analysis of the Association of Official 
Analytical Chemist. 15th edn., n. 950.46, 960.39, 981.10, 900.02, Ed. 
Ass. Off. Analyt. Chemists, Washington, 1990.

17.	Hara A, Radin N (1978) Lipid extraction of tissues with a low toxicity 
solvent. Analitycal Biochemistry 90(1): 420-426.

18.	Chin SF, Liu W, Storkson JM, Ha YL Pariza MW (1992) Dietary sources of 
conjugated dienoic isomers of linoleic acid, a newly recognized class of 
anticarcinogens. Journal of Food Composition and Analysis 5(3): 185-
197.

19.	Kramer JKG, Cruz Hernandez C, Deng ZY, Zhou JQ, Jahreis G, et al., 
(2004) Analysis of Conjugated Linoleic Acid and transC18:1 isomer in 
synthetic and animal products. American Journal of Clinical Nutrition 
79(6): 1137S-1145S.

20.	Panfili G, Manzi P, Pizzoferrato L (1994) High-performance Liquid 
Chromatographic method for the simultaneous determination of 
tocopherols, carotenes, and retinol and its geometric isomers in Italian 
cheeses. Analist 119(6): 1161-1165.

21.	Manzi P, Panfili G, Pizzoferrato L (1996) Normal and Reversed-Phase 
HPLC for more complete evaluation of tocopherols, retinols, carotenes 
and sterols in dairy products. Chromatographia 43: 89-93.

22.	Murphy JJ, McNeill GP, Connolly JF, Gleeson PA (1990) Effect on cow 
performance and milk fat composition of including full fat soybean and 
rapeseed in the concentrate mixture for lactating dairy cows. Journal of 
Dairy Research 57(3): 295-306.

23.	Ulbrich TLV Southgate DAT (1991) Coronary heart disease seven 
dietary factors. Lancet 338(8773): 985-992.

24.	Boyazoglu J, Casu S, Flamant JC (1979) Crossbreeding the Sardinian 
and East Friesian breeds in Sardinia. Annales de Génétique et de 
Sélection Animale 11: 1-23.

25.	Mavrogenis AP (1981) Effect of crossbreeding on lamb performance. 
Le croisement industriel ovin en Méditerranée. Paris: CIHEAM, Options 
Méditerranéennes: Série Etudes; n. 1981 -III: 61-66.

26.	Boujenane I, Berrada D, Mihi S, Jamai M (1998) Reproductive 
performance of ewes and preweaning growth of lambs from three 
native Moroccan breeds mated to rams from Moroccan and improved 
breeds. Small Ruminant Research 27(3): 3203-208.

27.	Osorio Avalos J, Montaldo HH, Valencia Posadas M, Castillo Juárez H, 
Ulloa Arvizu R (2012) Breed and breed × environment interaction 
effects for growth traits and survival rate from birth to weaning in 
crossbred lambs. Journal of Animal Science 90(12): 4239-4247.

28.	Abdullah AY, Kridli RT, Shaker MM, Obeidat MD (2010) Investigation 
of growth and carcass characteristics of pure and crossbred Awassi 
lambs. Small Ruminant Research 94: 167-175.

29.	Darwish RA, Abou Ismaila UA, El Kholyab SZ (2010) Differences 
in post-parturient behaviour, lamb performance and survival rate 
between purebred Egyptian Rahmani and its crossbred Finnish ewes. 
Small Ruminant Research 89(1): 57-61.

30.	Sanudo C, Campo MM, Sierra I, Maria GA, Olleta JL eya l., (1997) Breed 
effect on carcass and meat quality of suckling lambs. Meat Science. 
46(4): 357-365.

31.	Morbidini L, Rossetti E, Cozza F, Pauselli M (2005) Different protein 
source (soybean or faba bean) in postweaning diets for Apennine and 
Sopravissana (Italian Merino) light lamb: slaughtering performances. 
Italian Journal of Animal Science 4: 34-36.

32.	Warner RD, Jacob RH, Hocking Edwards JE, McDonagh M, Pearce K, et 
al., (2010) Quality of lamb meat from the Information Nucleus Flock 
Animal Production Science 50: 1123-1134.

33.	Santos VAC, Silva SR, Mena EG Azevedo JMT (2007) Live weight and 
sex effects on carcass and meat quality of “Borrego terrincho-PDO” 
suckling lambs. Meat Science 77(4): 654-661.

