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Intramuscular, subcutaneous and kidney knob fat depot fatty acid profileswere studied in 104male suckling kids
from seven Spanish breeds: Blanca Andaluza, Blanca Celtibérica, Moncaína, Negra Serrana-Castiza, Pirenaica,
Malagueña and Murciano-Granadina. Kids were raised in the traditional production system on mother's milk
and slaughtered at around 7 kg live weight. Differences were observed between dairy (Malagueña) and meat
breeds (Blanca Andaluza, Blanca Celtibérica, Moncaína, Negra Serrana-Castiza, and Pirenaica). Malagueña
showed highermonounsaturated and conjugated linoleic fatty acid levels than the other breeds. Highest percent-
ages of saturated fatty acids were observed in meat breeds. For intramuscular fat depot, the range for desirable
fatty acids was 66.16–72.27% was. The influence of breed on fatty acid profiles of intramuscular, subcutaneous
and kidney knob fat depots studied was evident. Intramuscular fat depot is proposed as a differentiating factor
between dairy and meat breed goat kids, but not between meat breed kids.

© 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Goats are an important species due to their contribution to the de-
velopment of both rural areas and the people who inhabit them
(Dubeuf, Morand-Fehr, & Rubino, 2004), and according to DAD-IS
(2010) 512 local goat breeds are recognized worldwide, of which
170 are in Europe. The EU accounts for 13.1% of the total annual
world production of goat milk and 1.9% of goat meat (FAOSTAT, 2010)
and Mediterranean countries such as Greece, Spain, France and Italy
are Europe's main goat producers (Castel, Ruiz, Mena, & Sánchez-
Rodriguez, 2010). In 2009, Spain was the second largest goat producer
in Europe (2.3 million heads; FAOSTAT, 2010), and 22 local breeds
are recognized in this country (MARM, 2011). Although most of the
goats are dairy breeds (68.05%), goat meat farming is also a signifi-
cant activity (Castel et al., 2010). Dairy goat breeds are mainly reared
intensively with concentrate supplements, whereas meat breeds are
frequently reared extensively or semi-extensively. Regardless of
whether the breed is for dairy or meat purposes, in these different pro-
duction systems all kids are fed exclusively on their mothers' milk to
produce suckling goat kids for meat, with a live weight of 10–11 kg be-
cause the market prefers carcass weights of 5–7 kg (Marichal, Castro,
Capote, Zamorano, & Argüello, 2003).

Goat meat is almost universally considered to be acceptable, but cul-
tural traditions and social andeconomic conditions influence consumers'
oforestales, EUITA, Universidad
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preferences (Casey, Van Niekerk, & Webb, 2003). Traditionally, goat
meat has been considered an expensive product that is consumed on
festive occasions. On the other hand, consumers' purchasing decisions
are influenced by their perception of “food healthiness” that, in the
case of meat, is largely related to fat content (McAfee et al., 2010). In-
deed, the saturated fatty acid content of animal fat is one of the main
reasons for rejecting meat (Biesalski, 2005) since it has been widely
reported that high consumption of saturated fatty acids is related to car-
diovascular diseases (Wood et al., 2004). However, it is important to
highlight the beneficial effects of edible animal fats (intramuscular and
subcutaneous) on human health. Particularly, the advantageous nutri-
tional value of the meat of small ruminants is related to their n−3
PUFA and to the cis-9, trans-11 CLA (conjugated linoleic acid) isomer
content, there being evidence that these fatty acids have the potential
to improve long-term human health (Banskalieva, Sahlu, & Goesch,
2000).

It has been widely reported that various factors such as diet (Wood
et al., 2004), slaughter weight (Horcada, Beriain, Chasco, Indurain, &
Purroy, 2010), fatness degree (Nürnberg, Wegner, & Ender, 1998) and
fat depot location (Banskalieva et al., 2000) all have an influence on
the fatty acid profile of fat depots. Differences between internal (kidney
knob fat) and external (subcutaneous) fat depots have been widely
demonstrated. Internal fat depots show higher saturated fatty acid con-
centrations than external fat depots or intramuscular fat (Horcada,
Beriain, Lizaso, Insausti, & Purroy, 2009). Although the effect of breed
has been studied (Díaz et al., 2005), it is usually difficult to assess the
real contribution of genetics to differences in fatty acid composition be-
cause other factors such as diet, degree of fatness or origin and the pro-
duction system can influence it (Sañudo et al., 2000). However, fatty
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acid profile determination has been shown to be an effective method
to differentiate breeds and production systems in veal (Dias et al.,
2008). Furthermore, Juárez et al. (2010) showed that using the
lipid profile information of two fat depots (including intramuscular,
or combining an external and an internal fat depot), 100% of lamb
carcasses can be correctly assigned according their breed-production
system.

There is a reasonable amount of literature showing the effect
of breed and production system on the fatty acid profile of different
fat depots, such as intramuscular, subcutaneous and kidney knob
fat in light lambs (Choi, Enser, Wood, & Scollan, 2000), in calves
(Indurain, Beriain, Goñi, Arana, & Purroy, 2006) and in pigs (Muriel,
Ventanas, Petrón, & Antequera, 2004). In general, these studies rev-
ealed that fat depots in ruminants show higher saturated and mono-
unsaturated fatty acid contents than species, such as pigs (Wood
et al., 2008). Little literature is available for kids and especially for
light animals. In fact, as far as the authors are aware there are is no
research describing fatty acid profiles from various fat depots in
kids, and certainly not with reference to Spanish breeds. However,
information on the lipid profile of fat can contribute to the develop-
ment of quality marks in relation to different goat breeds. In general,
Spanish consumers show great interest in origin-linked products such
as the Protected Geographical Indication (PGI), since they associate
these products with high-quality, healthy foods. Nevertheless, and
although in Spain there are five PGI for sheep and ten for veal, there
is no PGI for goat meat (MARM, 2011).

Therefore, the aims of this study were to analyze the natural dis-
similarity in the characteristics of intramuscular, subcutaneous and
kidney knob fat depots from seven Spanish goat kid breeds reared
in their typical production system and to assess the reliability of using
fatty acid profiles of different fat depots to predict the breed to which
the suckling kids belong. This methodology could be used for the future
development of PGIs for goat meat in Spain.
2. Material and methods

2.1. Animals

A total of 104 single male suckling kids from five Spanish meat goat
breeds (BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaína;
NE, Negra Serrana-Castiza and PI, Pirenaica) and 2 dairy breeds (MA,
Malagueña; MU; Murciano-Granadina) were used. The number of ani-
mals per treatment and their carcass characteristics is shown in Table 1.
Kid goats were reared on the farm of origin with dams' milk until
slaughter. All mothers were reared under semi-extensive husbandry
conditions, and fed with forage and concentrates. Dairy breed (MA
and MU) were, further supplemented using strategic concentrate sup-
plementation. Kids suckled their mothers' milk only and remained in-
doors while the mothers grazed for 8 h a day. Concentrate, hay, forage
or other supplements were not given to kids.
Table 1
Means and standard deviation for several kid carcass characteristics from seven breeds of S

n BA BC MO NE

13 15 16 15

Live weight (kg) 7.43b 7.65b 7.44b 7.9
Hot carcass weight (kg) 3.92b 4.10b 4.17b 4.3
Carcass fatness (1–12) 2.00ab 2.87b 2.69bc 1.4
Kidney knob fat (g) 34.98a 80.85b 86.60b 81.1
Intramuscular fat (%) 1.15b 1.12b 1.55c 1.4

a,b,c,d Least square means in the same rowwith different superscript letters are significantly d
BC, Blanca Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; MA, Malagu
2.2. Slaughter and post-slaughter conditions

Kid goats were chosen at each farm of origin and were slaughtered
at the usual commercial weight, which represents the typical produc-
tion systems of each breed. When the animals reached the target live
weight (7.4±0.51 kg) at between 42 and 46 days of age, they were
transported in accordance with welfare specifications and slaughtered
in a slaughterhouse according to the EU Council Directive 86/609/EEC
that establishes guidelines regarding the protection of animals used
for experimental and other scientific purposes.

