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Meat colour was evaluated in 141 male suckling kids from five Spanish breeds: Blanca Andaluza (BA), Blanca
Celtibérica (BC),Moncaína (MO), Negra Serrana-Castiza (NE) and Pirenaica (PI). Kidswere slaughtered at 7.5 and
11.5 kg. pH and colour weremeasured in the longissimus thoracis et lumborummuscle. pH values did not differ
significantly among breeds. Lightness tended to decrease and redness to increase asweight increased. BC and NE
at light weight and BC and BA at heavy weight were characterized by greater lightness, chroma and hue. At both
weightsMOand PIwere darker and showed lower values for chroma and hue. BA at lightweight andNE at heavy
weightwere characterized by values thatwere between those of the former groups for all variables. Discriminant
analysis based on colour and pH correctly classified 48.9% of the kids into their breed and slaughter weight.

© 2010 The American Meat Science Association. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Spain has one of the largest goat populations in the European
community (FAOSTAT, 2010). Although most of the goats in Spain are
dairy breeds, goat meat farming is also significant. The most widely
used systems in goat farming in Mediterranean countries involve the
slaughter of kids at a live weight of 10 to 11 kg (Marichal, Castro,
Capote, Zamorano, & Argüello, 2003). In fact, 88% of European Union
goats are raised extensively and slaughtered as kids with carcass
weights between 5 kg and 11 kg and belong to breeds suitable for
meat production (Shrestha & Fahmy, 2005).

Research over several decades has attempted to characterize and
differentiate goat meat from sheep meat, based on quality attributes
and chemical composition (Suman, Joseph, Li, Steinke, & Fontaine,
2009). Literature is contradictory as regards meat colour differences.
Some authors have said that goat meat is darker and redder than
sheep meat (Babiker, El Khider, & Shafie, 1990; Kadim et al., 2008)
while others reported a lower a* value (Lee, Kannan, Eega, Kouakou, &
Getz, 2008; Sheridan, Hoffman, & Ferreira, 2003). These differences in
colour attributes of goat and sheepmeat could be due to differences in
the primary structure of myoglobin (Suman et al., 2009).

In Mediterranean countries, light coloured meat is associated with
the meat of young animals, which is preferred. Spanish consumers
associate meat from suckling kid and lamb as being tender, juicy, tasty
and, especially in the case of kid meat, with a high price (Sañudo,
Sánchez, &Alfonso, 1998).Meat colour is influencedby several factors in
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the feeding–breeding system (Alcalde & Negueruela, 2001) such as
breed, age/slaughter weight, ultimate pH and others. The ultimate pH
has an important effect onmeat colour and colour is one of the primary
meat sensory traits, and its variation can be characterized by visible
absorption (Liu & Chen, 2000). These factors have been studied in cows,
sheep and pigs but not in goats. Studies onmuscle reflectance spectra of
beef (Krzywicki, 1979) and lamb (De la Fuente, Álvarez, Díaz, Pérez, &
Cañeque, 2005) have been developed to determine the wavelengths
that are most closely correlated with haem pigments and the point of
achromatic absorption. Absorbance at this point is not dependent on
pigment concentration; it can be taken as the attenuation of light by
pigment-free meat (Krzywicki, 1979) and is used to estimate pigment
content. Multivariate statistical techniques are commonly applied to
reflectance spectra to discriminate or authenticate products. In this
study, different statistical multivariate analyses have been applied with
the aim of typifying the colour of kid meat in 5 breeds at two slaughter
weights,finding the point of achromatic absorption and visible bands on
the spectrawhich discriminate amongst different products and to study
the influence of pH on colour.

2. Materials and methods

2.1. Animals and sampling

The experimental animals were 141 male suckling kids from 5
breeds of meat goats (BA, Blanca Andaluza; BC, Blanca Celtibérica;
MO, Moncaína; NE, Negra Serrana-Castiza; PI, Pirenaica) slaughtered
at two live weights (L, light weight, 7.6 kg±0.80 kg; H, heavy weight,
11.33 kg±1.20 kg). The number of animals per treatment and their
slaughter weight is shown in Table 1. Kids just suckled their mothers'
by Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.meatsci.2010.10.006
mailto:gripoll@aragon.es
http://dx.doi.org/10.1016/j.meatsci.2010.10.006
http://www.sciencedirect.com/science/journal/03091740