34.	Osorio MT, Zumalaćarregui JM, Cabeza EA, Figueira A, Mateo J (2008) 
Effect of rearing system on some meat quality traits and volatile 
compounds of suckling lamb meat. Small Ruminant Research 78(1-3): 
1-12.

35.	Beriain MJ, Horcada A, Purroy G, Lizaso G, Chasco J, et al., (2000) 
Characteristics of Lacha and Rasa Aragonesa lambs slaughtered at 
three live weights. Journal of Animal Science 78(12): 3070-3077.

36.	Lanza M, Bella M, Priolo A, Barbagallo D, Galofaro V, et al., (2006) Lamb 
meat quality as affected by a natural or artificial milk feeding regime. 
Meat Science: 73(2): 313-318.

37.	Juárez M, Horcada A, Alcalde MJ, Valera M, Polvillo O, et al., (2009) Meat 
and fat quality of unweaned lambs as affected by slaughter weight and 
breed. Meat Science 83(2): 308-313.

38.	Rotta PP, Prado RM, Prado IN, Valero MV, Visentainer JV, et al., (2009) 
The effects of genetic groups, nutrition, finishing systems and gender 
of Brazilian cattle on carcass characteristics and beef composition and 
appearance: a review. Asian-Australasian Journal of Animal Science 
22(12): 1718-1734.

39.	Faria PB, Bressan MC, Vieira JO, Vicente Neto J, Ferrão SPB, et al., (2012) 
Meat quality and lipid profiles in crossbred lambs finished on clover-
rich pastures. Meat Science 90(3): 733-738.

40.	Velasco S, Cañeque V, Pérez C, Lauzurica S, Díaz MT, et al., (2001) Fatty 
acid composition of adipose depots of suckling lambs raised under 
different production systems. Meat Science 59(3): 325-333.

41.	Velasco S, Cañeque V, Lauzurica S, Pérez C, Huidobro F (2004) Effect 
of different feeds on meat quality and fatty acid composition of lambs 
fattened at pasture. Meat Science 66(2): 457-465.

42.	Valvo MA, Lanza M, Bella M, Fasone V, Scerra M, et al., (2005) Effect of 
ewe feeding system grass vs. concentrate) on intramuscular fatty acids 
of lambs raised exclusively on maternal milk. Animal Science 81: 431-
436.