Immediately after slaughter, the degree of carcass fatness was
assessed by two trained assessors according the EU photographic
standards for carcasses of light lambs (EEC Regulation nº 22, 2008).
Each fatness level (1, low; 2, slight; 3, medium; 4, high) was divided
into three sublevels in order to discern small differences in the degree
of fatness. Therefore, a scale of scores ranging from 1 to 12 points
was used. Thereafter, kidney knob fat (KK) was extracted, weighed,
vacuum-packed and frozen at −18 °C. The carcasses were chilled for
24 h at 4 °C. After chilling, a sample of subcutaneous fat (SC) was
obtained from the right shoulders and a sample of intramuscular (IM)
was obtained from the Longissimus lumborummuscle of the left carcass
half. KK and SCwere chosen as reference depots because they are easily
obtained and are representative of internal and external carcasses, re-
spectively. Moreover, usually, the nutritional value of the meat refers
to edible IM depot. All samples were vacuum-packed and frozen at
−18 °C. Relative fat content was quantified in the L. lumborum muscle
of the left carcass half using the Ankom Procedure based on high-
temperature (90 °C) solvent extraction (AOCS, 2004) with an Ankom
extractor (Model XT10, Ankom Technology, Madrid, Spain).

2.3. Fatty acid analysis

The total fatty acids of IM, SC and KK fat depots were extracted,
methylated and analyzed by an adaptation of the method described
by Aldai, Osoro, Barron, and Najera (2006). Separation and quantifica-
tion of the fatty acidmethyl esters (FAMEs) were performed using a gas
chromatograph (GC, Agilent 6890N, Inc., California, USA) equippedwith
a flame ionization detector (FID) and fitted with a BPX-70 capillary
column (120 m, 0.25 mm i.d., 0.2 μm film thickness, SGE, Australia).
Individual FAMEs were identified using standards, where available
(Sigma Chemical Co. Ltd., Poole, UK). The different types of fatty acids
were expressed as a percentage of total fatty acids identified and grouped
as follows: saturated (SFA), monounsaturated (MUFA), polyunsaturated
(PUFA), Σn−3 PUFA, Σn−6 PUFA and total CLA. The Δ-9 desaturase ac-
tivity index was calculated by the ratio C18:1/(C18:0+C18:1) (Malau-
Aduli, Siebert, Bottema, & Pitchford, 1998).

2.4. Statistical analysis

A one-way analysis of variance using the GLM procedure of the
Statistical Analysis System package (SPSS 15.0) was carried out to
panish kids.

PI MA MU SED

15 15 15

5b 7.73b 7.46b 6.34a 0.208 ***
7b 4.17b 4.64b 3.63a 0.128 ***
7a 2.13b 3.87d 3.13c 0.216 ***
1b 50.66ab 120.83c 69.35b 10.638 ***
6b 2.05d 1.26c 0.62a 0.182 ***

ifferent (p≤0.05); ***: (p≤0.001); SED: standard error deviation; BA, Blanca Andaluza;
eña; MU, Murciano-Granadina.



91A. Horcada et al. / Meat Science 92 (2012) 89–96
determine the statistical significance of the effect of breed on fat con-
tent and the percentage of fatty acids in each fat depot studied. The
model used was as follows:

Yij ¼ μ þ Xi 1…:7ð Þ þ ej ið Þ

where Yij is the percentage fatty acids or carcass characteristic; μ is
the mean value; Xi is the effect of breed (Blanca Andaluza; Blanca
Celtibérica; Moncaína; Negra Serrana-Castiza, Pirenaica, Malagueña;
Murciano-Granadina) and ej is the residual error. A Bonferroni test
was used to compare means, with significance being set at pb0.05.
Since there were significant differences in carcass weights among
breeds, the effect of carcass weight was tested as a covariate. Because
the effect of carcass weight as a covariate was not significant (p>0.05)
only breed was included in the statistical model as the main effect.
In order to assess the differences among breeds, and to determine the
contribution of fatty acids to these differences, a canonical discriminant
analysis based on individual fatty acids and ratios of fatty acid percent-
ages was performed for each of the depots considered. Discriminant
analysis was performed using the disciminant procedure of SPSS 15.0
(SPSS, 2007).

3. Results and discussion

3.1. Fat carcass content

No differences in slaughter and carcass weight between meat
breeds were observed (Table 1). However, MU kids had lower carcass
weights than other breeds (6.34 vs 7.61 kg respectively) (pb0.05).
According to the traditional system, MU was sacrificed with lighter
weights to avoid an excessive degree of fatness. The effect of carcass
weight was covariate as noted in Material and methods. Significant dif-
ferences in carcass fat contentwere observed between breeds (Table 1).
Carcasses of different breeds are expected to differ in fat content, even
when no difference is observed in carcass weight (Dhanda, Taylor,
McCosker, & Murray, 1999). Highest carcass fatness (“light fatness”
range) was observed in MA and MU, consistent with dairy breeds.
This observation is in agreement with Prescott (1982) who stated that
fat is the carcass component that shows the highest variability, even
at the same carcass weight, and that it depends on genotype and feed.
The highest and lowest (pb0.05) kidney knob fat contents were ob-
served in carcasses from MA and BA, respectively. This effect was due
to differences in the breeds' milk production, since MA is a highly spe-
cialized dairy breed (1.9 l day−1) (Castel, Micheo, Mena, Fernández,
& Sánchez, 2005) while BA is a local breed selected to produce meat
in extreme mountain conditions, which has a much lower milk yield
(1.1 l day−1) (Herrera & Luque, 2008). Consequently, the highest car-
cass fatness (SC fat) was observed in the MA breed. Breed also affected
the IM fat percentage, according to Dhanda, Taylor, and Murray (2003)
and Gibb, Cook, and Treacher (1993), who reported an influence of
breed on muscle chemical composition, principally on fat content. The
present results, in terms of IM fat percentage, are in line with those
reported by other authors for kids (Lee, Kouakou, & Kannan, 2008). PI
showed higher IM fat percentages (pb0.05) and lower kidney knob
fat content than other breeds. It is established that deposition of KK
fat occurs earlier than IM fat. However, in the case of PI kids this rela-
tionship is not as obvious because IM fat accumulation occurs faster
than in other breeds, while KK fat accumulation is slower. It was
reported in lambs (Teixeira, Delfa, & Colomer-Rocher, 1989) that the
development of subcutaneous carcass fat takes place later than internal
fat depots. Hence, it could be expected that breeds with high fatness
scores, that measure subcutaneous fat thickness, also have high KK fat
contents. However, in the current study the pattern of development of
different fat depots depends largely on breed. Indeed, there were
breeds, such as MA, with a high fatness score and a high content of KK
fat, but also there were breeds, such as MU, with high fatness score
but an average amount of KK and a very low intramuscular fat content
(0.62%). These apparent disagreements clearly show that the species'
influence on carcass and meat characteristics are determined by the
breeds involved in the studies.

3.2. General effects

Fatty acid profiles from IM, SC and KK fat depots are shown in
Tables 2, 3 and 4, respectively. It is generally accepted that IM, SC
and KK have differences in their physical and chemical properties
(Wood et al., 2008). In all depots, oleic (C18:1n−9 cis), palmitic
(C16:0) and stearic (C18:0) were the most abundant fatty acids and
represented approximately 70%, 77% and 80% of total fatty acids in
IM, SC and KK, correspondingly. Similar relations have been reported
inspecies such as lambs (Horcada et al., 2010). C18:1n−9 cis was the
most abundant fatty acid, accounting for 31.8% of total fatty acids in
IM, 36.4% in SC and 29.7% in KK. These values are in line with (Peña
et al., 2009; Rhee, Waldron, Ziprin, & Rhee, 2000) other goat breeds.
Mean values for C16:0 were 22.8%, 27.7% and 29.4% in IM, SC and
KK, respectively, whereas for C18:0 percentages were 13.3%, 13.1%
and 20.9% in IM, SC and KK, respectively. These results agree with
those by Banskalieva et al. (2000) Mahgoub et al. (2002) and Lee
et al., 2008) in goats. Hence all of the results of this work are in line
with those relating to small ruminants.

