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Rabbit meat is highly valued for its taste and nu-
tritional and dietary qualities. The main traits that 
determine the quality of meat include color, pH, ten-
derness, marbling, and flavor. These traits depend on 
many factors, among them breed, age, sex, feeding 
system, body weight before slaughter, and slaughtering 
methods (6). For a potential buyer, color is one of the 
characteristics that determine his decision whether to 
buy meat or not. The most important pigments respon-
sible for meat color are myoglobin and haemoglobin. 
Meat changes its color as a result of chemical reactions 
involving myoglobin, such as oxygenation, oxidation 
or the addition of a carbon monoxide molecule, and 
reduction, which plays a central part in maintaining 
the color of meat after slaughter (18).

The acidity (pH) of meat, measured 45 minutes and 
24 hours after slaughter, constitutes another important 
indicator of meat quality (3). It is also an essential 
parameter taken into account when assessing the shelf 
life and technological usability of meat. The functional 
quality of meat is associated with its appearance, color, 
and water absorption, whereas culinary quality is con-
nected with taste, flavor, tenderness, and juiciness. 
Acidity is the one of the main factors inhibiting the 
development of bacterial microflora, which prevents 
spoilage. In rabbits, the acidity of aged meat (stored 
at least 24 h), pH24, ranges between 5.6 and 5.85, 
indicating that rabbit meat has an inferior shelf life 
compared to the meat of other animal species. This 
final acidity (pH24) depends on many factors, among 
them the management system, extent of debleeding 
after slaughter, type of muscle, individual differences, 
and level of stress.
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Summary
Rabbit meat in the course of aging was examined for color and pH to determine the changes occurring in both 

parameters with time. The study used New Zealand White × Belgian Giant Grey rabbit crosses. The animals 
were fed pellets ad libitum. Color was investigated on the basis of lightness (L*), redness (a*), yellowness (b*), 
chroma (C*), and hue-angle (H*). The L*, a*, and b* color components of meat were measured on the surface 
and while the pH value were measured with an electrode that was placed into the loin and thigh muscles (m. 
longissimus dorsi and m. biceps femoris) 45 min, 3 h, 7 h, and 24 h after slaughter. The C* and H* values were 
calculated on the basis of a* and b*. In addition, the absolute and relative pH changes (ΔpHabs and ΔpHrel, 
respectively) were computed using the pH measurements. The a* and b* values of the loin muscle (m. longissimus 
dorsi) increased with time. The b* component displayed a shift from blue towards yellow, which resulted in 
the fluctuations of the values of L*, C*, and H*. The values of all color components (L*, a*, b*, C* and H*) 
of the thigh muscle (m. biceps femoris) increased with time, with the differences between the measurements 
made 45 min and 3 h after slaughter being insignificant. This suggests that the changes in meat color began 
not earlier than 3 h after slaughter and continued until 24 h. These changes, however, were not as dynamic as 
in the loin. The results show that the color of rabbit meat becomes stabilized 24 h after slaughter; therefore 
this is the minimum post-mortem time at which color evaluation should be performed. Rabbit meat had pH 
in the range corresponding with good quality meat. For both muscles, the pH value of meat did not differ 
significantly between the 7th and 24th hour after slaughter, indicating that the acidity of meat in this period of 
time was stable. The thigh muscle and the loin muscle exhibited similar absolute and relative changes in pH, 
which shows that the ageing of meat in various parts of the carcass was uniform.
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The aim of the present is determine the changes 
caused by ageing to the color and pH of rabbit meat.

Material and methods
Animals and feeding. The study was conducted on 

the meat of rabbit crosses of the New Zealand White and  
Belgian Giant Grey breeds (n = 24). Rabbits were housed 
in the same environment in closed rabbitry in wire cages 
(2 rabbits/cage). The animals were fed ad libitum with pel-
lets containing min. 16.5% crude protein, max. 14% crude 
fiber, and min. 10.2 MJ metabolizable energy. The rabbits 
were slaughtered at the age of 12 weeks at a body weight of 
around 3 kg, after a 24-h fasting period in compliance with 
the Polish national regulations for commercial slaughtering. 
The slaughterhouse was close to the farm, so stress due to 
transport was minimal. Hot carcasses were suspended in 
a ventilated area for 45 min and then they were chilled at 
4°C until 24 h post-mortem.

