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The effects of breed and slaughter weight on chemical composition, fatty acid groups, texture, and sensory
characteristics of meat of 141 suckling male kids from 5 Spanish breeds were studied. There was a decrease
in texture and lightness and hue angle with the increase of the slaughter weight. Fatty acid composition was
correlated with the intramuscular fat content. All the breeds except MO had values of n−6/n−3 ratio below
4, which is the healthy limit recommended, and a low atherogenic index as well as a low intramuscular fat
content. A multivariate analysis discriminated light kid, which had the most tender and juicy meat, from
heavy kid which had more intense kid and milk odours. Blanca Andaluza and Pirenaica had most tender
and juicy meat. The effect of slaughter weight on meat traits should be considered separately for each
breed to find the most appropriate meat according to consumers preferences.

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

Spain has the second largest goat population in Europe (FAOSTAT,
2010). Although most of the goat breeds in Spain are for milk produc-
tion, there is also a considerable goat meat farming activity (Castel,
Micheo, Mena, Fernández, & Sánchez, 2005) due to the fact that
many of the breeds are reared in extensive conditions and milking
is not considered to be economically feasible. The most widely used
systems in goat farming in the Mediterranean countries involve kids
fed on their dams’ milk, which are slaughtered at low live weights of
approximately 10 to 11 kg (Marichal, Castro, Capote, Zamorano, &
Arguello, 2003). In fact, 88% of European Union (EU) goats are raised
extensively and slaughtered as kids, with carcass weights between 5
and 11 kg and belong to breeds suitable for meat production
(Shrestha & Fahmy, 2007). In Spain, the preferred goat meat is that of
suckling kids, although it is a product that is less well known than suck-
ling lamb. In 2008 the average carcassweight of goats produced in Spain
was 11 kg, with most carcasses (82%) classified as “suckling kids”.

In Mediterranean countries, light-coloured meat is associated with
themeat of young animals,which is preferred. Spanish consumers asso-
ciate meat from suckling kid and lamb with tender, juicy, tasty meat
and, especially in the case of kid meat, with a high price (Sañudo,
Sanchez, & Alfonso, 1998). Meat colour is influenced by several factors
+34 976 716 335.
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in the feeding–breeding system (Alcalde & Negueruela, 2001) such as
breed, age/slaughter weight, ultimate pH and many others factors
(Ripoll, Alcalde, Horcada, & Panea, 2011). Furthermore, young goat
meat is characterized by a low intramuscular fat content, and there is
an increasing interest in the lipid composition of edible meat owing to
its relationship to human health, particularly to cardiovascular diseases
(Hu & Willett, 2002). These health-related factors have been widely
studied in cows, sheep and pigs, but very rarely in kid meat.

The aim of this study was to evaluate the effect of breed and slaugh-
ter weight on the instrumental (including chemical and sensory) meat
quality of suckling kids from several Spanish breeds.

2. Materials and methods

2.1. Animals and sampling

The experimental animals were 141 male suckling kids from
five breeds of Spanish meat goats (BA, Blanca Andaluza; BC, Blanca
Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica)
(MARM, 2008) slaughtered at two live weights (Light weight, 7.6 kg±
0.80 kg; Heavy weight, 11.33 kg±1.20 kg). The number of animals
per treatment and their slaughter weight are shown in Table 1. All new-
born goat kids were fed with maternal colostrum and maternal milk
until slaughtered. Goats were grazed on native pastures and supple-
mented with commercial feed when the pasture was not able to cover
their nutritional requirements. When kids reached the target live
weight they were slaughtered using standard commercial procedures.

http://dx.doi.org/10.1016/j.meatsci.2012.04.011
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Table 1
Chemical analysis of M. longissimus lumborum, pH at 3 days and M. rectus abdominis instrumental colour of 5 goat breeds (B) at 2 slaughter weights (SW) of suckling kids.

BAa BC MO NE PI s.e. B SW B×SW

n L 13 15 16 15 15
H 6 15 16 15 15

SW, kg Lb 7.43y 7.65y 7.44y 7.97y 7.73y 0.266 ns *** ns
H 12.32x 11.31x 10.91x 11.19x 11.62x

pH 3d L 5.70 5.65 5.88 5.69 5.77 0.081 ns ns ns
H 5.83 5.70 5.68 5.69 5.68

Moistureb L 78.04 76.79 78.01 77.93 74.94 0.988 ns ns ns
H 77.1 77.02 76.97 77.98 77.26

Crude proteinb L 19.52 20.72 24.11 19.47 22.50 1.816 ns ns ns
H 21.12 21.03 21.06 19.68 20.42

Fatb,c L 1.15b 1.12b 1.55b 1.45b 2.05ax 0.188 * ns ns
H 1.32 1.30 1.09 1.53 1.37y