3.3. Short chain fatty acids

The mean percentage of short-chain (C4-C13) fatty acids was 1.0%
in IM fat, whereas it increased to 1.7% in SC and to 1.8% in KK. This
is in agreement with Peña et al. (2009). In all three fat depots, differ-
ences in short-chain fatty acid content between breeds were ob-
served (pb0.001). Lowest short-chain fatty acid content was in BA,
but clear evidence of higher short-chain fatty acid associated with a
breed cannot be demonstrated. It is generally accepted that in suck-
ling animals, which are pre-ruminants, the fatty acid profile of their
fat is related to the composition of the maternal milk, that is naturally
rich in these short-chain fatty acids (Osorio, Zumalacarregui, Figueira,
& Javier, 2007; Sanz Sampelayo, Chilliard, Schmidely, & Boza, 2007;
Zygoyiannis, Kufidis, Katsaounis, & Phillips, 1992). In this case, the
lowest short-chain fatty acids observed in BA could be explained
by the traditional production system of BA, based on pasture and for-
age, a diet which has been shown to be rich in long-chain fatty acids.
Dhanda, Taylor, Murray, and McCosker (1999) found significant dif-
ferences between goat breeds in terms of their fatty acids profile
and they also attributed variations to milk composition.

3.4. Unsaturated fatty acids

The proportion of unsaturated (UFA) fatty acids (MUFA+PUFA)
was higher than that of the SFA. Mean values of MUFA were 36.5%
in IM, 42.4% in SC and 33.3% in KK fat depots, whereas the average
percentages for PUFA were 19.9%, 4.9% and 3.7% in IM, SC and KK,
respectively. The values in the KK fat were in accordance with those
found by other authors (Torado et al., 2006 in Girgentana breed;
Bañón, Vila, Price, Ferrandini, & Garrido, 2006 in Murciano-Granadina
breed). However, in general the percentage of UFA in IM in the present
study was higher than that reported by Mahgoub et al. (2002) or
Banskalieva et al. (2000) for Omani Jebel Akhdar breed, and by Santos
et al. (2007) for “Cabrito de Barroso”. The relatively higher percentage
of PUFA observed in IM fat is because IM fat depots contain a high
ratio of membranes in myocytes and adipocytes and high concentra-
tions of the long-chain n−6 and n−3 fatty acid are present in cell
membranes (Eichhorn et al., 1986). Similar differences in PUFA percent-
ages between peripheral and internal fat deposits have been reported
by Mahgoub et al. (2002) in goat kids and Horcada et al. (2010) in
weaning lambs.



Table 2
Means and standard deviation of fatty acids (percentage by weight of total fatty acids detected) of intramuscular fat depot from seven breeds of Spanish kids.

BA BC MO NE PI MA MU SED Sig

C4-C13 0.49a 1.31bc 1.10c 1.00b 0.77b 0.90b 1.51c 0.506 ***
C14:0 4.63a 5.17a 6.08b 4.43a 4.68a 4.72a 5.14a 1.192 *
C14:1 0.30c 0.27abc 0.39d 0.24ab 0.33c 0.22a 0.28bc 0.092 ***
C15:0 0.48c 0.49c 0.53c 0.44bc 0.47c 0.29a 0.38b 0.134 ***
C15:1 0.09b 0.08b 0.07b 0.06ab 0.07ab 0.05a 0.07b 0.034 *
C16:0 20.87a 22.81bc 25.00d 21.77ab 23.35c 22.40bc 23.32c 1.879 ***
C16:1 1.58a 2.07b 2.65c 1.88ab 2.26b 1.99b 2.10b 0.552 ***
C17:0 0.94d 0.78b 0.73b 0.80bc 0.90cd 0.52a 0.45a 0.228 ***
C17:1 0.69c 0.70c 0.69c 0.60bc 0.83d 0.54ab 0.50a 0.162 ***
C18:0 14.37d 14.07cd 11.22a 14.21d 12.94b 13.47bcd 13.12bc 1.598 ***
C18:1n−9 trans 1.15d 0.58ab 0.55ab 0.75ab 0.44a 0.79c 0.70bc 0.277 ***
C18:1n−9 cis 26.93a 31.59b 31.05b 34.19c 30.84b 36.80d 31.05b 3.515 ***
C18:1n−11 trans 1.00b 0.54a 0.51a 0.51a 0.43a 0.58a 0.52a 0.268 ***
C18:2n−6 trans 1.28c 0.82a 1.05abc 1.02ab 1.28c 0.88ab 1.07bc 0.339 ***
C18:2n−6 cis 9.75b 7.66a 8.21a 7.64a 8.44a 7.62a 8.56a 1.634 **
C18:3n−6 0.14d 0.08ab 0.08ab 0.06a 0.08ab 0.11c 0.09b 0.038 ***
C18:3n−3 0.80c 0.87c 0.43b 0.90c 1.21d 0.28a 0.56b 0.366 ***
CLA 9-cis, 11-trans 0.68a 0.63a 0.62a 0.61a 0.61a 0.86b 0.59a 0.186 ***
CLA 10-cis, 12-cis 0.18c 0.11b 0.05a 0.10b 0.09b 0.10b 0.11b 0.049 ***
C20:1n−9 0.35c 0.28b 0.13a 0.22b 0.23b 0.15a 0.27b 0.109 ***
C20:2 0.16bc 0.22d 0.10a 0.13ab 0.15bc 0.19cd 0.19cd 0.074 ***
C20:3n−6 0.14d 0.10abc 0.07a 0.09ab 0.10bc 0.11bc 0.12cd 0.045 **
C20:3n−3 1.06e 0.61d 0.31a 0.38ab 0.40ab 0.46bc 0.53cd 0.270 ***
C20:4n−6 6.46b 4.56a 5.17a 4.91a 4.50a 4.36a 5.20a 1.26 ***
C20:5n−3 (EPA) 1.44d 1.00c 0.57b 0.75b 1.30d 0.27a 0.74b 0.445 ***
C22:1n−9 0.16b 0.11a 0.08a 0.08a 0.12a 0.11a 0.11a 0.052 **
C22:5n−3 (DPA) 2.77d 1.66b 1.49b 1.60b 2.06c 0.78a 1.79bc 0.703 ***
C22:6n−3 (DHA) 0.77c 0.55b 0.60b 0.54b 0.74c 0.22a 0.61b 0.237 ***
Σn−3 PUFA 6.84e 4.68c 3.44b 4.18c 5.71d 2.02a 4.22c 1.716 ***
Σn−6 PUFA 17.78b 13.22a 14.58a 13.71a 14.41a 13.08a 15.05a 2.907 ***
MUFA 32.25a 36.23b 36.14b 38.36b 35.56b 41.23c 35.62b 3.465 **
PUFA 25.65c 18.87b 18.80b 18.73b 20.99b 16.26a 20.17b 4.215 ***
SFA 42.09a 44.90cd 45.05d 42.90abc 43.45abc 42.51ab 44.21bc 2.678 ***
PUFA/SFA 0,61d 0,42b 0,42b 0,44c 0,48c 0,38a 0,46c 0,27 **
Total CLA 0.87b 0.75a 0.67a 0.71a 0.70a 0.96c 0.70a 0.206 ***
n−6/n−3 2.64a 2.98ab 4.49d 3.31bc 2.57a 6.61e 3.58c 1.523 ***
Desirable 72.27c 69.17 b 66.16 a 71.30 c 69.49 b 70.96 b 68.91b 4.475 ***
Δ-9 desaturase 0.67a 0.70b 0.74c 0.71b 0.71b 0.75c 0.72b 0.035 ***