Measurement methods. Meat color (L* – lightness, 
a* – redness, b* – yellowness) was measured 45 min, 3 h, 
7 h, and 24 h after slaughter on the surface of m. longissi-
mus dorsi (LD) and m. biceps femoris (BF) using a Minolta 
CR-410 Chromameter (Minolta Co., Ltd., Osaka, Japan), 
which gives the average of three measurements at each 
point, according to the CIELab standards (7) using light 
source D65 and 8 mm Ø measuring area. The redness and 
yellowness components were used to calculate chroma –
C* ( ) and hue-angle – H* ( ).

The post-mortem acidity of the muscular tissue of longis-
simus dorsi and biceps femoris was measured using a mi-
croprocessor-based pH-meter HI-9024 (with an accuracy 
of 0.01 units), equipped with electrode that was placed into 
the muscles 45 min (pH45), 3 h (pH3), 7 h (pH7), and 24 h 
after slaughter (pH24). Also the absolute drop
(∆pHabs = pH45 – pH24) and relative drop ( )
in the pH value was calculated according to Blasco and 
Piles (4).

Statistical analysis. The results were analyzed using 
the SAS statistical software (21). Analysis of variance with 
repeated measurements was performed. The significance of 
differences was determined at the probability level P ≤ 0.05. 
The data were presented as the least squares means and the 
standard error of the mean.

Results and discussion
Musculus longissimus dorsi (LD)
Meat color. The L* parameter describes the degree 

of meat lightness: the higher its value, the lighter the 
color of meat. Meat color was lightest 45 min after 
slaughter. The L* value varied with time, decreasing 
in the first part of the measuring period (down to at 
the 7th hour after slaughter), and increasing later on 
(Tab. 1). Significant differences in meat lightness oc-
curred between the measurement made at the first time 
point (45 min after slaughter) and the measurements at 
the other three time points, and between 7 h and 24 h 
after slaughter; the other differences were insignificant.

Since the available literature on the color of meat 
lacks information on the measurements of L* made 3 h 
and 7 h after slaughter, some of the results obtained 
in this study cannot be compared with other findings. 
The values of L* measured in this experiment were 
comparable with the results of Maj et al. (17) and 
Bieniek et al. (3). The L*24 values were higher than 
those found by Virág et al. (24), probably due to the 
addition of vitamin E to the diet they fed to rabbits, 
but lower than the L*24 value reported by D’Agata et 
al. (10), which may be attributed to different climatic 
conditions (central Italy) and a different breed of rab-
bits (local breed).

In the course of the meat ageing process, changes 
occur in the proportions of myoglobin varieties, de-
pending on oxygen availability during cold storage. 
This contributes to a change in the color of meat which 
is a resultant of the red color derived from myoglo-
bin, bright red color derived from oxymyoglobin, and 
brown color derived from metmyoglobin. The red 
component (a*) measured on the surface of LD had 
a negative value 45 min after slaughter, and tended 
to increase with time. The values measured 3 h, 7 h 
and 24 h after slaughter were positive (Tab. 1). The 
differences between individual measurements were 
significant.

A similar pattern can be seen in the case of the b* 
parameter describing the proportion of the yellow 
color. Its value was lowest 45 min after slaughter, 
and later on it steadily increased up to 24 hours after 
slaughter (Tab. 1). This means a shift from the bluish 
color of meat towards yellow. Significant differences 
occurred between the measurements at the time points 
45 min and both 7 h and 24 h, between 3 h and both 
7 h and 24 h, as well as between 7 h and 24 h after 
slaughter. The measurements at times 45 min and 3 h 
after slaughter did not differ significantly.

Compared to the results of this study, lower values 
of the a* parameter were observed by Virág et al. (24) 
and D’Agata et al. (10), whereas Gondret et al. (14) 
obtained similar values. Considerably higher values 
of a* were noted by Maj et al. (17), which may be 

