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ABSTRACT
Meat from Garganica kids fed diets containing oregano and linseed was analysed for physical and
sensory properties, chemical and fatty acid composition of intramuscular lipids. Twenty-one three-weekold kids were divided into three homogeneous groups (n = 7), according to age and body weight, and
assigned to one of the following feeding treatments: C) control: commercial pelleted feed; L) pelleted
feed containing 3% extruded linseed; LO) pelleted feed containing 3% extruded linseed and 0.6% dried
oregano inflorescences. Kids were slaughtered at 60 days of age. Diet did not affect in vivo performances,
dressing percentage, pH and meat colour, but it influenced meat tenderness, that was lower (P<0.01) in
meat from kids receiving oregano, probably due to the lesser (P<0.05) fat content of their meat. The use
of oregano also resulted in a lower muscle fat oxidation and in a better meat flavour. As for human health,
the dietary supplementation with linseed improved the muscle fatty acid composition, resulting in higher
levels of α-linolenic acid (P<0.05) and in a lower n-6/n-3 ratio.

INTRODUCTION

T

he crisis affecting animal production may be overcome
by rediscovering “biodiverse” animal breeds. The
recovery of autochthonous breeds is an important factor
in maintaining biodiversity. The Garganica breed is a
native Apulian goat breed well adapted to the harsh
environmental conditions of Southern Italy marginal
areas. The exploitation of this goat breed passes through
the improvement of meat production and quality, which
has a relationship with human health.
In the last ten years, research on human nutrition has
shown that a diet containing high levels of saturated fatty
acids (SFA) increases the risk of cancer, atherosclerosis
and cardiovascular diseases (Hooper et al., 2006; Erkkilä
et al., 2008; Webb and O’Neill, 2008; Leon et al., 2009).
Consequently, consumers of the technologically
advanced countries have begun paying attention to the link
between health and nutrition, directing their food choices
towards good quality, healthy and wholesome products.
People prefer meats with a low fat and cholesterol content
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along with high levels of n-3 polyunsaturated fatty acids
(n-3 PUFA).
Ruminant meat can be considered a good dietary
source of several nutrients (Wahle et al., 2004), however,
it has also been censured for its high level of intramuscular
fat, which is particularly rich in SFA due to rumen
biohydrogenation of dietary fats, especially PUFAs
(Doreau and Ferlay, 1993; Glasser et al., 2008).
Therefore, the improvement of ruminant meat requires
feeding strategies (Wood et al., 1999; Wachira et al., 2002;
Demirel et al., 2004) able to optimize its chemical and
nutritional composition and fatty acid profile, in order to
obtain a product with a low SFA content, a high PUFA
concentration (especially n-3; Cooper et al., 2004), and
n-6/n-3 and PUFA/SFA (Chilliard et al., 2000; Vatansever
et al., 2000; Caputi Jambrenghi et al., 2004) ratios close
to the levels recommended by the Department of Health
(1994).
Several studies have shown that the supplementation
of the animal diet with linseed resulted in a higher content
of α-linolenic acid in the muscle and increased the amount
of long-chain n-3 PUFAs (Wachira et al., 2002; Demirel
et al., 2004; Bas et al., 2007; Berthelot et al., 2010);
moreover, changes in the feed level in the diet affect the
ruminal ecosystem reducing PUFA biohydrogenation
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(Glasser et al., 2008).
Although dietary supplementation with PUFAs
improves its nutritional characteristics, meat becomes
more susceptible to lipid oxidation and peroxidation,
resulting in consistent worsening of its colour (browning),
flavour and shelf life (Wood et al., 2004).
Animal feeding supplementation with natural
antioxidant essences such as oregano, sage, thyme and
rosemary (Rice-Evans et al., 1997) has proved to delay
or limit the oxidative process (Elmore et al., 1999) during
meat storage and exposure at the meat counter, thus
prolonging its shelf life.
Oregano (Origanum vulgare L.) is a common
aromatic plant in the Mediterranean area (Kokkini et
al., 2004). Its essential oil is known to have several
properties: antimicrobial (Lambert et al., 2001; Marino
et al., 2001; Friedman et al., 2002), antifungal (Paster et
al., 1995; Adam et al., 1998) and antioxidant (Bendini
et al., 2002; Botsoglou et al., 2002; Papageorgiou et al.,
2003). Oregano’s antioxidant activity is attributed to
carvacrol and thymol; these molecules make the bacterial
cell membrane permeable (Lambert et al., 2001) and
convert lipids and hydroxyl radicals into stable products
(Yanishlieva-Maslarova, 2001).
Studies on animal feeding supplementation with
oregano have given controversial growth performance
results for pigs (Namkung et al., 2004) and broilers
(Botsoglou et al., 2004a; Giannenas et al., 2005). However,
oregano improves the oxidative stability of chicken
(Botsoglou et al., 2003) and rabbit meat (Botsoglou et
al., 2004b), protecting it from the negative effects that
slaughtering stress may have on quality (Young et al.,
2003). Studies on oregano used in lamb feeding have
confirmed its effectiveness in giving greater oxidative
stability and in improving the sensory qualities of meat
(Bampidis et al., 2005; Simitzis et al., 2008), although
little information is available regarding the effects of
oregano supplementation to the kid ration.
This study aimed to evaluate the effect of dietary
supplementation with oregano and extruded linseed
on the chemical, physical and sensory characteristics,
intramuscular fat oxidation and fatty acid profile of meat
from suckling Garganica kids.

MATERIALS AND METHODS
Animal management and diet
The study involved twenty-one male Garganica kids,
born as twins, carried out in the Research Unit for Extensive
Animal Husbandry (Zootecnia Estensiva - ZOE) in Muro
Lucano (PZ, Italy, latitude: 40°45’13”64 N, longitude:
15°29’17.1” E, 650 m a.s.l.) between March and May 2015

for a total of 40 days. Kids were reared according to the
traditional farming system for the Garganica breed: they
were exclusively milk-fed, suckling from the dams until
they reached the age of about 21 days. Then they were
assigned to one the following groups (n=7), homogeneous
for body weight and age: C) control group, that received
a commercial pelleted feed; L) group that received a
pelleted feed containing 3% extruded linseed; LO) group
fed a pelleted feed containing 3% extruded linseed and
0.6% dried oregano inflorescences. The three pelleted
total mixed rations (PTMR) (Tables I, II) were formulated
to be isocaloric and isonitrogenous, in order to meet the
nutritional requirements of kids (INRA, 1988) and were
provided ad libitum.
Feed was offered daily at 08:00 h at a rate of 110%
of ad libitum intake calculated by weighing-back refusal
weekly. Feed samples were taken weekly and stored
at -20°C until analysis. In addition, kids had access
to maternal milk throughout the trial period. Suckling
occurred twice daily, in the morning at about 07:00,
before taking the dams out to pasture, and in the evening
at about 19:00, when the dams came back from pasture.
The amount of milk suckled by the kids was calculated by
weighing them before and after suckling.
Table I.- Composition of experimental diets.

Ingredient % (as-fed basis)
Dehulled soybeans
Corn
Barley
Wheat flour shorts
Faba bean
Bran
Sugar beet pulp dehydrated
Extruded linseed
Soybean oil
Sunflower meal
Molasses
Soybean hulls
Oregano (dried inflorescences)
Vitamin mineral premix
Total

C

Diets1
L

LO

6.00
31.00
9.00
9.00
10.00
10.00
6.00
1.00
8.00
3.00
4.00
3.00
100.00

6.00
31.00
9.00
9.00
8.50
10.00
6.00
3.00
7.50
3.00
4.00
3.00
100.00

6.00
30.4
9.00
9.00
8.50
10.00
6.00
3.00
7.50
3.00
4.00
0.60
3.00
100.00

Diets: C, control feed; L, control feed + 3% extruded linseed; LO,
control feed + 3% extruded linseed + 0.6% Oregano.