http://dx.doi.org/10.19080/ARTOAJ.2020.25.556305
https://om.ciheam.org/article.php?IDPDF=CI010745
https://om.ciheam.org/article.php?IDPDF=CI010745
https://om.ciheam.org/article.php?IDPDF=CI010745
https://om.ciheam.org/article.php?IDPDF=CI010747
https://om.ciheam.org/article.php?IDPDF=CI010747
https://om.ciheam.org/article.php?IDPDF=CI010747
https://om.ciheam.org/article.php?IDPDF=CI010747
https://pubmed.ncbi.nlm.nih.gov/21535766/
https://pubmed.ncbi.nlm.nih.gov/21535766/
https://pubmed.ncbi.nlm.nih.gov/21535766/
https://www.sciencedirect.com/science/article/abs/pii/S0921448813002605?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0921448813002605?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0921448813002605?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29293726/
https://pubmed.ncbi.nlm.nih.gov/29293726/
https://pubmed.ncbi.nlm.nih.gov/29293726/
https://pubmed.ncbi.nlm.nih.gov/29293726/
https://pubmed.ncbi.nlm.nih.gov/22063466/
https://pubmed.ncbi.nlm.nih.gov/22063466/
https://pubmed.ncbi.nlm.nih.gov/22063466/
https://pubmed.ncbi.nlm.nih.gov/727482/
https://pubmed.ncbi.nlm.nih.gov/727482/
https://www.sciencedirect.com/science/article/abs/pii/088915759290037K
https://www.sciencedirect.com/science/article/abs/pii/088915759290037K
https://www.sciencedirect.com/science/article/abs/pii/088915759290037K
https://www.sciencedirect.com/science/article/abs/pii/088915759290037K
https://pubmed.ncbi.nlm.nih.gov/15159247/
https://pubmed.ncbi.nlm.nih.gov/15159247/
https://pubmed.ncbi.nlm.nih.gov/15159247/
https://pubmed.ncbi.nlm.nih.gov/15159247/
https://pubmed.ncbi.nlm.nih.gov/8074317/
https://pubmed.ncbi.nlm.nih.gov/8074317/
https://pubmed.ncbi.nlm.nih.gov/8074317/
https://pubmed.ncbi.nlm.nih.gov/8074317/
https://link.springer.com/article/10.1007/BF02272829
https://link.springer.com/article/10.1007/BF02272829
https://link.springer.com/article/10.1007/BF02272829
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/abs/effect-on-cow-performance-and-milk-fat-composition-of-including-full-fat-soyabeans-and-rapeseeds-in-the-concentrate-mixture-for-lactating-dairy-cows/5C94D0935D7C849EFF563A033F112FA3
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/abs/effect-on-cow-performance-and-milk-fat-composition-of-including-full-fat-soyabeans-and-rapeseeds-in-the-concentrate-mixture-for-lactating-dairy-cows/5C94D0935D7C849EFF563A033F112FA3
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/abs/effect-on-cow-performance-and-milk-fat-composition-of-including-full-fat-soyabeans-and-rapeseeds-in-the-concentrate-mixture-for-lactating-dairy-cows/5C94D0935D7C849EFF563A033F112FA3
https://www.cambridge.org/core/journals/journal-of-dairy-research/article/abs/effect-on-cow-performance-and-milk-fat-composition-of-including-full-fat-soyabeans-and-rapeseeds-in-the-concentrate-mixture-for-lactating-dairy-cows/5C94D0935D7C849EFF563A033F112FA3
https://pubmed.ncbi.nlm.nih.gov/1681350/
https://pubmed.ncbi.nlm.nih.gov/1681350/
https://gsejournal.biomedcentral.com/articles/10.1186/1297-9686-11-1-23
https://gsejournal.biomedcentral.com/articles/10.1186/1297-9686-11-1-23
https://gsejournal.biomedcentral.com/articles/10.1186/1297-9686-11-1-23
https://www.sciencedirect.com/science/article/abs/pii/S0921448897000527
https://www.sciencedirect.com/science/article/abs/pii/S0921448897000527
https://www.sciencedirect.com/science/article/abs/pii/S0921448897000527
https://www.sciencedirect.com/science/article/abs/pii/S0921448897000527
https://pubmed.ncbi.nlm.nih.gov/22952357/
https://pubmed.ncbi.nlm.nih.gov/22952357/
https://pubmed.ncbi.nlm.nih.gov/22952357/
https://pubmed.ncbi.nlm.nih.gov/22952357/
https://www.sciencedirect.com/science/article/abs/pii/S0921448810002415
https://www.sciencedirect.com/science/article/abs/pii/S0921448810002415
