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Abstract

Increased interest in the production of rabbit meat justifies the need to assess and improve the wel-
fare of these animals not only during the production cycle but also at slaughter. Therefore, the aim
of this study was to assess the effects of different stunning methods on the level of blood biochemi-
cal parameters (stress indicators), and meat quality of slaughter rabbits. Rabbits of the Hycole
line (n = 60) were subjected to the following stunning methods: mechanical with a non-penetrating
captive bolt (group I; n = 20), mechanical by hitting a narrow rod on the head (group II; n = 20),
and electrical stunning (n = 20). In the stunning groups there were no differences found in the
blood level of insulin, cortisol, glucose, total cholesterol, triglycerides, non-esterified fatty acids,
and protein content (P>0.05). The stunning method did not affect the pH of rabbit meat (P=0.768),
but significantly influenced the L* and b* colour parameters. The muscles of longissimus thoracis
et lumborum, from the group of rabbits mechanically stunned by hitting a narrow rod on the head,
were the darkest (L * = 58.4), with the lowest yellowness values (b* = 4.04). The meat of electri-
cally stunned rabbits was characterised by higher drip loss (P<0.001), lower plasticity (P=0.043),
and higher free water content (P=0.043). From the analysed texture measures, only the Warner
Bratzler Shear Energy values of the cooked meat were affected by the stunning method. These
values were higher in the meat of the mechanically stunned groups compared to the electrically
stunned rabbits (P=0.042). The percentage of dry matter, crude protein, extractable fat and water
to protein ratio, were affected only by the muscle type (P<0.001). To conclude, the rabbit meat was
characterised by good quality, with only slight differences between the groups. No differences were
found in the stress reaction of rabbits subjected to the examined stunning methods.
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In recent years, there has been a growing interest in rabbit meat production and
consumption, with an appreciation of the dietary and health benefits (Kowalska et
al., 2012). Today’s consumers focus not only on the quantity or nutritional value
of food, but also on the way it is obtained. Nowadays, animal production in West-
ern Europe is subject to consumer criticism concerning appropriate levels of animal
welfare on the farm during the pre-slaughter and slaughter phases of the production
chain (Apata et al., 2012; Cullere and Dalle Zotte, 2018). The product is perceived
to reflect the quality of animal welfare. For many consumers, decreased welfare is
linked to poor product quality (Broom, 2010). Stunning is an essential slaughtering
procedure ensuring insensibility as quickly and painlessly as possible (Joseph et al.,
2013). There are various stunning methods, including electrical, mechanical, and gas
stunning (Apata et al., 2012; Skladanowska-Baryza and Stanisz, 2019). In the Euro-
pean Union, the most popular method of stunning rabbits is electrical stunning, with
49 V and 250 Hz the most frequently used. Rabbits receive a 2-second electroshock to
the frontal sinus (Fossa temporalis), with a “V” shaped metal electrode (Lopez et al.,
2008). Another method is mechanical stunning which entails the use of either a captive
bolt, hammer, or a narrow rod. Captive bolt stunning may be penetrative or non-pene-
trative. This method is based on an immediate and rapid disruption of brain function.
The person who performs the mechanical stunning must be adequately trained to be
able to monitor the signs of the stunning’s effectiveness (Devine et al., 2004). Another
method is gas stunning using a properly balanced gas mixture. This mixture is made up
of different proportions of oxygen, CO,, nitrogen, and argon, in a single-phase or two-
phase sequence (Apata et al., 2012). Stunning animals before slaughter is a mandatory
procedure in the European Union, USA, United Kingdom, Australia, New Zealand,
South Africa, Brazil, and East Asian countries (Aghwan and Regenstein, 2019).

Currently, the main objectives in the production of rabbit fryers (rabbits slaugh-
tered for meat) are the improvement of: fattening traits (daily weight gain, feed con-
version ratio), slaughter traits (meatiness, dressing percentage), and meat quality
(high utility for chilled storage). The rabbit industry offers a wide variety of synthetic
lines characterised by very good production traits. The research hypothesis is that the
stunning method used for rabbit slaughter has an impact on rabbit welfare (revealed
in the form of a stress reaction), and then on the quality of rabbit meat (due to the fact
that stress affects the course of biochemical changes in the muscle post-mortem).
The aim of the present study was to assess the effect of three different stunning
methods on blood biochemical parameters of stunned rabbits and to also assess the
effect on the quality of rabbit meat. The mentioned research goal was undertaken
because of the need to improve the welfare of rabbits during the whole production
cycle, including slaughter.

