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Abstract

The aim of the study was to compare the quality of meat of Termond white rabbits from the
two most important cuts in a rabbit carcass: the longest saddle muscle (m. longissimus
lumborum) and the biceps leg muscle (m. biceps femoris). The experimental material was the
meat of Termond white rabbits (n=93; 513, 42%). Animals were slaughtered at the 84th day
of life. After 45 minutes and 24 hours after slaughter, color indices (L* - lightness, a* - red
component, b* - yellow component, C* - color saturation and H* - color index), pH,
temperature, texture (hardness , springiness, chewiness, cohesion, shear force) and thermal
leakage were studied. In addition, an analysis of the profile of fatty acids present in meat was
carried out. Based on the research, it was found that the pH indicators of the muscles:
longissimus lumborum and biceps femoris were within the limits accepted for good quality
meat, and their values were higher in the case of the biceps femoris muscle. The meat from
the saddle (m. longissimus lumborum) was lighter in color than the meat from the leg, and the
values of color chromaticity coordinates (a* and b*) increased over time. The results of
measuring the texture and cutting force showed significant differences between the two
examined elements of the carcass, which is related to the different content of fat and water in
the meat and depends on the structure of muscle fibers. The analysis of the fatty acid profile
in both examined muscles showed a favorable composition of fatty acids, which confirms the
high dietary and nutritional value of rabbit meat.
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Introduction

At the turn of the last few years, there has been an increased interest in rabbit meat. The
popularity of this meat results from its outstanding taste and dietary qualities. The energy value
per 100 grams is 114 kcal, which is definitely less than other types of meat. It is juicy, easily
digestible, has small amounts of cholesterol and essential minerals and B vitamins. Dietary
value of rabbit meat results not only from the low fat content, but also from the mutual
proportion of fatty acids, and above all from the content of essential fatty acids ( EFA), which
include linoleic acid (Cis:2) and linolenic acid (Cis:3) as well as acids formed through metabolic
changes. The amount of protein in rabbit meat ranges from 18-22%. In addition, rabbit meat is
characterized by a very high protein assimilability by humans, nearly 90%, with red meat only
62% (Kowalska, 2006a; 2006b; Hernandez, 2007; Kowalska, 2009; Rasinska, 2009; Koziot et
al., 2017) .

The most important quality characteristics of meat include: acidity, color, smell, tenderness,
water retention capacity and palatability. They depend on many factors, including breed, age,
sex, and diet (Ramirez et al., 2004; Maj et al., 2011; Maj et al., 2012). Meat color is one of the
most important indicators of consumer evaluation of meat. The process of water binding, which
depends on the amount and degree of oxidation of heme dyes, has a significant impact on the
color saturation. Parameters (XYZ), i.e. the dominant color wavelength, photometric color and
colorimetric purity, are the main distinguishing features of meat color in the instrument
assessment (Lapa et al., 2008). Currently, the CIE system is used, i.e. the L*, a* and b*
discriminants, denoting color brightness and chromaticity coordinates, which describe the
proportions of red color (a*) and yellow color (b*) and can take positive and negative values
(Strzyzewski et al., 2008). The pigments present in the meat have the greatest impact on the
color, among which the most important is myoglobin. It is a sarcoplasmic haem protein that has
the ability to bind and store oxygen in skeletal and cardiac striated muscle (Loeffler, 2002;
Mancini & Hunt, 2005; Surendranath & Poulson, 2013). An equally important indicator of meat
quality, determining its durability, is the measurement of the concentration of hydrogen ions
(pH). During slaughter, the muscle tissue of rabbits shows a reaction close to neutral (approx.
7). Reducing the pH value is associated with acidification of the environment, which is the only
factor preventing the formation of decay processes (Strzyzewski et al., 2008; Bieniek et al.,
2012). The correct acidity of rabbit meat, tested immediately after slaughter, is in the pH range
between 6.1-6.9, which indicates a slightly acidic reaction or close to neutral (Chwastowska-
Siwiecka et al., 2011; Patka et al., 2017) . A significant impact on the final acidity of meat has
many factors, among which the most important are the animal housing system, the size and type
of muscles, and the physiological state of the animal (Strzyzewski et al. 2008). Another very
important indicator of meat, next to color, taste and smell, is its texture. From the consumer's
perspective, it is the texture that is the decisive value in assessing the quality of food. The main
distinguishing features in the instrumental evaluation of the texture are the cutting force,
hardness, chewiness, cohesion and elasticity of the meat. The measurement values between
different individuals may differ, which is caused by the variable content of water and fat in the
meat and the different structural structure of the muscles (Lapa et al., 2008; Koziot et al., 2016).