Ashb L 1.09 1.12 1.03 1.11 1.15 0.053 ns ns ns
H 1.01 1.16 1.10 1.10 1.07

L* L 52.95 54.76 55.20x 54.38x 53.19x 1.020 * *** ns
H 49.86b 53.39a 50.03yb 48.32yb 49.49yb

a* L 10.91b 9.31b 10.14by 11.73a 10.30by 0.681 *** ns **
H 10.17ab 9.25b 13.81ax 11.11a 12.32ax

b* L 20.89ax 16.82b 15.03b 19.60a 14.53b 0.867 *** *** *
H 14.42by 15.64b 13.39bc 19.26a 12.86c

h L 62.14a 61.43a 55.64bcx 58.46ab 54.40cx 2.212 *** *** *
H 54.87a 59.90a 44.30by 59.57a 45.87by

C L 23.65ax 19.40b 18.55b 23.00a 18.05b 0.822 *** * **
H 17.68by 18.37b 19.34b 22.05a 18.02b

a BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; L, light slaughter weight; H, heavy slaughter weight.
b Different superscripts (a,b) indicate significant differences (Pb0.05) among breeds. Different superscripts (x,y) indicate significant differences (Pb0.05) between slaughter

weights. ns=P>0.05, *=Pb0.05, **=Pb0.01, ***=Pb0.001.
c Intramuscular fat content, expressed as percentage of fresh meat.
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All procedures were conducted according to the guidelines of EU
Council Directive 86/609/EEC (European Communities, 1986) on the
protection of animals used for experimental and other scientific
purposes.

Carcasses were hung by the Achilles tendon and chilled 24 h at
4 °C. After chilling, both Longissimus thoracis et lumborum muscles
were removed from the left and right half-carcass sides and sampled.
Then, samples were aged for 3 days and frozen. Ultimate pH at 3 days
of slaughter was measured on the Longissimus thoracis of the right
half-carcass with a pH-meter equipped with a Crison 507 penetrating
electrode (Crison Instruments S.A., Barcelona, Spain).

2.2. Chemical analyses

To prepare meat for chemical composition analyses, M. longissimus
thoracis (LT) of the left half-carcass was minced and freeze-dried in a
Virtiss wizard 2.0 lyophilizer (Virtiss SP Scientific, New York, USA) for
7 d at −50 °C and 13.332 Pa, then ground. Meat was weighed before
and after freeze-drying to calculate moisture content (Moist). Crude
protein was determined following the Dumas procedure (A.O.A.C.,
2000) using a nitrogen and protein analyser (Model NA 2100, CE Instru-
ments, Thermoquest SA, Barcelona, Spain) and expressed as a percent-
age of fresh meat (CP). Intramuscular fat content was quantified using
the Ankom Procedure (AOCS Am 5-04) with an Ankom extractor
(Model XT10, Ankom Technology, Madrid, Spain) and expressed as a
percentage of fresh meat (IMF). Ash content was assessed by dividing
the weight before and after ignition in a muffle for 8 h (A.O.A.C., 2000)
and expressed as percentage of fresh meat (Ash). Analyses were run
in duplicate.

2.3. Instrumental colour

M. Rectus abdominis (RA) colour was measured 24 h after slaughter
and assessed at two locations on its internal face, after having removed
the covering fascia (Ripoll, Joy, Muñoz, & Albertí, 2008). A white tile
placed behind the muscle was used to standardize measurements.
Instrumental colourwasmeasured using aMinolta CM-2006 d spectro-
photometer (Konica Minolta Holdings, Inc, Osaka, Japan) in the CIELAB
space (CIE, 1986) with a measured area diameter of 8 mm, including
specular component and 0% UV, standard illuminant D65, which simu-
lates daylight (colour temperature 6504 K), 10º observer angle and zero
and white calibration. The lightness (L*), redness (a*) and yellowness
(b*) parameters were recorded, and hue angle (h) and chroma (C) in-
dexeswere calculated as h=tan−1 (b*/a*)*57.29, expressed in degrees
and C=(a*2+b*2)0.5.

2.4. Texture analysis

LT of the right half-carcass was sampled, vacuum-packed and aged
for 3 days. The texture of raw meat was analysed using an Instron
shear machine (Model 5543, Instron Limited, Barcelona, Spain) with a
modified compression device that prevents transverse elongation of
the sample (Lepetit, 1989). Probes were cut with 10×10 mm2 cross
section with the fibre direction parallel to the long dimension of at
least 30 mm. During compression, probes were maintained in the cell
fitted with two lateral walls to avoid lateral deformation of probes.
Probes can expand just along the axis of muscle fibres. Stress was
assessed at the maximum compression ratio (C100) and at 20% (C20)
and 80% (C80) of maximum compression. The compression ratio was
calculated as the initial height of the probe minus the height of the
probe at maximum compression divided by the initial height and
results are expressed in N/cm2.