Material and methods
Animals

The study was conducted on a group of 60 Hycole rabbits. The rabbits were
raised in the same rabbitry. They were weaned at the age of 42 days, after which
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they were all fed the same diet. All rabbits in the experiment were slaughtered at
the age of 86 days. During the fattening period, the rabbits were fed with granulated
commercial feed containing: 16.0% crude protein, 14.0% crude fibre and 10.4 MJ
of metabolisable energy, with unlimited access to water. Animals were deprived of
food 24 h prior to slaughter but had unlimited access to water. Prior to slaughter, the
animals were weighed and divided into three separate groups, according to stunning
method: mechanical, using a non-penetrating captive bolt (group I; n = 20), mechani-
cal, by hitting the head with a narrow rod (group II; n = 20), and electrical stunning,
using a current of 49V for 15 sec (n = 20). The stunning was immediately followed
by the cutting of the jugular veins (Council Regulation (CE) No 1099/2009; Council
of the European Union, 2009). The animals were hung by the hind limbs in order to
allow bleeding out. The carcasses were weighed directly after the dressing-out (hot
carcass weight, kg). Twenty-four hours post-mortem the carcasses were reweighed
(cold carcass weight, kg). The hot and cold carcass weight was used to calculate the
hot and cold dressing percentage. The right and left musculus longissimus thoracis
et lumborum (LTL) and musculus biceps femoris (BF) of the carcasses were cut out
in order to examine the rabbit meat quality. During the analysis, the muscles were
kept at + 2°C. The dressing percentage was calculated as a relation of the cold carcass
weight to the pre-slaughter body weight.

Blood stress biomarkers

The level of rabbit response to stress caused by different stunning methods was
evaluated using the baseline serum levels of cortisol, insulin, glucose, total choles-
terol, triglycerides, non-esterified fatty acids (NEFA), and protein. After slaughter,
the blood from each hanging animal’s jugular vein was drained into a plastic test-
tube. The blood samples were left to clot for 30 min and were then centrifuged at
3500 g for 15 min at 4°C, then the separated serum was transferred to new tubes
and stored at —20°C for further processing. The metabolic profile was defined us-
ing commercially available enzymatic colorimetric diagnostic tests according to the
manufacturer’s instructions. Triglycerides (cat. no. T7531), total cholesterol (cat. no.
C7509), glucose (cat. no. G7519), and crude protein (cat. no. T7528) levels were
determined using Pointe Scientific reagent kits (Pointe Scientific Polska Sp. z o0.0.,
Warsaw, Poland). The concentration of NEFA was measured using a NEFA determi-
nation kit (HR Series NEFA-HR2, Wako Diagnostics, Richmond, VA, USA). The
optical density of the samples was determined using a Synergy 2 (BioTek, Win-
ooski, VT, USA) microplate reader. The serum hormonal profile was determined
using radioimmunoassay (RIA) kits. All procedures were performed following the
manufacturer's instructions. Cortisol was assayed using the CortisolRIA kit (cat. no.
IM1841, Beckman Coulter, Prague, Czech Republic). Insulin was determined using
the Insulin RIA kit (cat. No. HI-14K. Merck Millipore, Burlington, VT, USA). The
radioactivity of the samples was measured by a Wallac Wizard 1470 Gamma Coun-
ter (Perkin Elmer, Waltham, MA, USA).
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Meat quality parameters

pH and colour measurements

A calibrated combination glass calomel electrode Lo 406-M6-DXK-S7/25) con-
nected to a portable pH-meter (Mettler Toledo, type 1140) was inserted into LTL
and BF muscles to measure the pH 45 min (pH,, . ), 24 h (pH,,,), and 48 h (pH,,,)
post-mortem. The first colour measures were recorded 45 min post-mortem on the
muscle surface. The colour was measured using a portable spectrophotometer CM
700d (Konica Minolta, Amsterdam, Netherlands and lluminant D65, 10° observer
with an 8 mm diameter aperture size). The CIE system was used to measure the light-
ness (L*), redness (a*), and yellowness (b*) (CIE, 1978). The colour measurements
were repeated 24 and 48 h post-mortem, after storage of the muscle samples at +2°C.