1

The dams grazed during the day, receiving hay ad
libitum and commercial feed (500 g/head/day) at housing,
in the evening.
Samples of maternal milk were taken every two
weeks for analysis of chemical and fatty acid composition
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(Table II).
The kids were housed in individual pens (0.8 m2/
head) with free access to water, and the temperature in the
pens ranged from 7 °C to 15 °C.
Feed refusals were recorded weekly to calculate
average daily gain (ADG), average daily feed intake
(ADFI) and feed conversion ratio (FCR).
Table II.- Chemical and fatty acid composition of the
diets and maternal milk.
Diets1
Maternal
milk
C
L
LO
Chemical composition % (dry matter basis)
Moisture
88
88.9
88
87
Crude protein
16.795 16.682 17.227
3.456
Ether extract
4.598 5.589 6.156
4.729
Ash
9.098 9.065 9.008
0.861
Lactose
4.351
Crude fiber
15.183 13.432 14.970
Indeterminate
54.325 55.232 52.639
33.850 36.001 36.553
NDF2
10.936 11.685 11.953
ADF2
2.641 2.919 3.073
ADL2
0.405 0.486 0.453
AIA2
Fatty acid composition (% fatty acid methyl esters)
C6:0
1.18
C8:0
2.17
C10:0
9.15
C12:0 (lauric)
0.950
4.42
C14:0 (myristic)
0.949
9.47
C16:0 (palmitic)
9.171 7.642 7.632
24.70
C17:0
0.667
0.63
C18:0 (stearic)
1.155 3.695 4.033
10.94
C18:1 n-9, cis 9 (oleic)
17.913 18.837 17.953
22.32
C18:2 n-6 (linoleic)
39.166 22.037 20.589
3.04
C18:3 n-3 (α-linolenic)
4.546 31.067 30.707
0.88
C20:4 n-6 (arachidonic) 0.213
0.32
C22:5 n-3 (DPA)
0.545 0.176 0.272
0.54
C22:6 n-3 (DHA)
0.297 0.280 0.283
0.30
Diets: C, control feed; L, control feed + 3% extruded linseed; LO,
control feed + 3% extruded linseed + 0.6% Oregano. 2NDF, neutral
detergent fiber; ADF, acid detergent fiber; ADL, acid detergent lignin;
AIA, acid insoluble ash.
1

The kids were slaughtered at 60 days of age, by
exsanguination, according to the veterinary police rules
(D.P.R. 320/54) after fasting for 12 h, with free water
access, and recording of body weights. The hot carcass,
skin, fleece, pluck, and full and empty gastro-intestinal
tract (GIT) were weighed. Carcasses were hung by
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the Achilles tendon, chilled at 4 °C (80-82% relative
humidity) for 24 h and then reweighed. The weight of the
digestive content (full-empty GIT) was used to calculate
the net dressing percentage after dressing and chilling (hot
carcass weight/empty body weight; cold carcass weight/
empty body weight).
Chemical composition of feed
Representative samples of the pelleted feeds were
taken at fifteen-day intervals, and mixed to obtain a
single final pool for each diet, which was then analysed to
determine its chemical composition and fatty acid profile.
Samples of each PTMR were ground in a hammer mill with
a 1 mm screen and analysed using the following AOAC
(2004) procedures: DM (Method 934.01), EE (Method
920.39), ash (Method 942.05), CP (Method 954.01), CF
(Method 945.18), ADF and ADL (Method 973.18), and
amylase-treated NDF (Method 2002.04).
The chemical composition of the dams’ milk was
analysed as follows: total protein (N×6.38), fat and lactose
content, using an infrared spectrophotometer (Milko Scan
133B; Foss Electric, DK-3400, Denmark).
Physical and chemical parameters of meat
The pH values were measured on the Longissimus
lumborum (Ll) muscle at the time of slaughter (pH0) and
after that the carcasses were refrigerated at 4 °C for 24
h (pH24), using a portable instrument (Model HI 9025;
Hanna Instruments, Woonsocket, RI) with an electrode
(FC 230C; Hanna Instruments) and performing a two-point
calibration (pH 7.01 and 4.01). The refrigerated carcasses
were divided into left and right halves, and samples of
the Ll muscle were taken from the right side in order to
measure meat colour and tenderness.
Meat colour (L* = lightness, a* = redness, b*

= yellowness) were determined using a Hunter Lab
MiniscanTM XE Spectrophotometer (Model 4500/L, 45/0
LAV, 3.20 cm diameter aperture, 10° standard observer,
focusing at 25 mm, illuminant D65/10; Hunter Associates
Laboratory Inc., Reston, Virginia, USA). Three readings
were taken for each sample by placing the instrument on
different meat areas. The instrument was normalized to a
standard white tile before performing analysis (Y = 92.8, x
= 0.3162, and y = 0.3322). The reflectance measurements
were performed after the samples were allowed to
oxygenate in air for at least 30 min, in order to take stable
measurements (Šicklep and Čandek-Potokar, 2007).
Three Ll samples (1.25 cm diameter and thick) were
tested for tenderness by the Warner-Bratzler Shear Force
(WBSF) system using an Instron 5544 testing machine.
Shear forces were determined perpendicular to fiber
direction.
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Chemical composition and fatty acid analyses
In order to analyse the chemical composition of meat
(moisture, ether extract, raw protein, ash) (AOAC, 1995),
representative sub-samples of Ll were homogenised and
fat was extracted according to the method suggested by
Folch et al. (1957), using a 2:1 chloroform/methanol
(v/v) solution in order to determine the fatty acid profile.
The fatty acids were then methylated using a KOH/
methanol 2N solution (Christie, 1982) and analysed
by gas chromatography (Shimadzu GC-17A) using
a silicone-glass capillary column (70% Cyanopropyl
Polysilphenylene-siloxane BPX 70 by Thermo Scientific,
length = 60 m, internal diameter = 0.25 mm, film thickness
= 0.25 µm). The starting temperature was 135 °C for 7
min, then increased by 4 °C/min up to 210 °C.
The analysis of milk fatty acids was performed by
applying the same extraction procedure described for meat.
The methylated fatty acids were prepared following AOAC
(2000) procedure and analysed by gas chromatography,
the only differences being that the starting temperature
was 140 °C, and increased by 5 °C/min up to 230 °C. The
single fatty acids were expressed as a percentage of the
total methylated fatty acids.
Samples of each concentrate mixture were used for
fatty acid analysis according to the method described
above for the meat fatty acid profile.
Morover, Δ9 desaturase and elongase enzymatic
activities were determined as described by Malau-Aduli
et al. (1997), using mathematical indices. The calculations
were performed as follows: Δ9 desaturase 16 index = 100
[(C16:1cis9)/(C16:1cis9 + C16:0)]; Δ9 desaturase 18 index
= 100 [(C18:1cis9)/(C18:1cis9 + C18:0)]; elongase index
= 100 [(C18:0 + C18:1cis9)/(C16:0 + C16:1cis9 + C18:0
+ C18:1cis9)].
The food risk factor of meat was evaluated by
calculating the n-6/n-3 and PUFA/SFA ratios and the

nutritive value of the fat (Bonanome and Grundy, 1988);
the latter was calculated as follows: (C18:0 + C18:1cis9)/
C16:0.
Lipid oxidation
Lipid oxidation on meat samples from Ll muscle
was evaluated by measuring 2-thiobarbituric acid reactive
substances (TBARS), according to the method of Salih et
al. (1987), and was expressed as mg MDA/kg meat.
Sensory properties of meat
Consumer tests were carried out in a single session
to record consumer responses to the sensory properties
of meat: tenderness, juiciness, flavour and overall
acceptability (Meilgaard et al., 1991). Each consumer was
asked to score each attribute on an intensity scale ranging
from 1 (very bad) to 9 (excellent).
The lumbar region from the kids’ half carcasses was
refrigerated at 4 °C for 24 h and cut into ribs. The meat was
grilled at 180 °C until it reached an internal temperature
of 75 °C, monitored using an internal thermocouple. It
was then served to the members of the consumer panel,
consisting of 41 adult men and women aged between 18
and 60. The educational level was medium-high and panel
members belonged to three job categories of approximately
equal numbers: (1) students, (2) office workers and (3)
technicians. Most were non-smokers and habitual meat
eaters (eating meat more than once a week).
Statistical analysis
Statistical analysis was performed using the GLM
procedure of the SAS application package (SAS, 2000).
The statistical model included the effect of diet treatment
and experimental error. When the diet effect was significant
(P<0.05), means were compared by the Student’s t-test.

Table III.- Effect of diet on in vivo performances and slaughtering data of kids.