2.5. Fatty acid analysis

The caudal side of the M. longissimus thoracis of the left half-carcass
was sampled to determine the fatty acid (FA) content of intramuscular
fat. The total fatty acids were extracted, methylated and analysed by an
adaptation of the method described by (Aldai, Osoro, Barron, & Najera,
2006). Separation and quantification of the fatty acid methyl esters
(FAMEs) was carried out using a gas chromatograph (GC, Agilent
6890 N, Inc., California, USA) equipped with a flame ionisation 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).
Fatty acids were expressed as a percentage of the 32 individual total
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fatty acids identified. The nutritional quality of fat was evaluated in
terms of saturated (SFA), monounsaturated (MUFA), polyunsaturated
(PUFA), total trans fatty acid (Trans) as Trans=C18:1 n−9 trans+
C18:1 n−11 trans+C18:2 n−6 trans, total conjugated linoleic acid
(CLA) as CLA=CLA 9-cis, 11-trans+CLA 10-cis, 12-cis, PUFA omega
3 acids (n−3) as n−3=∑n−3 PUFA, PUFA omega 6 acids (n−6) as
n−6=∑n−6 PUFA, the n−6/n−3 fatty acid ratio, the index of desa-
turase enzyme activity in C18 fatty acids (C18di) as C18di=100*
[18:1/(18:0+18:1)] (Malau-Aduli, Siebert, Bottema, & Pitchford,
1998). Also, the atherogenic index (AI) was calculated according to
Ulbricht and Southgate (1991) as AI=[C12:0+(4*C14:0)+C16:0]/
[(∑PUFA)+(∑MUFA)]. AI is often considered as a predictor of cardio-
vascular risk.

2.6. Sensory analysis

For the sensory panel, M. Longissimus lumborum from both sides of
the carcasses was sampled. Samples were vacuum-packed and aged
at 4 °C for 3 days before freezing and kept at −18 °C until analysis.
On the day of analysis, samples were thawed inside their vacuum
bags (4 h) in tap water until the internal temperature reached 15
−17 °C. Following this, the samples were taken out of the vacuum
packaging, wrapped in aluminium foil and cooked at 200 °C in a
double plate grill (Sammic P8D2) until the internal temperature,
which was monitored using an internal thermocouple (Jenway, Bibby
Scientific Ltd., Essex, England), reached 70 °C. Each loin was trimmed
of fat and external connective tissue, cut into 2×2×2 cm samples,
wrapped in aluminium foil coded with 3 digit random numbers, and
stored at 55 °C until they were served to the sensory panel. The sensory
test was performed over seven sessions in a standardised tasting room
equipped with individual booths and, to mask any differences in meat
colour, under red lighting. In a comparative multi-sample test using a
completely balanced design, the samples were served randomly to a
trained eight-member sensory panel (ISO 8586-1:1993). To avoid the
possible effects of the order of presentation, and first-order and carry-
over effects, the samples were presented to panellists in different
orders. Sensory profile and specific training was developed in an addi-
tional session using samples from animals on each treatment. Panellists
used 10-point unstructured scales to quantify odour intensities as kid
odour (KO) andmilk odour (MLO), tenderness (T), juiciness (J),fibrosity
(F) and flavour intensities as kid flavour (KF), fat flavour (FF), milk
flavour (MF),metallic flavour (MTF), acid flavour (AF) and bitter flavour
(BF).

2.7. Statistical analyses

A two-way ANOVA (5 breeds×2 slaughter weights) was used for all
variables, except for sensory analysis variables. When non-significant
interactions (P>0.05) were found, models were reduced to main
effects only. A Bonferroni test was used to compare means, with a sig-
nificance of Pb0.05.

Sensory panel test variables were tested using mixed models based
on Kenward–Roger's adjusted degrees of freedom solution for repeated
measures. The factors included were breed and slaughter weight as
between-subject fixed effects, panellist as within-subject random effect
and animal as subject (experimental unit) and session and plate as
blocking factors. The lowest Akaike Information Criterion (AIC) was
used to choose the matrix of the error structure. Least square means
were estimated and differences were tested with a t-test. Additionally,
a Generalized Procrustes Analysis (GPA), which uses translation, rota-
tion and isotropic scaling to minimize differences among panellists
(Carlucci, Girolami, Napolitano, & Monteleone, 1998; Gower, 1975)
was performed using the statistics program XLStat. Results are pre-
sented graphically in the form of a biplot that includes attributes and
treatment. Pearson's correlation coefficients among variables were
calculated. The analyses, with the exception of GPA, were performed
with the statistical package SAS v9.1.

3. Results and discussion

Light kids’ weight ranged from 7.43 kg to 7.97 kg and heavy kids’
weight ranged from 10.91 to 12.32 kg. There were no significant differ-
ences among breeds within slaughter weight (SW) and there were
significant differences between slaughter weights at level Pb0.001
(Table 1).