https://www.sciencedirect.com/science/article/abs/pii/S0921448810002415
https://www.sciencedirect.com/science/article/abs/pii/S0921448809002648
https://www.sciencedirect.com/science/article/abs/pii/S0921448809002648
https://www.sciencedirect.com/science/article/abs/pii/S0921448809002648
https://www.sciencedirect.com/science/article/abs/pii/S0921448809002648
https://www.sciencedirect.com/science/article/abs/pii/S0309174097000302
https://www.sciencedirect.com/science/article/abs/pii/S0309174097000302
https://www.sciencedirect.com/science/article/abs/pii/S0309174097000302
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.2s.360
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.2s.360
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.2s.360
https://www.tandfonline.com/doi/abs/10.4081/ijas.2005.2s.360
https://researchrepository.murdoch.edu.au/id/eprint/3516/
https://researchrepository.murdoch.edu.au/id/eprint/3516/
https://researchrepository.murdoch.edu.au/id/eprint/3516/
https://www.sciencedirect.com/science/article/abs/pii/S0309174007001775
https://www.sciencedirect.com/science/article/abs/pii/S0309174007001775
https://www.sciencedirect.com/science/article/abs/pii/S0309174007001775
https://www.sciencedirect.com/science/article/abs/pii/S0921448808000746
https://www.sciencedirect.com/science/article/abs/pii/S0921448808000746
https://www.sciencedirect.com/science/article/abs/pii/S0921448808000746
https://www.sciencedirect.com/science/article/abs/pii/S0921448808000746
https://pubmed.ncbi.nlm.nih.gov/11132821/
https://pubmed.ncbi.nlm.nih.gov/11132821/
https://pubmed.ncbi.nlm.nih.gov/11132821/
https://www.sciencedirect.com/science/article/abs/pii/S0309174006000076
https://www.sciencedirect.com/science/article/abs/pii/S0309174006000076
https://www.sciencedirect.com/science/article/abs/pii/S0309174006000076
https://pubmed.ncbi.nlm.nih.gov/20416728/
https://pubmed.ncbi.nlm.nih.gov/20416728/
https://pubmed.ncbi.nlm.nih.gov/20416728/
https://www.animbiosci.org/journal/view.php?number=22211
https://www.animbiosci.org/journal/view.php?number=22211
https://www.animbiosci.org/journal/view.php?number=22211
https://www.animbiosci.org/journal/view.php?number=22211
https://www.animbiosci.org/journal/view.php?number=22211
https://www.sciencedirect.com/science/article/pii/S0309174011003597
https://www.sciencedirect.com/science/article/pii/S0309174011003597
https://www.sciencedirect.com/science/article/pii/S0309174011003597
https://www.sciencedirect.com/science/article/abs/pii/S0309174001001358
https://www.sciencedirect.com/science/article/abs/pii/S0309174001001358
https://www.sciencedirect.com/science/article/abs/pii/S0309174001001358
https://www.sciencedirect.com/science/article/abs/pii/S0309174003001347
https://www.sciencedirect.com/science/article/abs/pii/S0309174003001347
https://www.sciencedirect.com/science/article/abs/pii/S0309174003001347
https://www.cambridge.org/core/journals/animal-science/article/abs/effect-of-ewe-feeding-system-grass-v-concentrate-on-intramuscular-fatty-acids-of-lambs-raised-exclusively-on-maternal-milk/8D1AAD69A0A55AA965CEB857E548C878
https://www.cambridge.org/core/journals/animal-science/article/abs/effect-of-ewe-feeding-system-grass-v-concentrate-on-intramuscular-fatty-acids-of-lambs-raised-exclusively-on-maternal-milk/8D1AAD69A0A55AA965CEB857E548C878
https://www.cambridge.org/core/journals/animal-science/article/abs/effect-of-ewe-feeding-system-grass-v-concentrate-on-intramuscular-fatty-acids-of-lambs-raised-exclusively-on-maternal-milk/8D1AAD69A0A55AA965CEB857E548C878
https://www.cambridge.org/core/journals/animal-science/article/abs/effect-of-ewe-feeding-system-grass-v-concentrate-on-intramuscular-fatty-acids-of-lambs-raised-exclusively-on-maternal-milk/8D1AAD69A0A55AA965CEB857E548C878


