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The effect of sex, storage time and muscle type
on the quality French Lop rabbit meat
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The aim of the study was to analyse the effect of sex, storage time and muscle type (m. lon-
gissimus dorsi and m. biceps femoris) on quality traits of the meat of French Lop rabbits.
The muscles were obtained from 12 males and 12 females slaughtered at the age of 90 days.
The characteristics analysed included pH, colour parameters, water holding capacity and
proximate composition. No effect of sex or muscle type was found (P>0.05) on the pH of the
meat in any of the periods analysed The storage time differentiated (P<0.01) between pH
and pH,, and between pH, . and pH, . None of the colour parameters was influenced
by sex (P>0.05), but they were s1gn1ﬁcantly affected by storage time (P<0.01). Redness and
yellowness were also influenced by the type of muscle (P<0.01). The rabbit meat stored for 7
days was characterised by higher drip loss than the meat stored for 24 hours (1.31-1.49% vs.
3.34-3.57%, P<0.05). The m. biceps femoris of both sexes had a greater capacity to hold water
as measured by the pressure method than m. longissimus dorsi (P<0.01). There was no effect
of sex or muscle type (P>0.05) on the level of cooking loss. Sex and muscle type also had no
influence (P>0.05) on the proximate composition of French Lop meat.
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According to the Central Statistical Office (GUS) [16], in 2010 more than 95% of Polish
agricultural holdings kept less than 20 rabbits, suggesting that rabbit farming in Poland has
an amateur character. The data for Poland for 2010 also indicate that 116,000 agricultural
holdings kept a total of 631,500 female rabbits [2]. Rabbit meat production in Poland in
2013 was 2,800 tonnes, accounting for only 0.07% of total meat production (3,810,370
tonnes) [13]. According to FAOSTAT, rabbit meat production in Poland in 2013 was much
lower than in many other European countries, including Spain (63,289 tonnes), Fran-
ce (52,131 tonnes), Italy (262,500 tonnes) and Hungary (6,647 tonnes) [20]. According
to Maj et al. [28, 32], rabbits are characterized by early maturation, high fertility, quick
growth, and high adaptability to environmental changes, and their meat is of high quality
and provides many health benefits. Kowalska et al. [20, 24] showed that rabbit meat has
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a high percentage of protein, a low percentage of fat, and relatively low content of chole-
sterol compared to meat from other animals. Barabasz and Bieniek [2] reported that the
human body is able to absorb even 90% of protein from rabbit meat. However, the quality
of rabbit meat is affected by many factors, including breed [6, 8, 31], sex [29, 31], feeding
system [20, 33], housing system [11, 34], and type of slaughter [1, 36, 37]. The most po-
pular rabbit breeds raised for meat in Poland are New Zealand White and Red, Californian,
Blanc de Termonde and Popielno White. The French Lop rabbit is an example of a large
rabbit breed that is not suitable for factory farming. It is characterized by relatively late
maturation, a low growth rate, and lower meat yield as compared to medium-sized rabbit
breeds raised for meat production [14]. There is no literature on the quality of meat from
French Lop rabbits. The aim of the study was to determine the effect of sex, storage time,
and type of muscle (m. longissimus dorsi and m. biceps femoris) on quality traits of meat
from French Lop rabbits.

Material and methods

The study was conducted on the musculus longissimus dorsi and musculus biceps femo-
ris of 24 French Lop rabbits (12 males and 12 females) slaughtered at 90 days. The animals
were kept in cages (4 per cage, males and females separately). During the period from the
weaning to slaughter the rabbits were fed with a mix of pellets (commercial compound
feed) and barley in a 2:1 proportion. The commercial compound feed contained 16.00%
crude protein, 14.00% fibre, 3.20% crude oils and fats, and 10.40 MJ/kg digestible energy.
The animals were weighed prior to slaughter. The average body weight was 2.86 (£0.11)
kg for males and 3.18 (+0.11) kg for females.

The physicochemical analysis of the rabbit meat included pH, colour and water holding
capacity.