Initial BW (Kg)
Final BW (Kg)
Average daily feed intake (Kg/d)
Average daily milk intake (Kg/d)
Average daily gain (Kg/d)
Feed conversion ratio (F+M)3 (Kg/Kg)
Net hot dressing percentage4
Net cold dressing percentage4

C
6.21
11.50
0.118
0.910
0.123
8.47
68.23
64.51

Diets1
L
5.33
11.42
0.113
0.840
0.127
7.85
68.98
65.63

LO
6.34
11.66
0.107
0.900
0.118
9.40
69.17
65.99

SEM2

P value

1.831
2.091
0.011
0.233
0.028
3.127
1.837
2.345

0.573
0.978
0.228
0.844
0.852
0.671
0.381
0.430

1
Diets: C, control feed; L, control feed + 3% extruded linseed; LO, control feed + 3% extruded linseed + 0.6% Oregano. 2Standard error of means. 3Feed
+ milk. 4% of empty body weight.
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RESULTS AND DISCUSSION
Growth performances in vivo and slaughtering data
Performances in vivo and slaughtering data were not
affected by the diet (Table III). Feed intake was very low
for all the groups (107-118 g head/day), therefore growth
performances were more affected by milk consumption
(840-910 g head /day) than by the experimental diets.
Other studies in lambs showed that dietary
supplementation with linseed oil or seeds did not influence
slaughtering weight or daily weight gain (Bas et al.,
2007; Radunz et al., 2009; Berthelot et al., 2010, 2012).
In agreement with previous observations involving lambs
(Simitzis et al., 2008), broilers (Botsoglou et al., 2004a)
and rabbits (Botsoglou et al., 2004b), the oregano inclusion
in the diet did not influence growth performances, although
the components of oregano could have affected these by
limiting the growth and colonisation of many pathogenic
and non-pathogenic bacteria species in the gut (Bampidis
et al., 2005).
The dressing percentage is similar to that reported
by Todaro et al. (2006) in Girgentana kids slaughtered
at the same age, but higher in comparison with other
studies (Santos et al., 2007, 2008; Peña et al., 2011). The
discrepancies can probably be attributed to differences in
slaughtering weights (Marichal et al., 2003) and genotype
(Peña et al., 2011).
Table IV.- Effect of diet on physical characteristics and
lipid oxidation of meat from the Longissimus lumborum
muscle.

pH0
pH24
MDA (mg/Kg meat)
1 d L*
a*
b*
WBS (kg/cm2)
5 d L*
a*
b*
WBS (kg/cm2)

C
6.67
5.49
0.38A
46.50
6.24
11.63
5.23b
44.09
6.58
11.52
5.06

Diets1
L
6.75
5.60
0.42A
45.98
6.36
11.43
4.35B
44.21
7.02
11.52
4.57

LO
6.70
5.45
0.23B
46.85
6.82
12.08
6.27Aa
44.86
6.72
11.77
5.31

SEM P value
0.065
0.179
0.088
3.599
1.033
0.884
0.892
3.625
1.283
0.940
1.314

0.134
0.772
0.001
0.889
0.501
0.343
0.001
0.902
0.788
0.829
0.531

a, b, P<0.05; A, B, P<0.01. 1Diets: C, control feed; L, control feed +
3% extruded linseed; LO, control feed + 3% extruded linseed + 0.6%
Oregano.

Physical and chemical parameters of meat
The data regarding pH, colour and tenderness of the
Longissimus lumborum muscle are reported in Table IV.
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The pH values were not significantly affected by the
diet. The final pH that we recorded was between 5.45 and
5.60, with values similar to those reported by Stanisz et al.
(2009) and lower than those of other genotypes (Dhanda
et al., 2003; Santos et al., 2007; Bonvillani et al., 2010).
In agreement with observations recorded in Manchego
lambs (de la Fuente-Vázquez et al., 2014), the final pH
values were not influenced neither by linseed nor by
oregano supplementation, while Simitzis et al. (2008)
reported significant increases in final pH values only for
female Chios lambs, but not for males, when diet was
supplemented with oregano essential oil.
Considering the effects on shelf life, colour and
quality of meat, the final pH values are essential for
refrigerated meat; levels above 5.8 generally indicate
poor quality caused by pre-slaughtering stress (Lawrie,
1998; Dhanda et al., 2003). However, the levels we found
are within the acceptable range (5.5-5.8) considered as
optimal for high quality goat meat (Herold et al., 2007;
Solaiman et al., 2011).
The colorimetric characteristics (L*, a*, b*) measured
at 1 and 5 days after slaughter were not influenced by the
diet. de la Fuente-Vázquez et al. (2014) found that dietary
linseed had no effect on the colorimetric features of lamb
meat. Dietary supplementation with oregano, instead,
determined slightly higher levels of the parameters
studied, in partial agreement with observations on lambs
(Simitzis et al., 2008) fed with a diet containing oregano
essential oil, that showed slightly increased meat lightness
and significantly increased a* and b* values.
The lightness values (L*) were intermediate results
compared to those observed by Peña et al. (2009) in Criollo
Cordobes (L* = 42.54) and Anglonubian (L* = 48.82) kids
slaughtered at the same weight of the kids of our study.
The same suthors, moreover, registered a significant effect
due to genotype and reported, like Santos et al. (2007),
higher a* and b* values, in contrast with our observations.
Meat tenderness recorded the day after slaughtering
was significantly affected by the diet; WBS values (kg/cm2)
were higher in group LO compared with group C (P<0.05)
and especially with group L (P<0.01). However, these
differences disappeared at the 5th day (Table IV). Linseed
used alone, however, lowered tenderness in comparison
with group C (Table IV), although not significantly.
This result is consistent with previous studies on kids
(Abuelfatah et al., 2016), lambs (Nute et al, 2007; Díaz
et al., 2011) and beef cattle (Juárez et al., 2012) fed using
different PUFA sources.
The higher WBS values in kids receiving oregano
can probably be ascribed to the lower fat content of their
meat (Table V); Kemp et al. (1981) found that fatter lambs
actually had more tender meat.
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Table V.- Effect of diet on chemical composition of the
meat from Longissimus lumborum muscle.
Diets1
C

SEM
L

LO

Moisture (%)

76.65 76.28

Crude protein (%)

19.97 20.27

Ether extract (%)

1.63

Ash (%)

1.33

a

P value

a

77.23

0.595

0.043

19.51

0.503

0.055

b

1.74

1.32

0.232

0.018

1.46

1.52

0.199

0.297

a

b

a, b, P<0.05. 1Diets: C, control feed; L, control feed + 3% extruded
linseed; LO, control feed + 3% Extruded linseed + 0.6% Oregano.

The WBS values are also similar to those reported by
other researchers (Dhanda et al., 2003; Todaro et al., 2004;
Bonvillani et al., 2010) and lower than those recorded by
Santos et al. (2007), who observed significant differences
due to genotype, sex and to the different muscle samples.
The shear force values reported for kid meat vary widely
in relation to factors such as pre-slaughter treatment, post
mortem carcass treatment, the type of muscle and the
sample preparation method (Webb et al., 2005).
TBARS values (mg malondialdehyde MDA/
kg-1 meat) were similar for groups C and L, and were
significantly (P<0.01) reduced by using oregano. The
higher level of meat oxidation due to the linseed diet
agrees with observations reported in Manchego lambs (de
la Fuente-Vázquez et al., 2014); the antioxidant activity
of oregano is confirmed in trials on lambs (Simitzis et al.,
2008), calves (Zinoviadou et al., 2009), pigs (Simitzis et
al., 2010) and rabbits (Cardinali et al., 2015). Oregano is
thought to delay oxidation because lipids and hydroxyl
radicals are rendered more stable by reaction with its
phenolic components (Jadhav et al., 1996; YanishlievaMaslarova, 2001).
In agreement with Simitzis et al. (2008), it is therefore
possible to state, although indirectly, that after oregano
was ingested with feed, its phenolic compounds acted at
tissue level after being absorbed.
Chemical composition of meat
The chemical composition data of the Longissimus
dorsi are shown in Table V. The moisture content was
higher (P<0.05) in group LO than in group L. However, the
fat proportion was lower (P<0.05) in group LO than in the
other two groups, while the protein and ash proportion was
not influenced by diet. No information is available about
the influence of oregano on the chemical composition of
kid meat, while a study on rabbit meat did not report any
significant differences in chemical composition that could
be ascribed to oregano included in the diet (Cardinali et
al., 2015).