Tab. 1. Color parameters and pH value of Longissimus dorsi 
muscle in rabbits

Trait
Time

45 min 3 h 7 h 24 h

N 24 12 24 24

L* 59.30 ± 1.61b 52.29 ± 1.54ac 50.71 ± 0.84a 55.43 ± 1.20c

a* –0.67 ± 0.51a  1.54 ± 0.69b  3.15 ± 0.92c  5.16 ± 1.00d

b* –5.06 ± 0.97a –3.84 ± 0.78a –1.98 ± 0.71b  3.48 ± 0.85c

C*  5.28 ± 0.95a  4.64 ± 0.75a  4.34 ± 0.59a  6.36 ± 1.18b

H*  1.07 ± 0.31b –0.03 ± 0.57a –0.41 ± 0.33a  0.58 ± 0.11b

pH  6.64 ± 0.10c  6.25 ± 0.12b  5.83 ± 0.03a  5.90 ± 0.14a

Explanation: a, b, c, d – mean values marked with different letters 
differ significantly at P ≤ 0.05
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due to the use of different breeds of rabbits and other 
measuring instruments. For the b* component, the 
differences between the results obtained by various 
authors were less pronounced, except for the b*24 
value reported by Daszkiewicz et al. (13), which was 
much higher. The results received by Bieniek et al. (3) 
were similar to those of the present study, while the 
b*24 value obtained by D’Agata et al. (10) was lower. 
The differences between the data reported by various 
authors may be attributed to different rearing systems, 
rabbit breeds, transport stresses, and the life activity 
of individual muscles (11). They might also have re-
sulted from the use of different measuring instruments 
(Minolta CR-300, CR-410, HunterLab MiniScan XE 
Plus). The latter factor was found by Brewer et al. (5) 
to cause significant differences between measurements.

Chroma (C*) and hue-angle (H*) depend directly 
on the red and yellow components. In this experiment, 
the value of C* parameter was 5.28 forty-five minutes 
after slaughter. Later on it decreased down to seven 
hours after slaughter, and then it increased (Tab. 1). 
Similarly, the value of H*, being 1.07 when measured 
45 min after slaughter, first steadily decreased (down to 
-0.41, recorded 7 h after slaughter), and later on it rose 
at the end of measurements (Tab. 1). There is a cor-
relation between the lightness (L*), chroma (C*) and 
hue-angle (H*) parameters: when the value of L* de-
creases or increases, the values of C* and H* decrease 
or increase accordingly. Compared with the results of 
the present study, the values of chroma calculated by 
Trocino et al. (23) and Virág et al. (24) were lower. 
Maria et al. (19) received similar results, while Maj 
et al. (17) reported higher values of C*. Lower values 
of the H* parameter than those obtained in this study 
were reported by Trocino et al. (23).

Meat pH. Glycogen contained in muscles serves 
as the main energy storage in a living animal. After 
slaughter, glycogen becomes converted to lactic acid, 
which leads to the acidification of meat. Acidification 
hampers microbial growth; on the other hand, it is also 
an indicator of faulty (PSE, DFD) meat. The pH value 
of meat can be affected by stresses connected to trans-
port or slaughter (through a rapid drop in the glycogen 
content of muscles, adversely influencing glycolytic 
metabolism) (23). The concentration of hydrogen ions 
in muscles is also associated with meat color. As shown 
by Strzyżewski et al. (22), the pH value of meat 24 h 
after slaughter is negatively correlated with the color 
parameters L*, b*, and C*, but not with the parameter 
a*. The results of the present study support the latter 
findings.

The pH value of rabbit meat was highest 45 min 
after slaughter; after which it gradually decreased, 
down to at the 7th hour (Tab. 1). Twenty-four hours 
after slaughter the pH value was slightly increased. No 
statistically significant differences were found between 
the measurements made 7 h and 24 h after slaughter, 

which may indicate that the hydrogen ion concentration 
in muscles stabilized as early as 7 h after post-mortem. 
The differences between 45 min and three other time-
points, as well as between 3 h and both 7 and 24 h were 
significant. Barron et al. (2) reported slightly higher pH 
values of meat 3 h after slaughter, and after 24 h. The 
differences compared to the present study may be due 
to the use of different breeds of rabbits and different 
climatic conditions (Mexico). Other authors, referred to 
hereinafter, performed pH measurements 45 min after 
slaughter, and after storage at +4°C for 24 h. Lower 
values than those measured in this study were noted 
by Bieniek et al. (3), and by Daszkiewicz et al. (12). In 
this case, the lower pH values may be associated with 
an extensive rearing system used by the latter. Higher 
pH45 values and lower pH24 values were obtained by 
Blasco and Piles (4). Again, the differences with the 
present research may be attributed to the use of differ-
ent rabbit breeds.