For calibration of the pH equipment, buffers of pH 7.0 and 4.0 were used. Acidity was
measured in the two muscles by inserting a combination glass calomel electrode (ERH-
-11X1) attached to a portable pH meter (Handylab 2, SCHOTT) into the muscle. The first
measurement was taken directly after the carcasses were placed in the chilling room, that
is 45 minutes (pH,, . ) post-slaughter. The following measurements were taken 24 hours
(pH,,,) and 7 days (pH, days) after slaughter.

Triplicate colour measurements of the muscles were taken on cross-sections 3 cm thick
after a blooming period of 45 minutes. Measurements were taken 24 hours and 7 days
after slaughter and expressed according to the CIE Lab system as L* (lightness), a* (red-
ness), and b* (yellowness) (CIE, 1978). The colour space parameters were measured by
the reflectance method using a Minolta Colorimeter CR-200b (illuminant C, 10° observer,
30 mm aperture size). Muscles for pH and colour analysis were stored at +2 °C between
measurements.

The water holding capacity of the meat was determined for the fresh samples (24 hours
post-slaughter) using different methods:

— Drip loss (%) was measured according to Honikel [19]. Transverse slices of the two
muscles analysed, 2.5 cm thick (about 50 g), were weighed, hung on hooks, and placed
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in a container to reduce evaporation (+2 °C). After 24 hours and 7 days the samples were
weighed again to calculate the change in the weight of the sample.

— Free water (%) was measured using a pressure method according to Grau and Hamm
[18] in a modification of the method described by Pohja and Niinivaara [41]. Samples of
ground meat weighing 0.3 g were placed on filter paper between two glass tiles. A force of
2 kg was applied to each sample for 5 minutes, and then samples were weighed immedia-
tely to calculate the change in the weight of the sample (loose water %).

— Water holding capacity (WHC, cm?) was determined according to Grau and Hamm
[18]. Small samples of ground meat (0.3 g) were placed on filter paper between two glass
tiles. A force of 2 kg was applied to each sample for 5 min and the meat surface to purge
surface ratio was calculated (cm?).

— Cooking loss (%) was measured according to Honikel [19]. Transverse slices of the
two muscles analysed, 2.5 cm thick (about 50 g), were placed in thin polyethylene bags
with the sides of the bag adhering firmly to the meat sample. The bags with the meat were
placed in a water bath at 75 °C for 30 min and then cooled to room temperature and we-
ighed to calculate the change in the weight of the sample.

The chemical composition of the meat was analysed to determine moisture content.
The samples were dried at 105 °C to a constant weight [39]. Extracted fat was determined
according to Soxhlet [40] and crude protein according to Kjeldahl [38].

The effect of sex, muscle type and time of storage on pH (pH,s,,, pH,,, and pH,,, ) and
muscle colour L* (L* 5., L*,,, and L*;,, ), a* (a%,s,,,, a*,,, and a*;,, ) and b* (b*,5,;,,
b*,,, and b*;,, ) was estimated by means of three-way ANOVA, SAS ver. 9.1 software
package [44].

Yijkl =utptttrtey

where:

Y,,,— phenotypic value of the trait;

1 —overall mean of analysed trait;

p,— effect of i sex (i = 1 — males, 2 — females);

t,—effect of /* type of muscle (j = 1 — musculus longissimus dorsi, 2 — musculus biceps

femoris);

r, —effect of k" time of storage (k = 1-45 minutes, 2-24 hours, 3-7 days);

e, — random error.

The effect of sex and muscle type on the chemical composition of the muscles (water,
crude protein and intramuscular fat), water to crude protein ratio, free water, WHC and
cooking loss was estimated by two-way ANOVA, SAS ver. 9.1 software package [44].

Yg/k::u tp TG Tey
where:

Y, — phenotypic value of the trait;

u —overall mean of analysed trait;

p,— effect of i sex (i = 1 — males, 2 — females);

t,— effect of /" type of muscle (j = 1 — musculus longissimus dorsi, 2 — musculus biceps
femoris),

e, — random error.
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The effect of sex and storage time on the drip loss (24 hours and 7 days) was estimated
by two-way ANOVA, SAS ver. 9.1 software package [44].

Yy=u+tptr.tey

where:

Y., — phenotypic value of the trait;

u —overall mean of analysed trait;

p, — effect of i sex (i = 1 — males, 2 — females);

r, — effect of k" time of storage (k = 1-24 hours, 2-7 days);

e;; — random error.