Water holding capacity and water fractions

The total water, free water, percentage of free water in total water, and plasticity
were measured in LTL and BF. The drip loss and cooking loss were measured only in
the LTL. All the aforementioned measures were done 24 h post-mortem.

The drip loss (%) was measured according to the method of Honikel (1998).
Three cm thick, transverse slices of the analysed muscles (25-30 g) were weighed,
hung on hooks, and placed in a container to reduce evaporation (+2°C). The samples
were reweighed 24 h later to calculate the change in the weight.

The free water (%) was measured using the filter paper press method of Grau
and Hamm (1953) with modifications of Pohja and Niinivaara (1957). Samples
(0.280-0.320 g) of ground meat were placed on a filter paper between two glass
tiles. A force of 2 kg was applied on each sample for 5 min. The samples were then
removed from the filter paper and immediately reweighed to calculate the change in
the weight. The calculations were made using the following formula:

Free water (%) = (sample of ground meat — sample of meat after 5 min of 2 kg
pressure) x 100/sample of ground meat

Meat plasticity (cm?) was expressed as the area of the compressed meat sample
used for the measurement of free water, according to the method of Grau and Hamm
(1953). The calculations were made using the following formula:

Meat plasticity (cm?) = (area (cm?) sample of meat after 5 min of 2 kg pressure/

meat sample (g) * 0.300

The cooking loss (%) was measured according to the method of Honikel (1998).
The 3 cm thick, transverse slices of the analysed muscles (25-30 g) were firmly
packed into thin polyethylene bags which were then placed in a water bath at 90°C
(for about 30 min) until reaching the core temperature of 75°C (measured with
the thermocouples). Finally, the samples were cooled to room temperature and re-
weighed after removing the excess moisture with a paper towel. The change in the
weight of the sample was calculated (%).

Texture analyses

The texture assessment included the measurement of forces and energy used to
cut through the sample, and the forces used to bite through the sample. The cut-
ting forces and cutting energy measures were made by the Warner-Bratzler V-shaped
blade attached to the TA.XT Plus Texture Analyser (Stable 136 Micro Systems, UK
test speed 2 mm/s; distance 20 mm; force 20 g). Prior to analysis, the muscle samples
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were placed at room temperature. Then, 4 cores (1.6 cm diameter) parallel to the
muscle fibers were removed from each sample by using a hand-held coring device
(cork borer). The Warner-Bratzler measurements included: the force used at the on-
set of cutting (WB-O; N), the peak force (WB-P; N), and the area under the curve
referred to as the shear energy (WB-E; N/mm). The measurement of biting was done
on the cooked samples with Volodkevich Bite Jaws (test speed 2 mm/s; strain 100%;
force 5 g). The measurement was done 48 h post-mortem. The meat samples were
obtained from the muscle parts used for the measurement of cooking loss, and these
samples were subjected to chilled storage for 24 h at 2°C in plastic bags. Prior to
analysis, the muscle parts were placed at room temperature. The Twin Blade Sample
Preparation Tool was used to cut 10 mm x 10 mm size stripes laterally to the muscle
fibers (4 stripes per muscle). The following 2 measurements were taken: the initial
biting force (V-O; N) and the peak force (V-P; N).

Chemical composition

An analysis of the chemical composition (AOAC, 2007) was made 24 h post-
mortem and included: the determination of dry matter content (the samples were
dried at 105°C to a consistent weight), the determination of the crude protein content
with the Kjeldahl procedure (K-424 Buchi digestion unit; BiichiLabortechnik AG,
Flawil, Switzerland; Schott TitroLine, SCHOTT, Mainz, Germany), and the determi-
nation of extractable fat content by Soxhlet extraction with diethyl ether (MLL 147,
AJL Electronics, Poland). The determination of dry matter content allowed for the
calculation of the percent of total water.

