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Abstract

The aim of this study was to monitor physicochemical changes in the meat (thigh, back and 
shoulder) of hunted free-living rabbits and farmed rabbits during the process of post mortem aging. 
We monitored the concentration of lactic acid, the pH value and the amount of malondialdehyde 
as a secondary product of fat decomposition changes. The given parameters were measured over 
14 days of storage at a temperature of 4 °C. We found that the muscle of free-living rabbits 
contained more lactic acid than that of farmed rabbits and had a lower pH and a significantly 
higher amount of malondialdehyde during the monitored period. On the basis of these results, 
we can state that the method of obtaining rabbit meat influences its physicochemical quality 
indicators.
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Introduction

The quality of game meat is influenced by a relatively large number of factors. One of the 
most important factors influencing the resultant quality of the meat is the concentration of 
muscle glycogen at the time of slaughter. Its degradation results in the formation of lactic 
acid, whose quantity is influenced by various factors during the time before slaughter. 
The pH value is directly correlated with the amount of muscle glycogen at the time of 
death (Wiklund 2009). The meat of game maintains an acid reaction for a relatively 
longer time and ripening takes place more slowly than the meat of livestock animals. The 
ripening process in game requires storage for at least 7 days at a temperature of 3 – 4 °C. 
Such a period of storage, however, increases the occurrence of undesirable fat changes 
(Watanabe et al. 1998). Decomposition changes in fat are another factor reducing the 
quality and acceptability of game meat. Game meat, when compared with the meat of 
livestock animals, contains a relatively large amount of polyunsaturated fatty acids 
which undergo oxidation more quickly, so greater care must be devoted to its storage 
(Renerre 1999).

In view of the fact that farmed rabbits and free-living rabbits live in different conditions 
and their meat is obtained in different ways, our aim was to determine whether this fact has 
an effect on physicochemical indicators of meat quality such as pH, the concentration of 
lactic acid and fat oxidation changes.

Materials and Methods

Thirty-six rabbits (Oryctolagus cuniculus) were used for the purpose of the experiment. Totally 18 rabbits 
were hunted in the wild during driven hunting, the other 18 were farm-reared. The farmed rabbits were killed by 
bleeding following stunning. After evisceration, the rabbit carcasses were stored in their skin at 4 °C for 14 days. 
Samples of muscle tissue (thigh, shoulder and back) were taken and analysed within 24 hours, and then again on 
days 7 and 14 of the storage.

The pH value was obtained by potentiometric measurement (InoLab WTW 720 pH-meter) in an aqueous 
extract. The concentration of lactic acid was monitored by isotachophoretic analysis with the use of an EA102 
electrophoretic analyser (Villa Labeco, SR) with a conductivity detector according to Mačanga et al. (2011). 
A solution of 10 mM HCl, β-alanine and 0.1% mHEC was used as the leading electrolyte, and a solution of 
5 mM caproic acid and 5 mM tris(hydroxymethyl)aminomethane as the terminating electrolyte. The results of 
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electrophoretic analysis were assessed in the program ITPP pro 32. Fat decomposition changes were monitored 
by means of determination of the thiobarbituric acid number (TBA) spectrophotometrically in a Heλios γ 
v 4.6 UV-spectrophotometer (Thermospectronic, Great Britain) according to Marcinčák et al. (2006). The 
TBA was expressed as the quantity of malondialdehyde in the samples of muscle tissue. The results obtained 
were subjected to statistical analysis in the program Graph Pad Prism 3.0 with the use of a Student’s t-test and 
a one-way ANOVA test.

Results and Discussion

The results obtained in this study indicate that the course of the ripening process 
in the muscle tissue of rabbits is dependent, among other factors, on the method of 
rearing and the method in which it was obtained (hunting / slaughtering). Significant 
differences were observed in both the dynamic and the individual values of the 
concentration of lactic acid and in the pH values (Table 1). The concentration of lactic 
acid measured during the ripening process in the muscle tissue of hunted rabbits was 
higher throughout the monitored period than the values measured in the muscle tissue 
of farmed rabbits.

The degradation of muscle glycogen before killing / hunting had an effect on the quantity 
of lactic acid both at the beginning of the ripening process and during the further course 
of the process. As a consequence of driven hunting, the muscle tissue of hunted rabbits 
probably had higher energy demands than the muscle tissue of farmed rabbits. For this 
reason a larger quantity of glycogen was degraded before the death. The reserves of 
glycogen after hunting were probably low, for which reason the concentration of lactic 
acid during ripening in free-living rabbits only decreased. On the other hand, the muscle 
tissue of farmed rabbits may still have contained slightly larger amounts of glycogen, for 
which reason the concentration of lactic acid increased during the first days of storage and 
did not decrease until after the day 7.
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Table 1. Comparison of lactic acid concentrations and pH values in the muscle tissue of farmed rabbits (A) 
and hunted rabbits (B)

Parameter  Group Experiment day
monitored of rabbits Day 1 Day 7 Day 14

Thigh muscle
Lactic acid A 0.91 ± 0.15 a.b; 2 1.10 ± 0.20 a 0.78 ± 0.13 b

[g·100 g-1] B 1.56 ± 0.19 a; 1 1.22 ± 0.27 b 0.93 ± 0.11 b

pH A 6.69 ± 0.03 a; 1 6.23 ± 0.25 b; 1 6.53 ± 0.16 a.b

 B 5.80 ± 0.03 b; 2 5.81 ± 0.16 a.b; 2 5.97 ± 0.04 a

Back muscle
Lactic acid A 0.89 ± 0.17 b; 2 1.23 ± 0.17 a 0.83 ± 0.09 b

[g·100 g-1] B 1.69 ± 0.15 1 1.49 ± 0.14 1.26 ± 0.42
pH A 6.55 ± 0.38 1 6.04 ± 0.32 6.39 ± 0.10 1