008

Agricultural Research & Technology: Open Access Journal 

How to cite this article:   Acciaro M, Dimauro C, Sitzia M, Manca C, Fiori M, et al. Growth rate, meat quality and fatty acids composition of “Agnello di 
Sardegna” PGI light lambs. Agri Res & Tech: Open Access J. 2020; 25 (2): 556305. DOI: 10.19080/ARTOAJ.2020.25.556305

43.	Scerra M, Caparra P, Foti F, Galofaro V, Sinatra MC, et al., (2007) 
Influence of ewe feeding systems on fatty acid composition of suckling 
lambs. Meat Science 76(3): 390-394.

44.	Serra A, Mele M, La Comba F, Conte G, Buccioni A, et al., (2009) 
Conjugated Linoleic acid (CLA) content of meat from three muscles of 
Massese suckling lambs slaughtered at different weights. Meat Science 
81(2): 396-404.

45.	Nudda A, Battacone G, Boe R, Manca MG, Rassu SPG, et al., (2013) 
Influence of outdoor and indoor rearing system of suckling lambs on 
fatty acid profile and lipid oxidation of raw and cooked meat. Italian 
Journal of Animal Science 12(4): 459-467.

46.	Scollan ND, Costa P, Hallett KG, Nute GR, Wood JD, et al., (2006) The 
fatty acid composition of muscle fat and relationships to meat quality 
in Charolais steers: influence of level of red clover in the diet. Proc. Brit. 
Soc. Anim. Sci. 2006: 23.

