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The aim of this study was to examine the influence of different types of heat treatment 
on the shear force and texture profile analysis (TPA) of rabbit meat. The research 
material was meat samples from 22 Blanc de Termonde rabbits. Two samples from the 
right loin (m. longissimus lumborum) were collected. The first sample was vacuum-
packed in a plastic bag and frozen for 72 h at –18 °C; after thawing the samples were 
immersed in a water bath and boiled for 40 min at 80 °C. The second sample was 
placed in a plastic frozen-storage bag and frozen for 72 h at –18 °C; after thawing the 
samples were roasted at 180 °C to an internal temperature of 78 °C. Shear force, hard-C to an internal temperature of 78 °C. Shear force, hard-°C. Shear force, hard-C. Shear force, hard-
ness, springiness, cohesiveness and chewiness were measured. Significant differences 
in hardness, cohesiveness and chewiness were found depending on the type of heat 
treatment. The hardness of the boiled meat was 32% higher than that of the roasted 
meat, cohesiveness 10% higher, and chewiness 39% higher than in the case of the 
roasted meat.
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Rabbit meat is a product of high quality in terms of dietary value and flavour. It 
has high content of easily assimilated protein and B vitamins, and low content of fat, 
cholesterol and sodium [10]. These properties make it a valuable culinary material, 
particularly recommended for children and individuals at risk of cardiovascular di-
sease [21]. Due to the varied forms of rabbit production in combination with breed 
diversity, rabbit meat as a final product is characterized by variation in quality [3, 7]. 

*The study was funded by a grant from the Ministry of Science and Higher Education for statutory activity 
(DS.3228).
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The most valuable cut of the rabbit carcass is considered to be the loin (m. longissimus 
lumborum), with a mean fat content of about 1.8 g/100 g of meat [8]. Among the many 
parameters of meat quality one of the most important is its texture, consisting of shear 
force, hardness, chewiness, cohesiveness and springiness [11, 15]. These parameters 
are measured and assessed by subjective methods, including sensory evaluation, and 
objective methods, which are based on instrumental techniques. An advantage of sen-
sory evaluation is that it is easy to perform and does not require specialized equip-
ment for defining meat texture. It main disadvantage is the lack of objectivity of the 
evaluation. Another potential problem is finding an adequate number of individuals 
with similar sensory sensitivity to carry out the evaluation. Furthermore, the question 
remains of comparison of results between different research groups. Measurement of 
texture using appropriate apparatus is a rapid and objective method of evaluation. 
The use of an automated measurement method makes it possible to compare results 
obtained in different laboratories, provided the research conditions are consistent with 
the methodology. A disadvantage of this method is the need for costly equipment for 
measuring texture (a texturometer), as well as the attachments and software needed to 
analyse meat texture parameters.  

The most common methods for preparing rabbit meat are boiling and roasting, and 
thus scientific papers deal with these types of heat treatment to prepare samples for in-
strumental analyses [1, 5, 6, 9, 11, 14, 17, 19]. The length and type of heat treatment are 
among the most important factors determining the texture properties of meat. It remains 
an open question whether the results of studies using different kinds of heat treatment 
can be compared.  

Hence the aim of the study was to investigate the effect of the type of heat treatment 
and the effect of sex on the shear force and texture profile analysis (TPA) of a fragment 
of the loin (m. longissimus lumborum) of rabbits. 

Material and methods

The research material consisted of meat samples collected from 22 Blanc de Ter-
monde rabbits (12 females and 10 males). Two samples were collected from each 
animal, one for roasting and one for boiling (44 samples in total). Rabbits to be we-
aned stayed with their mothers in standardized conditions: wooden hutches in a buil-
ding with water troughs, lighting (14L:10D), and forced ventilation. The rabbits were 
weaned from their mothers at 35 days of age and housed in a battery system. The 
rabbits were fed ad libitum on pelleted complete feed with min. 10.2 MJ metabolic 
energy, 16.5% crude protein and max. 14% crude fibre. Slaughter and post-slaughter 
treatment were carried out in the 12th week of life at a body weight of about 2.5 kg, 
according to the method described by Barabasz and Bieniek [2]. Prior to slaughter the 
rabbits were fasted for 24 hours. After slaughter the carcasses were chilled at 4°C for 
24 h.
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After this time two samples were collected from the right loin of each carcass (m. 
longissimus lumborum). The first sample was individually vacuum-packed in plastic 
foil for food packaging and freezing, frozen in a freezer for 72 h at –18°C, thawed at 
room temperature, and boiled in a water bath at 80°C for 40 minutes [4]. The second 
sample was individually packaged, frozen in a freezer for 72 h at −18°C, thawed at 
room temperature, wrapped in aluminium foil, and roasted at 180°C until reaching an 
internal temperature of 78°C [14].