Table VI.- Effect of diet on fatty acid profile (% of total
fatty acid methyl esters) and indices related to human
health of meat from the Longissimus lumborum muscle.
Fatty acids
C12:0 (lauric)
C14:0 (myristic)
C16:0 (palmitic)
C17:0
C18:0 (stearic)
Total SFA2
C16:1 n-7 (palmitoleic)
C18:1 n-9 t9
C18:1 n-9 c9 (oleic)
Total MUFA3
C18:2 n-6, c9, c12
(linoleic)
C18:3 n-3 (α-linolenic)
Total n-64
Total n-35
Total PUFA6
Nutritive value7
n-6/n-3
PUFA/SFA
Δ9 desaturase 16 index8
Δ9 desaturase 18 index9
Elongase index10

C
0.38
4.89
24.14
0.99
15.03
53.23
0.94
1.11
23.17
26.72
14.21

Diet1
L
0.35
4.66
22.78
0.88
13.63
48.49
0.86
1.08
25.12
28.74
13.09

LO
0.49
5.26
24.94
1.00
15.30
53.07
0.87
1.01
24.66
28.03
11.89

SEM P value
0.201
1.170
2.608
0.102
1.563
3.853
0.318
0.423
2.784
3.124
2.311

0.479
0.677
0.372
0.095
0.173
0.084
0.883
0.919
0.468
0.536
0.251

0.73b
15.84
1.15
16.99
1.59
14.95a
0.32
4.05
60.54
60.39

0.99a
14.77
1.45
16.22
1.73
10.39b
0.33
4.30
64.79
61.93

0.92a
13.25
1.34
14.60
1.63
9.85b
0.28
3.97
61.61
60.88

0.184
2.528
0.324
2.744
0.269
3.288
0.068
0.436
3.744
4.296

0.049
0.237
0.299
0.331
0.681
0.032
0.389
0.421
0.158
0.819

a, b, P<0.05. 1Diets: C, control feed; L, control feed + 3% extruded linseed;
LO, control feed + 3% extruded linseed + 0.6% Oregano. SFA, saturated
fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids. 2Sum of C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 +
C22:0 + C24:0. 3Sum of C16:1n-7 + C18:1trans-9 + C18:1cis-9. 4Sum of
C18:2cis-9,cis-12 + C18:2cis-9,trans-11+ C18:3 + C20:4. 5Sum of C18:3
+ C20:3 + C20:5 + C22:6. 6Sum of n-6 + n-3. 7Nutritive value: (C18:0 +
C18:1cis9)/C16:0. 8Δ9 desaturase 16 index = index of desaturase enzyme
activity in C16 fatty acids = 100 [(C16:1cis9) / (C16:1cis9 + C16:0)]. 9Δ9
desaturase 18 index = index of desaturase enzyme activity in C18 fatty
acids = 100 [(C18:1cis9) / (C18:1cis9 + C18:0)]. 10elongase index = 100
[(C18:0 + C18:1cis9) / (C16:0 + C16:1cis9 + C18:0 + C18:1cis9)].

Fatty acid profile
The fatty acid profile of the Longissimus lumborum
intramuscular fat is shown in Table VI.
Dietary treatment did not significantly influence
the percentage of total saturated fatty acids (SFA),
monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA). The most represented (23-25 %)
fatty acids were oleic (C18:1 n-9 cis9) and palmitic acids
(C16:0), followed (12-15%) by stearic (C18:0) and linoleic
acids (C18:2 n-6 cis9 cis12). This trend, except for linoleic
acid, is in agreement with that observed in other studies
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(Banskalieva et al., 2000; Todaro et al., 2006; Ebrahimi et
al., 2014), which reported oleic, palmitic and stearic acids
(in decreasing order) as the fatty acids found in the largest
amounts; however, the percentage of stearic and oleic
acids was lower than that found in the literature for lambs
and kids, while the levels of linoleic acid were higher (Bas
et al., 2005; Werdi Pratiwi et al., 2006; Bonvillani et al.,
2010). In agreement with Kim et al. (2007), the lower
levels of stearic acid we found in the muscle could have
been caused by a greater amount of linoleic acid escaping
ruminal biohydrogenation, and given that stearic acid acts
as a Δ9 desaturase substrate (Cook, 1996) in the synthesis
of oleic acid, lower levels of C18:0 in muscle tissue can
also determine lower concentrations of C18:1 n-9 cis 9.
In cattle, however, feeding high levels of concentrates
(Latham et al., 1972) has shown to determine a reduction
of the bacteria responsible for the rumen biohydrogenation,
probably due to higher acidity (Harfoort and Hazelwood,
1997). The different proportions of acids we found might
also be due to the heterogeneity of the trial conditions
reported in literature, dissimilar for breeds (de Smet
et al., 2004), diets (Bas et al., 2005; Lee et al., 2008)
or slaughtering weights (Sañudo et al., 1998); it has
been observed, in fact, that the fatty acid profile can be
significantly affected by diet changes after weaning and
by weight increases at slaughtering (Dhanda et al., 2003;
Beserra et al., 2004).
The use of linseed in the diet did not affect the
proportion of oleic acid in meat intramuscular fat, as also
observed in calves (Aharoni et al., 2004; Bartoň et al.,
2007).
In agreement with previous studies in lambs (de la
Fuente-Vázquez et al., 2014), linoleic acid levels (11.8914.21%) were not influenced by linseed supplementation.
In Black Goat kids fed with sesame, sunflower or linseed
oil, and slaughtered at a higher age than that of our kids,
the linoleic acid content in the muscle was approximately
a third (3.48-3.89%) of the level we found (Saqhir et al.,
2012). It is likely that diet, genotype and the age difference
were conditioning factors also in this case. Beserra et al.
(2004) showed, indeed, that the linoleic acid content is
influenced significantly by genotype and by slaughtering
age of kids.
However, in a study involving Girgentana kids fed
with maternal milk, or with maternal milk and feed, and
slaughtered at the same age as our kids, the meat linoleic
acid level was lower than the level we found (Todaro et
al., 2006).
Regarding PUFAs, the C18:3 n-3 proportion was
significantly lower (P<0.05) in the kids of group C
than in those fed with linseed and linseed + oregano, in
agreement with a previous study carried out in lambs
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fed with extruded linseed and linseed oil that showed an
intramuscular content increase of the α-linolenic acid as
related to the diet (Colonna et al., 2011).
The total PUFA n-6 and the total PUFA n-3 percentages
were not influenced by dietary treatment, whereas the
n-6/n-3 ratio was significantly higher (P<0.05) in group
C than in the other two groups. This ratio reduction due to
linseed supplementation agrees with the findings reported
in Boer kids (Abuelfatah et al., 2016) and Manchego lambs
(de la Fuente-Vázquez et al., 2014) also fed with linseed.
However, regardless of the diet, the ratio value was
higher than that reported in other studies carried out in
different genotypes (Todaro et al., 2006; Peña et al., 2009),
and resulted unsatisfactory in terms of meat healthful
properties. In relation to human health, this ratio should
not exceed 4. The differences with the findings of other
Authors may be due to the genotype (Peña et al., 2009),
or to the amount and composition of the maternal milk
received by the kids in our study, which suckled mostly
milk, as showed by the feed intake values (Table III). The
fatty acid composition of suckling kid meat, in fact, is
mainly related to maternal milk composition (Zygoyiannis
et al., 1992; Dhanda et al., 1999).
With regards to the nutritional value, in terms of
the fatty acid ratio (C18:0 + C18:1)/C16:0) of meat,
Banskalieva et al. (2000) suggested that its assessment
could be a useful way to describe the potential effects on
human health of the different fatty acids ingested with
food. It has been highlighted that palmitic acid (C16:0)
increases blood cholesterol, while stearic acid (C18:0) has
no effect and oleic acid (C18:1) reduces it. In the present
study, the ratio ranged from 1.59-1.73 and did not present
any differences related to diet. However, the ratio was
lower than that recorded in other genotypes (Todaro et al.,
2002; Santos et al., 2007; Peña et al., 2009; Bonvillani et
al., 2010), and consequently less satisfactory for human
health.
The PUFA/SFA ratio was unaffected by the diet, and
the values ranging between 0.28 and 0.33 are comparable
to those obtained in finishing lambs receiving forage
(Enser et al., 1998a), linseed supplementation (de la
Fuente-Vázquez et al., 2014), fish, rapeseed or soybean
meal (Ponnampalam et al., 2001), or fish oil (Wachira et
al., 2002; Cooper et al., 2004). However, the ratio values
we obtained were below the level of 0.45, recommended
for human health (Enser et al., 1998b).
Sensory characteristics of meat
The sensory characteristics of meat are shown in
Table VII. Overall acceptability, tenderness and juiciness
were not significantly influenced by the feeding treatment,
although the tasters gave a higher flavour score to the
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meat of kids fed with oregano than to group L subjects
and especially to group C (P<0.01). The lack of the diet
influence on meat tenderness and juiciness is in agreement
with other research carried out in lambs whose ration
was supplemented with different lipid sources including
linseed oil (Nute et al., 2007; Diaz et al., 2011) and with
the findings reported in Kivircik lambs (Demirel et al.,
2013) receiving oregano supplementation. About the
flavor, instead, the best values were recorded following the
administration of oregano in contrast with the observations
of Demirel et al. (2013), which did not show the influence
of oregano oil supplementation on meat flavor in lambs.
Table VII.- Effect of diet on sensory characteristics of
meat.