Although rabbit meat is a raw material distinguished by excellent dietary and taste qualities,
consumption in our country is relatively low compared to the rest of the European Union. As
far as the type of meat utilisation is concerned, the medium-sized rabbit breeds are the most
widely used in Europe, and thus in Poland, which includes the termond white (TW) rabbit breed
(Rybarczyk i Lupkowska, 2016). Rabbits of this breed were bred as a result of the selection of
Belgian white giant rabbits. In the 1970s, this breed was imported for the first time from
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Belgium to the Experimental Department of the IZ in Chorzeléw (Patka et al., 2017). These
rabbits are classified as medium-sized breeds, which are characterized by very good
performance indicators for slaughter and fattening (Frindt, 1998; Patka et al., 2017). Due to the
high reproductive performance index (high fertility and fecundity), low feed consumption and
fast growth rate, rabbits of this breed are used for intensive production of rabbits for slaughter
(Kowalska, 2006a). Currently, Termonde white rabbits are among the most famous meat breeds
in Europe (Sktadanowska-Baryza, 2017).

The aim of the study was to compare the quality of meat of Termond White rabbits from
the two most important cuts in a rabbit carcass: the longest saddle muscle (m. longissimus
lumborum) and the biceps femoris muscle ( m. biceps femoris).

Material and methods

The research was carried out on meat taken from rabbits of the white Termond breed (n=93;
514, 429). All rabbits were kept in an insulated hall in wooden and two-level cages. The hall
has a lighting installation, the task of which is to ensure the optimal length of the daylight (14L:
10D), a water installation, and a forced ventilation system. The animals were fed ‘at will' with
a complete pelleted feed containing 10.2 MJ of metabolic energy, 16.5% of total protein and
14% of crude fibre. At 84 days of age, the rabbits were subjected to daily starvation with
constant access to drinking water. Before slaughter, the animals were weighed and their average
body weight oscillated between 2.5-3 kg. The rabbits were stunned, bled, and then skinned
and gutted. The carcass was weighed and then placed in a refrigerator for 24 hours
at +4°C. After this time, three main cuts were separated from the carcasses: the front part, the
saddle and the rear part, to be subjected to detailed dissection. The course of slaughter and the
methodology of subsequent dissection were described by Barabasz and Bienek (2003).

The quality analysis of the examined meat concerned acidity (pH), temperature, color,
chemical composition, texture, thermal leakage of meat and fatty acid profile. Meat temperature
and acidity (pH) were measured using a Consort C651 pH meter
with an accuracy of 0.01. A glass electrode, part of the pH meter, was inserted into the muscle
(m. longissimus lumborum and m. biceps femoris) on the right side of the carcass.
Measurements were made 45 minutes and 24 hours after slaughter. The colour of the flesh (L*
- brightness, a* - red component, b* - yellow component) was measured on the surface of the
longissimus lumborum muscle (m. longissimus lumborum) and the biceps femoris muscle (m.
biceps femoris) in the same place where its acidity was tested. Measurements were made using
a Minolta CR-410 reflectance colorimeter, which calculated the final result by averaging three
measurements made. In addition, the discriminants a* and b* were used to calculate the color
saturation C* and the color index H*, which were subsequently calculated from the equations:

C*=VasZ +bx?
H* = arctan %
For Texture Profile Analysis (TPA), carefully cut rectangular-shaped pieces were taken from
the m. longissimus lumborum and m. biceps femoris, which were packaged and placed for 72
hours at -18°C. After this time, they were thawed at room temperature and cooked for 40
minutes in a water bath at 80°C. Texture parameters: hardness, elasticity, chewiness and
cohesion were measured using a TA.XT plus texturemeter by Stable Micro Systems with a
cylindrical attachment with a diameter of 50 mm. A double compression test up to 75% was
carried out, in accordance with the methodology given in the work of Migdata et al. (2013).
The remaining parameter determining the cutting force was measured with the same equipment
by using an attachment with a triangular knife cut (Warner-Bratzler blade). Final results were
generated automatically using Exponent (Stable Micro Systems) programme Version: 6, 1, 10,
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0. Samples weighing about 50 grams were tightly packed in string bags. The material prepared
in this way was placed in a water bath at 75°C for 50 minutes in order to inhibit the growth of
pathogenic microorganisms while preserving the taste and nutritional value of the products.
After pasteurization, the samples were cooled at room temperature, dried and weighed with an
accuracy of 0.01. The percentage of thermal leakage was calculated for samples from m.
longissimus lumborum and m. biceps femoris of rabbits using the equation:

sample weight before boiling - sample weight after boiling x 100

w1 (%) - sample weight before boiling

During the dissection, meat samples were also collected, in which the content of individual fatty
acids was determined. Meat samples were extracted with a solution of chloroform and methanol
according to the method of Folch et al. (1957). Fatty acid methyl esters were prepared according
to the method of AOAC (1995). Weighed fat samples (10 mg) were saponified in 0.5 N KOH
in methanol, then evaporated at 85°C and esterified in 1 ml of 12% BFsin methanol, and again
the samples were heated at 85°C. After cooling to room temperature, 1 ml of hexane and 5 ml
of saturated NaCl solution were added to the samples. The chromatographic separation was
carried out in a TRACE GC ULTRA gas chromatograph by Thermo Electron, equipped with a
feeder (220°C) and a flame ionization detector FID (2500C). The chromatograph was equipped
with a SUPELCOWAX 10 column with a length of 30 m and an internal diameter of 0.25 mm.
The starting temperature of the column was 160°C with an increase of 3°C/min. up to 210°C.
Helium with a flow rate of 1 ml/min was used as the carrier gas. Identification of fatty acid
methyl esters in the tested samples was performed using the standard Supelco 37 Component
FAME Mix mixture, and CLA isomers using Sigma-Aldrich standards.