Table 1
Slaughter weight, Longissimus thoracis pH and Longissimus lumborum colour at 1 h of blooming of 5 breeds (B) and 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 Lc,d 7.43y 7.65y 7.44y 7.97y 7.73y 0.850 ns *** ns
H 12.32x 11.31x 10.91x 11.19x 11.62x

pH L 5.75by 5.98a 5.82b 5.87abx 5.93ab 0.032 ns * *
H 5.97ax 5.86ab 5.79bc 5.74cy 5.87ab

L* L 46.72b 52.6a 49.77ax 51.09ax 44.30b 0.767 ** *** *
H 48.27ab 50.55a 44.48bcy 45.38by 43.59c

a* L 3.64aby 1.50by 3.02aby 4.41ay 4.60ay 0.296 *** *** ns
H 5.63ax 2.41bx 5.37ax 5.04ax 6.14ax

b* L 8.58by 12.31a 6.62c 11.88ax 6.03c 0.425 ns *** ***
H 11.91ax 11.76a 5.81c 8.40by 5.77c

h L 64.97b 83.21a 64.53bx 68.08bx 53.43cx 2.610 ns *** ***
H 64.67b 78.85a 47.12cy 58.15by 41.99cy

C L 9.47by 12.56a 7.57c 12.77ax 7.87bc 1.888 * *** ***
H 13.21ax 12.19a 8.04c 9.89by 8.57bc

aBA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza; PI, Pirenaica; L, light slaughter weight; and H, heavy slaughter weight.
cDifferent superscript (a,b,c) indicate significant differences (pb0.05) among breeds.
dDifferent superscript (x,y) indicate significant differences (pb0.05) between slaughter weights.
ns=pN0.05, *=pb0.05, **=pb0.01, ***=pb0.001.

Fig. 1. Cylindrical co-ordinates (lightness (Z), hue angle (phi→X) and chroma
(radius→Y)) of 5 breeds at two slaughter weights of suckling kid. BA, Blanca Andaluza;
BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza; PI, Pirenaica; L, light
slaughter weight; and H, heavy slaughter weight.
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milk and kids remained indoors while the dams grazed for 8 h a day.
Kids had no access to concentrates, hay, forages or other supplements.
When they reached the target live weight they were slaughtered
using standard commercial procedures. Carcasses were hung by the
Achilles tendon and chilled for 24 h at 4 °C. After chilling, carcasses
were fabricated and the Longissimus lumborum muscle of the left half
carcass was extracted. Muscle was bloomed for 1 h and colour was
measured at the cranial side of the muscle on a level with the first
lumbar vertebra. Ultimate pH at 24 h after slaughter was measured in
the Longissimus thoracis of the right half carcass with a pH-meter
equipped with a Crison 507 penetrating electrode (Crison Instru-
ments S.A., Barcelona, Spain).

All procedureswere conducted according to the guidelines of Council
Directive 86/609/EEC (European Communities, 1986) on the protection
of animals used for experimental and other scientific purposes.

2.2. Instrumental colour

Longissimus lumborum colour after 1 h of blooming was measured
using a Minolta CM-2600 d spectrophotometer (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 simulates daylight (colour
temperature 6504 K), 10° observer angle and zero and white
calibration. The lightness (L*), redness (a*) and yellowness (b*)
were recorded, and hue angle (H*) and chroma (C*) indices were
calculated as H*=tan−1 (b*/a*)*57.29, expressed in degrees and C*=
(a*2+b*2)0.5. Chroma is related to the amount of pigment and high
values indicate a more vivid colour and denote lack of greyness
(Miltenburg,Wensing, Smulders, & Breukink, 1992). Hue is the attribute
of colour perception denoted by blue, green, yellow, red, purple, etc.
(Wyszecki & Styles, 1982), and is related to the state of the pigments
(Renerre, 1986). Reflectance spectra were recorded from 400 nm to
740 nm. The colourdifferencebetween two stimuli (ΔE*)was calculated

asΔE* =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ΔL*
� �2 + Δa*

� �2 + Δb*
� �2q

where the variousΔ quantities

on the right represent the differences between the corresponding
coordinates of the two stimuli (Brainard, 2003). Representation of polar
coordinates in Fig. 1 was made with Graphis 2.9.44.