Tasters (n.)
Overall acceptability
Flavour
Tenderness
Juiciness

C
41
6.29
5.31B
6.21
5.88

Diet1
L
LO
41
41
6.92 6.66
5.50b 6.17Aa
6.60 6.22
6.02 5.97

SEM

P value

1.224
1.474
1.649
2.054

0.070
0.025
0.491
0.948

Diets: C, control feed; L, control feed + 3% extruded linseed; LO,
control feed + 3% extruded linseed + 0.6% Oregano.

1

CONCLUSIONS
The results lead us to conclude that, under our
experimental conditions, the ration supplementation
with extruded linseed does not affect the productive
performance, the chemical and physical characteristics
of meat and fatty acid profile of muscle lipids. The fatty
acid composition, however, shows higher linolenic acid
content and a better n-6/n-3 ratio. This poor response
may be probably attributed to the low kid feed intake and,
therefore, to the greater influence of maternal milk on kid
growth and body composition.
Oregano supplementation enhances meat lipids
oxidative stability and its flavor, confirming results that
have been already observed in other species.

ACKOWLEDGMENT
Research supported by the Basilicata Region within the
project “Valorization of meat from Basilicata native sheep
and goats for the conservation of biodiversity”, Basilicata
2007-2013 PSR - Miss. 214 Action 5, Agrobiodiversity:
Integrated Action Projects DGR No. 1096 of 08/08/2012.
Statement of conflict of interest
Authors have declared no conflict of interest.

REFERENCES
Abuelfatah, K., Zuki, A.B.Z., Goh, Y.M. and Sazili,
A.Q., 2016. Effects of enriching goat meat with
n-3 polyunsaturated fatty acids on meat quality and
stability. Small Rum. Res., 136: 36-42. https://doi.
org/10.1016/j.smallrumres.2016.01.001
Adam, K., Sivropoulou, A., Kokkini, S., Lanaras, T.
and Arsenakis, M., 1998. Antifungal activities of
Origanum vulgare subsp. hirtum, Mentha spicata,
Lavandula angustifolia, and Salvia fruticosa
essential oils against human pathogenic fungi.
J. Agric. Fd. Chem., 46: 1739-1745. https://doi.
org/10.1021/jf9708296
Aharoni, Y., Orlov, A. and Brosh, A., 2004. Effects of
high-forage content and oilseed supplementation of
fattening diets on conjugated linoleic acid (CLA)
and trans fatty acids profiles of beef lipid fractions.
Anim. Feed Sci. Technol., 117: 43-60. https://doi.
org/10.1016/j.anifeedsci.2004.07.019
AOAC, 1995. Official methods of analysis of association
of official analytical chemists, 16th edn. Association
of Official Analytical Chemists, Arlington, VA,
USA.
AOAC, 2000. Official methods of analysis of association
of official analytical chemists, 17th edn. Association
of Official Analytical Chemists, Arlington, VA,
USA.
AOAC, 2004. Official methods of analysis of association
of official analytical chemists, 18th edn. Association
of Official Analytical Chemists, Arlington, VA,
USA.
Bampidis, V.A., Christodoulou, V., Florou-Paneri,
P., Christaki E., Spais, A.B. and Chatzopoulou,
P.S., 2005. Effect of dietary dried oregano leaves
supplementation on performance and carcass
characteristics of growing lambs. Anim. Feed Sci.
Tech., 121: 285-295. https://doi.org/10.1016/j.
anifeedsci.2005.02.002
Banskalieva, V., Sahlu, T. and Goest, A.L., 2000. Fatty
acid composition of goat muscles and fat depot: a
review. Small Rum. Res., 37: 255-268. https://doi.
org/10.1016/S0921-4488(00)00128-0
Bartoň, L., Marounek, M., Kudrna, V., Bureš, D. and
Zahradkova, R., 2007. Growth performance
and fatty acid profiles of intramuscular and
subcutaneous fat from Limousin and Charolais
heifers fed extruded linseed. Meat Sci., 76: 517523. https://doi.org/10.1016/j.meatsci.2007.01.005
Bas, P., Berthelot, V., Pottier, E. and Normand, J., 2007.
Effect of linseed on fatty acid composition of
muscles and adipose tissues of lambs with emphasis

1429

Effect of Oregano and Linseed in Garganica Suckling Kids

on trans fatty acids. Meat Sci., 77: 678-688. https://
doi.org/10.1016/j.meatsci.2007.05.022
Bas, P., Dahbi, E., El Aich, A., Morand-Fehr, P. and
Araba, A., 2005. Effect of feeding on fatty acid
composition of muscles and adipose tissues in
young goat raised on the Argan tree forest of
Moroco. Meat Sci., 71: 317-326. https://doi.
org/10.1016/j.meatsci.2005.04.018
Bendini, A., Gallina Toschi, T. and Lercker, G., 2002.
Antioxidant activity of oregano (Origanum vulgare
L.) leaves. Ital. J. Fd. Sci., 14: 17-24.
Berthelot, V., Bas, P., Pottier, E. and Normand, J., 2012.
The effect of maternal linseed supplementation
and/or lamb linseed supplementation on muscle and
subcutaneous adipose tissue fatty acid composition
of indoor lambs. Meat Sci., 90: 548-557. https://
doi.org/10.1016/j.meatsci.2011.09.014
Berthelot, V., Bas, P. and Schmidely, P., 2010. Utilization
of extruded linseed to modify fatty composition of
intensively-reared lamb meat: Effect of associated
cereals (wheat vs. corn) and linoleic acid content
of the diet. Meat Sci., 84: 114-124. https://doi.
org/10.1016/j.meatsci.2009.08.034
Beserra, F.J., Madruga, M.S., Leite, A.M., Silva, E.M.C.
and Maia, E.L., 2004. Effect of age at slaughter on
chemical composition of meat from Moxotó goats
and their crosses. Small Rum. Res., 55: 177-181.
https://doi.org/10.1016/j.smallrumres.2004.02.002
Bonanome, A. and Grundy, S.M., 1988. Effect of dietary
stearic acids on plasma cholesterol and lipoprotein
levels. New Engl. J. Med., 318: 1244-1248. https://
doi.org/10.1056/NEJM198805123181905
Bonvillani, A., Peña, F., Domenech, V., Polvillo, O.,
García, P.T. and Casal, J.J., 2010. Meat quality
of Criollo Cordobes goat kids produced under
extensive feeding conditions. Effects of sex and
age/weight at slaughter. Span. J. agric. Res., 8: 116125. https://doi.org/10.5424/sjar/2010081-1150
Botsoglou, N.A., Christaki, E., Fletouris, D.J., FlorouPaneri, P. and Spais, A.B., 2002. The effect of
dietary oregano essential oil on lipid oxidation in
raw and cooked chicken during refrigerated storage.
Meat Sci., 62: 259-265. https://doi.org/10.1016/
S0309-1740(01)00256-X
Botsoglou, N.A., Christaki, E., Florou-Paneri, P.,
Giannenas, I., Papageorgiou, G. and Spais, A.B.,
2004a. The effect of a mixture of herbal essential oils
or a-tocopheryl acetate on performance parameters
and oxidation of body lipid in broilers. S. Afri. J.
Anim. Sci., 34: 52-61. https://doi.org/10.4314/sajas.
v34i1.4039
Botsoglou, N.A., Florou-Paneri, P., Christaki, E.,