Statistical analysis was performed using the SAS statistical package (2014) using the
GLM procedure. Levene's test was used to check the homogeneity of variance. The linear model
takes into account the constant effect of cut (m. longissimus lumborum and m.biceps femoris).
The significance of differences between the means was tested using Tukey's test. The analysis
was performed at the significance level of 0.05.

Results

Table 1 shows the mean and standard deviations of acidity (pHas oraz pH4) and temperature
(Tempass oraz Tempos) of thelongissimus lumborummuscle and thebiceps femorismuscle.
Thebiceps femorismuscle was characterized by significantly lower acidity after 24 hours of
cooling and temperature after 45 minutes after slaughter compared to the longissimus lumborum
muscle.

Table 1. Means (X) and standard deviations (sd) for pH parameters and temperature of m. longissimus lumborum and m. biceps femoris
in Termon White rabbits

Muscle
Acidity and temperature m. longissimus lumborum m. biceps femoris
X sd X sd
pHas 6.57 0.74 6.59 0.29
pH24 5.85a 0.21 5.96b 0.22
Tempas 19.7a 4.30 21.06b 3.27
Tempzs 8.17 1.15 8.31 1.19

Note: pHas and pH 24 — pH 45 minutes and 24 h post-mortem, Temp 45 and Temp 24 — temperature 45 minutes and 24 h post-
mortem. Mean values with different letters are significantly different at p<0.05.
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Another examined indicator of meat quality is its color, which determines the technological
suitability of meat. Table 2 presents the mean and standard deviations of the color components
of the longissimus lumborum and biceps femoris muscles in Termond white rabbits. In this
study, the L* parameter defining the brightness of the longissimus lumborum muscle after 45
minutes was 59.30, and in the biceps femoris muscle it was 52.73. After 24 hours, a slightly
lower average value in the saddle was recorded, equal to 55.45. In contrast, the average L*
value in the leg increased to 54.99. The higher the L* index, the lighter the color of the meat.
Significant differences in meat brightness occurred between measurements made 45 minutes
after slaughter. There were no significant differences in color lightness (L*) 24 hours after
slaughter.

Table 2. Means (X) and standard deviations (sd) for color parameters of m. longissimus lumborum and m. biceps femoris of Termon
White rabbits

Muscle
Colour m. longissimus lumborum m. biceps femoris

X sd X sd
L*45 59.30a 3.46 52.73b 2.83
a*ss 1.20a 2.34 3.37b 1.23
b*s5 -1.87a 2.96 0.88b 1.69
C*s5 3.93 1.90 3.86 1.24
H*s5 0.08 1.05 0.21 0,47
L*24 55.45 2.35 54.99 2.13
a*a 6.05a 221 4.54b 1.50
b*24 4.53 1.82 412 1.63
C* 7.64a 2.64 6.26b 1.81
H*24 0.63a 0.17 0.72b 0.25

Note: L*s5 and L* 24 — lightness 45 minutes and 24 h post-mortem, a* 45 and a* 24 — red color coordinate 45 minutes and 24 h post-
mortem, b* 45 and b* 24 — yellow color coordinate 45 minutes and 24 h post-mortem, C*ss and C*24 — saturation 45 minutes and 24
h post-mortem, H*ss and H*24 — hue 45 minutes and 24 h post-mortem. Mean values with different letters are significantly different at
p<0.05.

The value of the red component (a*) measured on the surface of the longissimus lumborum
muscle after 45 minutes (a*ss) was 1.20, and on the biceps femoris muscle it was3.37. After 24
hours (a*24) , these values were respectively 6.05 and 4.54 in the saddle and leg. The obtained
results allow us to observethat the parameter a* tends towards the red color. In the study, both
the value of the red component after 45 minutes (a*ss) and after 24 hours (a*24) after slaughter
differed significantly. The value of the yellow component (b*) measured after 45 minutes (b*as)
on the surface of the longissimus lumborum muscle was —1.87, and on the surface of the biceps
femoris musclea value of 0.88 was recorded. After 24-hour cooling, the value of the
discriminant (b*24) in the saddle muscle increased to 4.53, and in the leg muscle to 4.12. Positive
values of the b* discriminant mean yellow color, and negative values blue color. It was found
that only the values in the 45th minute after slaughter differ significantly.

The color indicators, directly dependent on the red and yellow components, are C* color
saturation and H* color index. If the C* parameter assumes values different from zero (below
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or above), the color of the meat is more vivid, while when C* is within the range of zero, the
color is less expressive. In this experiment, the H* parameter measured after 45 minutes (H*4s)
in the saddle muscle was 0.08 and in the leg muscle it was 0.21. After 24 hours, the value of
this parameter (H*24) increased in the saddle muscle to 0.63 and in the leg muscle to 0.72. A
similar relationship can be observed in the case of color saturation (C*). The value of the C*
parameter 45 minutes after slaughter was 3.93 in the saddle muscle and 3.86 in the leg muscle,
while after 24 hours this value increased and was equal to 7.64 and 6.26.