3.1. Chemical analyses and M. rectus abdominis colour

Breed and SW had no significant effect on pH at 3 days (Table 1).
High ultimate pH values for goat muscles are prevalent in literature,
suggesting that goats are generally highly prone to stress (Webb,
Casey, & Simela, 2005). pH values found in literature for kids were
similar to those reported in the present study. Bañón, Vila, Price,
Ferrandini, and Garrido (2006) found values of 5.71–5.79 in MU
kids slaughtered at 7.6 kg. Furthermore, Santos et al. (2007) found
values of 5.76 in kids slaughtered at 8–10 kg of Serrana and Bravia
breeds. Likewise, Peña et al. (2009) found values of between 5.71 and
5.75 in kids slaughtered around 11 kg, and Marichal et al. (2003)
reported similar values for kids slaughtered at 6 kg but much lower
values for kids with a live weight of 10 kg. Muela et al. (2007) found
similar pH values in MO, PI, NE and BC, with a slaughter weight that
falls between both of those in our study. Moreover, Guzmán et al.
(2008) reported pH values at 3 days of 5.86 in BA kids slaughtered at
8 kg SW. Teixeira, Jimenez-Badillo, and Rodriguez (2011) found that
carcass weight in Serrana kids had a small but significant effect in
reducing pH at 24 h after slaughter.

Chemical composition of kid meat was only slightly affected by
breed and SW. Moist ranged from 74.9% to 78% and CP ranged from
19.5% to 24.1% although neither of these variables had significant differ-
ences (P>0.05). Ash content also remained almost constant, at around
1.1%, for every breed and slaughter weight (P>0.05). However, IMF
was affected by breed: light weight PI had a significantly greater IMF
than the others breeds, even more than PI at heavy SW. BA and BC, on
the other hand, had the lowest values of IMF although there were no
significant differences with MO and NE. BA and BC are local breeds
selected to produce meat in extreme mountain conditions, with low
milk production (Herrera & Luque, 2008) and this could influence
their lower IMF. As expected (Table 4), IMF and ash contents were neg-
atively correlatedwithMoist, and CPwas positively correlatedwith IMF
and Ash content in agreement with Destefanis, Barge, Brugiapaglia, and
Tassone (2000).

SW did not significantly affect the chemical composition of loin in
young animals (Marichal et al., 2003; Todaro et al., 2002) although
Argüello, Castro, Capote, and Solomon (2005) reported significant
changes in Moist. and CP when kids were slaughtered at 6 kg and
10 kg SW. In any case, kid meat has a constant Ash and low IMF, around
1.1–1.7% in freshmeat (Argüello et al., 2005; Bañón et al., 2006;Marichal
et al., 2003; Santos, Silva, & Azevedo, 2008; Todaro et al., 2002). Dhanda,
Taylor, and Murray (2003) and Gibb, Cook, and Treacher (1993)
reported an influence of the breed on muscle chemical composition,
mainly with regard to IMF.

Instrumental colour of RA was measured instead of LD because it is
themuscle used by the EU Carcase Classification System in the Commu-
nity scale for the classification of ovine carcasses of less than 13 kg
(European Communities, 1994). Furthermore, on an intact carcass it is
a more accessible muscle than the LD. There were no significant differ-
ences in L* betweenbreeds at light SW(Table 1), howeverwhen the SW
increased, L* diminished and differences among breeds appeared, with
BChaving the highest value. In fact, SWand L*wasnegatively correlated
(Pb0.001, Table 4). Hue angle diminished significantly with the
increase of SW in MO, NE, and PI breeds. BC, BA, and NE had greater h
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values than other breeds at both SW. NE and BA had the highest C at
light SW.With an increase in SW, colour intensity of BA decreased, leav-
ing NE with the highest C at the heavier SW.

A decrease in L* and h with increased SW is in agreement with the
results of Bonvillani et al. (2010) and Peña, Perea, García, and Acero
(2007) who indicated a significant relationship between SW and
subjective colour of RA. These authors found greater proportions of car-
casses with pink and red muscle than carcasses with pale muscle when
SW increased. A decrease of L* with increase of SW in the LT has also
been reported by other authors (Argüello, 2003; Argüello, López,
Ginés, Alfonso, & Capote, 1998; Marichal et al., 2003; Teixeira et al.,
2011).

In general terms, L*, b* and h diminished and C and a* increased its
values with the increasing SW. Some breeds stand out as NE with
great b*, a*, C*, BA and BC with greater h and C. Instrumental colour
variables were correlated among them (Table 4). L* was negatively
correlated with a* and positively with b* and h, a* and b* were not
correlated (P>0.05) with one another but were positively correlated
with C.

3.2. Instrumental texture and fatty acid analysis

The three meat compression variables were affected by breed and
SW (Table 2). MO and PI had the greatest values of C20 at light weight
and BC the lowest values. The C20 values of MO and PI breeds dimin-
ished significantly when they were slaughtered at heavy weight. At
this SW, differences in C20 among breeds disappeared. Likewise, there
were significant differences in C80 at light weight, with BC displaying
the lowest values. C20 was highly correlated with SW (Pb0.001). At
heavy weight, differences disappeared and the values of compression
at 80% diminished. Consistently, BC had significantly lowest values of
C80 and C100, and values of all breeds diminished when SW increased.
However, C100 differences remained among breeds at heavy weight.
Table 2
Meat texture and main groups and ratios of fatty acids of fat of 5 breeds (B) at 2 slaughter