a,b,c,d,e Least square means in the same row with different superscript letters are significantly different (p≤0.05); ***: (p≤0.001); **: (p≤0.01); *: (p≤0.05); SED: standard error
deviation; BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; MA, Malagueña; MU, Murciano-Granadina; MUFA, mono-
unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; SFA, saturated fatty acids; Desirable, C18:0+MUFA+PUFA.
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Regarding all fat depots, MA had a significantly higher MUFA per-
centage (mainly represented by C18:1n−9 cis) than other breeds.
Besides, the Δ-9 desaturation ratios were significantly higher in MA
than in other breeds (pb0.05). These results are consistent with the
different purposes of these breeds, since MA is a dairy breed which
suggests higher mammary desaturase activity. This observation could
explain the higher meat proportion of C18:1n−9 cis in this breed.
The endogenous synthesis of MUFA is specifically catalyzed by Δ-9
desaturase enzyme (stearoyl-CoA desaturase) (Griinari et al., 2000).
These results are in line with those of Wood et al. (2008) who reported
that Holstein–Friesians dairy breed have a greater activity or expression
ofΔ-5 andΔ-6 desaturase enzymes. Chilliard, Rouel, and Leroux (2006)
showed that genotype has a specific and important effect on goat milk
fat and its fatty acid composition, particularly in the case of medium-
chain fatty acids and their desaturation capacity. Furthermore, Jackson
andWinkler (1970) reported that an increase in fatness level is in rela-
tion to the enhanced activity ofΔ-9 desaturase, which is responsible for
the synthesis of oleic acid (C18:1) from stearic acid (C18:0). In all of the
fat depots studied, MA was found to have the highest activity of Δ-9
desaturase, which is in line with a breed with a greater fatness level
(Table 1).

Higher PUFA content is in the intramuscular fat of farm animals
rather than in other fat depots (Banskalieva et al., 2000; Horcada et
al., 2010). The results for the PUFA percentage in IM fat depots were
considerably higher (in the range of 16.3–25.6%) than those reported
by Santos et al. (2007) for Serrana and Bravia goats or by Peña et al.
(2009) for Criollo Cordobés and Anglonubian breeds. Enser, Hallet,
Hewitt, Fursey, and Wood (1996) showed that IM fat from meat is
an important source of essential PUFA (EFA). These include linoleic
acid (C18:2n−6, majority), alpha-linolenic (C18:3n−3) and their
PUFA derivatives. These EFAs can be anticarcinogenic (Banskalieva
et al., 2000), yet they cannot be synthesized in the body and have
to be obtained via diet (Potchoiba, Lu, Pinkerton, & Sahlu, 1990).
The results for EFA percentage (around 10%) were higher than those
reported by Mahgoub et al. (2002) in Asian breeds (4%) or by Rhee
et al. (2000) in North American breeds (7.8%) and comparable to
those described by Peña et al. (2009) in some South American breeds.
Thus, there is evidence of the influence of different production sys-
tems associated with breed on the characteristics of goat kid fat in
breeds around the world. This is particularly evident in edible IM
fat. In edible IM fat depots (Table 2), MA showed the lowest percent-
age of PUFA and EFA, as low percentages of C18:2 and C18:3 were ob-
served in this breed. MA is considered to be a dairy purpose breed;
it had the highest concentrate intake to milk production, and thus
the lowest proportion of C18:2 and C18:3 in milk can be expected.
It has been reported that animals fed exclusively with concentrates pre-
sent a lower proportion of PUFA than grass-fed animals (Díaz et al.,
2005). PUFA contentwas also studied in SC andKK fat depotswhere dif-
ferences in content were observed (pb0.001). In general, meat breed
animals showed higher PUFA contents than dairy breed animals (MA
and MU). Furthermore, differences in PUFA content between meat
breeds were observed (pb0.05) although such differences are not



Table 3
Means and standard deviation of fatty acids (percentage by weight of total fatty acids detected) of subcutaneous fat depot from seven breeds of Spanish kids.

BA BC MO NE PI MA MU SED Sig

C4-C13 1.52ab 1.92bc 2.19d 2.06c 1.09b 1.61d 1.51d 0.397 ***
C14:0 7.44b 7.91b 10.77d 8.94c 8.04b 6.78ª 10.62d 1.829 ***
C14:1 0.28ª 0.36ab 0.44bc 0.28ª 0.44bc 0.48c 0.60d 0.155 ***
C15:0 0.61ab 0.50ª 0.80c 0.74c 0.80c 0.45ª 0.67bc 0.208 ***
C15:1 0.04abc 0.03a 0.05d 0.03a 0.05cd 0.03ª 0.05d 0.022 **
C16:0 27.33b 26.02ab 32.18d 27.35b 26.99b 25.00ª 29.22c 2.745 ***
C16:1 1.98ª 2.50b 3.16c 2.24ab 3.18c 3.27c 3.17c 0.694 ***
C17:0 1.00b 0.68ª 0.92b 0.93b 1.18c 0.59ª 0.71ª 0.258 ***
C17:1 0.65ª 0.63ª 0.75ª 0.73ª 1.32c 0.97b 0.78ab 0.347 ***
C18:0 17.34c 16.29c 10.74ª 13.63b 10.66ª 10.21ª 10.02ª 3.356 ***
C18:1n−9 trans 1.05b 0.75ab 0.90ab 0.72ab 0.67ab 0.91ab 0.59ª 0.550 **
C18:1n−9 cis 35.26c 33.43b 31.25ª 36.19c 39.04d 43.03e 36.65c 4.230 ***
C18:1n−11 trans 0.83ab 1.28c 0.74ab 0.81ab 0.68ab 1.07bc 0.55ª 0.528 **
C18:2n−6 trans 0.30ª 0.34ab 0.38abc 0.41bc 0.42bc 0.57d 0.45c 0.139 ***
C18:2n−6 cis 2.12ª 4.60b 2.11ª 2.07ª 2.24ª 2.44ª 1.92c 1.150 ***
C18:3n−6 0.08ª 0.11b 0.08ab 0.09ab 0.10ab 0.09ab 0.08ab 0.043 *
C18:3n−3 0.39bc 0.45cd 0.29b 0.51d 0.65e 0.17ª 0.33b 0.196 ***
CLA 9-cis, 11-trans 0.43a 0.46a 0.61ab 0.67b 0.68b 1.16c 0.55ab 0.340 ***
CLA 10-cis, 12-cis 0.05ª 0.09c 0.06ab 0.08bc 0.06ab 0.04ª 0.04ª 0.032 ***
C20:1n−9 0.17ab 0.40c 0.15ª 0.16ab 0.19ab 0.24b 0.15ª 0.129 ***
C20:2 0.06ª 0.07ª 0.23b 0.23b 0.19b 0.04ª 0.05a 0.100 ***
C20:3n−6 0.04ª 0.14b 0.03ª 0.04ª 0.03ª 0.02ª 0.03ª 0.060 ***
C20:3n−3 0.02ª 0.07b 0.10c 0.14d 0.03ª 0.02ª 0.02ª 0.066 ***
C20:4n−6 0.23ab 0.19ª 0.22ab 0.21ab 0.21ª 0.26b 0.21ab 0.071 **
C20:5n−3 (EPA) 0.04b 0.05cd 0.06d 0.05c 0.06d 0.03ª 0.04b 0.021 ***
C22:1n−9 0.02a 0.04c 0.03b 0.03b 0.02a 0.02ª 0.02a 0.014 ***
C22:5n−3 (DPA) 0.31c 0.18b 0.18b 0.23b 0.33c 0.12ª 0.19b 0.094 ***
C22:6n−3 (DHA) 0.12b 0.11b 0.10b 0.11b 0.19c 0.05ª 0.11b 0.060 ***
Σn−3 PUFA 0.88c 0.86c 0.73bc 1.05d 1.25e 0.39ª 0.70b 0.326 ***
Σn−6 PUFA 2.77ª 5.39c 2.83ab 2.83ab 3.00ab 3.38b 2.70ª 1.151 ***
MUFA 40.28b 39.43b 37.48ª 41.20bc 45.60d 50.02e 42.58c 4.573 ***
PUFA 4.19ª 6.88d 4.47ab 4.87bc 5.17c 5.03bc 4.04ª 1.169 ***
SFA 55.52d 53.68cd 58.05e 53.93cd 49.22b 44.95ª 53.37c 4.716 ***
Δ-9 desaturase 0.68ª 0.68ª 0.75c 0.73b 0.79d 0.81e 0.79d 0.055 ***

a,b,c,d,e Least square means in the same row with different superscript letters are significantly different (p≤0.05); ***: (p≤0.001); **: (p≤0.01); *: (p≤0.05); SED: standard error
deviation; BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; MA, Malagueña; MU, Murciano-Granadina; MUFA, mono-
unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; SFA, saturated fatty acids.
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totally evident because in SC fat, BC had the highest PUFA content,
while in KK, PI breed had the highest content. These findings suggest
that genetic factors can affect selective deposition of PUFA in fat de-
pots in kid goats.
3.5. Saturated fatty acids