Table 3. Means (X) and standard deviations (sd) for texture parameters and thermal loss of m. longissimus lumborum and m. biceps
femoris of Termon White rabbits

. Muscle
Texture and cooking loss — - -
m. longissimus lumborum m. biceps femoris
X sd X sd
Shear force 2.01a 0.70 1.62b 0.66
Hardness 13.75a 3.49 10.27b 3,00
Springiness 0.46a 0.05 0.53b 0.06
Cohesiveness 0.43 0.03 0.42 0.04
Chewiness 2.83a 1.06 2.36b 0.89
Cooking loss 29.63a 2.62 26.02b 3.84

Mean values with different letters are significantly different at p<0.05.

Table 4. Means (X) and standard deviations (sd) for the content of some fatty acids in m. longissimus lumborum and m. biceps femoris
of Termond White rabbits

Muscle
Fatty acids m. longissimus lumborum m. biceps femoris
X sd X sd

Cio0 0.11 0.11 0.13 0.15
Ci20 0.56 0.16 0.48 0.06
Cuso 2.41 091 1.92 0.44
Cuaa 0.20 0.20 0.22 0.22
Ciso 0.53 0.05 0.51 0.06
Cieo 24.95 1.10 25.38 2.25
Cigang 0.51 0.11 0,47 0.08
Ciganr 2.14 1.65 2.42 1.87
Ciro 0.56 0.06 0.55 0.08
Cira 0.23 0.06 0.25 0.05
Ciso 5.91 0.41 5.88 0.69
Cig:1n9 27.62a 2.95 24.10b 2.78
Cig:an7 1.47 0.26 143 0.18
Cig2ne 23.25a 2.08 25.98a 2.38
Cigane 0.06 0.02 0.07 0.02
Cigans 1.16 0.29 1.07 0.07
CLA 0.06a 0.02 0.03b 0.02
C200 0.09 0.01 0.08 0.02
C201 0.28 0.05 0.26 0.03
C202 0.31a 0.03 0.36b 0.05
Cao:3n-6 0.34a 0.13 0.47b 0.08
C20:4n-6 4.64 2.08 4.87 0.97
Ca0:4n-3 0.04 0.01 0.04 0.01
Cao:n-3 0.07 0.03 0.07 0.02
C22.4n-6 1.36 0.59 1.61 0.39
C22n-6 0.50 0.23 0.61 0.17
Ca25n-3 0.49 0.22 0.57 0.13
Ca26n-3 0.12 0.06 0.14 0.14
SUMA 99.96 0.02 99.95 0.01

TOTAL
Mean values with different letters are significantly different at p<0.05.
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Another examined meat quality indicator was thermal leakage and meat texture, which
consists of shear force, hardness, chewiness, cohesion and elasticity. The collected
measurement results are summarized in Table 3. In the case of thermal leakage and most of the
texture parameters, significant differences were found between the cuts. The exception was
meat consistency, which did not differ significantly between the examined parts of the carcass.

Meat hardness measured in the saddle and leg was 13.75 kg and 10.27 kg, respectively. The
firmness of the meat is related to its chewiness. This indicator measured in the saddle muscle
was 2.83 kg, while in the leg muscle, a slightly lower chewiness value of 2.36 kg was noted. In
addition, it was observed that meat characterized by greater hardness was also distinguished by
higher chewiness.

Table 4 summarizes the characteristics of the content of fatty acids present in the longest
muscle of the loin and leg. Significant differences were found in the content of oleic acid (C1s:1n-
9), linoleic acid (Cis:2n-6), eicosadienoic acid (Czo:2), dihomo-y-linolenic acid (Czo:3n-6) and
conjugated acid linoleic acid (CLA) between the examined cuts. Among the monounsaturated
acids, the highest content was found in oleic acid (C1s:1n-9), and the lowest in tetradecenoic acid
(C14:1). In the group of polyunsaturated acids, linoleic acid (C1s:2n-6) predominated in both parts
of the carcass. In the saddle muscle, the lowest content was found in eicosatetraenoic acid
(C20:4n-3), and in the leg muscle — CLA.