Statistical analyses

The effect of the stunning method on the hot carcass dressing percentage, cold
carcass dressing percentage, hot and cold carcass weight, cortisol, glucose, choles-
terol, triglycerides, NEFA, protein, drip loss, cooking loss, WB-O, WB-P, WB-E,
V-0, and V-P were calculated with the model given below:

T=utate,

where:
u — the overall mean of the analysed trait,
a, — the fixed effect of the i stunning method (i = 1, 2, 3),
e, the random error.

The effect of the stunning method, muscle type, and time post-mortem on the pH
(pH,,.,» PH,,, and pH, ) and muscle colour: L* (L*, . L* —-and L* ), a* (a*, .
E*i . and a* ), and b* (b* * 4 and b* ), was calculated with the model given

elow:

45min’ b 48h

Yik]m: pt U’i+ T[k+ Yk(])+ Bk(])(m) + Cikim

where:
u — the overall mean of the analysed trait,
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a, — the fixed effect of the i® stunning method (i = 1, 2, 3),

m,— the random effect of the k" animal (k= 1, 2, 3, ... 60),

Ve~ the random effects of the 1 muscle (1= 1, 2) nested in the k™ animal,

By — the effect of the m™ time post-mortem (m = 1, 2, 3) as the repeated meas-
ures nested in the 1" muscle nested in the k™ animal,

e,,, — the random error connected with iklm™ observation.

The effect of the stunning method and muscle type on the total water, free water,
plasticity, dry matter, crude protein, extractable fat, and water/crude protein ratio was
calculated with the model given below:

yikl: u + ai+ n-k+ yk(1)+ eikl

where:
u — the overall mean of the analysed trait,
a,— the fixed effect of the i stunning method (i = 1, 2, 3),
m,— the random effect of the k" animal (k= 1, 2, 3, ... 60),
Ve~ the random effects of the 1" muscle nested in the k™ animal,
e,, — the random error connected with the ikl™ observation.

There was no interaction between the analysed effects, therefore they were not
included in the model. All the statistical analyses were made with SAS (2012). Tuk-
ey-Kramer adjustment was implemented for multiple comparisons of LS-mean dif-
ferences.

Results

Slaughter traits of rabbits randomly selected to three groups are presented in Ta-
ble 1. The analysed groups did not differ in terms of slaughter traits (P>0.05). Table 2
presents the blood levels of the analysed stress biomarkers of rabbits. The type of
stunning method did not affect the concentration of insulin, cortisol, glucose, total
cholesterol, triglycerides, NEFA, and crude protein content (P>0.05). The pH of two
analysed muscles (LTL and BF) was measured 45 min, 24 h, and 48 h after slaughter
(Table 3). In the present study, the pH of rabbit meat was not influenced by the stun-
ning method (P=0.768). The general effect of muscle type on the pH values found in
our study, was not significant (Table 4; P=0.214), though the pH measured 45 min
post-mortem was significantly higher in the LTL compared to BF muscles (Table 3;
P<0.01). The greatest differences were found between pH ; and pH,, (P<0.01). The
pH of rabbit meat stabilised 24 h after slaughter, therefore, there was no difference
between pH,, and pH, (P>0.05). Among the analysed colour parameters the L*
(P=0.035) and b* (P=0.038) values were the most affected by the stunning method
(Table 4). The lowest meat brightness was noted 45 min post-mortem in the LTL
muscle in the group of rabbits mechanically stunned: with a non-penetrating cap-
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tive bolt and by hitting a narrow rod on the head. After 48 h post-mortem, the LTL
muscles from the group of rabbits mechanically stunned with non-penetrating cap-
tive bolt, were still the darkest. Both muscles from all the analysed rabbit groups
got significantly brighter with time post-mortem (P=0.001). The L* value did not
stabilise 24 h after slaughter, like the pH value. A significant increase of this param-
eter could be still observed 24 h and 48 h post-mortem. The meat of the group of
rabbits mechanically stunned with non-penetrating captive bolt, was characterised
by redder LTL muscle, according to the measures taken 45 min post-mortem, and
a significant drop of a* value between 45 min and 24 h post-mortem (P<0.05). The
general effects of the stunning methods, time post-mortem, and muscle type on the
a* value were not significant (Table 5). The b* colour parameter was affected by all
the analysed factors: the stunning methods (P=0.038), time post-mortem (P=0.045),
and the muscle type (P=0.028) (Table 5). In both muscles of all the stunning groups,
the yellowness gradually decreased 45 min to 48 h post-mortem (Table 4). After
48 h post-mortem, the lowest b* values were found in the LTL muscles of the group
of rabbits mechanically stunned by hitting a narrow rod on the head, and the LTL
muscle of the electrically stunned group. The most significant decrease of yellowness
was noted in the LTL muscle of the group of rabbits electrically stunned by hitting
a narrow rod on the head, between 45 min and 48 h post-mortem (P<0.05).