The SFA percentages in the present study ranged from 42.09 to
45.05% in IM fat depots (Table 2), from 44.95 to 58.05% in SC fat de-
pots (Table 3) and from 59.2 to 66.1% in KK fat depots (Table 4). These
results are in agreement with Mahgoub et al. (2002) who reported
values of 55.4% and 69.7% for SFA content in SC and KK depots from
goat kids with similar characteristics.

In all fat depots, differences in SFA content between breeds were
observed (pb0.001). SFA content in IM, SC and KK was higher in
meat breed animals (fundamentally MO and NE) than in the other
breeds. According to Huerta-Leidenz et al. (1991) the amount of fat
deposited, and therefore the degree of fatness affects fatty acid com-
position. The present study is in agreement with this observation be-
cause MA showed highest fatness levels and kidney knob fat amounts
(Table 1). In this regard, MA showed a lower percentage of myristic
acid (C14:0), than MO and NE. Similar findings have been reported
by Diaz et al., (2002), who observed that lambs with more fat dis-
played a lower percentage of SFA, basically C14:0. Despite being a
dairy breed, MU showed a relatively high SFA content in all fat depots,
compared to the other breeds. In fact, the C14:0 content was signifi-
cantly higher in MU than the other breeds. This is because MU breed
kids were slaughtered at a lighter weight to prevent excessive fatness.
Thus there is evidence of the effect of breed combined with degree
of fatness on the fatty acid composition of fat depots in goat kids.
3.6. Fatty acid ratios

The PUFA/SFA and n−6/n−3 PUFA ratios are two indices to de-
termine how fatty acids affect human health. According to recom-
mendations of the Department of Health (Webb, Casey, & Simela,
2005), the PUFA/SFA balance to prevent of coronary heart disease is
0.4, while for n−6/n−3 PUFA, a value 4 is recommended In this
study these ratios have only been examined in the in edible fat depot,
i.e., the IM depot. In all breeds, the PUFA/SFA ratio ranged from 0.4
to 0.6. These results are better for human health than those reported
by Werdi Pratiwi, Murray, Taylor, and Zhang (2006) (0.1–0.3) for Boer
and Australian feral goats and by Talpur, Bhangera, and Sherazia
(2008) (0.2–0.3) for Peteri goats. In the present study IM fat from BA
showed a higher PUFA/SFA ratio (0.61) than the other breeds (around
0.4) (pb0.05). However, differences between other meat breeds (BC,
MO, NE and PI) were not found. Santos et al. (2007) reported that the
effect of genotype on the PUFA/SFA ratio is not evident in small rumi-
nants and other factors, such as the effect of nutrition, should be taken
into account. IM fat from the dairy animals with a greater fatness level
(MA) had amore unfavorable n−6/n−3 PUFA ratio than other breeds.
These differences could be because the lowest Σn−3 fatty acid content
was observed inMA (Table 2),while practically no differences inΣn−6
fatty acid content were observed between breeds. On the other hand,
differences in the n−6/n−3 PUFA ratio could be a consequence of
diet, as linoleic acid (C18:3n−3) is the fatty acid that is found in



Table 4
Means and standard deviation of fatty acids (percentage by weight of total fatty acids detected) of kidney knob fat depot from seven breeds of Spanish kids.

BA BC MO NE PI MA MU SED Sig

C4-C13 1.28ª 1.80c 2.46d 1.81bc 1.53bc 1.37b 2.28d 0.746 ***
C14:0 6.90ª 9.11c 11.42d 7.99abc 8.55bc 7.58ab 10.47d 2.119 ***
C14:1 0.23bcd 0.22bcd 0.27d 0.19bc 0.24cd 0.11ª 0.18b 0.092 ***
C15:0 0.64bc 0.82e 0.79de 0.66bcd 0.76cde 0.40ª 0.56b 0.222 ***
C15:1 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.027 ns
C16:0 27.59ª 29.65b 34.07d 27.34ª 28.55ab 27.12ª 31.56c 3.527 ***
C16:1 0.80ª 0.97bc 1.27d 0.95bc 0.92ab 1.07c 1.22d 0.233 ***
C17:0 1.25cd 1.37d 1.11c 1.20bc 1.65e 0.90b 0.83ª 0.306 ***
C17:1 0.50ab 0.52b 0.51b 0.52b 0.65c 0.47ab 0.42ª 0.128 ***
C18:0 24.49d 21.47c 15.96ª 21.56c 23.11cd 21.68c 17.80b 3.642 ***
C18:1n−9 trans 1.36b 0.61ª 0.73ª 0.68ª 0.64ª 1.08ab 0.58ª 0.677 **
C18:1n−9 cis 29.98bc 28.61ab 26.73ª 31.88c 28.26ab 32.75d 29.79bc 3.735 ***
C18:1n−11 trans 0.82ab 0.76ab 0.66ª 0.94bc 0.70ab 1.18c 0.63ª 0.374 ***
C18:2n−6 trans 0.18ª 0.17ª 0.24b 0.18ª 0.18ª 0.32c 0.24b 0.077 ***
C18:2n−6 cis 2.17 2.04 2.08 2.01 2.20 2.38 1.98 0.556 ns
C18:3n−6 0.03ab 0.04ab 0.04ab 0.05b 0.03ab 0.04ab 0.03ª 0.018 *
C18:3n−3 0.29c 0.35cd 0.21b 0.40d 0.48e 0.13ª 0.21b 0.147 ***
CLA 9-cis, 11-trans 0.37ª 0.40a 0.45a 0.52a 0.41a 0.73b 0.41a 0.216 ***
CLA 10-cis, 12-cis 0.02abc 0.02ab 0.03bc 0.02abc 0.03c 0.02ab 0.02ª 0.012 **
C20:1n−9 0.16c 0.12ab 0.13ab 0.15bc 0.15bc 0.14bc 0.12ª 0.034 **
C20:2 0.01ab 0.01ª 0.01ab 0.02b 0.02ab 0.01ª 0.01ab 0.113 ns
C20:3n−6 0.06c 0.05bc 0.03ª 0.05bc 0.04b 0.02ª 0.03ª 0.023 ***
C20:3n−3 0.02ª 0.12c 0.02ª 0.09b 0.02ª 0.01ª 0.02ª 0.046 ***
C20:4n−6 0.17b 0.12ª 0.16ab 0.16ab 0.15ab 0.15ab 0.13ab 0.056 ns
C20:5n−3 (EPA) 0.03bc 0.02ab 0.02ab 0.03cd 0.04d 0.02ª 0.02ab 0.011 ***
C22:1n−9 0.02b 0.01ª 0.01ab 0.02b 0.01ab 0.01ª 0.01ab 0.006 *
C22:5n−3 (DPA) 0.27de 0.26de 0.20bc 0.24cd 0.29f 0.10ª 0.16b 0.086 ***
C22:6n−3 (DHA) 0.07bc 0.09cd 0.09cd 0.09cd 0.11d 0.05ª 0.07b 0.032 ***
Σn−3 PUFA 0.68c 0.85d 0.54b 0.85d 0.94d 0.31a 0.48b 0.258 ***
Σn−6 PUFA 2.62 2.44 2.55 2.46 2.61 2.91 2.40 0.617 ns
MUFA 33.89bc 31.85ab 30.33ª 35.36c 31.60ab 36.84d 32.99bc 3.734 ***
PUFA 3.71ab 3.72ab 3.58ab 3.87ab 4.01c 3.99c 3.33a 0.793 **
SFA 62.40bc 64.43cd 66.09d 60.77ab 64.39cd 59.17ª 63.67cd 3.901 ***
Δ-9 desaturase 0.57ª 0.58ª 0.61b 0.61b 0.56ª 0.64c 0.63c 0.043 ***