Shear force was measured using a TA.XTplus texturometer (Stable Micro Sys-
tems) fitted with a Warner-Bratzler shear blade with a triangular hole. The shear 
force (kg/cm2) of 10x10 mm samples was measured at a blade speed of 2 mm/s (mean 
from 3 measurements), perpendicular to the muscle fibres, until the sample was cut 
through.

Texture profile analysis was performed using the same device fitted with a cylindrical 
probe 50 mm in diameter. The hardness (kg), springiness, cohesiveness and chewiness 
(kg) of cubic samples with 10 mm sides were measured (mean from 3 measurements). 
Each sample was compressed to 70% (roasted meat) or 75% (boiled meat) of its thick-
ness, according to the methodology described in Combes et al. [4] and Migdał et al. [14], 
at a probe speed of 5 mm/s, parallel to the muscle fibres. A second compression cycle was 
carried out following a 5 s interval.

All texture parameters of the meat and its shear force were calculated automatically 
using Exponent software for Windows ver. 5.1.2.0 (Stable Micro Systems). Statistical 
calculations were made in the SAS statistical package [23]. Two-way analysis of va-
riance was performed. The model took into account sex and the type of heat treatment, 
as well as the interaction of sex × heat treatment method. Significance of differences 
between means was determined by an F-test at a significance level of (P<0.05). 

Results and discussion

No significant interaction was noted between sex and the type of heat treatment. 
Significant differences were observed in the hardness, cohesiveness, and chewiness 
of the meat depending on the type of heat treatment. No significant effect of the heat 
treatment was found on the shear force or springiness of the meat. The hardness of 
the boiled meat was 32% higher than that of the roasted meat, the cohesiveness of the 
boiled meat was 10% higher, and the chewiness was 39% higher (Tab.).

Meat texture is influenced by many different factors, including breed, sex, the che-
mical composition of the meat and the structure of the muscle fibres, diet, pre-slaughter 
stress, carcass refrigeration conditions, and proper ageing of the meat.  

Dal Bosco et al. [6] attempted to determine the effect of heat treatment and a vitamin 
E dietary supplement on the quality of the meat of male rabbits of a commercial hybrid 
line. The study showed that the type of heat treatment significantly influenced shear 
force. In the experimental group which did not receive vitamin E in its feed the shear 
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force of the boiled meat was 3.61 kg/cm and was statistically lower than that of the 
roasted meat, which had a shear force of 4.65 kg/cm. The shear force values obtained 
by Dal Bosco et al. [6] are higher than those obtained in the present study.  

The quality of boiled rabbit meat has been the subject of many studies. Ariño et al. 
[1] found that its shear force was 3.57 kg/cm2, hardness 11.7 kg, chewiness 2.7 kg, and 
cohesiveness 0.47. The results obtained by these authors are considerably higher than 
those obtained in the present study. Only the springiness value, 0.49 in the study cited, 
was lower than in the present study. In a study by Gil et al. [9] the shear force ranged 
from 34.13 N/cm2 (3.48 kg/cm2) to 37.61 N/cm2 (3.84 kg/cm2) and was higher than in 
the present study (1.65 kg/cm2). The hardness of the meat ranged from 79.43 to 96.02 N  
(8.10-9.79 kg) and was similar to the results obtained in the present study (9.65 kg), 
while chewiness was 14.32-19.38 N (1.46-1.98 kg), springiness ranged from 0.40 to 
0.42, and cohesiveness from 0.44 to 0.47; these results were lower than those obtained 
in the present study (chewiness – 2.20 kg, springiness – 0.50, cohesiveness – 0.44). 
Differences in the values of certain meat texture parameters may be due to the authors’ 
[1, 9] use of rabbits of a synthetic line, housed in different conditions, receiving feed 
of a different composition, slaughtered at a younger age, and with lower slaughter 
weight. 

x

x x x x

Table 
Rabbit meat texture parameters according to heat treatment method and sex

Texture parameters

Heat treatment Sex

boiled
n=22

roasted
n=22

♂
n=10

(number of samples:
2x10)

♀
n=12

(number of samples:
2x12)