47.	Mattson FH, Grundy SM (1985) Comparison of effect of saturated, 
monounsaturated and polyunsaturated fatty acids on plasma lipids 
and lipoproteins in man. Journal of Lipid Research 26(2): 194-202.

48.	Bonamone A, Grundy SM (1988) Effect of dietary stearic acid on 
plasma cholesterol and lipoprotein levels. The New England Journal of 
Medicine 318:1244-1248.

49.	Moreno GMB, Borba H, Araújo GGL, Sañudo C, Silva Sobrinho AG, et 
al., (2015) Meat quality of lambs fed different saltbush hay (Atriplex 
nummularia) levels. Italian Journal of Animal Science 14 (2): 251-259.

50.	McGuire MA, McGuire MK (2000) Conjugated linoleic acid (CLA): a 
ruminant fatty acid with beneficial effects on human health. Journal of 
Animal Science 77: 1-8.

51.	Todaro M, Corrao A, Alicata ML, Schinelli R, Giaccone P, et al., (2004) 
Effects of litter size and sex on meat quality traits of kid meat. Small 
Ruminant Research 54(3): 191-196.

52.	Banni S, Carta G, Contini MS, Angioni E, Deiana M, et al. (1996) 
Characterization of conjugated diene fatty acids in milk, dairy products 
and lamb tissues. Nutr. Biochem. 7:150-155.

53.	Cabiddu A, Carta G, Decandia M, Addis M, Piredda G, et al., (2005) 
Relationship between feeding regimen and content of conjugated 
linoleic acid in sheep milk and cheese. In: Molina Alcaide E. (ed.), 
Ben Salem H. (ed.), Biala K. (ed.), Morand-Fehr P. (ed.). Sustainable 
grazing, nutritional utilization and quality of sheep and goat products. 
Zaragoza: CIHEAM, 2005: 171-175 (Options Méditerranéennes: Série 
A. Séminaires Méditerranéens; n. 67)

54.	Nudda A, Battacone G, Usai MG, Mele M, Enne G (2005) Seasonal 
changes of conjugated linoleic acid and vaccenic acid in sheep milk fat 
and their transfer to cheese and ricotta. J. Dairy Sci. Vol. 88(4): 1311-
1319.

55.	Ripoll G, Jesús Alcalde M, Argüello A, de Guía Córdoba M, Panea B 

(2020) Effect of Rearing System on the Straight and Branched Fatty 
Acids of Goat Milk and Meat of Suckling Kids Foods 9(4): 471.

56.	Wongtangtintharn S, Oku H, Iwasaki H, Toda T (2004) Effect of 
branched-chain fatty acids on fatty acid biosynthesis of human breast 
cancer cells. J. Nutr. Sci. Vitaminol. 50(2): 137-143.

57.	Turner TD, Jensen J, Pilfold JL, Prema D, Donkor KK, et al., (2015) 
Comparison of fatty acids in beef tissues from conventional, organic 
and natural feeding systems in western Canada Can. J. Anim. Sci. 95: 
49-58.

58.	De Smet S, Raes K, Demeyer D (2004) Meat fatty acid composition as 
affected by fatness and genetic factors: a review Anim. Res. 53(2): 81-
98.

59.	Costa ASH, Costa P, Alves SP, Alfaia CM, Prates JAM, et al., (2018) Does 
growth path influence beef lipid deposition and fatty acid composition? 
PLoS ONE 13(4):  e0193875. 

60.	Stanton C, Lawless F, Kjellmer G, Harrington D, Devery R, et al., (1997) 
A dietary influence on bovine milk cis-9, trans-11 conjugated linoleic 
acid content. Journal of Food Science 62(5): 1083-1086.

61.	Marmer WN, Maxwell RJ, Williams JE (1984) Effects of dietary regimen 
and tissue site on bovine fatty acid profiles. Journal of Animal Science 
59(1): 109-121.

62.	Enser M, Hallet K, Hewett B, Fursey GA, Wood JD, Harrington G (1998) 
Fatty acid content and composition of UK beef and lamb muscle in 
relation to production system and implications for human nutrition. 
Meat Sci. 49(3): 329-341.

63.	Department of health (1994) Report on Health and Social Subjects 
N°46. Nutritional aspects of cardiovascular disease. HMSO, London.