Table 1. Effect of the stunning method on carcass slaughter traits of rabbits (n=60)

van e el Fosr | g | Eet
Body weight at slaughter (g) 2778 2707 2849 2777 62 0.273
Hot carcass dressing percentage (%) 49.61 49.24 49.71 49.86 0.58 0.734
Cold carcass dressing percentage (%) 47.33  46.74 47.62 47.64 0.56  0.422
Hot carcass weight (g) 1381 1335 1418 1386 38 0.315
Cold carcass weight (g) 1317 1268 1358 1324 36 0.214

SEM: standard error of the mean.

Table 2. Effect of the stunning method on the blood levels of stress biomarkers in rabbits (n=60)

Ttem Mecha.nical Mechz.mical Electr'ical SEM Stunning

stunning I | stunning II stunning method
Insulin (pU/ml) 17.31 21.41 24.19 2.97 0.475
Cortisol (nmol/l) 19.18 19.76 18.32 1.57 0.812
Glucose (mg/dl) 128.1 134.5 131.2 4.9 0.212
Cholesterol (mg/dl) 86.5 89.3 83.8 2.8 0.394
Triglycerides (mg/dl) 78.4 79.5 79.4 1.42 0.941
NEFA (mmol/l) 0.48 0.46 0.49 0.03 0.793
Protein (g/dl) 6.71 6.89 6.75 0.12 0.896

SEM: standard error of the mean.
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Table 5. Effect of the stunning method, time post-mortem and muscle type on the pH value and colour
of rabbit meat (n=60)

Effect (P-value)

frait Stunning method Time post-mortem Muscle type
pH 0.768 0.001 0.214
L* value 0.035 0.002 0.504
a* value 0.628 0.459 0.632
b* value 0.038 0.045 0.028

Table 6. Effect of stunning method and muscle type on the water fractions and water holding capacity
of the rabbit meat

Mechanical stunning I

Mechanical stunning II | Electrical

stunning

Effect (P-value)

Trait | pr. long. | M. biceps | M. long. | M. biceps f| M. long. |M. biceps| SEM |Stunning| Muscle

lumborum| femoris | lumborum | emoris |lumborum| femoris method | type

Drip loss 1.66 Aa 143Ab - 223B - 0.08 0.001 -

(%)

Total 75.9 76.4 75.9 76.4 75.9 76.4 0.2 0.968 0.121

water (%)

Free 289a 29.9 ab 292 a 30.1 ab 32.1b 32.7b 0.7 0.043 0.018

water (%)

Cooking 23.9 - 24.5 - 22.6 - 0.9 0.273 -

loss (%)

Plasticity 4.15 a 4.39a 4.05 ac 4.12 ac 3.59b 376 bc 021 0.038 0.046

(cm?)

Means within the same row with different letters (A, B) are significantly different at P<0.01.
Means within the same row with different letters (a, b, c) are significantly different at P<0.05.
SEM: standard error of the mean.