BAa BC MO

C20 (N/cm2)b Lc 10.36b 10.90b 12.61abx

H 6.54 8.16 9.19y

C80 (N/cm2)b L 70.86ab 63.13b 79.74a

H 58.11 58.76 72.70
C100 (N/cm2)b L 89.42ab 78.55b 101.70a

H 80.21ab 74.69b 94.13a

SFA L 42.10b 44.90aby 45.06ax

H 41.15b 47.15ax 41.65by

MUFA L 32.25c 36.23a 36.14a

H 31.47c 38.71a 35.46b

PUFA L 25.65a 18.87bx 18.80by

H 27.38a 14.14dy 22.89bx

Transd L 3.43ax 1.93b 2.12by

H 2.66ay 1.83b 2.56ax

CLA L 0.87a 0.75b 0.67b

H 0.84a 0.63b 0.69b

n−3 L 6.84a 4.68cx 3.45d

H 6.34a 3.03cy 3.54c

n−6 L 17.78a 13.22bx 14.58by

H 20.04a 10.30cy 17.95ax

n−6/n−3 L 2.64c 2.98b 4.50ay

H 3.20b 3.54b 5.09ax

C18die L 0.67c 0.70b 0.74a

H 0.68c 0.72b 0.73a

AIf L 0.69c 0.82by 0.92ax

H 0.67b 0.97ax 0.73by

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty
a BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza;
b C20, C80 and C100 are the raw meat stress assessed at 20%, 80% and 100% of compress
c Different superscripts (a,b) indicate significant differences (Pb0.05) among breeds. Di

weights. ns=P>0.05, *=Pb0.05, **=Pb0.01, ***=Pb0.001.
d Total trans fatty acid; Trans=C18:1 n−9 trans+C18:1 n−11 trans+C18:2 n−6 trans
e Estimated index of desaturase enzyme activity in C18 fatty acids; C18di=100*[18:1/(
f Atherogenic index; AI=[C12:0+(4*C14:0)+C16:0] / [(∑PUFA)+(∑MUFA)].
Compression at 20% can be related to myofibril strength (Lepetit &
Culioli, 1994) and it was not correlated with C80 or C100, contrary to
Campo et al. (2000). However, C80 and C100 were highly correlated
(r=0.94; Pb0.001) in agreement with these same authors who
reported a correlation of 0.92. Thus, higher C20 values of light kids
could be explained by a lower activity of muscle proteolytic systems, a
significantly lower rate of post mortem tenderisation, and/or higher
myofibrillar density (Sañudo et al., 2003) because the light kids are
very young. Tenderising is more intense in older animals due to the
increased action of the proteases (Jaime, Beltrán, Ceña, López-Lorenzo,
& Roncalés, 1992; Pringle, Calkins, Koohmaraie, & Jones, 1993). Hence,
Sañudo, Santolaria, María, Osorio, and Sierra (1996) and Ripoll et al.
(2006) reported that lambs with intermediate SW were tougher than
lighter and heavier lambs. C80 is related to connective tissue strength.
It is possible that, as in cattle (Boccard et al., 1979), there is an early
period of the animal's growth in which new collagen is synthesized
quickly (Sañudo et al., 1996). This new collagen is thusmore susceptible
to collagenase attack (Wu, Kastner, Hunt, Kropf, & Allen, 1981) during
ageing.

Principal FA groups and FA ratios are shown in Table 2. There was a
significant interaction (Pb0.001) between breed and SW. BC and MO
had the greatest percentages of SFA at light weight but when SW
increased, the SFA content increased in BC while the SFA percentage
decreased in MO. MUFA only was affected by breed and BA had the
lowest content while BC, MO and NE at light weight, and BC, NE and
PI at heavy weight, had the highest MUFA content. PUFA of BC and
MO diminished and increased respectively with the increment in
slaughter weight. At both slaughter weights BA had the greatest PUFA
content. NE, PI and BC had lowest content of trans-esterified fatty
acids (Trans) at both SW but BA and MO diminished and increased
(Pb0.01) their content of Trans respectively. n−6/n−3 ratiowas signif-
icantly affected by breed and slaughter weight. All the breeds except
MO had values below 4, which is the healthy limit recommended by
weights (SW) of suckling kids.

NE PI s.e. B SW B×SW

9.99b 14.96ax 1.355 * *** ns
9.73 10.36y

75.46ax 74.38a 4.130 ** *** ns
61.29y 66.61
94.39a 90.94ab 5.518 ** * ns
77.97b 83.51ab

42.88b 43.45b 0.619 *** ns ***
42.80b 43.26b

38.24a 35.56b 0.784 *** ns ns
38.37a 36.88ab

18.88b 20.99b 0.885 *** ns ***
18.83c 19.86c

2.14b 2.15b 0.122 *** ns **
2.15b 2.09b

0.71b 0.71b 0.042 ** ns ns
0.70ab 0.61b

4.19cd 5.71bx 0.295 *** ** *
4.08bc 4.75by

13.85b 14.42b 0.658 *** ns ***
13.91b 14.26b

3.34b 2.57c 0.213 *** ** ns
3.54b 3.05b

0.71b 0.71b 0.009 *** ns ns
0.71b 0.71b

0.70c 0.76bc 0.035 *** ns ***
0.69b 0.74b

acids.
PI, Pirenaica; L, light slaughter weight; H, heavy slaughter weight.
ion.
fferent superscripts (x,y) indicate significant differences (Pb0.05) between slaughter