Discussion

The acidity of rabbit meat immediately after slaughter should be in the range of 6.1-6.9,
while after 24 hours there should be a slight decrease in pH to a value close to 5.8 (Bielanski,
2004). The average pH value after 45 minutes measured in the longissimus lumborum and
biceps femoris muscles was close to neutral and amounted to 6.57 and 6.59, respectively, which
indicates good quality meat. After 24 hours, the examined meat showed a slightly acid reaction.
The pH value in the saddle was 5.85 and in the leg 5.96. This indicates the start of the
glycogenolysis reaction, i.e. the breakdown of glycogen into lactic acid. Glycogen is the main
energy store in muscles in life conditions. The phenomenon of glycogenolysis leads to
acidification of meat, thus stopping the development of microorganisms. The results presented
in the paper by Kmiecik et al. (2017), who studied the effect of breed and sex on the acidity and
color of the meat of Termond white rabbits and Californian, Popielno white and Belgian gray
giant rabbits, confirm that the meat of Termond white rabbits is characterized by the lowest
acidity among the other breeds tested, and the measured acidity after 45 minutes was 6.50 and
after 24 hours 5.79. Patka et al. (2018) in their work examined the impact of the housing system
and rabbit breed on growth, slaughter performance and meat quality parameters. These authors
obtained slightly higher meat acidity values of m. longissimus lumborum and m. biceps femoris
in Termond white rabbits in comparison with the results presented in this study. At 45 minutes
after slaughter, the pH value of the longissimus lumborum muscle was 6.79, and at 24 hours it
was 5.97. On the other hand, the acidity values of the biceps femoris muscle were 6.80 and
6.10, respectively. Maj et al. (2012) observed that the pH value of the m. longissimus lumborum
45 minutes after slaughter was 6.82, and after 24 hours it was 5.55. In turn, the acidity of m.
biceps femoris at the 45th minute was 6.83, and after 24 hours it was 5.83. Barron i in. (2004)
studied the effect of genotype and sex on the pH of rabbit meat. The pH value was measured
after 20 minutes (pH: 7.0-7.4), 3 hours (pH: 6.6-6.8), 6 hours (pH: 6.2-6.4) and 24 hours (pH:
5.9-6.2). These authors obtained higher pH values than the results presented in this paper. The
main factor that could have contributed to the differences in pH values was the different
measurement time and the use of different breeds than in the experiment carried out in this
work.
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Maj et al. (2012) examining the effect of age and sex on the meat quality indices of rabbits
slaughtered in the 12th week, obtained the value of the L* parameter after 45 minutes (L*ss) of
59.24 in the saddle and 57.75 in the rear part of the carcass. After storage in refrigerated
conditions for 24 hours (L*.4), the L* value in the saddle and leg was 56.60 and 57.77,
respectively. These results are comparable with the results obtained in our own research in the
longissimus lumborum muscle, while in the biceps femoris muscle they show differences.
Different values may be the result of using other breeds of rabbits as research material. In
studies conducted by Virdg et al. (2008) on New Zealand White rabbits, the value of the
parameter after 24 hours of cooling (L*24) ranged from 50.74 to 53.12 in the saddle muscle and
51.62 to 52.60 in the leg muscle. Differences in the obtained results may be related to the use
of feed additives (vitamin E) or the use of rabbit breeds other than in this study. Kmiecik et al.
(2017) in their study found that the meat of the longissimus loin muscle of Termond white
rabbits is characterized by a darker color compared to other meat breeds tested. The L*
parameter after 45 minutes was 57.59 and after 24 hours it was 57.04. The results obtained
indicate a large number of red muscle cells, which are characterized by a low content of fibrils,
but are rich in sarcoplasm and myoglobin (Loeffler, 2002).

In  experiments conducted by other authors, the component values
a* and b* often differ from the results obtained in this paper. For example, Maj et al. (2012) in
their study obtained higher values of the a*4s parameter in rabbits at the age of 12 weeks. The
a*ss component measured on the saddle and leg surfaces was 9.35 and 11.60, respectively.
However, after 24 hours the a* values increased to 14.04 in the saddle muscle and 13.87 in the
leg muscle. For a change, parameter b* assumes values similar to those obtained in this work.
In the saddle muscle, the b* parameter was -2.52 after 45 minutes, and 3.11 after 24 hours. The
same parameter measured on the surface of the leg muscle in the 45th minute showed a value
of 0.58, and after 24 hours it was 3.97. Bieniek et al. (2012) while studying the meat
performance indices of Burgundian rabbits and their hybrids with New Zealand White rabbits
obtained significantly higher values for the colour component a*. a* values obtained by Bieniek
et al. (2012), measured on the surface of the longissimus lumborum muscle ranged from 12.44
to 16.79 (depending on the breed). In this case, different results may result from the use of other
breeds in the tests.

Significantly higher values for the parameter H*24 than those calculated in this study were
reported by Virag et al. (2008), who found that for the saddle muscle, the parameter values
ranged from 90.40 to 97.60, and for the leg muscle, from 56.00 to 58.50. In turn, the values of
the C* parameter measured after 24 hours are close to those obtained in our work. Trocino et
al. (2003) determined a lower saturation component (C*) and a lower color index (H*). The C*
parameter measured in the longissimus lumborum muscle ranged from 3.46 to 4.0, and in the
biceps femoris muscle from 3.00 to 3.24. Color index H* measured by Trocino et al. (2003)
ranged from -0.67 to -0.53 in the saddle and from -0.37 to -0.18 in the leg. The negative values
of the H* component are due to the negative values of the yellow component (b*) obtained by
these authors.