1429

Giannenas, I. and Spais, A.B., 2004b. Performance
of rabbits and oxidative stability of muscle tissues
as affected by dietary supplementation with
oregano essential oil. Arch. Anim. Nutr., 58: 209218. https://doi.org/10.1080/00039420410001701
404
Botsoglou, N.A., Govaris, A., Botsoglou, E.N.,
Grigoropoulou, S.H. and Papageorgiou, G., 2003.
Antioxidant activity of dietary oregano essential
oil and alpha-tocopheryl acetate supplementation
in long term frozen stored turkey meat. J. Agric.
Fd. Chem., 51: 2930-2936. https://doi.org/10.1021/
jf021034o
Caputi Jambrenghi, A., Giannico F., Sanapo, S., Bozzo,
F., Colonna, M.A., Vicenti, A. and Vonghia, G.,
2004. Effect of dietary linseed oil on fatty acid
composition of lamb meat. Proc. 50th Int. Congr.
Meat Sci. Tech., 8-14 August, Helsinki, Finland.
Cardinali, R., Cullere, M., Dal Bosco, A., Mugnai, C.,
Ruggeri, S., Mattioli, S., Castellini, C., Trabalza
Marinucci, M. and Dalle Zotte, A., 2015. Oregano,
rosemary and vitamin E dietary supplementation
in growing rabbits: Effect on growth performance,
carcass traits, bone development and meat chemical
composition. Livest. Sci., 175: 83-89. https://doi.
org/10.1016/j.livsci.2015.02.010
Chilliard, Y., Ferlay, A., Mansbridge, R. and Doreau,
M., 2000. Ruminant milk fat plasticity: nutritional
control of saturated, polyunsaturated, trans and
conjugated fatty acids. Annls. Zootech., 49: 181205. https://doi.org/10.1051/animres:2000117
Christie, W.W., 1982. Lipid analysis-isolation,
separation, identification and structural analysis of
lipids. Pergamon Press, Oxford, pp. 270.
Colonna, M.A., Giannico, F., Coluccia, A., Di Bello,
G., Vonghia, G. and Caputi Jambrenghi, A., 2011.
Dietary supplementation with extruded linseed
and linseed oil in lamb feeding: Productive
performances and meat quality traits. Progr. Nutr.,
13: 111-124.
Cook, H.W., 1996. Fatty acid desaturation and chain
elongation in eukaryotes. In: Biochemistry of
lipids, lipoproteins and membranes (eds. D.E.
Vance and J.E. Vance). Elsevier, Amsterdam, the
Netherlands, pp. 129. https://doi.org/10.1016/
S0167-7306(08)60512-8
Cooper, S.L., Sinclair, L.A., Wilkinson, R.G.,
Hallett, K.G., Enser, M. and Wood, J.D., 2004.
Manipulation of the n-3 polyunsaturated fatty
acid content of muscle and adipose tissue in
lambs. J. Anim. Sci., 82: 1461-1470. https://doi.
org/10.2527/2004.8251461x

1430

P. Rotondi et al.

de la Fuente-Vázquez, J., Díaz-Díaz-Chirón, M.T.,
Pérez-Marcos, C., Cañeque-Martínez, V., SánchezGonzález, C.I., Álvarez-Acero, I., FernándezBermejo, C., Rivas-Cañedo, A. and LauzuricaGómez, S., 2014. Linseed, microalgae or fish oil
dietary supplementation affects performance and
quality characteristics of light lambs. Span. J.
agric. Res., 12: 436-447. https://doi.org/10.5424/
sjar/2014122-4639
de Smet, S., Raes, K. and Demeyer, D., 2004. Meat fatty
acid composition as affected by fatness and genetic
factors: A review. Anim. Res., 53: 81-98. https://doi.
org/10.1051/animres:2004003
Demirel, G., Ekiz, B., Unal, A., Yalcintan, A., Kocabagli,
N. and Yilmaz, A., 2013. Effects of dietary oregano
essential oil on carcass and meat quality of Kivircik
Lambs. J. Anim. Vet. Adv., 12: 991-995.
Demirel, G., Wachira, A.M., Sinclair, L.A., Wilkinson,
R.G., Wood, J.D. and Enser, M., 2004. Effects of
dietary n-3 polyunsaturated fatty acids, breed and
dietary vitamin E on the fatty acids of lamb muscle,
liver and adipose tissue. Br. J. Nutr., 91: 551-565.
https://doi.org/10.1079/BJN20031079
Department of Health, 1994. Nutritional aspects of
cardiovascular disease. Report on Health and
Social Subjects, No. 46 HMSO, London, UK.
Dhanda, J.S., Taylor, D.G. and Murray, P.J., 2003.
Carcass composition and fatty acid profiles of
adipose tissue of male goats: effects of genotype and
live weight at slaughter. Small Rum. Res., 50: 67-74.
https://doi.org/10.1016/S0921-4488(03)00112-3
Dhanda, J.S., Taylor, D.G., Murray, P.J. and McCosker,
J.E., 1999. The influence of goat genotype on the
production of Capretto and Chevon carcasses. 4.
Chemical composition of muscle and fatty acid
profiles of adipose tissue. Meat Sci., 52: 375-379.
https://doi.org/10.1016/S0309-1740(99)00013-3
Díaz, M.T., Cañeque, V., Sánchez, C.I., Lauzurica,
S., Pérez, C., Fernández, C., Álvarez, I. and de la
Fuente, J., 2011. Nutritional and sensory aspects of
light lamb meat enriched in n-3 fatty acids during
refrigerated storage. Fd. Chem., 124: 147-155.
https://doi.org/10.1016/j.foodchem.2010.05.117
Doreau, M. and Ferlay, A., 1993. Digestion and utilisation
of fatty acids by ruminants. Anim. Feed Sci.
Tech., 45: 379-396. https://doi.org/10.1016/03778401(94)90039-6
Ebrahimi, M., Rajion, M.A. and Goh, Y.M., 2014.
Effects of oils rich in linoleic and α-linolenic
acids on fatty acid profile and gene expression in
goat meat. Nutrients, 6: 3913-3928. https://doi.
org/10.3390/nu6093913

Elmore, J.S., Mottram, D.S., Enser, M. and Wood,
J.D., 1999. Effect of the polyunsaturated fatty acid
composition of beef muscle on the profile of aroma
volatiles. J. Agric. Fd. Chem., 47: 1619-1625.
https://doi.org/10.1021/jf980718m
Enser, M., Hallett, K.G., Hewitt, B., Fursey, G.A.J.
and Wood, J.D., 1998a. The polyunsaturated
fatty acid composition of beef and lamb. Meat
Sci., 49: 321-327. https://doi.org/10.1016/S03091740(97)00143-5
Enser, M., Hallet, K.G., Hewit, B., Fursey, G.A.J., Wood,
J.D. and Harrington, G., 1998b. Fatty acid content
and composition of UK beef and lamb muscle in
relation to production system and implication for
human nutrition. Meat Sci., 49: 329-341. https://
doi.org/10.1016/S0309-1740(97)00144-7
Erkkilä, A., De Mello, V.D.F., Risérus, U. and Laaksonen,
D.E., 2008. Dietary fatty acids and cardiovascular
disease: An epidemiological approach. Progr.
Lipid Res., 47: 172-187. https://doi.org/10.1016/j.
plipres.2008.01.004
Folch, A.J., Lees, M. and Stanley, G.H., 1957. A simple
method for the isolation and purification of total
lipids from animal tissues. J. biol. Chem., 226: 497509.
Friedman, M., Henika, P.R. and Mandrell, R.E.,
2002. Bactericidal activities of plant essential
oils and some of their isolated constituents
against Campylobacter jejuni, Escherichia
coli, Listeria monocytogenes, and Salmonella
enterica. J. Fd. Protec., 65: 1545-1560. https://doi.
org/10.4315/0362-028X-65.10.1545
Giannenas, I.A., Florou-Paneri, P., Botsoglou, N.A.,
Christaki, E. and Spais, A.B., 2005. Effect
of supplementing feed with oregano and/or
a-tocopheryl acetate on growth of broiler chickens
and oxidative stability of meat. J. Anim. Feed
Sci., 14: 521-535. https://doi.org/10.22358/
jafs/67120/2005
Glasser, F., Schmidely, P., Sauvant, D. and Doreau, M.,
2008. Digestion of fatty acids in ruminants: A metaanalysis of flows and variation factor 2. C18 fatty
acids. Animal, 2: 691-704. https://doi.org/10.1017/
S1751731108002036
Harfoot, C.G. and Hazelwood, G.P., 1997. Lipid
metabolism in the rumen. In: The rumen microbial
ecosystem (eds. P.N. Hobson and C.S. Stewart).
Blackie Academic & Professional, London, UK,
pp. 382-426. https://doi.org/10.1007/978-94-0091453-7_9
Herold, P., Snell, H. and Tawfik, E.S., 2007. Growth
carcass and meat quality parameters of pure bred