2.3. Statistical analysis

Statistical analyses were performed with SPSS v.9.1. A two-way
ANOVA (5 breed systems×2 slaughter weights) was used for pH and
muscle colour variables. When non-significant interactions (pb0.05)
were found, models were reduced to main effects only. A Bonferroni
test was used to compare means, with a significance of pb0.05.

A principal component analysis was performed using pH,
measured colour variables and the reflectance spectra to determine
the number of independent traits that account for most of the
variation in carcass traits. The analysis was computed from the
phenotypic correlation matrix amongst traits to ensure that all traits
were treated as equally important, giving the same weight to
variables regardless of their own variance. Only those factors
accounting for more variation than any individual type trait
(eigenvalue PN1) were retained. A varimax rotation was applied to
the retained components to redistribute the variance amongst factors
to obtain factor pattern coefficients. The resulting rotated factors are
more weakly correlated than the original variables, making it easier to
interpret the components without altering their explanatory power
(Albertí, Ripoll, et al., 2005). The factor scores of each subject were
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saved as variables and then an ANOVA was carried out for Principal
Components 1 and 2.

The discriminant analysis was developed using a stepwise model
including, as independent variables, pH,muscle colour and reflectance
spectra. The discriminant classification method was leave-one-out
cross-validation. The significance level for a variable to be included in
the model was 0.05.

Kids were clustered together based on their pH by k-means
clustering. The minimum number of clusters was selected to make
significant differences among all clusters and to avoid clusters formed
by 5 or less observations. Following this, an ANOVAwas carried out for
pH and colour variables with the pH cluster as fixed effect. A
Bonferroni test was used to compare means, with a significance of
pb0.05.

Pearson's correlation coefficients between pH and muscle colour
variables were calculated.

3. Results and discussion

3.1. Effect of breed and slaughter weight on muscle colour

The pH values per treatment and slaughter weight are shown in
Table 1. There were no significant differences among breeds within a
slaughter weight group (pN0.05). There was a significant interaction
(pb0.05) between breed and slaughter weight regarding pH. When
kids were slaughtered at light weight, BC had the highest value whilst
MO and BA had the lowest. When slaughtered at heavy weights, BA
had the highest value and NE had the lowest value, whilst BC, MO and
PI had intermediate values. BA increased its pH significantly the
greater the slaughter weight but, in general, pH values decreased with
the increase of slaughter weight. NE pH, in particular, decreased from
an intermediate value at light weight to the lowest value at heavy
weight. This is in agreement with Marichal et al. (2003) and Madruga,
Arruda, and Nascimiento (1999). Because high pH is indicative of long
term stress, differences between BA, NE and the other breeds could be
due to differences in their response to pre-slaughter handling
(Dhanda, Taylor, & Murray, 2003).

Ultimate pH values for goat muscles higher than 5.5 are common
(Atti, Mahouachi, & Rouissi, 2006; Bañón, Vila, Price, Ferrandini, &
Garrido, 2006; Dhanda, Taylor, & Murray, 2003; Santos et al., 2007;
Peña, Bonvillani, Freire, Juárez, Perea and Gómez, 2009), suggesting
that goats are generally highly prone to stress (Webb, Casey, & Simela,
2005). Marichal et al. (2003) reported similar values for kids
slaughtered a 6 kg but much lower for kids of 10 kg of live weight.
Probably young goats are more susceptible to emotional stress caused
by noise, transport and social disruption (weaning) than older goats
(Kannan, Kouakou, Terrill, & Gelaye, 2003).

Longissimus thoracis colour variables are shown in Table 1. BC, MO
and NE at light weight had greater values than BA and MO, whilst BA
and BC had greater L* values at heavy weight. PI has the darkest meat
in this category. The lightness of meat tends to decrease as weight
increases, although the difference was only significant for MO and NE.
Muscle lightness is important in suckling kids because consumers
expect light meat. Furthermore it is accepted that young animals have
paler meat than old animals (Bañón, Vila, Price, Ferrandini, & Garrido,
2006). Lightness values reported in this study are indicative of
extremely pale meats (Santos, Silva, & Azevedo, 2008) and are in
agreement with those reported in the literature. Santos et al. (2007)
reported lightness values ranging from 44 to 50 in Bravia, Serrana and
BraviaxSerrana breeds slaughtered at 8–11 kg. Bañón et al. (2006)
reported that Murciano-Granadina light kid meat had an average L* of
48.70. Peña et al. (2009) also found similar values for Criollo Cordobés
and Anglonubian kids (from 42.54 to 48.82). Marichal et al. (2003)
and Argüello et al. (2005) reported decreases of 2–4 points with an
increase of slaughterweight from 6 kg to 10 kg. Kannan, Kouakou, and
Gelaye (2001) and Dhanda, Taylor, Murray, and McCosker (1999)
reported darker meat (41.1) of chevon, as expected because as
maturity increases, muscle colour becomes darker in goats (Peña
et al., 2009).