The absolute and relative fall in the pH value pro-
vides information about the rate of change in the acidity 
of meat after slaughter. The pH of meat decreases faster 
in animals with a greater stress resistance, in which 
the course of glycolytic processes is optimal. In the 
present experiment, the results of the absolute drop in 
pH (ΔpHabs) and the relative drop in pH were shown 
in Table 2. Similar results on ΔpHabs were obtained by 
Maj et al. (17). Higher values were noted by Blasco and 
Piles (4), and by Bieniek et al. (3). The ΔpHrel values 
reported by these authors were similar to those obtained 
in the present study, ranging from 0.12 (17) to 0.18 (3). 
The differences in ΔpHabs may have indirectly resulted 
from the higher initial values of pH (pH45), noted by 
the latter authors.

Musculus biceps femoris (BF)
Meat color. Forty-five minutes after slaughter, the 

thigh had a darker color than the loin. This was due to 
the fact that the muscles of the legs are larger, perform 
harder work, and have higher myoglobin content than 
the muscles of the back. In the process of ageing, how-
ever, the meat gets lighter, and 24 h after slaughter the 
L* value of the BF muscle becomes close to the one 
for the LD muscle.

In this experiment, the L* value of BF measured 45 
min after slaughter was 49.09, and it decreased to 3 h 
after slaughter (Tab. 3). At later hours, pH started to 
increase up to twenty-four hours post-mortem. The re-
sults on meat lightness (L*) did not differ significantly 
between 45 min and 3 h after slaughter. Significant dif-

Tab. 2. Absolute and relative drop of pH in Longissimus dorsi 
and Biceps femoris muscles

Trait
Muscle

Longissimus dorsi Biceps femoris

∆pHabs 0.84 ± 0.11 0.96 ± 0.15

∆pHrel 0.14 ± 0.01 0.14 ± 0.02
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ferences occurred between the two first measurements 
(L*45, L*3) and two last measurements (L*7, L*24), as 
well as between L*7 and L*24.

As for the LD muscle, the available literature does 
not contain information on measurements made 3 h 
and 7 h after slaughter; therefore only data for 45 min 
and 24 h can be compared. In the case of L*24, the 
results received by D’Agata et al. (10), Gondret et al. 
(14), and Maj et al. (17) were similar to those of the 
present study, while the values recorded by Virág et 
al. (24) were lower. In the case of L*45, Maj et al. (17) 
reported higher values compared to those from the 
present research.

The changes in the values of the red (a*) and yel-
low (b*) components of the BF muscle color were not 
as marked and dynamic as for LD. Higher values of 
a* and b* are associated with a darker color of meat 
(lower L*), which is indirectly related to a higher 
myoglobin content of the leg muscles compared with 
the back muscles.

The value of the a* parameter was 2.92 forty-five 
minutes after slaughter, and increased with time 
(Tab. 3). No statistically significant differences were 
found between the a* values measured 45 min and 
3 h after slaughter, whereas the two measurements 
differed significantly from those made 7 h and 24 h 
after slaughter.

A similar trend was observed for the b* parameter: 
its value was lowest 45 min after slaughter (3.03), and 
steadily increased in the process of meat ageing, to 
reach 6.28 twenty-four hours after slaughter (Tab. 3). 
Significant differences existed between b*45 and both 
b*7 and b*24, as well as between b*7 and b*24; the 
differences between the other measurements were 
insignificant.

Compared to this study, similar values of a*24 were 
found by Virág et al. (24) and by Gondret et al. (14), 
while D’Agata et al. (10) reported lower values. The 
a*24 value obtained by Daszkiewicz et al. (12) was 
higher than the one noted in this study, which may be 
due to the use of a different measuring instrument and 
a different method (measurement on minced meat).

The b*24 values found in this experiment were simi-
lar to the values recorded by Hernandez et al. (15). 
D’Agata et al. (10) obtained lower values, whereas 
Virág et al. (24) reported slightly higher values.

Chroma (C*) and hue-angle (H*) are directly derived 
from the color parameter a* and b*. In this experiment, 
the C* value was lowest 45 min after slaughter, tended 
to increase with time to 7.62 twenty-four hours after 
slaughter (Tab. 3). There were no statistically signifi-
cant differences between C*45 and C*3. The differences 
between the values of C*45 and C*3 and the values of 
C*7 and C*24, as well as between C*7 and C*24 were 
significant. Similar color saturation 24 h after slaughter 
was reported by Hernández et al. (15). Slightly higher 
C*24 values were obtained by Virág et al. (24).