The significance of differences between pairs of means was verified by the LSD (Least
Significant Difference) test, SAS [44].

Results and discussion

The pH of meat is one of the most important factors determining its quality. According
to Maj et al. [30], the pH of high quality rabbit meat measured 45 minutes post-slaughter
ranges from 6.1 to 6.8, while the pH after 24 hours (the ultimate pH) should be within a
range of 5.4-5.8. In the present study the pH of the rabbit meat changed with the storage
time (P<0.01) (Table 1). The pH,s,;, was between 6.38 and 6.46. Similar pH values 45
minutes post-slaughter were obtained by Bieniek et al. [6] for Burgundy Fawn (6.45) and
New Zealand White (6.85) rabbits, and by Dal Bosco et al. [10] for hybrid rabbits (6.41-
-6.85). A lower pH,;,;, was reported by Labecka [26] for New Zealand White (6.35), Vien-
na Blue (6.05) and Danish White (6.16). Maj et al. [30] reported higher pH,s,,;, (6.74-6.87)
for the Castorex breed. The pH,,, value in our study ranged from 5.83 to 5.91, and was
lower than the pH,s,,;, by 0.54 units (P<0.01). A similar pH,,, was observed by Bianchi et
al. [5] for hybrid rabbits and by Maj et al. [30] for the Castorex breed (5.87-5.92 and 5.82-
5.89, respectively). Bieniek et al. [6] found a lower meat pH,,, in the New Zealand White
(5.55) and Burgundy Fawn (5.45) breeds, while Bianchi et al. [4] and Dal Bosco et al. [10]
noted a higher pH,,, for hybrid rabbits (6.12-6.24 and 5.99-6.35, respectively). In a study
by Dal Bosco et al. [10], the drop in pH between the period immediately after slaughter
and the 24th hour post-slaughter was lower than in the present study, at 0.46 units for m.
longissimus, and 0.43 units for m. biceps femoris. A greater decrease between pH,s,,,, and
pH,,, was reported by Bieniek et al. [6] (1.27 pH units for New Zealand White, 1.00 for
Burgundy White and 1.15 for crossbreeds), by Chwastowska-Siwiecka et al. [9] (0.82 units
for Californian rabbits and 1.16 for New Zealand White) and by Kowalska [21] (0.87 units
for New Zealand White). In our research the pH after 7 days of storage ranged from 5.84
to 5.94, and was 0.53 units lower than pH,;,,,. Nakyinsige et al. [36] reported a smaller pH
drop between pH,,; and pH,,,, at a level of 0.15 units (no stunning) or 0.17 units (gas stun-
ning). To conclude, in this study a significant decrease in pH was found between pH,s,;,
and pH,,, and between pH,s,;, and pH,,, . (P<0.01), while there were no differences be-
tween pH,,, and pH,, . (P>0.05). These results can be explained by the completion of the
glycolysis process by the 24th hour post-slaughter, resulting in the pH stabilization. The
results of the study indicate that there was no influence of sex on the quality of rabbit meat
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(P>0.05), similarly to the conclusions reported by Maj et al. [29] on the pH,;,,, and pH,,,
of the meat of rabbits aged 12-32 weeks. On the other hand, Yalgin et al. [46] reported a
significant effect of sex (P<0.05) on the pH of the m. longissimus of New Zealand White
rabbits, but no differences between males and females in the case of the m. biceps femoris
pH (P>0.05). The acidity of the French Lop meat did not differ between muscles (P>0.05),
which is consistent with research on meat from other rabbit breeds conducted by Barron
et al. [3], Preziuso et al. [42] and Daszkiewicz et al. [12]. Maj et al. [29] also reported a
very similar pH range for the m. longissimus dorsi and m. biceps femoris measured both 45
minutes (6.73-6.82 and 5.55-5.93) and 24 hours (6.61-6.83 and 5.83-6.03) post-slaughter
for rabbits of different ages. Yalgin et al. [46] showed a significantly higher pH,,, for the
m. biceps femoris in comparison with the m. longissimus (by 0.44 units) and linked it to
differences in the structure of the two muscles and in the course of post-mortem biochemi-
cal changes.