.
18:0+18:1)].
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the Department of Health ("Report on health and social subjects,"
1994). n−6/n−3 ratio increased with the increase of SW because n
−6 increased andn−3 diminished from light to heavy SW. The estimat-
ed index of desaturase enzyme activity in C18 fatty acids was only af-
fected by breed with MO showing the greatest values while BA had
the lowest.MOat lightweight also had the greatest value of atherogenic
index (AI) although when the SW increased this value diminished sig-
nificantly. Contrary to this, the AI of BC increased significantly and it
was the breed with the highest value at heavy weight.

There were no differences in CLA, MUFA and n−6/n−3 between
light and heavy SW as has been reported by other authors (Juárez,
Micheo, García, Peña, & Polvillo, 2009; Peña et al., 2009; Serra et al.,
2009), although SW was correlated negatively with CLA and n−3
and positively with MUFA and n−6/n−3. CLA are found in higher
proportions in neutral lipids than in phospholipids (Wood et al.,
2008) while PUFA are present in higher proportions in phospholipids
(Enser, Dransfield, Jolley, Jones, & Leedham, 1984). As the proportion
of neutral lipids increases and that of phospholipids decreases with
the increase in fat content of the animal, it is expected for CLA, n
−6/n−3 and SFA to increase and PUFA to diminish with the age/
weight of the animals. In our study, these results are conditioned by
the IMF change from light to heavy weight within each breed, in
agreement with the results of Peña et al. (2009). Juárez et al. (2009)
also found differences in PUFA and SFA of lamb meat with highly sig-
nificant differences IMF. Hence, in most cases, differences among
breeds could be explained by differences in maturity contributing to
the differences in fatness (De Smet, Raes, & Demeyer, 2004). These
differences in maturity are due to the different groups of origin.
While the Blanca Celtibérica breed comes from Savannah group and
BA from the Savannah-Nubian, PI comes from the Pyrenean group
(Herrera, Peña, Rodero, & Molina, 2001). Jordana, Ribo, and Pelegrin
(1993), studying morphological relationships in BA,BC, PI, NE and
other Spanish goats, differentiate PI, defined as dual-purpose breed
from NE, BC and BC, although BA was also considered different
depending on the clustering technique used. IMF was highly correlat-
ed (Pb0.005) with MUFA, and in a negative way with PUFA and n−6.
In addition to the different group origins, the different composition of
the dam's milk is another factor. During the pre-weaning period kids
are functional non-ruminants because milk by-passes the rumen to
the stomach by the oesophageal groove (Serra et al., 2009), and the
dietary FA profile is not modified by microbial biohydrogenation in
the rumen (Valvo et al., 2005). During the suckling period, FA
absorbed from the intestine contribute to the majority of the total de-
posited FA, while de novo synthesised FA only contribute to 6–20%
(Osorio, Zumalacarregui, Figueira, & Mateo, 2007). It therefore fol-
lows that differences in the meat FA profile of suckling lambs reflect
the differences in FA profile of the suckled milk (Bas & Morand-
Table 3
Sensory analysis of 5 breeds (B) and 2 slaughter weights (SW) of suckling kids.

Breeda KOb MLO T J F

BAc 4.48 2.05 5.91a 5.60a 4.37ab

BCc 4.44 2.09 5.49b 5.35b 4.67a

MOc 4.60 2.31 5.70ab 5.43ab 4.31b

NEc 4.37 2.23 5.77ab 5.54ab 4.43ab

PIc 4.58 2.32 5.99a 5.44ab 3.65c

Slaughter weight
Light 4.39 2.08 5.97 5.53 3.95
Heavy 4.59 2.32 5.57 5.41 4.62
s.e. 0.098 0.091 0.123 0.085 0.133
B ns ns ** * ***
SW * ** * ns ***
B×SW ns ns Ns ns ns

a Different superscripts (a,b) indicate significant differences (Pb0.05) among breeds. ns=
b KO, kid odour, MLO, milk odour, T, tenderness, J, juiciness, F, fibrosity, KF, kid flavour, F
c BA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza;
Fehr, 2000; Napolitano, Braghieri, Cifuni, Pacelli, & Girolami, 2002;
Nudda et al., 2008; Valvo et al., 2005). In a healthy human diet the
AI should be as low as possible and, n−6/n−3 ratios of less than 4
(Gasperlin, Polak, Rajar, Skvarea, & Zlender, 2006) because this is a
risk factor in cancers and coronary heart disease (CHD), especially due
to formation of blood clots leading to heart attacks (Wood et al.,
2004). Furthermore, trans-FA consumption should be as low as possible
because it is not required in the human diet (EFSA, 2010) and trans-FA
shows a linear dose response with serum LDL. Serum LDL has been
causally linked to CHD (EFSA, 2004). On the other hand, high consump-
tion ofω−3 fatty acids is associated with a lower risk of CHD (Hu et al.,
2002). In our study FA groups and ratios were highly correlated among
themselves as expected. Besides of this, healthy FA (PUFA, ω−3 and
CLA) groups were negatively correlated with unhealthy FA groups
(SFA, AI and C18di) (Table 4).