Different values of the hardness of the longissimus lumborum and biceps femoris muscles
in the rabbits of the tested breed testify to the varied fat content, and the higher value of the
saddle muscle hardness parameter results from the lower fat content in this cut. Koziot et al.
(2017), examining the impact of breed and gender on meat texture confirm that meat from
Termond White rabbits was the toughest (12.06 kg) compared to the other breeds studied, i.e.
Belgian Grey Giant, Californian, New Zealand White and Popielno White. However, the
authors obtained a similar value of chewiness (2.45 kg) in the biceps femorismuscle, confirming
the result obtained in this experiment.

The present study showed that the biceps femoris muscle had a higher content of
polyunsaturated fatty acids, in particular linolenic acid and conjugated linoleic acid. It is worth
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noting that linoleic acid is one of the essential fatty acids (EFA). The biceps femoris muscle
was characterized by a higher content of other fatty acids. Among the saturated fatty acids,
palmitic acid (Ci6:0) Was characterized by the highest content in meat. Palmitic acid is a
component of vegetable and animal fats, which is believed to have an adverse effect on the
human body by increasing the concentration of cholesterol in the blood, in particular its LDL
(low density lipoprotein) fraction. Chwastowska-Siwiecka et al. (2014), examining the effect
of freezing storage time and thawing methods on the fatty acid profile of intramuscular fat in
rabbit meat, also observed a dominant share of palmitic acid in the biceps femoris muscle. In
addition, the amount of oleic and linoleic acids was at a high level, which confirms the
correctness of the results obtained in this study. Cygan-Szczegielniak et al. (2010), examining
the effect of diet on the content of CLA, cholesterol and fatty acids in rabbit meat, reported
similar results to those obtained in this study. Palmitic acid (C1e:0) and stearic acid (C1g:0) were
dominant among the saturated acids, while oleic acid (Cis:1) was predominant among the
monounsaturated acids and linoleic acid (Cis:2n-6) in the polysaturated acids.

Summary

The pH indices of the meat of the Termond white rabbits from the two most valuable
cuts: saddle (m. longissimus lumborum) and legs (m. biceps femoris) were within the limits
specified for good quality meat. The acidity of meat from the biceps femoris muscle, both in
the 45th minute after slaughter and after 24-hour cooling, was lower than in the longissimus
lumborum muscle, which indicates better technological properties of this part of the meat. Meat
coming from the longissimus lumborum muscle (m. longissimus lumborum) was lighter than
meat coming from the biceps femoris muscle (m. biceps femoris), which was directly related to
the values of the chromaticity colour coordinates measured on the muscle surface. The texture
of the meat from the two parts of the carcass differed significantly, which is related to the
different content of fat and water in the meat of the examined cuts and depends on the structure
of muscle fibers. The analysis of the acid profile confirmed the high nutritional and dietary
values of rabbit meat from both tested elements.

References

AOAC (1995). Association of Official Analytical Chemists. In: Cunniff P.A. (ed.):
International Official Methods of Analysis. 16th ed. AOAC Int., Arlington, USA.

Barabasz B., Bieniek J. (2003). Towarowa produkcja migsna (Commodity meat
production). National Agricultural and Forestry Publishing House, Warsaw.

Barron G., Rosas G., Sandoval Ch., Bonilla O., Reyes G., Rico P., Cardona L., Zamora F.
(2004). Effect of genotype and sex on pH of Biceps femoris and Longissimus dorsi muscles
in rabbit carcasses. Proceedings — 8th World Rabbit Congress — September 7-10 — Puebla,
Mexico, pp. 1349-1353.

Bielanski P. (2004). Wplyw rasy 1 systemOw utrzymania na cechy produkcyjne brojlerow
kroliczych (Influence of breed and housing systems on production characteristics of broiler
rabbits). Institute of Zootechnics. Rocz. Nauk. Zoot. spread Hab., 18: 5-86.

Bieniek J., Maj D., Derewicka O., Bonczar Z. (2012). Wskazniki uzytkowos$ci migsnej
krolikow burgundzkich i ich mieszancow z bialymi nowozelandzkimi (Meat performance
indexes of Burgundy rabbits and their hybrids with New Zealand white rabbits). Food.
Science. Technology. Quality, 1, 80: 154-163.

Chwastowska-Siwiecka I., Kondratowicz J., Winarski R., Smiecinska K. (2011). Warto$¢
rzezna oraz wybrane cechy jakosciowe migsa krolikow ras migsnych (Slaughter value and



S. Patka et al.

selected quality characteristics of meat of meat breed rabbits). Food. Science. Technology.
Quality, 2, 75: 136-147.

Chwastowska-Siwiecka 1., Kaliniewicz J., Kondratowicz J., Skiepko N. (2014). Wplyw
czasu zamrazalniczego przechowywania i metody rozmrazania na profil kwasow
thuszczowych thuszczu srodmigsniowego migsa kroliczego (Effect of freezing storage time
and thawing method on the fatty acid profile of intramuscular fat of rabbit meat). Food.
Science. Technology. Quality, 4, 95: 122-135.

Cygan-Szczegielniak D., Stasiak K., Janicki B. (2010). Wplyw diety na zawarto$¢ CLA,
cholesterol oraz kwasow tluszczowych w migsie krolikow (Effect of diet on the content of
CLA, cholesterol and fatty acids in rabbit meat). Med. Weter., 66, 4: 272-275.