a,b,c,d, Least square means in the same row with different superscript letters are significantly different (P≤0.05); ***: (p≤0.001); **: (p≤0.01); *: (p≤0.05); ns: non-significant
(p>0.05); SED: standard error deviation; BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; MA, Malagueña; MU, Murciano-
Granadina; MUFA, mono-unsaturated fatty acids; PUFA, poly-unsaturated fatty acids; SFA, saturated fatty acids.
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greatest proportion in grass while linoleic (C18:2n−6) predominates
in concentrates (French et al., 2000; Raes, De Smet, & Demeyer, 2004).

To assess the nutritional implications of IM fat on human diet, the
desirable fatty acids (DFA) were calculated (MUFA+PUFA+C18:0)
according to Huerta-Leidenz et al. (1991). Values ranging from 66.2
to 72.3% of total fatty acid were obtained. Other authors reported
ranges within 60.5–66.6% (Santos et al., 2007) in heavier Serrana and
Bravia breeds and from 61.3 to 79.8% (Park & Washington, 1993) in
Alpine andNubianbreeds. DFApercentage differences in IM fat between
Spanish breeds were observed (pb0.001). MO showed lower DFA
(66.2%) than the other breeds because of its higher SFA content, essen-
tially C16:0 (pb0.05), whilst the highest DFA proportion was observed
in BA (72.7%) because of its higher PUFA percentage. Thus, evidence of
the effect of breed and of the indigenous production system of different
goat breeds on the DFA contentmay be inferred. However, a clear influ-
ence of dairy or meat breed on desirable fatty acid content cannot be
shown.

The nutritional benefits of conjugated linoleic acid (CLA) on human
health are worth considering (Park & Pariza, 2007). The current total
CLA ranged from 0.7 to 1.0% of the total fatty acids identified, while
CLA 9-cis, 11-trans is 86% of total CLA, followed by CLA10-cis, 12-cis iso-
mer. Comparable values have been reported by Peña et al. (2009) in
South American Anglonubian goat kids. However, Torado et al. (2006)
in Nebrodi goat kids and Talpur et al. (2008) in Pateri breed found a
lower amount of total CLA (0.3 and 0.5% respectively) in IM fat. In the
present study, total CLA content was higher in MA than in the other
breeds (pb0.05). It has been reported that, in milk-breeds such as
MA, endogenous synthesis of CLA 9-cis 11-trans fatty acids occursmain-
ly in the mammary gland through the action of Δ-9 desaturase activity,
and therefore there is a relationship between milk production and
higher CLA content. These results show the influence of breed on Δ-9
desaturase activity and total CLA, since CLA 9-cis, 11-trans isomers
are naturally formed as intermediates during the biohydrogenation of
linoleic to stearic acid in the rumen by the action of Δ-9 desaturase
activity (Griinari et al., 2000; Kepler, Hirons, McNeill, & Tove, 1966).
Hence, the highest CLA content was observed in the breed with the
greatest degree of fatness (MA) (Table 2). Wood et al. (2008) also pro-
posed that the proportion of CLA increases with fatness, as does C18:1
trans vaccenic acid. In this regard, according to the present study, the
influence of fatness degree and breed on CLA content in IM fat can be
proposed.

3.7. Discriminant analysis of breed-system groups

Discriminant analysis for IM, SC and KK are presented in Figs. 1, 2
and 3, respectively. In IM fat (Fig. 1), function 1 accounted for 64.0% of
the total variability and was mainly determined by CLA content, while
function 2 accounted for 16.7% of total variability and was mainly de-
termined by n−6/n−3 PUFA ratio. In relation to IM fat depot three
breeds (MA, BA and PI) were separate from the rest in terms of their
fatty acids profile. As can be observed, the meat breeds (BA and PI)
were located on the right side of function 1 while the dairy breed
(MA) was on the left. The other dairy breed (MU) was also located on
the left side of function 1, although this is not so obvious because it
had less fat content than the MA breed. There is therefore evidence
allowing us to propose an effect of breed on the fatty acid profile of
IM fat.

In SC fat depot (Fig. 2) function 1 accounted for 47.1% of variability
andwas again determined by CLA and n−3 PUFA. Function 2 accounted
for 22.0% of variability, being determined mainly by total PUFA and
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n−6 PUFA. In SC fat depot two breeds (MA and BC)were separate from
the rest in terms of their fatty acids profile. The figure depicts MA and
BC separately because they have lower n−6 PUFA percentages than
the others breeds. Dias et al. (2008) and De Smet, Raes, and Demeyer
(2004) proposed the n−6/n−3 ratio and PUFA/SFA as an effective
tool for discriminating breeds in bovines. However, in the present study
on SC fat depot, 5 of the 7 breeds were close enough to each other to
invalidate this possibility.

Finally, for KK fat depot (Fig. 3), function 1 accounted for 56.6% of
variability and was determined mainly by long chain PUFA fatty acids
(C18:3 n−3, C22:5 n−3 and C22:6 n−3). In KK, only one breed
(MA), located on the right side, was clearly separate from the other
breeds in terms of its fatty acid profile. MU also was located on the
right side, although this is not so evident because less fatness degree
and kidney knob fat content were observed in this breed of goats. The
influence of breed on KK fatty acid profile could hence be shown. Other
authors (Mellado, Nárvaez, Alcalde, Cano, & León, 2009) have proposed
the KK PUFA (C18:2 and C18:3) content from KK fat as a method to dif-
ferentiate between goat's milk, milk replacement and milk-based start-
er fattening diets for goat kids. Function 2 accounted for 17.3% of total
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cluding fatty acids of subcutaneous fat.BA, Blanca Andaluza; BC, Blanca Celtibérica; MO,
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Granadina.
variability and was determined by short-chain C4–C13 fatty acids,
MUFA and SFA. This function is in relation to mothers' milk. MA was lo-
cated in the top part of the graph because it is a breed with high milk
production. It is generally accepted that short-chain fatty acids and
SFA (especially C14:0) are present in goat's milk (Tsiplakou & Zervas,
2008) and that fat composition of very young suckling animals ismainly
related to the fat composition of the milk they consume (Velasco et al.,
2001).

4. Conclusions

From the present study, it can be concluded that breeds, together
with the production system, are important factors that influence the
fatty acid profile of fat from intramuscular, subcutaneous and kidney
knob fat depots in goat kids. Differences among breeds are mainly re-
lated to breed and fatness degree of kid goats. Hence, the fatty acid
profile of selected dairy breeds, especially the Malagueña, was clearly
different to the fatty acids profile of meat-specialized breeds. The
fatty acid profile of each fat depot from goat kids was not enough to
discriminate between breeds of similar purpose because animals were
very young and evidence of the influence of maternal milk on fatty
acid profiles can be seen. However, the IM fat depot is proposed as the
most potential fat depot for discriminating goat breeds according to
their fatty acid profile, ahead of SC and KK fat depots. Fatty acid compo-
sition values of the animals studiedwere comparable, in quality and nu-
tritive values, to other ruminant farm animals. Furthermore, their lower
total carcass fat content and high CLA and PUFA contents suggest that
kid meat can be a good for human consumption.