An appropriate and acceptable colour of meat has a significant influence on the consu-
mer’s willingness to purchase the product. The impact of storage time was very clear for all
the analysed colour parameters. A decrease in meat lightness between 45 minutes and 24
hours post-slaughter (about 1.41 units for b. femoris and 1.59 units for longissimus dorsi,
P<0.01) was observed only for females (Table 2). A decrease in L* between 45 minutes
and 7 days post-slaughter was reported for both muscles (by 2.31 units for m. longissimus
dorsi and from 0.99 to 1.91 for m. biceps femoris) and was not affected by sex. The gre-
atest differences (P<0.01) in the gradual decrease in L* were noted between 45 minutes
and 7 days post-slaughter. In the case of the chromatic colour components, a* and b*, the
greatest changes were observed for m. longissimus dorsi. An increase in redness was obse-
rved between 24 hours and 7 days post-slaughter (by 1.99 for males and 2.97 for females;
P<0.01). For m. biceps femoris, the reverse trend with respect to m. longissimus dorsi
was noted for a*, which decreased by 0.90-0.95 (P<0.01) between 24 hours and 7 days
of storage. The final difference between a*,;,, and a*,,, - was within a range of 0.74-1.89
(P<0.01). The significant changes in a* can be explained by the different microstructure
of the muscles [27]. The direction of the changes in yellowness depended on the type of
muscle, and as in the case of a*, it decreased with storage time in m. biceps femoris and
increased in m. longissimus dorsi. The change in b* was greatest between 24 hours and 7
days of storage and between 45 minutes and 7 days of storage.

The b* value of m. longissimus dorsi increased between 24 hours and 7 days by 1.81-
3.56 units (P<0.01). The total change in b* (between 45 minutes and 7 days of storage)
was between 8.58 and 9.41 (P<0.01). In the case of m. biceps femoris the total change in
the b* value was 6.31-7.23 (P<0.01). To conclude, the direction and rapidity of the colour
changes depended on the colour parameter analysed. During the 7 days of storage the meat
became lighter. The redness and yellowness increased in the case of m. longissimus dorsi
and decreased in m. biceps femoris. Chwastowska-Siwiecka et al. [9] reported an increase
in L* and a* by 2.21 and 0.38 and a decrease in b* by 0.45 for vacuum-packed rabbit leg
stored for 10 days. Bienick et al. [6] analysed the quality of the m. longissimus of three
rabbit breeds 45 minutes and 24 hours post-slaughter. The colour brightness decreased 24
hours post-slaughter (by 2.67 for New Zealand White, by 1.11 for Burgundy White and by
2.14 for crossbreeds), while redness increased rapidly (by 4.49 for New Zealand White,
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by 4.35 for Burgundy White and by 7.02 for crossbreeds). The yellowness value shifted
from negative to positive, representing the greatest change. The direction of colour chan-
ges described in the research cited was similar to the results of the present study for the m.
longissimus of French Lop. Nakyinsige et al. [36] showed colour changes of an entirely
different nature for the m. longissimus of New Zealand White, i.e. a decrease in all colour
parameters (L*, a*, b*) between the 1st and the 7th day post-slaughter.

There was no effect of sex (P>0.05) on the colour parameters analysed in the present
study, similarly to the results reported by Carrilho et al. [7] on the quality of the m. lon-
gissimus of hybrid rabbits analysed 48 hours post-slaughter. Maj et al. [29] also found no
differences in the colour parameters of m. longissimus and m. biceps femoris between male
and female New Zealand Whites. In contrast, in research including different rabbit breeds
(New Zealand White, Californian and Flemish Giant), Maj et al. [31] showed an impact
of sex on the a* value of m. biceps femoris. Redness was higher in males than in females
— by 0.57 units (P<0.05) 45 minutes post-slaughter and by 0.73 units (P<0.01) 24 hours
post-slaughter.