In the present study, the hue-angle values (H*) 
increased with time (Tab. 3). Significant differences 
were observed only between H*45 and H*24. The H*24 
values found by Trocino et al. (23) were lower than 
those obtained in our study, which may have resulted 
from transport stresses experienced by the animals 
investigated by those authors.

Meat pH. The hydrogen ion concentration in the 
thigh exceeds that in the loin, which may be attributed 
to the amount of residual blood that remains in the 
tissues after debleeding, probably larger in the thigh 
muscles because of their harder work during life.

The pH value of the BF muscle followed the pattern 
observed earlier for LD. Namely, it was highest 45 min 
after slaughter; the values recorded 3 h and 7 h post-
mortem were lower, and the final value, measured 24 h 
after slaughter, was increased (Tab. 3). As for LD, the 
measurements made 7 h and 24 h after slaughter did not 
differ from each other, while the differences between 
the other measurements were statistically significant. 
Barron et al. (2), investigating the influence of geno-
type and sex on the pH of rabbit meat, recorded higher 
values than those measured in the present research. The 
factor responsible for these differences may include the 
location of experiments (Mexico vs. Poland), and the 
breed of rabbits. Maj et al. (17), who studied the effect 
of age and sex of New Zealand White rabbits on meat 
quality, reported lower values than those measured in 
the present study.

The rate at which the pH value of muscles after 
slaughter becomes lower depends on the level of adren-
aline before slaughter, the latter being influenced by 
many factors (mainly stress). The absolute and relative 
drops in the pH value of the BF muscle were similar to 
those found for LD (Tab. 2). The higher ΔpHabs value 
of the thigh may result from higher pH45 values than 
for the loin. The results obtained by Blasco and Piles 
(4) and Maj et al. (17) were closer to our results.

Meat color in other animal species. Rabbit meat, to-
gether with veal and poultry meat, is classified as white 
meat. It is lighter in color than red meat (mainly pork 
and beef) due to a lower myoglobin content of muscle 
fibers. In nutritional terms, however, there are no signif-

Tab. 3. Color parameters and pH value of Biceps femoris 
muscle in rabbits

Trait
Time

45 min 3 h 7 h 24 h

n 24 12 24 24

L* 49.03 ± 1.29a 48.77 ± 0.69a 50.64 ± 0.95b 55.65 ± 0.67c

a*  2.92 ± 0.51a  3.20 ± 0.44a  3.63 ± 0.54b  4.26 ± 1.29c

b*  3.03 ± 0.98a  3.63 ± 0.93ab  4.30 ± 0.40b  6.28 ± 1.29c

C*  4.29 ± 0.60a  4.82 ± 0.46a  5.69 ± 0.56b  7.62 ± 0.85c

H*  0.78 ± 0.10a  0.88 ± 0.10ab  0.89 ± 0.07ab  0.99 ± 0.05b

pH  6.92 ± 0.11c  6.37 ± 0.11b  5.98 ± 0.04a  6.07 ± 0.18a

Explanation: a, b, c, d – mean values marked with different letters 
differ significantly at P ≤ 0.05
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icant differences between the two groups of meat: both 
have similar protein composition and energy value.

In the case of poultry, breasts form the most valued 
part of their carcass. According to Qiao et al. (20), 
the lightness of the breast muscles in chicken broilers 
were darker immediately after slaughter and revealed 
higher values of redness and yellowness than rabbit 
meat, while after 24 h chilling values of lightness and 
color components (L*, a* and b*) were similar to those 
observed in this paper. In the studies Alvarado et al. 
(1), concerning the breast muscles of turkey broilers, 
the L* values were lower than our results. Lagoda et 
al. (16), who investigated the changes occurring in veal 
in the ageing process, found the color of meat to be 
darkest just after slaughter, and lightest after 24 hours 
of storage under refrigerated conditions. Comparison 
of the above data shows that rabbit meat is the lightest 
in the group of white meats. Compared to poultry, rab-
bit meat has a somewhat higher proportion of the red 
component (a*) and a slightly lower share of the yel-
low component (b*). Compared to veal it has a higher 
proportion of red and a similar share of yellow in the 
overall color composition.