There was no significant interaction between the effects (pN0.05)
for redness but breed and slaughter weight had a highly significant
influence on redness (pb0.001). BC had the lowest values at both
slaughter weights and BA, MO, NE and PI had the highest values at
heavy weight, although BA and MO displayed intermediate redness at
light weight. Redness increased with the increase of slaughter weight,
mainly because the haempigment content increaseswith age (Lawrie,
1998), although one should consider the maturity of different
genotypes. Nevertheless, Peña et al. (2009) and Todaro, Corrao,
Barone, et al. (2002) found no change in muscle colour with small
increases in live weight (around 1 kg), but Dhanda et al. (1999) found
increments in redness from light kids to chevon. Redness values in the
current study are in agreementwith those reported by Todaro, Corrao,
Alicata, et al. (2004) and Todaro, Corrao, Barone, et al. (2002) for kids
slaughtered at 10 kg and 5–6 kg, respectively. However, other authors
reported greater values (Dhanda et al., 2003; Santos et al., 2007)
similar to chevon redness values (Dhanda et al., 2003; Kannan et al.,
2001).

There was a significant interaction (pb0.001) between breed and
slaughter weight for yellowness (b*). Breed seems to have a great
influence on yellowness. Hence the values are greater than those
reported by Dhanda et al. (1999) and Santos et al. (2007), similar to
those reported by Dhanda et al. (2003), Kannan et al. (2001) and
Todaro, Corrao, Alicata, et al. (2004), but lower than those found by
Peña et al. (2009) and Todaro, Corrao, Barone, et al. (2002). Small
increments of slaughter weight did not affect yellowness (Muela,
Sañudo, Campo, Medel, & Beltran, 2010: Peña et al., 2009; Todaro,
Corrao, Barone, et al., 2002) although b* decreases with great
increments in weight (Dhanda et al., 1999; Martínez-Cerezo et al.,
2005).

As consequence of the very low a* and intermediate values of b*,
the hue angle was high. These results agree with Todaro, Corrao,
Barone, et al. (2002), Todaro, Corrao, Alicata, et al. (2004), Alcalde,
Ripoll, Horcada, Sañudo, and Panea (2009) and Ripoll, Alcalde,
Horcada, Sañudo, and Panea (2009), but were much higher than
those reported by other authors (Argüello et al., 2005; Dhanda et al.,
2003; Marichal et al., 2003). There was a significant interaction on
chroma (pb0.001). As in the case of hue, BC was the breed with the
highest values and PI, together MO, had the lowest values at both
weights. Chroma of BC, MO and PI did not change with slaughter
weight. The chroma of BA increased, having a more vivid colour,
unlike NE where the colour was duller than that of light weight meat.
Argüello et al. (2005), Peña et al. (2009) and Todaro, Corrao, Barone,
et al. (2002) found no differences in chroma between slaughter
weights. The lowest values of MO and PI are in agreement with Bañón
et al. (2006) and the highest values of BC and BA at light weight agree
with others (Argüello et al., 2005; Dhanda et al., 2003; Marichal et al.,
2003; Todaro, Corrao, Alicata et al., 2004; Todaro, Corrao, Barone et al.,
2002).

The five breeds at the two slaughter weights are shown by their
polar coordinates in Fig. 1. Three kinds of kid meat were clearly
defined. The first group included BC and NE at light weight and BC and
BA at heavy weight. This group was characterized by great lightness,
chroma and hue, the meat being extremely light and vivid. Another
group was formed by MO and PI at both weights, and was
characterized by lower values of lightness (except MO at light
weight), chroma and hue. These meats were darker and duller than
the first group. The last group included BA at light weight and NE at
heavy weight with intermediate values between the former groups
for all variables. These clusters were conditioned by strong positive
relationships (Table 2) between lightness, chroma and hue angle. A
positive moderate correlation between lightness and hue (r=0.65;
pb0.001) was also found by Argüello et al. (2005). Yellowness and



Table 2
Pearson's correlation coefficients among pH and Longissimus lumborum muscle colour
variables.

