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The objective of the study was to determine and compare the col-
our characteristics as a distinctive biological feature of animals
from different domestic and wild animal species. Colour mea-
surements were made on the fresh cuts of m. longissimus of pigs,
beef cattle, red deer, rabbit, brown hare, on the m. pectoralis
profundus of horse, on the m. pectoralis major of goose and on
the hind leg muscles of red deer, rabbit, brown hare and goose
within 5 min of blooming. CIE colour expressions, such as light-
ness (L*), redness (a*), yellowness (b*), chroma (C) and hue an-
gle (h) were measured using a chromameter CR-410. Differences
in colour parameters of different muscles within species were neg-
ligible, but species highly affected all studied parameters. Rabbit
and pig showed the highest meat lightness. Brown hare and red
deer showed the highest redness and colour saturation followed
by beef and horse, but the highest meat yellowness was in rabbit
and horse followed by pig. Negative Pearson’s correlation coef-
ficients between the meat pH and colour parameters were found
in pork and beef, however, no significant correlations were esti-
mated between these traits in meat of red deer, horse and rabbit.
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INTRODUCTION

appearance than any other quality factor (Manci-
ni, Hunt, 2005; Ngapo et al., 2007; Wu, Sun, 2013;

Different species are significantly different on sen-
sory attributes that give adequate descriptions of
species (Rodbotten et al., 2004). Meat colour is re-
lated with different forms of the sarcoplasmatic pro-
tein myoglobin, and it depends on different factors
and genetics (Mancini, 2009). Colour also provides
information about attributes describing simililari-
ties or dissimilarities between animal species and
represents perceived freshness of meat. Meat pur-
chasing decisions are influenced more by product
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Gracia, de Magistris, 2013). Consumers use colour
as an intrinsic cue to predict experienced sensory
quality (Banovi¢ et al., 2012) Although nowadays
there are genetic methods for meat identifica-
tion (Bargen et al., 2014; Fajardo et al,, 2014; San-
tos et al., 2012), colour is one of the most important
attributes that determine animal species identifica-
tion and consumer acceptance of meat. The per-
ception of colour is a very complex phenomenon
that depends on the composition of the object in
its illumination environment, the characteristics
of the perceiving eye and brain, and the angles of
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illumination and viewing (Wu, Sun, 2013).
Therefore the employment of instrumental
methods for colour measurement and control
was quite necessary (Ledn et al., 2006; Wu, Sun,
2013). Currently, many options are available for
instrumental colour analysis. The effects of dif-
ferent factors and methods of determining meat
colour within different species were recorded
(Gil et al., 2008; Liu et al., 2009; Boukha et al.,
2011; Luciano et al., 2012). However, there are
large variations in the instrument used and in
the use of illuminant and colour coordinates
(Tapp etal., 2011). Therefore, the objective of this
study was to determine and compare the colour
characteristics and their relationships with mus-
cle pH as a distinctive biological feature of ani-
mals from different domestic and wild animal
species measured using the same instrument
and methods.

MATERIALS AND METHODS

Meat samples were excised from the chilled
carcasses after 24 hours post mortem. Colour
measurements were made on the fresh cuts
of m. longissimus of pigs, beef cattle, red deer,
rabbit, brown hare, on the m. pectoralis pro-
fundus of horse, on the m. pectoralis major of
goose and on the hind leg muscles of red deer,
rabbit, brown hare and goose within 5 min
of blooming. CIE colour expressions, such as
lightness (L*), redness (a*), yellowness (b*),
chroma (C) and hue angle (h) were measured
in the L* a* b* and L* C* h colour space using
a chromameter CR-410 Konica Minolta (Ja-
pan) equipped with a 50 mm aperture using
a C illuminant and 2° standard observer.
The chromameter was calibrated to a white
standard (Y = 85.3, x = 0.3173, y = 0.3251)
plate before measurements.

The statistical analysis data were analyzed
using the general linear model procedure of
the SPSS Statistics 17.0 software. The LSD
test was used to compare differences among
the mean values of meats from different ani-
mal species. The mean values and the standard
error of the means (SE) were reported. Bivari-
ate Pearson’s correlations between pH and col-

our parameters were calculated. The signifi-
cance was defined at P < 0.05.