Table 7. Effect of the stunning method on the texture measurements of rabbit meat (n=60)

‘ Mechanical stunning I [Mechanical stunning II| Electrical stunning (Plifz;flte)

Trait SEM —

Raw Cooked Raw Cooked Raw | Cooked Stunning
method
WB-O (N) 7.2 - 7.5 - 7.9 - 0.7 0.626
- 12.8 - 13.1 15.2 1.1 0.426
WB-P (N) 8.7 - 8.9 - 9.1 - 0.9 0.523
- 14.1 - 13.9 - 15.6 1.2 0.614
WB-E (N*mm) 3352 - 3312 - 3025 - 189 0.242
- 5428 a - 5552a - 4663 b 359 0.042
V-0 (N) - 18.7 - 18.4 - 214 1.3 0.218
V-P (N) - 18.8 - 18.5 - 21.4 1.3 0.219

WB-O — Warner Bratzler force at the onset of cutting; WB-P — Warner Bratzler peak force.
WB-P — Warner Bratzler shear energy; V-O — the force at the onset of biting; V-P — the biting peak force.
Means within the same row with different letters (a, b) are significantly different at P<0.05.
SEM: standard error of the mean.
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Table 8. Effect of stunning method and muscle type on the chemical composition of rabbit meat (n=60)

Mechanical stunning I|Mechanical stunning II| Electrical stunning Effect (P-value)

Trait | pf long. | M. biceps | M. long. | M. biceps | M. long. |M. biceps SEM Stunning| Muscle
lumborum| femoris | lumborum | femoris |lumborum| femoris method | type

DM (%) 24.10 23.59 24.09 23.58 24.10 23.60 0.16 0.876 0.001

CP (%) 2232a 2143b 2234a 21.52b  2229a 2143Db 0.12 0.943 0.001
EF (%) 0.69 A 1.02B 0.74 A 1.05B 0.76 A 1.10B 0.11 0989 0.001
W/CP 3.40 3.56 3.40 3.54 3.41 3.56 0.06 0953 0.001

DM - dry matter, CP — crude protein, EF — extractable fat, W/CP — water/crude protein ratio.
Means within the same row with different letters (A, B) are significantly different at P<0.01.
Means within the same row with different letters (a, b) are significantly different at P<0.05.
SEM: standard error of the mean.

The meat of the electrically stunned rabbits was characterised by higher drip loss
(P<0.001), lower plasticity (P=0.043), and higher free water content (P=0.043) com-
pared to the meat from the mechanically stunned animals (Table 6). Furthermore, the
group of rabbits mechanically stunned with non-penetrating captive bolt had a higher
(1.66%) drip loss compared to group II (1.43%). The percentage of free water and
the plasticity differed according to the muscle type, and were higher in BF muscles
compared to LTL muscles (P=0.018 and P=0.046). The total water loss and cooking
loss were similar for all the analysed stunning groups.

From the analysed texture methods only, the WB-E values of the cooked meat
were affected by the stunning method, and were higher in the meat of mechanically
stunned groups compared to the electrically stunned rabbits (P=0.042) (Table 7).

The chemical composition of rabbit meat is presented in Table 8. As expected,
the major factor determining the chemical composition of rabbit meat was the mus-
cle type. The dry matter and crude protein content was higher in LTL compared to
BF (P<0.001). The percentage of extractable fat and water/crude protein ratio was
higher in BF compared to LTL (P<0.001). No differences in the chemical composi-
tion (P>0.05) were found between different stunning methods (Table 8).

Discussion

It is hard to compare the meat performance results from different studies be-
cause each farm is a unique environment, even if the farms differ only in some de-
tails. Moreover, the slaughter traits are also dependent upon the genotypes of rabbits
(Metzger et al., 2006; Paci et al., 2012; Szendro et al., 2010; Tumova et al., 2014.
Farm animals are exposed to physical, psychological, and physiological stressors
throughout the production cycle (Fazio et al., 2015), but the pre-slaughter period
seems to be the most essential from the perspective of meat quality (Sktadanowska-
Baryza et al., 2018). In their study, Nakyinsige et al. (2014) assessed the effect of
gas stunning (GS) and halal slaughter (HS) on rabbit welfare and meat quality. They
found the level of blood glucose to be significantly higher in the GS group compared