The lightness (L*48) and yellowness of beef (b*48), 
measured by Węglarz (25) on the surface of the loin, 
were lower, and the values of the red component (a*48) 
were higher than the data presented in this work. 
Characterizing the color of pork loin, Czarniecka- 
-Skubina et al. (9) found higher values of the L*, a*, 
and b* parameters 48 h after slaughter while comparing 
the same components in the rabbit meat. These results 
show that beef is much darker than rabbit meat, and 
contains a greater proportion of red. Pork has a similar 
lightness to rabbit meat but a much larger proportion 
of the red and yellow components in the overall color, 
which makes it appear darker than the rabbit meat.

Conclusions
The results of the study indicate that the color of 

rabbit meat is stabilized 24 h after slaughter. At this 
time, the values of the color parameters of meat in vari-
ous parts of the carcass even out, i.e. the differences 
between the parts are not as significant as they were 
shortly after slaughter. This suggests that the evaluation 
of meat color (and thus the assessment of its quality) 
should be carried out not earlier than 24 h after slaugh-
ter because only then it would be possible to relatively 
objectively compare both the carcasses with each other 
and the individual parts of a carcass. The pH indicators 
of rabbit meat were within the standards set for good 
quality meat. The pH value of meat (m. longissimus 
dorsi and m. biceps femoris) did not differ significantly 
between the 7th and 24th hour after slaughter, indicat-
ing that the acidity of meat in this period of time was 
stable. The thigh muscle and the loin muscle exhibited 
similar absolute and relative changes in the pH value, 
which demonstrates that the ageing of meat in these 
two parts of the carcass was uniform.

References
 1. Alvarado C. Z., Sams A. R.: Rigor mortis development in turkey breast muscle 

and the effect of electrical stunning. Poult. Sci. 2000, 7, 1694-1698.
 2. Barròn G., Rosas G., Sandoval Ch., Bonilla O., Reyes G., Rico P., Cardona L., 

Zamora F.: Effect of genotype and sex on pH of Biceps femoris and Longissimus 
dorsi muscles in rabbit carcasses. Proc. 8th World Rabbit Congress, September 
7-10, 2004, Puebla, Mexico.

 3. Bieniek J., Maj D., Derewicka O., Bonczar Z.: Wskaźniki użytkowości mięsnej 
królików burgundzkich i ich mieszańców z białymi nowozelandzkimi. Żywność. 
Nauka. Technologia. Jakość. 2012, 1(80), 154-163.

 4. Blasco A., Piles M.: Muscular pH of the rabbits. Annal. Zoot. 1990, 39, 133-136. 
DOI: http://dx.doi.org/10.1051/animres:19900205

 5. Brewer M. S., Novakofski J., Freise K.: Instrumental evaluation of pH effects 
on ability of pork chops to bloom. Meat Sci. 2006, 72(4), 596-602. DOI: http://
dx.doi.org/10.1016/j.meatsci.2005.09.009

 6. Cavani C., Bianchi M., Lazzaroni C., Luzi F., Minelli G., Petracci M.: Influence 
of type rearing, slaughter age and sex on fattening rabbit: II. Meat quality.  
7th World Rabbit Congress, Valencia 2000, 4-7 July, p. 567-572.

 7. CIE: Recommendations on uniform colour spaces – colour difference equations. 
Psychometric Colour Terms. Supplement No. 2 to CIE Publications No. 15 
(E-1.3.1.) 1978, 1971/(TC-1-3), Commision Internacionale de l’E Â clairage, 
Paris, France.

 8. Combes S., González I., Déjean S., Baccini A., Jehl N., Juin H., Cauquil L., 
Gabinaud B., Lebas F., Larzul C.: Relationships between sensory and physico-
chemical measurements in meat of rabbit from three different breeding systems 
using canonical correlation analysis. Meat Sci. 2008, 80(3), 835-841. DOI: http://
dx.doi.org/10.1016/j.meatsci.2008.03.033

 9. Czarniecka-Skubina E., Przybylski W., Jaworska D., Wachowicz I., Urbańska I., 
Niemyjski S.: Charakterystyka jakości mięsa wieprzowego o zróżnicowanej 
zawartości tłuszczu śródmięśniowego. Żywność. Nauka. Technologia. Jakość. 
2007, 6(55), 285-294.