Research has shown that the type of muscle affects the colour parameters of the meat,
due to different muscle structure [17, 25]. In the present study the type of muscle affected
the a* and b* values of the rabbit meat, but did not influence its lightness (P>0.05). Mu-
sculus biceps femoris had a higher value of a*,;;, and a*,,, as compared to m. longissimus
dorsi, both in males (a*, . 3.53 higher; a*,,; 0.59 higher; P<0.01) and in females (a*;;,
3.38 higher; a*,,, 0.49 higher; P<0.01). For both males and females the m. biceps femoris
was characterised by significantly (P<0.01) higher b* ;.. (by 2.04 and 0.29) and b*,,, (by
1.47 and 2.28) as compared to m. longissimus dorsi. After 7 days of storage the b* value of
the m. longissimus dorsi increased significantly and was significantly (P<0.01) higher than
the b* value for m. biceps femoris, by 1.35 for males and by 3.10 for females. Daszkiewicz
et al. [12] and Dalle Zotte et al. [11] showed a significant impact of muscle type on the
colour of rabbit meat measured 24 hours post-slaughter. According to these authors the m.
longissimus was lighter than the leg muscles (59.8 vs. 57.2 and 54.8-56.8 vs. 61.4-62.0,
respectively) and less red (1.9 vs. 6.0 and 2.8-3.5 vs. 6.5-7.6, respectively). The colour
changes reported by Maj et al. [31] in m. longissimus and m. biceps femoris were oppo-
site to those observed in the present study. In all the analysed breed groups they found an
increase in L* and a decrease in a* and b* in the m. longissimus between 45 minutes and
24 hours post-slaughter. In the case of m. biceps femoris all colour parameters increased
during this period.

The drip loss (Table 3) measured 24 hours post-slaughter in the m. longissimus dorsi of
the French Lop rabbits ranged from 1.31% to 1.49% and was similar to the drip obtained
by Apata et al. [1] for different rabbit breeds (0.80-2.47%). Bianchi et al. [4] and Chwa-
stowska-Siwiecka et al. [8] showed a lower drip loss for hybrid rabbits (1.11-1.17%), Ca-
lifornian rabbits (0.74%) and the New Zealand White breed (0.91%). Higher drip loss for
hybrid rabbits was also reported by Dal Bosco et al. [10] (1.69-2.34%) and Marounek et
al. [33] (3.76-4.56%). In the present research the meat stored for 7 days had a greater drip
loss (by 2.03-2.08 pp.; P<0.01) than the meat stored for 24 hours. Nakyinsige et al. [36] re-
ported a lower drip loss of rabbit meat measured 7 days post-slaughter in research on New
Zealand White rabbits (not stunned: 1.50%, stunned: 1.44%). In the present research no
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effect of sex was found on the level of drip loss (P>0.05), similarly to the results of a study
conducted by Murshed et al. [35], who analysed the meat quality of male and female rab-
bits of a breed indigenous for Bangladesh and reported a high drip loss of 2.74-2.78%.

The amount of free water noted for the French Lop is similar to the value reported by
Apata et al. [1] (50.20-62.37%). Dal Bosco et al. [10] showed a higher level of free water
for hybrid rabbits, amounting to 62.92-66.70%. In the present study the level of free water
in the m. biceps femoris was 4.45 pp. lower than in the m. longissimus dorsi (P<0.01).
There were no differences in the level of free water between males and females (P>0.05),
which is in agreement with the results of research conducted by Carrilho et al. [7] on hy-
brid rabbits.

The water holding capacity of the meat (WHC) expressed as cm? was similar to the
results reported by Daszkiewicz et al. [12] for New Zealand White (6.97-7.45 cm?). Higher
WHC values were reported by Labecka [26] for New Zealand White (12.18 cm?), Vienna
Blue (12.09 ¢cm?), and Danish White (11.44 ¢m?). In contrast, Maj et al. [32] observed a
wide range of WHC for Castorex rabbits, from 8.75 to 13.09 cm?. However, the sample
preparation methodology used by Maj et al. [32] differed from that used in the present
study. In our research the type of muscle had a significant effect on drip area. The muscu-
lus biceps femoris had a larger drip area in comparison with the m. longissimus dorsi (by
14.9%; P<0.01), showing a lower capacity to retain internal moisture. Moreover, the WHC
(cm?) was affected by sex, with meat from males having a larger drip area (by 9-12%;
P<0.05) than that of females.