RESULTS AND DISCUSSION

Differences in colour parameters of different
muscles within species were negligible, but spe-
cies highly affected all studied parameters (Ta-
ble 1). Since pork is consumed most in Lithuania
and globally (Font-i-Furnols, 2014), pig was used
as a model animal for comparison of meat colour
from different species. Only muscles of rabbit
had higher (P <0.001) meat lightness (L* values)
compared with the pig longissimus dorsi (LD)
muscle (Table 1). Since L* is the lightness com-
ponent, which ranges from 0 to 100 (from black
to white), the darkest colour was in the muscles
of brown hare, in the m. pectoralis profundus of
horse and in the muscles of red deer. The high-
est redness a* was shown by the thigh and LD
muscles of brown hare and red deer followed by
beef and horse, however, the significant higher
redness of brown hare muscles (P < 0.001) was
the only compared with those of pig, rabbit and
goose. The lowest a* values (P < 0.001) were in
rabbit and pig. Instrumental measures of L* and
a* are straightforward and can easily be applied
to the muscle colour (Mancini, Hunt, 2005).
The colours represented by b* (from blue to yel-
low) are not typical or intuitively related to meat,
therefore assessment of meat yellowness (b*)
is difficult for panellists, however, it is success-
fully presented by instrumental measurements.
In the present study the highest meat yellow-
ness was in rabbit and horse followed by pig.
The lowest and significantly different compared
with pig b* values were detected in the meat of
goose P < 0.001) and beef (P < 0.05). Colour
saturation (chroma or C) which is defined as
the colourfulness of an area judged in propor-
tion to its brightness was highest in brown hare
and red deer followed by beef cattle. The lowest
chroma was estimated in rabbit and pig followed
by goose. Chroma of pork significantly differed
from chroma of beef, horse, red deer and hare
meat (P < 0.001). The hue angle (h) is defined
as the attribute of a visual sensation according
to which an area appears to be similar to one of
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the perceived colours: red, yellow, green, and
blue, or to a combination of two of them (Fair-
child, 2005). Hue presented a similar trend to
L*, being lower in values. Mancini and Hunt
(2005) have reviewed that the inseparable rela-
tionship between the product colour and pH is
widely accepted. In the present study Pearson’s
correlation coefficients between the pH and col-
our parameters (Table 2) showed negative cor-
relations with L*, b*, C and h in pigs (P < 0.01),
whereas in beef pH negatively correlated with
a* (P < 0.01), b* (P < 0.05), C (P < 0.01) and
tended to correlate with hue (0.05 < P < 0.10),
and these are in agreement with other authors
who have found these traits highly discriminant
in pork and beef (Mancini, Hunt, 2005). Simi-
lar correlations in pork have been reported by
Gil et al. (2008). However, Boukha et al. (2011)
have reported that phenotypic correlations were
low, but pH and L* and b* values were geneti-
cally associated in beef. No differences in lamb
meat lightness and other colour parameters were
observed between the meat with different ulti-
mate pH by Luciano et al. (2012). In the present
study no significant correlations were estimated
between pH and colour parameters in the meat
of red deer, horse and rabbit. The negative corre-
lation between pH and L*(P <0.05) was found in
the meat of goose. The tendency (0.05 < P < 0.10)
of an opposite positive relationship between pH
and a* and b* was estimated in brown hare.

CONCLUSIONS

Differences in colour parameters of different
muscles within species were negligible, but spe-
cies highly affected all studied parameters and
relationships between pH and colour. Rabbit and
pig showed the highest meat lightness. The high-
est redness and colour saturation was shown by
brown hare and red deer followed by beef and
horse, but the highest meat yellowness was in
rabbit and horse followed by pig. Negative Pear-
son’s correlation coeflicients between the meat
pH and colour parameters were found in pork
and beef, however, no significant correlations
were estimated between these traits in the meat
of red deer, horse and rabbit.

ACKNOWLEDGEMENTS

This research work was funded by a grant
No. SVE-07/2012 from the Research Council of
Lithuania.

Received 2 June 2015
Accepted 2 August 2015

References

1. Banovi¢ M, Aguiar Fontes M, Barreira MM,
Grunert KG. Impact of product familiarity on
beef quality perception. Agribusiness. 2012;
28:157-72.

2. Bargen C, Brockmeyer J, Humpf HU. Meat
authentication: a new HPLC-MS/MS based
method for the fast and sensitive detection of
horse and pork in highly processed food. J Ag-
ric Food Chem. 2014; 62: 9428-35.

3. Boukha A, Bonfatti V, Cecchinato A, Al-
bera A, Gallo L, Carnier P, Bittante G. Genetic
parameters of carcass and meat quality traits
of double muscled Piemontese cattle. Meat Sci.
2011; 89: 84-90.

4. GilM, Delday MI, Gispert M, Font i Furnols M,
Maltin CM, Plastow GS, et al. Relationships
between biochemical characteristics and meat
quality of longissimus dorsi and semimembra-
nosus muscles in five porine lines. Meat Sci.
2008; 80: 927-33.