720 J. Sktadanowska-Baryza et al.

to the HS group (P<0.05). According to Becerril-Herrera et al. (2009), the use of
CO, gas during stunning increases the anaerobic oxidative metabolism, which fur-
ther increases the level of blood glucose. It was reported by Nakyinsige et al. (2014)
that both stunning methods caused hypercalcemia, hyperglycemia, lactic academia,
leucocytosis, and increased activity of enzymes like lactate dehydrogenase, creatine
kinase and alanine transaminase. In our study, there was no effect of the stunning
method on the blood level of stress biomarkers. Our findings indicated that from the
perspective of rabbit welfare, all the analysed stunning methods were similar in re-
gards to stress biomarkers levels. In good quality rabbit meat, the pH (pH ultimate)
measured 24 hours after slaughter, should be in the 5.6 to 5.9 range. In medium
quality rabbit meat, the ultimate pH value is from 6.0 to 6.2, while a pH_ above 6.2
is an indicator of low quality rabbit meat (Scharner et al., 1974). According to Dalle
Zotte (2002), a pH level measured 24 hours after slaughter that is higher than 5.8,
indicates the correct course of glycolysis in the muscle tissue of rabbits. On the basis
of the available research results, it can be concluded that the pH values presented in
our study were optimal for rabbit meat, and indicated good quality. As in our study,
Nakyinsige et al. (2014) also found no statistical differences in the meat pH of rab-
bits slaughtered when using the gas stunning or halal slaughter methods. Dal Bosco
et al. (1997) found that the stunning method affected the early process of muscle
acidification directly post-mortem. They stated that the highest pH values were ob-
tained using low voltage current, which did not depend on the strength of the electric
current amps. Slight differences were noticed by Maria et al. (2001) concerning the
pH values of meat from animals stunned with the electrical method. In their research,
Maria et al. (2001) used different frequencies of electric current. The influence of the
stunning method on chicken meat was analysed by Papinaho and Fletcher (1996).
The results of their experiment showed that 12 min after slaughter, the pH was sig-
nificantly higher in the meat of animals electrically stunned, but the difference disap-
peared 6 hours post-mortem. They concluded that stunning effects are instantaneous,
and fade after slaughter. Lafuente and Lopez (2014) reported that the pH value of
rabbit meat (LTL and BF) measured 45 min post-mortem, was lower in the group of
electrically stunned animals compared to those mechanically stunned (P<0.01). In
contrast, no effect of the stunning method on the pH values of rabbit meat was found
in our study. Because the pH is considered as the major indicator of meat quality, our
observations allow us to conclude that all the analysed stunning methods can be used
when the goal is to obtain good quality rabbit meat. This optimal stress reaction was
similar for all the examined stunning methods.

Meat colour is the major characteristic affecting the consumer’s decision to pur-
chase the animal product (Risti¢ et al., 2017). Meat colour is affected by the muscle
biochemistry, including the post-mortem decrease of pH, oxygen consumption, and
metmyoglobin reduction (Mancini and Hunt, 2005; Park et al., 2005). The bright
colour of rabbit meat is a natural phenomenon, resulting from the reduced amount of
myoglobin (20 mg/100 g) in the muscle tissue (Arneth, 1998). In their findings, Na-
kyinsige et al. (2014) noted significantly greater lightness of rabbit meat in the group
of rabbits stunned with gas (L* value: 47.5) compared to those slaughtered using the
halal method (L* value: 45.6). According to the results presented by Nakyinsige et
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al. (2014), among the analysed colour parameters, only a* and b* of the rabbit meat
colour parameters were not influenced by the stunning method. On the other hand,
Dal Bosco et al. (1997) and Lafuente and Lopez (2004) reported that the effect of
the stunning method on colour chemical parameters was not significant (P>0.05).
Although there are discrepancies between the results of different studies, the effect
of the stunning method on the brightness and yellowness of rabbit meat found in our
study is an important observation. It suggests that the used stunning methods can
have an effect on the marketing of rabbit meat. This is because the appearance of the
meat is a deciding factor for the consumer.