Acknowledgments

The authors wish to thank to the Instituto Nacional de Investigación
y Tecnología Agraria, ARAMO, ARACRAPI, ABLANSE, AGRACE, ANCCA,
Cárnicas Alfredo, S.L., Cárnicas J. Chica, S.L. and Cárnicas La Encantada,
S.L.L. This study was funded by the Spanish Ministry of Education and
Science and by the European Union Regional Development funds (RTA
2006‐0177).

References

Aldai, N., Osoro, K., Barron, L. J. R., & Najera, A. I. (2006). Gas–liquid chromatographic
method for analysing complex mixtures of fatty acids including conjugated linoleic
acids (cis9trans11 and trans10cis12 isomers) and long-chain (n−3 or n−6) poly-
unsaturated fatty acids — Application to the intramuscular fat of beef meat. Journal
of Chromatography. A, 1110, 133–139.



96 A. Horcada et al. / Meat Science 92 (2012) 89–96
AOCS (2004). Rapid determination of oil/fat utilizing high temperature solvent extraction.
Procedure number 5‐04. Boulder: TheAmerican Oil Chemists' Society.

Bañón, S., Vila, R., Price, A., Ferrandini, E., & Garrido, M. D. (2006). Effects of goat milk or
milk replacer diet on meat quality and fat composition of suckling goat kids. Meat
Science, 72, 216–221.

Banskalieva, V., Sahlu, T., & Goesch, A. L. (2000). Fatty acid composition of goat muscles
and fat depots: A review. Small Ruminant Research, 37, 255–268.

Biesalski, H. K. (2005). Meat as a component of a healthy diet—Are there any risks or
benefits if meat is avoided in the diet? Meat Science, 70, 509–524.

Casey, N., Van Niekerk, W., & Webb, E. C. (2003). Goat meat. In B. Caballero, L. Trugo, &
P. Finglass (Eds.), Encyclopaedia of food sciences and nutrition (pp. 2937–2944).
London: Academic Press.

Castel, J. M., Micheo, J. M., Mena, Y., Fernández, V., & Sánchez, A. (2005). Influencia de
distintos factores en la cantidad y calidad de la leche producida por cabras de la
raza malagueña. XXX Jornadas Científicas y IX Internacionales de la SEOC. Producción
Ovina y Caprina XXX SEOC. (pp. 338–340).

Castel, J. M., Ruiz, F. A., Mena, Y., & Sánchez-Rodriguez, M. (2010). Present situation and
future perspectives for goat production systems in Spain. Small Ruminant Research,
89, 207–210.

Chilliard, Y., Rouel, J., & Leroux, C. (2006). Goat's alpha-s1 casein genotype influences
its milk fatty acid composition and delta-9 desaturation ratios. Animal Feed Science
and Technology, 131, 474–487.

Choi, N. J., Enser, M., Wood, J. D., & Scollan, N. D. (2000). Effect of breed on the deposi-
tion in beef muscle and adipose tissue of dietary n−3 polyunsaturated fatty acids.
Animal Science, 71, 509–519.

DAD-IS (2010). http://dad.fao.org/
De Smet, S., Raes, K., & Demeyer, D. (2004). Meat fatty composition as affected by fat-

ness and genetic factor: a review. Animal Research, 53, 81–98.
Dhanda, J. S., Taylor, D. G., McCosker, J. E., & Murray, P. J. (1999). The influence of goat

genotype on the production of Capretto and Chevon carcasses.3. Dissected carcass
composition. Meat Science, 52, 369–374.

Dhanda, J. S., Taylor, D. G., & Murray, P. J. (2003). Part 2. Carcass composition and fatty
acid profiles of adipose tissue of male goats: Effects of breed and live weight at
slaughter. Small Ruminant Research, 50, 67–74.

Dhanda, J. S., Taylor, D. G., Murray, P. J., & McCosker, J. E. (1999). The influence of goat
genotype on the production of Capretto and Chevon carcasses.4. Chemical compo-
sition of muscle and fatty acid profiles of adipose tissue.Meat Science, 52, 375–379.

Dias, L. G., Correia, D. M., Sá-Morais, J., Sousa, F., Pires, J. M., & Peres, A. M. (2008). Raw
bovine meat fatty acids profile as an origin discriminator. Food Chemistry, 109,
840–847.

Díaz, M. T., Álvarez, I., De la Fuente, J., Sañudo, C., Campo, M. M., Oliver, M. A., et al.
(2005). Fatty acid composition of meat from typical lamb production systems
of Spain, United Kingdom, Germany and Uruguay original research article. Meat
Science, 71, 256–263.

Dubeuf, J. P., Morand-Fehr, P., & Rubino, R. (2004). Situation, changes and future of goat
industry around the world. Small Ruminant Research, 51, 165–173.

EEC Regulation nº 22 (2008). Commission Regulation (EC) Nº 22/2008 of 11 January 2008
laying down detailed rules for the Community Scale for the classification of carcases of
ovine animals.

Eichhorn, J., Coleman, L., Wakayama, E., Blomquist, G., Bailey, C., & Jenkins, T. (1986).
Effects of breed type and restricted versus ad libitum feeding on fatty acid compo-
sition and cholesterol content of muscle and adipose tissue from mature bovine
females. Journal of Animal Science, 63, 781–794.

Enser, M., Hallet, K., Hewitt, B., Fursey, G. A. J., & Wood, J. D. (1996). Fatty acid content
and composition of English beef, lamb and pork at retail.Meat Science, 42, 443–456.

FAOSTAT (2010). http://faostat.fao.org/
French, P., Stanton, C., Lawless, F., O'Riordan, E. G., Monahan, F. J., Caffrey, P. J., et al.

(2000). Fatty acid composition, including conjugated linoleic acid, of intramuscular
fat from steers offered grazed grass, grass silage, or concentrate-based diets. Jour-
nal of Animal Science, 78, 2849–2855.

Gibb, M. J., Cook, J. E., & Treacher, T. T. (1993). Performance of British Saanen, Boer x
British Saanen and Anglo Nubian castrate male kid from 8 weeks to slaughter at
28, 33 or 38 kg live weight. Animal Production, 57, 263–271.

Griinari, J. M., Corl, B. A., Lacy, S. H., Chouinard, P. Y., Nurmela, K. V. V., & Bauman, D. E.
(2000). Conjugated linoleic acid is synthesised endogenously in lactating dairy
cows by Δ-9desaturase. Journal of Nutrition, 130, 2285–2291.

Herrera, M., & Luque, M. (2008). Las razas caprinas andaluzas de protección especial:
Blanca Serrana Andaluza, Negra Serrana o Castiza, Blanca Celtibérica y Payoya. In
J. de Andalucía (Ed.), Las razas ganaderas andaluzas. Patrimonio Ganadero andaluz,
Vol. 2. (pp. 195–256) Sevilla. España.

Horcada, A., Beriain, M. J., Chasco, J., Indurain, G., & Purroy, A. (2010). Effect of slaughter
weight on fat composition in Lacha lambs. Agrociencia, 44, 643–654.

Horcada, A., Beriain, M. J., Lizaso, G., Insausti, K., & Purroy, A. (2009). Effect of sex and
fat depot location on fat composition of Rasa Aragonesa lambs. Agrociencia, 43,
803–813.

Huerta-Leidenz, N. O., Cross, H. R., Lunt, D. K., Pelton, L. S., Sawell, J. W., & Smith, S. B.
(1991). Growth, carcass traits, and fatty acid profiles of adipose tissues from steers
fed whole cottonseed. Journal of Animal Science, 69, 3665–3672.

Indurain, G., Beriain, M. J., Goñi, M. V., Arana, A., & Purroy, A. (2006). Composition and
estimation of intramuscular and subcutaneous fatty acid composition in Spanish
young bulls. Meat Science, 73, 326–334.

Jackson, H. D., &Winkler, V. W. (1970). Effects of starvation on the fatty acid composition
of adipose tissue and plasma lipids of sheep. Journal of Nutrition, 100(2), 201–207.