10. D’Agata M., Preziuso G., Russo C., Dalle Zotte A., Mourvaki E., Paci G.: Effect 
of an outdoor rearing system on the welfare, growth performance, carcass and 
meat quality of a slow – growing rabbit population. Meat Sci. 2009, 83, 691-696. 
DOI: http://dx.doi.org/10.1016/j.meatsci.2009.08.005

11. Dalle Zotte A., Princz Z., Metzger Sz., Szabó A., Radnai I., Biró-Németh E., 
Orova Z., Szendrő Zs.: Response of fattening rabbits reared under different 
housing conditions. 2. Carcass and meat quality. Livest. Sci. 2009, 122(1),  
39-47. DOI: http://dx.doi.org/10.1016/j.livsci.2008.07.021

12. Daszkiewicz T., Gugołek A., Janiszewski P., Chwastowska-Siwiecka I., Kubiak D.: 
Jakość mięsa królików rasy białej nowozelandzkiej pochodzącego z różnych 
elementów tuszki. Żywność. Nauka. Technologia. Jakość. 2011, 3(76), 153-161.

13. Daszkiewicz T., Gugołek A., Janiszewski P., Kubiak D., Czoik M.: The effect of 
intensive and extensive production systems on carcass quality in New Zealand 
White rabbits. World Rabbit Sci. 2012, 20, 25-33. DOI: http://dx.doi.org/10.4995/
wrs.2012.945

14. Gondret F., Larzul S., Combes S., de Rochambeau H.: Carcass composition, 
bone mechanical properities, and meat quality traits in relation to growth rate 
in rabbits. J. Anim. Sci. 2005, 83, 1526-1535.

15. Hernández P., Pla M., Blasco A.: Relationships of meat characteristics of two 
lines of rabbits selected for litter size and growth rate. J. Anim. Sci. 1997, 75, 
2936-2941.

16. Lagoda H. L., Wilson L. L., Henning W. R., Flowers S. L., Mills E. W.: Subjective 
and objective evaluation of veal lean color. J. Anim. Sci. 2002, 80, 1911-1916.

17. Maj D., Bieniek J., Sternstein I., Węglarz A., Zapletal P.: Effect of genotype 
and sex on meat colour changes in rabbits. Arch. Tierz. 2012, 55, 4, 385-390.

18. Mancini R. A., Hunt M. C.: Current research in meat color. Meat Sci. 2005, 71, 
100-121. DOI: http://dx.doi.org/10.1016/j.meatsci.2005.03.003

19. Maria G. A., Buil T., Liste G., Villarroel M., Sañudo C., Olleta J. L.: Effect 
of transport and season on aspects of rabbit meat quality. Meat Sci. 2006, 72, 
773-777. DOI: http://dx.doi.org/10.1016/j.meatsci.2005.10.012

20. Qiao M., Fletcher L., Smith D. P., Northcutt J. K.: The effect of broiler breast 
meat color on pH, moisture, water – holding capacity, and emulsification capac-
ity. Poult. Sci. 2001, 80, 676-680.

21. SAS Institute Inc.: The SAS System for Windows. Release 8.2. SAS Inst. Inc, 
Cary NC, USA 2001.

22. Strzyżewski T., Bilska A., Krzysztofiak K.: Zależność pomiędzy wartością pH 
mięsa a jego barwą. Nauka. Przyroda. Technologie 2008, 2 (2), #12.

23. Trocino A., Xiccato G., Queaque P. I., Sartori A.: Effect of transport duration 
and gender on rabbit carcass and meat quality. World Rabbit Sci. 2003, 11(1), 
23-32. DOI: http://dx.doi.org/10.4995/wrs.2003.494

24. Virág G., Eiben C., Tóth T., Schmidt J.: Colour and pH of rabbit meat and fat depos-
its as affected by the source and dose of dietary vitamin E supplementation. Meat 
Quality and Safety. 9th World Rabbit Congress, June 10-13, 2008, Verona, Italy.

25. Węglarz A.: Meat quality defined based on pH and colour depending on cattle 
category and slaughter season. Czech J. Anim. Sci. 2010, 55(12), 548-556.

Corresponding author: Mgr inż. Konrad Kozioł, Al. Mickiewicza 24/28, 
30-059 Kraków; e-mail: k.koziol@ur.krakow.pl