5. Gracia A, de Magistris T. Preferences for lamb
meat: A choice experiment for Spanish con-
sumers. Meat Sci. 2013; 95: 396-402.

6. Fajardo V, Gonzalez I, Rojas M, Garcia T, Mar-
tin R. A review of current PCR-based meth-
odologies for the authentication of meats from
game animal species. Trends Food Sci Tech.
2014; 21: 408-21.

7. Fairchild MD. Color appearance models. 2nd
ed. England: John Wiley & Sons Ltd.; 2005.

8. Font-i-Furnols M, Guerrero L. Consumer
preference, behavior and perception about
meat and meat products: An overview. Meat
Sci. 2014; 98: 361-71.



166

Violeta Razmaité, Virginija Jatkauskiené, Ausra Bajorinaité, Riita Sveistiené, Artaras Siukscius

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ledn K, Mery D., Pedreschi F, Leén J. Color
measurement in L*a*b* units from RGB digi-
tal images. Food Res Int. 2006; 39: 1084-91.

Luciano G, Biondi L, Pagano IR, Scerra M,
Vasta V, Lopez-Andrés P, et al. The restric-
tion of grazing duration does not compromise
lamb meat colour and oxidative stability. Meat
Sci. 20125 92: 30-5.

Liu HW, Gai E, Gasco L, Brugiapaglia A, Lus-
siana C, Guo KJ, Tong JM, Zoccarato I. Effects
of chesnut tannins on carcass characteristics,
meat quality, lipid oxidation and fatty acid
composition of rabbits. Meat Sci. 2009; 83:
678-83.

Mancini RA, Hunt MC. Current research in
meat color. Meat Sci. 2005; 71: 100-21.

Mancini RA. Meat color. In: Kerry JR, Led-
ward D, editors. Improving the sensory and
nutritional quality of fresh meat. CRC Press:
Woodhead Publishing Limited; 2009. p. 89-
110.

Ngapo TM, Martin J-F, Dransfield E. Inter-
national preferences for pork appearance:
I. Consumer choices. Food Qual Prefer. 2007;
18: 26-36.

Rodbotten M, Kubbered M, Lea P, Ueland Q.
A sensory map of the meat universe. Sensory
profile of meat from 15 species. Meat Sci. 2004;
68: 137-44.

Santos CG, Melo VS, Amaral ], Estevinho L,
Beatriz M, Oliveira PP, Mafra I. Identification
of hare meat by a species-specific marker of
mitochondrial origin. 2012; 90: 836-41.

Tapp III WN, Yancey JWS, Apple JK. How
is the instrumental color of meat measured?
Meat Sci. 2011; 89: 1-5.

Wu D, Sun DW. Colour measurements by
computer vision for food quality control. A re-
view. Trends Food Sci Tech. 2013; 29: 5€20.

Violeta Razmaité, Virginija Jatkauskiené,
Ausra Bajorinaité, Rata Sveistiené,
Artaras Siukséius

GYVUNU RUSIES JITAKA RAUMENU
SPALVOS RODIKLIAMS

Santrauka

Tyrimo tikslas — jvertinti ir palyginti skirtingy aki-
niy ir laukiniy gyviiny rasiy raumeny spalvos ro-
diklius. Matuota kiauliy, mésiniy galvijy, tauriyjy
elniy, triudiy, pilkyjy kiskiy ilgiausiojo nugaros
raumens, arkliy giliojo kratinés ir zasy didzio-
jo kratinés raumens $vieZio pjuvio per 5 minutes
spalva. Jvertinta ir elniy, triusiy, kiskiy, Zasy $lau-
ny raumeny spalva. Chromametru CR-410, turin-
¢iu 50 mm apertdring angg, taikant C apsvietimag
ir 2° standartine apzvalga, nustatytos CIE sistemos
spalvos §viesumo L*, rausvumo a*, gelsvumo b*,
spalvos sodrumo C ir atspalvio kampo h reikSmés.
Skirtingy tos pacios gyviny rasies raumeny spal-
vos rodikliy skirtumai buvo nedideli, bet skirtingy
gyviny rasiy mésos spalvos rodikliai labai skyrési.
Sviesiausia buvo triuiy ir kiauliy mésa, itin rausva
ir sodria spalva i$siskyré kiskiy, elniy, galvijy ir ark-
liy, o didesniu gelsvumu pasizyméjo triusiy, arkliy
ir kiauliy mésa. Tarp kiaulienos ir jautienos pH ir
spalvos rodikliy nustatyta neigiama Pearsono kore-
liacija, taciau koreliacijos tarp $iy rodikliy elnienoje,
arklienoje ir triusienoje nenustatyta.

RaktazodZiai: spalva, mésa, rasis