Folch J., Lees M., Stanley G.H.S. (1957). A simple method for the isolation and purification
of total lipids from animal tissues. J. Biol. Chem., 226: 497-509.

Frindt A. (1998). Podstawy chowu krélikow (Basics of rabbit breeding). Publishing house
"Hoza", Warsaw.

Hernédndez P. (2007). Carne de conejo, ideal para diets bajas en acido urico. Revista
cientifica de nutricion. No. 8 September. Boletin de cunicultura, pp. 154: 33-36.

Kmiecik M., Patka S., Koziot K., Otwinowska-Mindur A., Migdal L., Bieniek J. (2017).
Wplyw rasy i ptci na kwasowos¢ i barwe migsa krolikow (Influence of breed and sex on
acidity and color of rabbit meat). Materialy konferencyjne z LXXXII Zjazdu Naukowego
Polskiego Towarzystwa Zootechnicznego ,,Nowoczesna hodowla a dobrostan zwierzat”,
Poznan, 20-22.09.2017 (Conference materials from the LXXXII Scientific Congress of the
Polish Zootechnical Society "Modern breeding and animal welfare", Poznan, 20-
22/09/2017)

Kowalska D. (2006a). Krolik — uzytkowanie migsne czy futerkowe (Rabbit — meat or fur
use). Wiad. Zoot., 2: 55— 62.

Kowalska D. (2006b). Wartos$¢ dietetyczna migsa kroliczego (Dietary value of rabbit meat).
Wiad. Zoot., 3: 72—77.

Kowalska D. (2009). Wieprzowina, wotowina czy migso krolicze? (Pork, beef or rabbit
meat?) Prz. Hod., 1: 13-14.

Kowalska D., Piechocka K. (2014). Wplyw tempa wzrostu na otluszczenie tuszy oraz profil
kwasow ttuszczowych w migsie 1 ttuszczu krolikow (Effect of growth rate on carcass fatness
and fatty acid profile in rabbit meat and fat). Rocz. Nauk. PTZ, 10, 3: 49-59.

Kowalska D., Gugotek A., Bielanski P. (2014). Zalezno$ci miedzy ottuszczeniem tuszki a
zawartos$cig thuszczu srodmigsniowego, profilem kwasow thuszczowych 1 krucho$cig migsa
krolikow (Relationships between carcass fatness and intramuscular fat content, fatty acid
profile and tenderness of rabbit meat). Zywnos$é. Nauka. Technologia. Jako$¢, 2, 93: 58—
72.

Kowalska D., Gugolek A., Kobylarz P. (2015). Wplyw metody pakowania 1
przechowywania na wlasciwosci fizykochemiczne migsa krolikow  zywionych
mieszankami paszowymi wzbogaconymi olejem rybnym i witaming E (Influence of
packaging and storage methods on physicochemical properties of rabbit meat fed with feed
mixtures enriched with fish oil and vitamin E) Zywno$¢. Nauka. Technologia. Jako$¢., 1,
98: 59-74.

Koziot K., Patka S., Migdat £, Derewicka O., Kmiecik M., Maj D., Bieniek J. (2016).
Analiza tekstury migsa krolikoéw w zaleznos$ci od sposobu obrobki termicznej (Analysis of



Meat quality of various elements of the termon carcass

the texture of rabbit meat depending on the method of thermal processing). Rocz. Nauk.
PTZ, 12, 2: 25-30.

Koziot K., Siudak Z., Palka S., Kmiecik M., Otwinowska-Mindur A., Migdal L., Bieniek J.
(2017). Wptyw rasy i ptci na teksture migsa krolikow (Influence of breed and sex on rabbit
meat texture). Rocz. Nauk. PTZ, 13, 2: 55-60.

Loeffler K. (2002). Anatomia i fizjologia zwierzat domowych (Anatomy and physiology of
domestic animals). Wydawnictwo Lekarskie PZWL, Warszaw (Medical Publishing House
PZWL, Warsaw).

Lapa P., Maj D., Bieniek J. (2008). Barwa i tekstura mig¢sa krolikow ras migsnych i ich
mieszancow (Color and texture of meat of rabbits of meat breeds and their hybrids). Med.
Weter., 64, 4A: 454-456.

Maj D., Bieniek J., Lapa P. (2008). Jako$¢ miegsa krolikow rasy biatej nowozelandzkiej i
kalifornijskiej oraz ich mieszancow (Meat quality of New Zealand and California white
rabbits and their hybrids). Med. Vet., 64, 3: 351-353.

Maj D., Bieniek J., Bekas Z. (2011). Wptyw wieku 1 plci na uzytkowo$¢ rzezng krolikéw
(Influence of age and sex on slaughter performance of rabbits). Rocz. Nauk. PTZ, 7, 32:
59-67.

Maj D., Bieniek J., Bekas Z. (2012). Wptyw wieku i ptci krolikow na wskazniki jako$ci ich
miesa (Influence of age and sex of rabbits on quality indices of their meat). Zywno$é.
Nauka. Technologia. Quality, 1, 80: 142-153.