L* a* b* h C

pH 0.24** 0.28**
L* −0.56*** 0.77*** 0.80*** 0.64***
a* −0.28** −0.83***
b* 0.72*** 0.95***
h 0.49***

Only significant correlations are shown. **=pb0.01, ***=pb0.001.

Table 3
Breed and weight class classification matrix in percentage (leave-one-out cross-
validation method). Correctly classified cases are in diagonal.

Classify into

BA La BC L MO L NE L PI L BA H BC H MO H NE H PI H

BA-L 23.1 7.7 0 23.1 15.4 0 7.7 0 23.0 0
BC-L 0 40.1 0 13.3 0 13.3 33.3 0 0 0
MO-L 0 0 56.3 0 37.5 0 0 6.2 0 0
NE-L 7.1 0 0 57.2 21.5 7.1 0 0 7.1 0
PI-L 6.6 0 20 0 40.0 0 0 0 6.7 26.7
BA-H 0 0 0 0 0 83.3 16.7 0 0 0
BC-H 0 26.7 0 6.6 0 6.7 53.3 0 6.7 0
MO-H 0 0 6.25 0 6.25 0 0 75.0 0 12.5
NE-H 6.7 0 0 13.3 33.3 13.3 6.7 0 20.0 6.7
PI-H 0 0 0 0 14.3 0 0 21.4 7.1 57.2

aBA, Blanca Andaluza; BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza;
PI, Pirenaica; L, light slaughter weight; and H, heavy slaughter weight.
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chroma were strongly correlated (r=0.95; pb0.001) and both were
significantly correlated with pH (pb0.01). Changes in muscle yellow-
ness are often attributed to pre-slaughter glycogen changes, in
agreement with the ability of b* to detect pH differences (Abril
et al., 2001) in beef. There was no correlation between pH and
lightness according to Destefanis, Barge, Brugiapaglia, and Tassone
(2000) and Ramos, Serenius, Stalder, and Rothschild (2007) in beef
and pork, respectively.

3.2. Reflectance spectra and multivariate analyses

Reflectance spectra of Longissimus lumborum after 1 h of blooming
are shown in Fig. 2. Spectra had the typical shape of meat spectra with
a maximum peak between 480 nm and 500 nm and an absolute
maximum on a plateau from 630 to 740. Maximum reflectance was at
690 nm with an average value of 60.42 and a standard deviation of
3.115 (data not shown). NE at light slaughter weight had the
maximum reflectance at this point and MO at heavy slaughter weight
had the minimum. This reflectance maximum corresponds to the
achromatic absorption caused by refraction and internal reflections in
the structural elements of the meat. Absorbance at this point is not
dependent on the pigment concentration and can be taken to be the
attenuation of light by pigment-free meat (Krzywicki, 1979).
Achromatic absorption is placed at 730 nm for bovine and 690 nm
for ovine (De la Fuente et al., 2005). The achromatic absorption point
is placed at 690 nm for ovine and goat and it is a useful point for
calculating the relative content of haem pigments. Meat reflectance
spectra often have a relative minimum between 540 nm and 580 nm,
because oxymyoglobin has maximum absorbance around both points
(Bertelsen & Sibsted, 1987; Krzywicki, 1979). In this region, some
authors reported a peak between the two valleys in palemeats such as
pork and light lamb (Moss, Millar, & Kilpatrick, 2000; Ripoll, Joy,
Muñoz, & Albertí, 2008) although this peak did not appear in all
Fig. 2.Mean reflectance spectra of M. Longissimus lumborum at 1 h of blooming. BA, Blanca A
L, light slaughter weight; and H, heavy slaughter weight.
spectra (Juárez, Alcalde, Horcada, & Molina, 2008; Liu & Chen, 2001).
The characteristic minimum in the Soret region also appears at
420 nm (Moss et al., 2000).

The classification matrix of the discriminant analysis is shown in
Table 3. Discriminant analysis correctly classified 48.9% of the kids
into their breed and slaughter weight. Although this percentage is not
enough for useful discrimination, it is almost five times greater than
the previous probability of correct classification of 10%. Percentages of
kids correctly classified ranged from 83.3% for BA at light weight to
20% for NE at heavy weight. Discrimination between slaughter
weights failed in BC because this breed did not change colour as its
slaughter weight increased.