The cooking loss of meat from the French Lop ranged from 20.07% to 23.16%. Chwa-
stowska-Siwiecka et al. [8] showed a similar level of cooking loss for the meat of Cali-
fornian rabbits (19.37%) and New Zealand White (23.54%). A lower value for this trait
(11.20-12.10%) was reported by Bianchi et al. [5] for hybrid rabbits. Rybarczyk et al. [43]
reported cooking loss of 23.82-25.44% for wild rabbits, while Apata et al. [1], Dal Bosco
et al. [10] and Nakyinsige et al. [36] obtained a higher cooking loss, ranging from 28.93%
to 36.81% for hybrids and New Zealand White. In the present research no effect of sex
(P>0.05) was found on cooking loss. Similarly, Yal¢in et al. [46] found no difference in
the cooking loss of meat from male and female New Zealand White rabbits (P>0.05), but
reported a very high mean value of 38.73%. High cooking loss (27.69-28.22%) was also
reported by Murshed et al. [35] following analysis of meat from a rabbit breed indigenous
to South Asia.

The differences found between the literature and the present results for water holding ca-
pacity of rabbit meat are linked to the direction and rate of the biochemical changes taking
place in the post-mortem muscle. These biochemical processes are strongly influenced by
a variety of other factors, especially those connected with the pre-slaughter treatment of
animals. Trocino et al. [45] reported that high pH of meat caused an increase in water hol-
ding capacity. Moreover, the available literature indicates that the slaughter method has a
significant influence (P<0.05) on the capacity of meat to retain internal moisture [1, 36].

The content of water and intramuscular fat in the meat from French Lop rabbits (Table
4) was in agreement with results obtained by Apata et al. [1] (67.48% and 2.65%, respec-
tively). A higher value for intramuscular fat in the m. longissimus dorsi (1.78-2.28%) and
m. bices femoris (3.02-4.28%) was reported by Kowalska and Piechocka [23]. Kowalska
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[22] obtained crude protein content (21.8-22.2%) similar to our results and higher values
for intramuscular fat content (1.87-1.98%) in New Zealand White rabbits. In the present
study sex did not affect the chemical composition of the rabbit meat, similarly to the re-
sults reported by Murshed et al. [35]. Zajac [47] and Maj et al. [32] showed a significant
effect of sex (P<0.05) on intramuscular fat and crude protein content. Gasperlin et al. [15]
reported a significant difference (P<0.05) between males and females in intramuscular fat
content, amounting to 0.6 pp. According to Daszkiewicz et al. [12] there was a significant
difference in fat (P<0.05) and crude protein (P<0.01) content and in the water/crude prote-
in ratio (P<0.01) between the m. longissimus and the leg muscle. In contrast, in our study
the chemical composition of the muscles analysed was similar (P>0.05).

To conclude, the study on the quality of meat of 90-day-old French Lop rabbits showed
no effect of sex or muscle type (P>0.05) on the pH of the meat. However, there was a signi-
ficant decrease in pH after 7 days of cold storage at +2 °C (P<0.01). Colour space parame-
ters were not affected by sex (P>0.05). An influence of the type of muscle on the chromatic
components of colour (P<0.01) was noted. The L* value decreased (P<0.01) between 45
minutes and 7 days post-slaughter in females and between 24 h and 7 days in both sexes.
The results of the colour analysis showed significant changes in redness (a*) and yellow-
ness (b*) depending on the type of muscle and the time after slaughter (P<0.01). There was
no effect of muscle type or sex on drip loss (P>0.05). The results indicate that drip loss
increased after 7 days of storage (P<0.01). The musculus biceps femoris had lower content
of free water (P<0.01) than the m. longissimus dorsi. No difference was revealed in the
free water content between males and females (P>0.05). The musculus biceps femoris had
a larger drip area in comparison with the m. longissimus dorsi (by 14.9%; P<0.01), indica-
ting a lower water holding capacity. Moreover, the area of WHC (cm?) was an influenced
by sex (P<0.05). The results obtained showed no effect of muscle type or sex (P>0.05) on
the cooking loss of the rabbit meat. The chemical composition of the French Lop rabbits
was also not found to be influenced by muscle type or sex (P>0.05).
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