Mancini R.A., Hunt M.C. (2005). Current research in meat color. Meat Sci., 71: 100-121

Migdat t.., Barabasz B., Niedbata P., Lapinski S., Pustkowiak H., Zivkowié B., Migdat W.
(2013). A comparison of selected biochemical characteristics of meat from nutrias
(Myocastor coypus Mol.) and rabbits ( Oryctolagus cuniculus ). Ann. Anim. Sci., 13, 2:
387-400.

Patka S., Siudak Z., Kmiecik M., Koziot K., Bieniek J. (2017a). Charakterystyka cech
uzytkowych 1 jakosci migsa krolikow termondzkich biatych hodowanych w Polsce
(Characteristics of functional characteristics and meat quality of white Termond rabbits
bred in Poland). Rocz. Nauk. Zoot., 44, 2: 177-181.

Patka S., Maj D., Migdat W., Bieniek J., Derewicka O. (2017b). Wptyw inbredu 1 ptci na
jako$¢ migsa krolikow (Influence of inbreeding and sex on rabbit meat quality), Med.
Weter., 73, 5: 303 — 307.

Patka S., Kmiecik M., Migdal L., Koziot K., Otwinowska-Mindur A., Bieniek J. (2018).
Wplyw systemu utrzymania i1 rasy krélikow na wzrost, uzytkowos$¢ rzezng i parametry
jakos$ci migsa (The influence of the keeping system and rabbit breed on growth, slaughter
performance and meat quality parameters). Rocz. Nauk. PTZ., 14, 4: 9-18.

Ramirez J.A., Oliver M.A., Pla M., Guerrero L., Arifio B., Blasco A., Pascual M., Gil M.
(2004). Effect of selection for growth rate on biochemical, quality and texture
characteristics of meat from rabbits. Meat Sci., 67, 4. 617-624.

Rasinska E. (2009). Wptyw wybranych czynnikow na jako$¢ migsa krolikow (The influence
of selected factors on the quality of rabbit meat). Dissertation. University of Life Sciences
in Lublin. Lublin, pp. 1-7.

SAS. SAS/STAT 13.2 (2014). User's Guide; SAS Institute Inc.: Cary, NC, USA.



S. Patka et al.

Sktadanowska-Baryza J. (2017). Krolik — znaczenie gospodarcze, dobor ras i linii do
produkcji migsa (Rabbit - economic importance, selection of breeds and lines for meat
production). Wiad. Zoot., 3: 13-23.

Strzyzewski T., Bilska A., Krysztofiak K. (2008). Zalezno$¢ pomiedzy wartoscig pH migsa
a jego barwg (The relationship between the pH value of meat and its color). Science Nature
Technologies. Department: Food and Nutrition Sciences., 2, 2: 1-9.

Surendranath S.P., Poulson J. (2013). Myoglobin chemistry and meat color. Annual
Review of Food Sci. Technol., 4: 79-99.

Trocino A., Xiccato G., Queaque P. I., Sartori A. (2003). Effect of transport duration and
gender on rabbit carcass and meat quality. World Rabbit Sci., 11, 1: 23-32.

Virag Gy., Eiben Cs., T6th T., Schmidt J. (2008). Color and pH of rabbit meat and fat
deposits as affected by the source and dose of dietary vitamin E supplementation. Meat
Quality and Safety. 9th World Rabbit Congress — June 10-13, Verona — ltaly, pp. 1467—
1472.

Approved for printing: 8 XI11 2022

QUALITY OF MEAT FROM DIFFERENT CARCASS COMPONENTS OF
TERMOND WHITE RABBITS

Sylwia Palka, Aleksandra Bien, Agnieszka Otwinowska-Mindur, Michal Kmiecik
SUMMARY

The purpose of this study was to compare the quality of meat from Termon White rabbits
derived from the two most important parts of the rabbit carcass: loin (m. longissimus lumborum)
and leg ( m. biceps femoris ). The investigated material consisted of Termond White rabbits
(n=93; 513, 429). Rabbits were slaughtered at 84 days of life. Color coordinates (L* —
lightness, a* — redness, b* — yellowness, C* — chroma, H* — hue angle), pH, temperature,
texture (hardness, springiness, chewiness, cohesiveness, shear force) and cooking loos were
measured. Additionally, the profile of fatty acids present in the meat was analyzed. The analysis
carried out showed that the rabbit meat (m. longissimus lumborum and m. biceps femoris ) pH
indicators were within the limits accepted for good quality meat and their values were higher
for m. biceps femoris . Loin meat (m. longissimus lumborum) was characterized by a lighter
color than thigh meat, and the chromaticity coordinate values (a* and b*) increased with time.
The measurement results of texture and shear force revealed significant differences between the
two studied carcass parts, which is related to the different fat and water content in meat and
depends on the structure of muscle fibers. Analysis of the fatty acid profile of the two muscles
tested showed a favorable fatty acid composition, which confirms the high dietary and
nutritional value of rabbit meat.

Keywords: rabbit, meat quality, m. longissimus lumborum, m. biceps femoris