Two principle components and breeds at two slaughter weights,
depicted in Fig. 3, explained 92% of data variability. The first principal
component explained 80.0% of variability including C, b* and reflectance
in the 600 to 740 nmregion. This is the region of orange and red colours,
which discriminates NE at lightweight as themost vivid group, andMO
at both weights and PI at light weight as the groups with a dull colour.
The second principal component explained 12% of variability and
discriminated MO at light weight from the others, with greater
reflectance values in the 400 to 450 nm region. This difference was
clearly noticeable in the reflectance spectrum in this region (Fig. 2).

3.3. Effect of pH on muscle colour

Cluster analyses grouped observations into 5 clusters (CL1 to CL5).
The number of observations, confidence interval and mean of each
ndaluza; BC, Blanca Celtibérica; MO, Moncaina; NE, Negra Serrana-Castiza; PI, Pirenaica;

image of Fig.�2
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cluster are shown in Table 4. There were significant differences in pH
among clusters (pb0.001), ranging from 5.49 for CL1 to 6.19 for CL5.
There were no significant differences for lightness, redness, yellow-
ness and hue angle among clusters. Therewas a significant effect of pH
on chroma (pb0.05). CL1, CL2 and CL3 were significantly different to
CL4, while CL5 had no significant difference to CL4. Chroma increased
as the pH approached 6, but it remained constant between pH 6 and 7.
Kannan et al. (2001) found an almost significant relationship
(r=0.56) between pH and chroma in chevon, however Argüello
et al. (2005) did not find any correlations between pH and chroma and
hue, probably because of the small range of pH in that study (ultimate
pH range: 5.49–5.82).

The greatest change in colour (ΔE*) from one cluster to the next
was 3.11, between CL2 and CL1. ΔE* between other clusters ranged
from 1.06 to 2.07. When ΔE* referred to the first cluster (CL1), this
value increased from 3.11 to 5.56. The noticeable threshold of ΔE* is
not clear when heterogeneous and non-solid colours are evaluated.
Abril et al. (2001) reported that total colour differences forΔE* greater
than or equal to 0.9 were visually detectible, but Carrasco, Panea,
Ripoll, Sanz, and Joy (2009) reported that evaluators did not
discriminate fat colour with ΔE*=5.2 because differences under six
points are often perceivable if the colour stimuli are not evaluated
next to each other.
Table 4
Influence of clusters based on pH on muscle colour variables of kids.

Cluster CL1a CL2 CL3 CL4 CL5 s.e. pH

n 6 32 40 49 11
pH, C.I.b 5.43–

5.55
5.64–
5.68

5.79–
5.81

5.96–
5.98

6.14–
6.24

pH, Meanc 5.49e 5.66d 5.80c 5.97b 6.19a 0.037 ***
L* 44.72 47.33 48.34 47.45 48.84 1.337 ns
a* 4.44 3.98 4.15 4.29 2.85 0.549 ns
b* 6.46 8.08 8.35 9.32 9.84 0.892 ns
h 55.63 62.67 61.81 61.45 70.70 4.459 ns
C 7.85b 9.27b 9.59b 10.92a 10.49ab 0.742 *
ΔE*(CLn–CLn−1) – 3.11 1.06 1.32 2.07
ΔE*(CLn–CL1) 0.00 3.11 4.09 3.96 5.56

aCLn, clusters of kid goats based on their pH.
bC.I., Confidence interval at 95%.
cDifferent superscript (a,b,c,d,e) indicate significant differences (pb0.05) among
clusters.
ns=pN0.05, *=pb0.05, ***=pb0.001.
4. Conclusions

Breed and slaughter weight had the greatest influence on kid meat
colour. Three kinds of products were differentiated according to meat
colour: (1) Meat with great lightness, chroma and hue, which was
extremely light and vivid. This group included BC and NE at light
weight and BC and BA at heavy weight. (2) Meat of MO and PI at
weights, characterized by lower values of lightness (except MO at
light weight), chroma and hue. These meats were darker and duller
than the first group. (3) Meat with intermediate values between the
former groups for all variables. This group included BA at light weight
and NE at heavy weight.

Achromatic absorption is a useful point for calculating the relative
content of haem pigments and was located at 690 nm, as in sheep.
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