64.	Morgante M, Piasentier E, Bonanno A, Di Grigoli A, Molle G (2007) 
Effect of the dam’s feeding regimen on the meat quality of light suckling 
lambs. Ital.J.Anim.Sci. Vol. 6 (Suppl. 1): 570-572.

65.	Pilarczyk R, Wójcik J (2015) Fatty acids profile and health lipid indices 
in the longissimus lumborum muscle of different beef cattle breeds 
reared under intensive production systems. Acta Sci. Pol. Zootechnica 
14(1): 109-126.

66.	Zhang X, Ning X, He X, Sun X, Yu X et al., (2020) Fatty acid composition 
analyses of commercially important fish species from the Pearl River 
Estuary, China. PLoS ONE 15: e0228276. 

67.	Carlson SE (2001) Docosahexaenoic acid and arachidonic acid in infant 
development. Seminars in Neonatology 6(5): 437-49.

68.	ESPGHAN Committee on Nutrition (2005) Global standard for the 
composition of infant formula: recommendations of an ESPGHAN 
coordinated international expert group. J Ped Gastr Nutr 41(5): 584-
99.

http://dx.doi.org/10.19080/ARTOAJ.2020.25.556305
https://pubmed.ncbi.nlm.nih.gov/22060979/
https://pubmed.ncbi.nlm.nih.gov/22060979/
https://pubmed.ncbi.nlm.nih.gov/22060979/
https://pubmed.ncbi.nlm.nih.gov/22064180/
https://pubmed.ncbi.nlm.nih.gov/22064180/
https://pubmed.ncbi.nlm.nih.gov/22064180/
https://pubmed.ncbi.nlm.nih.gov/22064180/
https://www.tandfonline.com/doi/full/10.4081/ijas.2013.e74
https://www.tandfonline.com/doi/full/10.4081/ijas.2013.e74
https://www.tandfonline.com/doi/full/10.4081/ijas.2013.e74
https://www.tandfonline.com/doi/full/10.4081/ijas.2013.e74
https://www.cambridge.org/core/journals/proceedings-of-the-british-society-of-animal-science/article/abs/fatty-acid-composition-of-muscle-fat-and-relationships-to-meat-quality-in-charolais-steers-influence-of-level-of-red-clover-in-the-diet/FE7ED7748F3764FD3B5D4AC9314E58E5
https://www.cambridge.org/core/journals/proceedings-of-the-british-society-of-animal-science/article/abs/fatty-acid-composition-of-muscle-fat-and-relationships-to-meat-quality-in-charolais-steers-influence-of-level-of-red-clover-in-the-diet/FE7ED7748F3764FD3B5D4AC9314E58E5
https://www.cambridge.org/core/journals/proceedings-of-the-british-society-of-animal-science/article/abs/fatty-acid-composition-of-muscle-fat-and-relationships-to-meat-quality-in-charolais-steers-influence-of-level-of-red-clover-in-the-diet/FE7ED7748F3764FD3B5D4AC9314E58E5
https://www.cambridge.org/core/journals/proceedings-of-the-british-society-of-animal-science/article/abs/fatty-acid-composition-of-muscle-fat-and-relationships-to-meat-quality-in-charolais-steers-influence-of-level-of-red-clover-in-the-diet/FE7ED7748F3764FD3B5D4AC9314E58E5
https://pubmed.ncbi.nlm.nih.gov/3989378/
https://pubmed.ncbi.nlm.nih.gov/3989378/
https://pubmed.ncbi.nlm.nih.gov/3989378/
file:///C:\Users\Admin\Downloads\v
file:///C:\Users\Admin\Downloads\v
file:///C:\Users\Admin\Downloads\v
https://www.tandfonline.com/doi/full/10.4081/ijas.2015.3302
https://www.tandfonline.com/doi/full/10.4081/ijas.2015.3302
https://www.tandfonline.com/doi/full/10.4081/ijas.2015.3302
https://academic.oup.com/jas/article-abstract/77/suppl_E/1/4625663?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/77/suppl_E/1/4625663?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/77/suppl_E/1/4625663?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0921448803003687
https://www.sciencedirect.com/science/article/abs/pii/S0921448803003687
https://www.sciencedirect.com/science/article/abs/pii/S0921448803003687
https://www.sciencedirect.com/science/article/abs/pii/095528639500193X
https://www.sciencedirect.com/science/article/abs/pii/095528639500193X
https://www.sciencedirect.com/science/article/abs/pii/095528639500193X
https://pubmed.ncbi.nlm.nih.gov/15778298/
https://pubmed.ncbi.nlm.nih.gov/15778298/
https://pubmed.ncbi.nlm.nih.gov/15778298/
https://pubmed.ncbi.nlm.nih.gov/15778298/
https://pubmed.ncbi.nlm.nih.gov/32283866/
https://pubmed.ncbi.nlm.nih.gov/32283866/
https://pubmed.ncbi.nlm.nih.gov/32283866/
https://pubmed.ncbi.nlm.nih.gov/15242018
https://pubmed.ncbi.nlm.nih.gov/15242018
https://pubmed.ncbi.nlm.nih.gov/15242018
https://cdnsciencepub.com/doi/full/10.4141/cjas-2014-113
https://cdnsciencepub.com/doi/full/10.4141/cjas-2014-113
https://cdnsciencepub.com/doi/full/10.4141/cjas-2014-113
https://cdnsciencepub.com/doi/full/10.4141/cjas-2014-113
https://pubmed.ncbi.nlm.nih.gov/29614102/
https://pubmed.ncbi.nlm.nih.gov/29614102/
https://pubmed.ncbi.nlm.nih.gov/29614102/
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1997.tb15043.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1997.tb15043.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.1997.tb15043.x
https://academic.oup.com/jas/article-abstract/59/1/109/4658390
https://academic.oup.com/jas/article-abstract/59/1/109/4658390
https://academic.oup.com/jas/article-abstract/59/1/109/4658390
https://pubmed.ncbi.nlm.nih.gov/22060583/
https://pubmed.ncbi.nlm.nih.gov/22060583/
https://pubmed.ncbi.nlm.nih.gov/22060583/
https://pubmed.ncbi.nlm.nih.gov/22060583/
https://pubmed.ncbi.nlm.nih.gov/7863112/
https://pubmed.ncbi.nlm.nih.gov/7863112/
https://www.tandfonline.com/doi/abs/10.4081/ijas.2007.1s.570
https://www.tandfonline.com/doi/abs/10.4081/ijas.2007.1s.570
https://www.tandfonline.com/doi/abs/10.4081/ijas.2007.1s.570
https://asp.zut.edu.pl/2015/14_1/asp-2015-14-1-303.pdf
https://asp.zut.edu.pl/2015/14_1/asp-2015-14-1-303.pdf
https://asp.zut.edu.pl/2015/14_1/asp-2015-14-1-303.pdf
https://asp.zut.edu.pl/2015/14_1/asp-2015-14-1-303.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0228276
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0228276
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0228276
file:///C:\Users\Admin\Downloads\Docosahexaenoic%20acid%20and%20arachidonic%20acid%20in%20infant%20development
file:///C:\Users\Admin\Downloads\Docosahexaenoic%20acid%20and%20arachidonic%20acid%20in%20infant%20development
https://pubmed.ncbi.nlm.nih.gov/16254515/
https://pubmed.ncbi.nlm.nih.gov/16254515/
https://pubmed.ncbi.nlm.nih.gov/16254515/
https://pubmed.ncbi.nlm.nih.gov/16254515/


How to cite this article:   Acciaro M, Dimauro C, Sitzia M, Manca C, Fiori M, et al. Growth rate, meat quality and fatty acids composition of “Agnello di 
Sardegna” PGI light lambs. Agri Res & Tech: Open Access J. 2020; 25 (2): 556305. DOI: 10.19080/ARTOAJ.2020.25.556305009

Agricultural Research & Technology: Open Access Journal 

Your next submission with Juniper Publishers    
      will reach you the below assets

•	 Quality Editorial service
•	 Swift Peer Review
•	 Reprints availability
•	 E-prints Service
•	 Manuscript Podcast for convenient understanding
•	 Global attainment for your research
•	 Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
•	 Unceasing customer service

Track the below URL for one-step submission 
 https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI:10.19080/ARTOAJ.2020.25.556305

http://dx.doi.org/10.19080/ARTOAJ.2020.25.556305
https://juniperpublishersgroup.com/online-submission.php
http://dx.doi.org/10.19080/ARTOAJ.2020.25.556305