3.3. Sensory analysis and Generalized Procrustes Analysis

In the sensory profile, kidmeatwas described by panellists with two
odours (MLO and KO) and six flavours (KF, FF, MF, MTF, AF and BF), as
well as describing T, J and F. Bañón et al. (2006) also used MLO, MTF
and MF as descriptors of kid meat and Rodrigues and Teixeira (2009)
included sweet taste as a characteristic of kid meat as well. The mean
sensory trait values are shown in Table 3. Panellists did not find effect
of breed on MLO and KO but these odours were influenced by SW.
However, panellist did not be able to match differences on flavours,
indicating that they are specific traits of kid meat which do not bear a
relationship with the studied effects. KF was detected with more inten-
sity than the other flavours. SW had a significant effect on KO andMLO,
T and F. Meat from light kids was more tender, had less intense KO and
MLO and was less fibrous. There were significant differences among
breeds in terms of tenderness, juiciness and fibrosity. PI and BA were
the most tender breeds while BC was the least tender. Meat from BA
was also the juiciest while meat from BC was the least juicy. PI was
the least fibrous while BC was the most fibrous. Sensory traits were
highly correlated with each other (Table 4). F was negatively correlated
with T and J, and flavours, in most cases, were positively correlated
among them. KFwas correlated positivelywith several fatty acid groups
such as MUFA, n−6/n−3 and C18di, while it was negatively correlated
with PUFA, n−6 and n−3. CLA was correlated with FF (r=0.19;
Pb0.05) andMTF (r=−0.19; Pb0.05). n−6 and n−6/n−3were corre-
lated with characteristic KO (r=−0.22 and r=0.19, respectively;
Pb0.05).

The non-volatile precursors of muscle flavour interact with each
another, and/or their degradation products via the Strecker degradation
andMaillard reaction produces volatiles which contribute to the devel-
opment of the aroma of muscle foods during thermal processing
KF FF MF MTF AF BF

5.86 4.27 2.70 2.96 2.98 1.65
5.96 4.17 2.64 2.90 3.02 1.60
6.04 4.34 2.87 2.93 2.99 1.55
6.02 4.37 2.98 3.18 2.90 1.69
6.01 4.17 2.73 2.96 2.73 1.50

5.96 4.31 2.77 2.91 2.85 1.54
6.00 4.22 2.80 3.06 3.00 1.66
0.073 0.096 0.081 0.091 0.114 0.063
ns ns ns ns ns ns
ns ns ns ns ns ns
ns ns ns ns ns ns

P>0.05, *=Pb0.05, **=Pb0.01, ***=Pb0.001.
F, fat flavour, MF, milk flavour, MTF, metallic flavour, AF, acid flavour, BF, bitter flavour.
PI, Pirenaica; L, light slaughter weight; H, heavy slaughter weight.



Table 4
Pearson's correlationsa (/100) among instrumental and sensory meat quality characteristics and health-related fatty acid composition.

CPb IMF Ash L* a* b* h C C20 C80 C100 KO MLO J F KF FF MTF AF BF SFA MUFA PUFA Trans CLA n−3 n−6 n−6/n
−3

C18di AI

SWb −45 −25** −24** −19* −33 −21* −16 t 23* 24* 19* −18* −26** 19*
Moist −98 −39 −85
CP 45 84 21* 31
IMF 22** 21* 21* −18* −19*
L* −64 21* 63 26** 26** 30 28**
a* −78 38 −40 26** 29** −37
b* 65 89 17* −22**
h 25** 29 18* −19* 20*
C80 94 −22* 28** 20*
C100 −22* 28**
KO 28** 31 −22* 19*
MLO 26**
T 63 −80
J −50 −20* 24*
KF 29** 26** −22* −24* −20* 22* 26**
FF 35 19*
MF
MTF 37 29** −19*
AF 43
SFA −65 −40 −24** −49 −64 89
MUFA −79 −42 −60 −74 18* 77
PUFA 54 23** 76 96 −20* −55 −66
Trans 45 40 54 −29 −35
CLA 30 18* −20*
n−3 58 −60 −56 −58
n−6 −47 −62
n−6/n
−3

33 23**

C18di 27**

a Non-significant values (P>0.05) and variables not correlated with any other are not presented in the table. *=Pb0.05, **=Pb0.01. Bold values are significant at Pb0.001.
b SW, slaughter weight; Moist, percentage of moisture; Fat, percentage of intramuscular fat; C20, C80, C100, stress at 20%, 80% and 100% of maximum compression; CP, crude protein; KO, kid odour; MLO, milk odour; T, tenderness;

J, juiciness; F, fibrosity; KF, kid flavour; FF, fat flavour MF, milk flavour; MTF, metallic flavour; AF, acid flavour; BF, bitter flavour; Trans, Total trans fatty acid; C18di, estimated index of desaturase enzyme activity in C18 fatty acids; AI, ath-
erogenic index; FA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
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(Mottram & Edwards, 1983; Mottram, Edwards, & Macfie, 1982). Lipids
also play an important role in the overall flavour, indeedmore than half
the volatiles reported in meat are lipid derived (Mottram, 1998), but it
is not clear that intense odour and flavour from fatty acids improve the
quality of kid meat (Dhanda et al., 2003). Indeed, if the level of PUFA is
high, odd and off-odours dominate the meat aroma profile (Elmore,
Campo, Enser, & Mottram, 2002). Previous studies indicated that SFA
and MUFA are positively correlated with pork flavour and PUFA nega-
tively correlated (Cameron and Enser, 1991).