1431

Effect of Oregano and Linseed in Garganica Suckling Kids

and crossbred goat kids in extensive pasture. Arch.
Tierzucht., 50: 186-196.
Hooper, L., Thompson, R.L., Harrison, R.A.,
Summerbell, C.D., Ness, A.R., Moore, H.J.,
Worthington, H.V., Durrington, P.N., Higgins, J.P.,
Capps, N.E., Riemersma, R.A., Ebrahim, S.B. and
Davey Smith, G., 2006. Risks and benefits of omega
3 fats for mortality, cardiovascular disease, and
cancer: Systematic review. Br. med. J., 332: 752755. https://doi.org/10.1136/bmj.38755.366331.2F
INRA, 1988. Alimentation des Bovines, Ovins et
Caprins. INRA, Paris.
Jadhav, S.J., Nimbalkar, S.S., Kulkarni, A.D. and
Madhavi, D.L., 1996. Role of antioxidants in
inhibiting lipid peroxidation. In: Food antioxidants,
technological, toxicological and health perspectives
(eds. D.L. Madhavi, S.S. Deshpande and D.K.
Salunkhe). M. Dekker Inc., NY, USA, pp. 41-53.
Juárez, M., Dugan, M.E.R., Aldai, N., Basarab, J.A.,
Baron,V.S., McAllister, T.A. and Aalhus, J.L., 2012.
Beef quality attributes as affected by increasing the
intramuscular levels of vitamin E and omega-3
fatty acids. Meat Sci., 90: 764-769. https://doi.
org/10.1016/j.meatsci.2011.11.010
Kemp, J.D., Mahyuddin, M., Ely, D.G., Fox, J.D. and
Moody, W.G., 1981. Effect of feeding systems,
slaughter weight and sex on organic properties, and
fatty acid composition of lamb. J. Anim. Sci., 51:
321-330. https://doi.org/10.2527/jas1980.512321x
Kim, S.C., Adesogan, A.T., Badinga, L. and Staples,
C.R., 2007. Effects of dietary n-6:n-3 fatty acid
ratio on feed intake, digestibility, and fatty acid
profiles of the ruminal contents, liver, and muscle
of growing lambs. J. Anim. Sci., 85: 706-716.
https://doi.org/10.2527/jas.2006-289
Kokkini, S., Karousou, R., Hanlidou, E. and Lanaras,
T., 2004. Essential oil composition of Greek
(Origanum vulgare ssp hirtum) and Turkish
(O-onites) oregano: A tool for their distinction. J.
Essen. Oil Res., 16: 334-338. https://doi.org/10.108
0/10412905.2004.9698735
Lambert, R.J.W., Skandamis, P.N., Coote, P.J. and
Nychas, G.J., 2001. A study of the minimum
inhibitory concentration and mode of action of
oregano essential oil, thymol and carvacrol. J. appl.
Microbiol., 91: 453-462. https://doi.org/10.1046/
j.1365-2672.2001.01428.x
Latham, M.J., Storry, J.E. and Sharpe, M.E., 1972.
Effects of low roughage diets on the microflora and
lipid metabolism in the rumen. Appl. Microbiol.,
24: 871-877.
Lawrie, R.A., 1998. Lawrie’s meat science, 6th edn.

1431

Woodhead Publishing Ltd., Cambridge, England.
Lee, J.H., Kouakou, B. and Kannan, G., 2008. Chemical
composition and quality characteristics of chevron
from goats fed three different post-weaning
diets. Small Rum. Res., 75: 177-184. https://doi.
org/10.1016/j.smallrumres.2007.10.003
Leon, H., Shibata, M.C., Sivakumaran, S., Dorgan, M.,
Chatterley, T. and Tsuyuki, R.T.T., 2009. Effect of
fish oil on arrhythmias and mortality: Systematic
review. Br. med. J., 338: 2931-2939.
Malau-Aduli, A.E.O., Siebert, B.D., Bottema, C.D.K.
and Pitchford, W.S., 1997. A comparison of the
fatty acid composition of triacylglycerols in adipose
tissue from Limousin and Jersey cattle. Aust. J.
agric. Res., 48: 715-722. https://doi.org/10.1071/
A96083
Marichal, A., Castro, N., Capote, J., Zamorano, M.J.
and Argüello, A., 2003. Effects of live weight at
slaughter (6, 10, 25 kg) on kid carcass and meat
quality. Livest. Prod. Sci., 83: 247-256. https://doi.
org/10.1016/S0301-6226(03)00113-1
Marino, M., Bersani, C. and Comi, G., 2001. Impedance
measurements to study the antimicrobial activity
of essential oils from Lamiaceae and Compositae.
Int. J. Fd. Microbiol., 67: 187-195. https://doi.
org/10.1016/S0168-1605(01)00447-0
Meilgaard, M., Civille, G.V. and Carr, B.T., 1991.
Sensory evaluation techniques, 2nd edn. CRC
Press Inc., Boca Raton, Florida, USA, pp. 135-235.
Namkung, H., Li, M., Gong, J., Yu, H., Cottrill, M. and
de Lange, C.F.M., 2004. Impact of feeding blends
of organic acids and herbal extracts on growth
performance, gut microbiota and digestive function
in newly weaned pigs. Can. J. Anim. Sci., 84: 697704. https://doi.org/10.4141/A04-005
Nute, G.R., Richardson, R.I., Wood, J.D., Hughes, S.I.,
Wilkinson, R.G., Cooper, S.L. and Sinclair, L.A.,
2007. Effect of dietary oil source on the flavour
and the colour and lipid stability of lamb meat.
Meat Sci., 77: 547-555. https://doi.org/10.1016/j.
meatsci.2007.05.003
Papageorgiou, G., Botsoglou, N., Govaris, A.,
Giannenas, I., Iliadis, S. and Botsoglou, E., 2003.
Effect of dietary oregano oil and α-tocopheryl
acetate supplementation on iron-induced lipid
oxidation of turkey breast, thigh, liver and heart
tissue. J. Anim. Physiol. Anim. Nutr., 87: 324-335.
https://doi.org/10.1046/j.1439-0396.2003.00441.x
Paster, N., Menasherov, M., Ravid, U. and Juven, B.,
1995. Antifungal activity of oregano and thyme
essential oils applied as fumigants against fungi
attacking stored grain. J. Fd. Protec., 58: 81-85.