 B 5.64 ± 0.07 b; 2 5.74 ± 0.11 a.b 5.82 ± 0.05 a; 2

Shoulder muscle
Lactic acid A 0.72 ± 0.15 b; 2 1.20 ± 0.17 a 0.74 ± 0.18 b

[g·100 g-1] B 1.23 ± 0.15 a; 1 1.23 ± 0.24 a 0.87 ± 0.18 b

pH A 6.79 ± 0.05 a; 1 6.35 ± 0.21 b; 1 6.58 ± 0.11 b

 B 5.89 ± 0.06 b; 2 6.05 ± 0.08 a; 2 6.19 ± 0.11 a 

Values in rows with different indications (a, b) and values in columns with different indications (1, 2) 
are statistically different (p < 0.05)



The driven hunting induces stress in wild game, while the placement of the shot is also 
a problematic issue. During this type of hunting, the animal is in motion which means 
the muscle has a higher energy demands. This causes increased degradation of muscle 
glycogen, and lactic acid accumulates in the muscle tissue leading to a decrease in its pH 
(Nagy et al. 2009). It is widely known that the amount of lactic acid influences the pH in 
the muscle tissue. As is shown in Table 1, the pH in the muscle tissue of farmed rabbits 
was higher during the course of ripening in comparison with the values measured in the 
muscle tissue of hunted rabbits. The amount of lactic acid in the muscles also influenced 
the dynamics of the pH values during storage. In farmed rabbits, the pH value in all the 
muscle tissues monitored during the first seven days decrease, after which an increase in 
the values of this indicator was subsequently recorded on the day 14. A different course of 
events was recorded in the muscle of free-living rabbits, in which only an increase in the 
pH was seen throughout the entire storage period.

The influence of hunting on the pH value in meat has also been considered in the work 
by Bateson and Bradshaw (1997). They point to the fact that the pH value in the muscle 
measured 24 hours after death was higher in hunted individuals. The pH values in the 
muscle of animals that were not hunted were lower after 24 hours as the reserves of 
glycogen had not been exhausted and could be converted into the lactic acid after death.

As can be seen in Table 2, the TBA number values measured in the individual 
muscle tissues of free-living hunted rabbits were statistically significantly higher in 
comparison with the values measured in the muscles of farmed rabbits from the first 
day until the end of the experiment. These significant differences may be caused by a 
number of factors at once. Firstly, there is the content of blood in the muscle. Bleeding is 
insufficient in hunted rabbits, and they have a higher proportion of blood (haemoglobin) 
in the muscle than rabbits killed by bleeding. Haemoglobin, as a source of iron of high 
molecular weight, may directly catalyse the oxidation of fats (Decker et al. 1993; 
Monahan et al. 1993). Alvarado et al. (2007) also consider the influence of residual 
haemoglobin on the oxidation of fats in the muscle.
Table 2. The TBA number values expressed as the quantity of malondialdehyde [mg·kg-1] in the muscle tissues 
of farmed rabbits (A) and hunted free-living rabbits (B)

Muscle
 Group Experiment day

 of rabbits Day 1 Day 7 Day 14

Thigh
 A 0.14 ± 0.01 b; 2 0.34 ± 0.07 a; 2 0.37 ± 0.07 a; 2

 B 0.34 ± 0.19 b; 1 0.54 ± 0.18 b; 1 1.84 ± 1.03 a; 1

Back
 A 0.15 ± 0.02 b; 2 0.29 ± 0.07 a; 2 0.32 ± 0.08 a; 2

 B 0.44 ± 0.13 c; 1 1.28 ± 0.26 b; 1 2.17 ± 0.59 a; 1

Shoulder
 A 0.23 ± 0.05 b; 1 0.50 ± 0.21 ab; 2 0.66 ± 0.16 a; 2

 B 0.51 ± 0.13 b; 2 1.41 ± 0.98 ab; 1 2.09 ± 1.07 a; 1

Values in rows with different indications (a, b, c) and values in columns with different indications (1, 2) 
are statistically different (p < 0.05)

Another possible reason for the more intense formation of fat decomposition products in 
the muscle of free-living rabbits is the presence of shot wounds and the shot. The hunted 
rabbits were shot largely in the shoulder area and, in a number of cases, in the back area. The 
presence of shot in the muscle tissue may have accelerated fat oxidation. The probability of 
microbial contamination and atmospheric oxygen having an influence on fat degradation 
was also higher in places where the integrity of the skin and muscles had been violated.

These results may also have been affected by the fat content in the rabbit muscle or its 
composition. The fat content is higher in the muscle of farmed rabbits, though the content 
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of polyunsaturated fatty acids which is, in contrast, higher in the muscle of free-living 
rabbits, must also be taken into consideration (Cavani et al. 2004). This factor may also 
have influenced the results obtained as these fatty acids undergo more rapid and more 
pronounced decomposition changes (Echarte et al. 2001).

Conclusions

We can state, on the basis of the results obtained, that the course of physicochemical 
indicators of the quality of rabbit meat also depends on the method of rearing and, therefore, 
on the method by which the meat was gained. From the viewpoint of storability and when 
taken into consideration the concentration of lactic acid and the pH value, which influence 
the development of microorganisms, it would seem to be better to obtain rabbit meat from 
free-living animals. On the other hand, from the viewpoint of the results relating to fat 
oxidation changes, the meat of farmed rabbits would seem to be more acceptable under our 
storage conditions.
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