In relation to the effect of SW, increasing animal age is associated
with increased intensity of flavour (Lawrie, 1967). The distinctive fla-
vours of goat meat are much less noticeable when derived from the
young animals (Schönfeldt et al., 1993) although Dhanda et al.
(2003) did not find differences due to the effect of age/weight. Peña
et al. (2009) reported that tenderness decreases with the increment
of SW and they did not find differences in flavour.

The biplot obtained after applying a Generalized Procrustes Analysis
describes the relationship between sensory traits and treatments
(Fig. 1) and was used to reach a consensus among panellists. The first
two principal axes of the consensus configuration accounted for 52.1%
of the total variance. The first axis is mainly based on texture attributes
such as J and T in a positive way and F and KO in a negative way. This
axis markedly separated the light kids (juicier and more tender) from
heavy kids (greater F and KO intensity), although light BC and heavy
PI are inversely placed. PI slaughtered at both light and heavy weight
were located together, close to the first axis, and far from coordinates’
origin, possibly due to the influence of fat flavour as this breed had
more IMF than the other breeds, especially at light weight. The second
axis explained 21% of the variance based on AT and BT, and KF. This
axis separated BA at heavy weight from the others with less AT and
BT and kid-flavoured meat. This axis also helps to define heavy kid
meat as acid and light kid meat as bitter. Carlucci et al. (1998),
Dhanda et al. (2003) and Rodrigues and Teixeira (2010) also reported
that meat from light kids is more tender than that from heavy kids.
This result was contrary to that obtained for instrumental texture
because tenderness was highly influenced by J (Bañón et al., 2006;
Carlucci et al., 1998; Resconi, Campo, Font i Furnols, Montossi, &
Sañudo, 2010), and this trait is not measured by a compression device.
Furthermore, instrumental texture is evaluated in raw meat, while
Fig. 1. Biplot of generalized procrustean analysis of sensory analysis of 5 breeds and 2
slaughter weights of suckling kids.BA, Blanca Andaluza; BC, Blanca Celtibérica; MO,
Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica; L, light slaughter weight; H, heavy
slaughter weight.KO, kid odour, MLO, milk odour, T, tenderness, J, juiciness, F, fibrosity,
KF, kid flavour, FF, fat flavour, MF, milk flavour, MTF, metallic flavour, AF, acid flavour,
BF, bitter flavour.
sensory analysis is performed with cooked meat and heat solubilizes
connective tissue, which causes tenderization, but hardens myofibrillar
proteins, which causes toughening (Obuz, Dikeman, Grobbel, Stephens,
& Loughin, 2004).

4. Conclusions

Breed and slaughterweight influenced the colour of Rectus abdominis
muscle. Hence, BA at light weight, and NE at both slaughter weights, had
themost intense colourwhile BC,MO and PI, and BA at heavyweight had
the least intense colour. BA, BC and NE at both slaughter weights had the
greatest hue angle but MO and PI at heavy weight had the lowest hue
angle.

SW and breed both contribute to instrumental texture. MO and PI at
both slaughter weights and NE at light weight had the greatest com-
pression values while BC at both slaughter weights and NE at heavy
weight had the lowest. Breed had most effect on fatty acid composition
which is related, in most cases, with intramuscular fat. BA at both
slaughter weights had lowest MUFA and greatest PUFA and CLA con-
tents. BC at heavyweight had the lowest PUFA and greatest atherogenic
index. PI had greatest fat content and lowest n−6/n−3 ratio at light
weight.

Neither breed nor slaughter weight influenced meat flavours. Breed
affected juiciness, while breed and slaughter weight affected tenderness,
juiciness and fibrosity. BC had lowest values of juiciness, BA and PI were
the most tender breeds and PI had greatest values of fibrosity. Slaughter
weight had effect on kid and milk odours. Hence, light weight kids were
more tender, juicy and had low milk and kid odour than heavy weight
kids.

Spain's suckling goat population is very diverse according their
meat characteristics. Besides, the influence of slaughter weight, even
in young kids, is very important in most of the meat quality traits
studied, but this effect should be considered separately for each
breed. However, in most cases, meat from goat kids can be considered
as healthy due to n−/n−3 ratio, as well as its low intramuscular fat.
Also, most of the breeds at both slaughter weights provide a tender,
juicy and well-flavoured meat.
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