Juárez, M., Horcada, A., Alcalde, M. J., Aldai, N., Polvillo, O., Valera, M., et al. (2010).
Short communication. Fatty acid composition of lamb fat depots as an origin
discriminator. Spanish Journal of Agricultural Research, 8, 976–980.
Kepler, C. R., Hirons, K. P., McNeill, J. J., & Tove, S. B. (1966). Intermediates and products
of the biohydrogenation of linoleic acid by Butyrivibrio fibrisolvens. Journal of
Biological Chemistry, 241, 1350–1354.

Lee, J. H., Kouakou, B., & Kannan, G. (2008). Chemical composition and quality character-
istics of chevon from goats fed three different post-weaning diets. Small Ruminant
Research, 75, 177–184.

Mahgoub, O., Khan, A. J., Al-Maqbaly, R. S., Al-Sabahi, J. N., Annamalai, K., & Al-Sakry, N.
M. (2002). Fatty acid composition of muscle and fat tissues of Omani Jebel Akhdar
goats of different sexes and weight. Meat Science, 61, 381–387.

Malau-Aduli, A. E. O., Siebert, B. D., Bottema, D. K., & Pitchford, W. S. (1998). Breed com-
position of muscle phospholipids in Jersey and Limousin cattle. Journal of Animal
Science, 76, 766–773.

Marichal, A., Castro, N., Capote, J., Zamorano, M. J., & Argüello, A. (2003). Effects of live
weight at slaughter (6, 10, and 25 kg) on kid carcass and meat quality. Livestock
Production Science, 83, 247–256.

MARM (2011). http://marm.es/
McAfee, A. J., McSorley, E. M., Cuskelly, G. J., Moss, B. W., Wallace, J. M., Bohham, M. P.,

et al. (2010). Red meat consumption: An overview of the risks and benefits. Meat
Science, 84, 1–13.

Mellado, T., Nárvaez, M., Alcalde, M. J., Cano, T., & León, M. (2009). Authentication of
fattening diet of goat kid according to their fatty acid profile from perirenal fat.
Talanta, 77, 1603–1608.

Muriel, E., Ventanas, J. R., Petrón, M. J., & Antequera, T. (2004). Meat quality character-
istics in different lines of Iberian pigs. Meat Science, 67, 299–307.

Nürnberg, K., Wegner, J., & Ender, K. (1998). Factors influencing fat composition in mus-
cle and adipose tissue of farm animals. Livestock Production Science, 56, 145–156.

Osorio, M. T., Zumalacarregui, J. M., Figueira, A., & Javier, J. (2007). Fatty acid composi-
tion in subcutaneous, intermuscular and intramuscular fat deposits of suckling
lamb meat: Effect of milk source. Small Ruminant Research, 73, 127–134.

Park, Y., & Pariza, M. W. (2007). Mechanisms of body fat modulation by conjugated
linoleic acid (CLA). Food Research International, 40, 311–323.

Park, Y., & Washington, A. (1993). Fatty acid composition of organ and muscle meat of
Alpine and Nubian breeds. Journal of Food Science, 58, 245–253.

Peña, F., Bonvillani, A., Freire, B., Juárez, M., Perea, J., & Gómez, G. (2009). Effect of breed
ad slaughter weight on the meat quality of Criollo Cordobes and Anglonubuian kid
produced under extensive feeding condition. Meat Science, 83, 417–422.

Potchoiba, M. J., Lu, C. D., Pinkerton, F., & Sahlu, T. (1990). Effects of all-milk diet on
weight gain, organ development, carcass characteristics and tissue composition,
including fatty acids and cholesterol content, of growing male goats. Small Ruminant
Research, 3, 583–592.

Prescott, J. H. D. (1982). Crecimiento y desarrollo de los corderos. In Acribia (Ed.),Manejo
y enfermedades de las ovejas (pp. 66–82). Barcelona. España.

Raes, K., De Smet, S., & Demeyer, D. (2004). Effect of dietary fatty acids on incorporation
of long chain polyunsaturated fatty acid and conjugated linoleic acid in lamb, beef
and pork meat: A review. Animal Feed Science and Technology, 113, 199–221.

Rhee, K. S., Waldron, D. F., Ziprin, Y. A., & Rhee, K. C. (2000). Fatty acid composition of
goat diets vs intramuscular fat. Meat Science, 54, 313–318.

Santos, V., Silva, A., Cardoso, J., Silvestre, A., Silva, S., Martins, C., et al. (2007). Genotype
and sex effects on carcass and meat quality of suckling kids protected by the PGI
“Cabrito de Barroso”. Meat Science, 75, 725–736.

Sañudo, C., Enser, M. E., Campo, M. M., Nute, G. R., María, G., Sierra, I., et al. (2000). Fatty
acid composition and sensory characteristics of lamb carcasses from Britain and
Spain. Meat Science, 54, 339–346.

Sanz Sampelayo, M., Chilliard, Y., Schmidely, P., & Boza, J. (2007). Influence of type of
diet on the fat constituents of goat and sheep milk. Small Ruminant Research, 68,
42–63.

SPSS (2007). Manual del Usuario SPSS Base 11.5. Chicago (USA): SPSS Inc..
Talpur, F. N., Bhangera, M. I., & Sherazia, S. T. H. (2008). Intramuscular fatty acid profile

of longissimus dorsi and semitendinosus muscle from Pateri goats fed under tradi-
tional feeding system of Sindh, Pakistan. Meat Science, 80(3), 819–822.

Teixeira, A., Delfa, R., & Colomer-Rocher, F. (1989). Relationship between fat depots
and body condition score or tail fatness in the Rasa Aragonesa breed. Animal Pro-
duction, 49, 275–280.

Torado, M., Corrao, A., Barone, C. M. A., Alicata, M. L., Schinelli, R., & Giaccone, P. (2006).
Use of weaning concentrate in the feeding of suckling kids: Effects on meat quality.
Small Ruminant Research, 66, 44–50.

Tsiplakou, E., & Zervas, G. (2008). Comparative study between sheep and goat on
rumenic acid and vaccenic acid in milk fat under the same dietary treatments. Live-
stock Science, 119, 87–94.

Velasco, S., Cañeque, V., Pérez, C., Lauzurica, S., Díaz, M. T., Huidobro, F., et al. (2001).
Fatty acid composition of adipose depots of suckling lambs raised under different
production systems. Meat Science, 59, 325–333.

Webb, E. C., Casey, N. H., & Simela, L. (2005). Goat meat quality. Small Ruminant
Research, 60, 153–166.

Werdi Pratiwi, N., Murray, P., Taylor, D., & Zhang, D. (2006). Comparison of breed, slaugh-
ter weight and castration on fatty acid profiles in the longissimus thoracic muscle
from male Boar and Australian feral goats. Small Ruminant Research, 64, 94–100.

Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R., Sheard, P. R., Richardson, R. I., et al.
(2008). Fat deposition, fatty acid composition and meat quality: A review. Meat
Science, 78, 343–358.

Wood, J. D., Richardson, R. I., Nute, G. R., Fisher, A. V., Campo, M. M., Kasapidou, E.,
et al. (2004). Effect of fatty acids on meat quality: A review. Meat Science, 66,
21–32.

Zygoyiannis, D., Kufidis, D., Katsaounis, N., & Phillips, P. (1992). Fatty acid composition
of carcass fat of indigenous (Capra prisca) suckled Greek kids and milk of their
does. Small Ruminant Research, 8, 83–95.

http://dad.fao.org/
http://faostat.fao.org/
http://marm.es/

	Fatty acid profile of three adipose depots in seven Spanish breeds of suckling kids
	1. Introduction
	2. Material and methods
	2.1. Animals
	2.2. Slaughter and post-slaughter conditions
	2.3. Fatty acid analysis
	2.4. Statistical analysis

	3. Results and discussion
	3.1. Fat carcass content
	3.2. General effects
	3.3. Short chain fatty acids
	3.4. Unsaturated fatty acids
	3.5. Saturated fatty acids
	3.6. Fatty acid ratios
	3.7. Discriminant analysis of breed-system groups

	4. Conclusions
	Acknowledgments
	References