1432

P. Rotondi et al.

https://doi.org/10.4315/0362-028X-58.1.81
Peña, F., Bonvillani, A., Freireb, B., Juárezc, M., Perea,
J. and Gómez, G., 2009. Effects of genotype and
slaughter weight on the meat quality of Criollo
Cordobes and Anglo Nubian kids produced under
extensive feeding conditions. Meat Sci., 83: 417422. https://doi.org/10.1016/j.meatsci.2009.06.017
Peña, F., Bonvillani, A., Morandini, M., Freire, V.,
Domenech, V. and García, A., 2011. Carcass
quality of Criollo Cordobes and Anglo Nubian
suckling kids: Effects of age at slaughter. Arch.
Zootec., 60: 225-235. https://doi.org/10.4321/
S0004-05922011000200007
Ponnampalam, E.N., Sinclair, A.J., Egan, A.R.,
Blakeley, S.J. and Leury, B.J., 2001. Effect of
diets containing n−3 fatty acids on muscle longchain n−3 fatty acid content in lamb fed low- and
medium-quality roughage diets. J. Anim. Sci., 79:
698-706. https://doi.org/10.2527/2001.793698x
Radunz, A.E., Wickersham, L.A., Loerch, S.C.,
Fluharty, F.L., Reynolds, C.K. and Zerby, H.N.,
2009. Effects of dietary polyunsaturated fatty
acid supplementation on fatty acid composition in
muscle and subcutaneous adipose tissue of lambs. J.
Anim. Sci., 87: 4082-4091. https://doi.org/10.2527/
jas.2009-2059
Rice-Evans, C., Miller, N.J. and Paganga, G., 1997.
Antioxidant properties of phenolic compounds.
Trends Pl. Sci., 2: 152-159. https://doi.org/10.1016/
S1360-1385(97)01018-2
Salih, A.M., Smith, D.M., Price, J.F. and Dawson,
L.E., 1987. Modified extraction 2-tiobarbituricacid
method for measuring lipid oxidation in poultry.
Poult. Sci., 66: 1483-1488. https://doi.org/10.3382/
ps.0661483
Santos, V.A.C., Silva, A.O., Cardoso, J.V.F., Silvestre,
A.J.D., Silva, S.R., Martins, C. and Azevedo,
J.M.T., 2007. Genotype and sex effects on carcass
and meat quality of suckling kid protected by the
PGI ‘‘Cabrito de Barroso”. Meat Sci., 75: 725-736.
https://doi.org/10.1016/j.meatsci.2006.10.003
Santos, V.A.C., Silva, S.R. and Azevedo, J.M.T., 2008.
Carcass composition and meat quality of equally
mature kids and lambs. J. Anim. Sci., 86: 19431950. https://doi.org/10.2527/jas.2007-0780
Sañudo, C., Sierra, I., Olleta, J.L., Martín, L., Campo,
M.M., Santolaria J.D., Wood, J.D. and Nute, G.R.,
1998. Influence of weaning on carcass quality, fatty
acid composition and meat quality in intensive
lamb production systems. Anim. Sci., 66: 175-187.
https://doi.org/10.1017/S1357729800008948
Saqhir, S., Abo Omar, J., Naser, O., Ghanam, I. and

Abdalla, J., 2012. Muscle fatty acids profile of
finishing Black goat kids fed oil supplemented
diets. Asian-Pac. J. Trop. Biomed., 1: 1-5.
SAS, 2000. SAS/STAT user’s guide: Statistics. SAS
Institute Inc., Cary, NC, USA.
Šicklep, M. and Candek-Potokar, M., 2007. Pork color
measurements as affected by bloom time and
measurement location. J. Muscle Fds., 18: 78-87.
https://doi.org/10.1111/j.1745-4573.2007.00067.x
Simitzis, P.E., Deligeorgis, S.G., Bizelis, J.A.,
Dardamani, A., Theodosiou, I. and Fegeros, K.,
2008. Effect of dietary oregano oil supplementation
on lamb meat characteristics. Meat Sci., 79: 217223. https://doi.org/10.1016/j.meatsci.2007.09.005
Simitzis, P.E., Symeon, G.K., Charismiadou, M.A.,
Bizelis, J.A. and Deligeorgis, S.G., 2010. The
effects of dietary oregano oil supplementation on
pig meat characteristics. Meat Sci., 84: 670-676.
https://doi.org/10.1016/j.meatsci.2009.11.001
Solaiman, S., Kerth, C., Willian, K., Min, B.R.,
Shoemaker, C., Jones, W. and Bransby, D., 2011.
Growth performance, carcass characteristics and
meat quality of Boer-cross weather and buck goats
grazing Marshall rye grass. Asian-Aust. J. Anim.
Sci., 24: 351-357.
Stanisz, M., Ślósarz, P. and Gut, A., 2009. Slaughter
value and meat quality of goat kids with various
share of Boer blood. Anim. Sci. Pap. Rep., 27: 189197.
Todaro, M., Corrao, A., Alicara, M.L., Schinelli, R.,
Giaccone, P. and Priolo, A., 2004. Effects of litter
size and sex on meat quality traits of kid meat. Small
Rum. Res., 54: 191-196. https://doi.org/10.1016/j.
smallrumres.2003.11.011
Todaro, M., Corrao, A., Barone, C.M.A., Alicata,
M.L., Schinelli, R. and Giaccone, P., 2006. Use of
weaning concentrate in the feeding of suckling kids:
effects on meat quality. Small Rum. Res., 66: 44-50.
https://doi.org/10.1016/j.smallrumres.2005.06.038
Todaro, M., Corrao, A., Barone, C.M.A., Schinelli,
R., Occidente, M. and Giaccone, P., 2002. The
influence of age at slaughter and litter size on some
quality traits of kid meat. Small Rum. Res., 44: 7580. https://doi.org/10.1016/S0921-4488(02)000354
Vatansever, L., Kurt, E., Enser, M., Nute, G.R., Scollan,
N.D., Wood, J.D. and Richardson, R.I., 2000. Shelf
life and eating quality of beef from cattle of different
breeds given diets differing in n-3 polyunsaturated
fatty acid composition. Anim. Sci., 71: 471-482.
https://doi.org/10.1017/S135772980005548X
Wachira, A.M., Sinclair L.A., Wilkinson, R.G., Enser,

1433

Effect of Oregano and Linseed in Garganica Suckling Kids

M., Wood, J.D. and Fisher, A.V., 2002. Effects
of dietary fat source and breed on the carcass
composition, n-3 polyunsaturated fatty acid and
conjugated linoleic acid content of sheep meat and
adipose tissue. Br. J. Nutr., 88: 697-709. https://doi.
org/10.1079/BJN2002727
Wahle, K.W.J., Heys, S.D. and Rotondo, D., 2004.
Conjugated linoleic acids: Are they beneficial or
detrimental to health? Progr. Lipid Res., 43: 553587. https://doi.org/10.1016/j.plipres.2004.08.002
Webb, E.C., Casey, N.H. and Simela, L., 2005. Goat
meat quality. Small Rumin. Res., 60: 153-166.
https://doi.org/10.1016/j.smallrumres.2005.06.009
Webb, E.C. and O’Neill, H.A., 2008. The animal fat
paradox and meat quality. Meat Sci., 80: 28-36.
https://doi.org/10.1016/j.meatsci.2008.05.029
Werdi Pratiwi, N.M., Murray, P.J., Taylor, D.G. and
Zhang, D., 2006. Comparison of breed, slaughter
weight and castration on fatty acid profiles in the
longissimus thoracic muscle from male Boer and
Australian feral goats. Small Rum. Res., 64: 94-100.
https://doi.org/10.1016/j.smallrumres.2005.04.002
Wood, J.D., Enser, M., Fisher, A.V., Nute, G.R.,
Richardson, R.I. and Sheard, P.R., 1999.
Manipulating meat quality and composition. Proc.
Nutr. Soc., 58: 363-370. https://doi.org/10.1017/
S0029665199000488
Wood, J.D., Richardson, R.I., Nute, G.R., Fisher, A.V.,

1433

Campo, M.M., Kasapidou, M., Sheard, P.R. and
Enser, M., 2004. Effects of fatty acids on meat
quality: A review. Meat Sci., 66: 21-32. https://doi.
org/10.1016/S0309-1740(03)00022-6
Yanishlieva-Maslarova, N.V., 2001. Inhibiting
oxidation. In: Antioxidants in food: Practical
applications (eds. J. Pokorny, N. Yanishlieva and
M. Gordon). Woodhead Publishing Limited, CRC
Press, Cambridge, England, pp. 22-70. https://doi.
org/10.1201/9781439823057.ch3
Young, J.F., Stagsted, J., Jensen, S.K., Karlsson, A.H.
and Henckel, P., 2003. Ascorbic acid, α-tocopherol
and oregano supplements reduce stress-induced
deterioration of chicken meat quality. Poult.
Sci., 82: 1343-1351. https://doi.org/10.1093/
ps/82.8.1343
Zinoviadou, K.G., Koutsoumanis, K.P. and Biliaderis,
C.G., 2009. Physico-chemical properties of whey
protein isolate films containing oregano oil and
their antimicrobial action against spoilage flora
of fresh beef. Meat Sci., 82: 338-345. https://doi.
org/10.1016/j.meatsci.2009.02.004
Zygoyiannis, D., Kufidis, D., Katasaounis, N. and
Phillips, P., 1992. Fatty acid composition of carcass
of indigenous (Capra prisca) suckled Greek kids
and milk of their does. Small Rum. Res., 8: 83-95.
https://doi.org/10.1016/0921-4488(92)90010-2