Meat of high technological quality is characterised by low moisture loss dur-
ing storage (Kotozyn-Krajewska and Sikora, 2010). The marketing of rabbit meat
is mainly based on the sale of the whole carcass (vacuum packed or packed without
vacuum,; in one piece or in portions) on standard supermarket meat trays. It is im-
portant to note that the appearance of the carcass significantly affects the consumers’
willingness to purchase rabbit meat. This makes it difficult to determine the true ef-
fect of the stunning technique on the mentioned traits. Apata et al. (2012) reported
lower values of cooking loss, thermal shortening, and drip loss in the meat of rabbits
stunned with gas compared to animals electrically stunned (P<0.05). The research
results of Nakyinsige et al. (2014) show that the cooking loss was significantly lower
for meat of rabbits subjected to the halal slaughter compared to gas stunned ani-
mals (23.27% vs. 25.70% after 24 hours and 20.43% vs. 24.51% after 7 days). To
conclude, the rabbit meat production chain is very complex, with numerous factors
affecting the water fractions and water holding capacity of muscle tissue (Dal Bosco
et al., 1997; Eikelenboom, 1983). The results of the presented study clearly indicate
an effect of the stunning method on the capacity to hold water and hold the content
of water fractions. The greater drip loss and free water percentage observed in the
meat of electrically stunned animals compared to those mechanically stunned, may
negatively affect the purchase decisions of rabbit meat consumers because the effects
will become visible during storage of the packed carcasses.

The instrumental measurement of meat tenderness is most frequently done by
means of the Warner Bratzler (WB) method, which allows for the analyses of both
raw and thermally processed meat (Honikel, 1998). The Volodkevich Bite Jaws are
used to analyse tenderness of thermally processed meat (cooked or roasted), to imi-
tate the process of biting. In their study, Koziot et al. (2012) reported that thermal
treatment did not affect the shear force needed to cut through the samples of rabbit
meat. Dal Bosco et al. (2001) showed the influence of thermal treatment and the ad-
dition of vitamin E on the quality of commercial rabbit meat. In their experimental
group which did not receive vitamin E in the feed, the value of the shear force of
cooked meat was significantly lower than the shear force of the roasted meat (3.61
vs. 4.65 kg/cm?). The research conducted by other authors presents much higher
values of shear force compared to our study. The value of the cutting force for rabbit
meat was found to be 36 N/cm? by Pascual and Pla (2008). In their study, Gil et al.
(2006) found that the shear force value of rabbit meat ranged from 34.13 N/em? to
37.61 N/cm?. The differences in the measures of Warner Bratzler Shear Energy in
the three stunning groups of our study, may indicate that the consumer will notice
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differences in the texture of thermally processed meat. The electrically stunned rab-
bits’ LTL muscles were characterised by the lowest WB-E values, meaning that less
energy was needed to share throughout the sample compared to the mechanically
stunned groups.

According to Apata et al. (2012), the stunning method may affect the percentage
of some chemical components of rabbit meat, but no such results were obtained in
our research. As expected, the major factor determining the chemical composition of
rabbit meat analysed in the present research was the muscle type. Muscles types dif-
fer with their microstructure, and that influences the chemical composition (Stanley
and Swatland, 1976).

Conclusion

The results of this study showed that all three stunning methods are similar as
concerns the welfare of rabbits. This disapproves the stated research hypothesis
about the effect of the stunning method on the level of rabbit stress reaction. On the
other hand, our results revealed that the stunning method affected some of the physi-
ochemical traits of meat, including: the colour parameters (L* and b* value), drip
loss, free water content, plasticity, and the Warner Bratzler Shear Energy of cooked
meat. Since the results concerning the stunning methods and rabbit welfare were
found to be similar, it is hard to point which of the analysed methods is more ben-
eficial to the overall quality of rabbit meat. The effect of the stunning method on the
percentage of different water fractions, water holding capacity, and texture of cooked
meat could indicate that changes in the palatability of meat should also be expected.
Undoubtedly, there is a need to undertake further research regarding sensory quality
and usability of rabbit meat for chilled storage depending on the stunning method
used.
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