SD SD SD SD

Shear force (kg/cm2) 1.65 0.43 1.76 0.60 1.78 0.55 1.64 0.49

Hardness (kg) 9.65a 1.69 7.30b 1.90 9.10a 1.77 7.95b 2.31

Springiness 0.50 0.69 0.54 0.08 0.53 0.07 0.51 0.08

Cohesiveness 0.44a 0.03 0.40b 0.03 0.42 0.03 0.42 0.04

Chewiness (kg) 2.20a 0.56 1.58b 0.54 2.06 0.50 1.75 0.70

– mean value; SD – standard deviation;
a, b – mean values in the same row with different letters differ significantly at P≤0.05
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Pascual and Pla [19], who studied the effect of selection aimed at improving the 
growth rate of rabbits of a synthetic line on their meat quality, obtained a shear 
force of 36 N/cm2 (3.67 kg/cm2), which was higher than in the present study. In an 
experiment by Kowalska et al. [11] on the relationship between the fat cover of the 
carcass and the content of intramuscular fat, fatty acid profile, and meat texture of 
White New Zealand and Popielno White rabbits, the shear force ranged from 16.1 
to 16.5 N/cm. Combes et al. [5], analysing the effect of hutch size and means of ho-
using rabbits on carcass parameters and meat quality, obtained a shear force ranging 
from 12.5 to 13.4 N (1.27 to 1.37 kg). The lower value for this parameter, apart from 
rearing conditions, may have been influenced by the earlier slaughter of the animals 
(71st day of life).

Migdał et al. [14], in a study on the texture of roasted rabbit meat, obtained the follo-
wing values: shear force – 3.12 kg/cm2, hardness – 65.84 N (6.71 kg), chewiness – 14.73 N  
(1.50 kg), springiness – 0.50, and cohesiveness – 0.41. The differences between these 
results and those obtained in the present study, particularly for shear force, which was 
higher than in our study, may be due to the use of a different breed, i.e. male New Ze-
aland White rabbits.  

The present study showed that the sex of rabbits significantly influenced only one 
of the texture parameters. The meat of males was characterized by significantly greater 
hardness (by 14.46%) than the meat of females (Tab.).

Maj et al. [13] observed no effect of sex on the texture parameters of the meat of 
New Zealand White rabbits slaughtered in the 12th, 21st and 32nd week of life. The 
shear force and TPA of the meat of the 12-week-old rabbits were as follows: shear 
force – 34.4 N/cm2 (3.51 kg/cm2); hardness – 58.69 N (5.98 kg); chewiness – 12.69 N 
(1.29 kg); springiness – 0.57; and cohesiveness – 0.37. The differences between these 
values and those obtained in the present study may be due to the use of raw meat to 
determine texture parameters. Ortiz Hernández and Rubio Lozano [17], who analysed 
the effect of breed and sex on carcass and meat characteristics of New Zealand White, 
Californian, Chinchilla and Rex rabbits, found no effect of sex on the shear force of 
roasted meat (males – 2.51 kg/cm2; females – 2.33 kg/cm2). The higher shear force 
values in comparison with the present study may have been due to the use of different 
breeds of rabbit.

Studies on the effect of heat treatment on meat texture have been conducted on 
other animal species as well. Ruiz de Huidobro et al. [22] compared the texture of 
raw and roasted beef. The shear force and TPA of the roasted meat were higher than 
for the raw meat. A study by Obuz et al. [16] on the effect of the heat treatment 
method and final temperature of beef samples found that the shear force of boiled 
meat was higher than that of roasted meat, irrespective of the final temperature of the 
samples. In contrast, Panea et al. [18], who studied the effect of the ageing process, 
heat treatment, and sample size on beef texture, found that the shear force of boiled 
meat was lower than that of roasted meat. A study by Prestat et al. [20] on the effect 
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of heat treatment of pork found no difference between the shear force of roasted 
and deep-fried pork loin. An experiment by Love and Goodwin [12] conducted on 
poultry confirmed that boiled chicken breast had a lower shear force than meat fried 
at 149°C or 205°C.

The most common method of culinary preparation of rabbit meat is boiling, so the 
use of this method of heat treatment to test meat texture seems justified. During bo-
iling, however, it is best to use specialized equipment (e.g. a water bath), which makes 
it possible to maintain the water in which the samples are boiled at a constant tem-
perature. Suitable preparation of the samples for testing is also important (individual 
vacuum-packing), which makes the sample preparation process more time-consuming. 
This means that it is a repeatable method which can be reproduced each time in simi-
lar conditions, and each sample is uniformly heated (the heat conductivity of water 
is much better than that of air). The same cannot be said of roasting of samples in a 
conventional electric oven, where uniform heating of samples is difficult and there 
may be problems associated with how the samples are wrapped (insufficiently sealed 
in aluminium foil); the samples may dry out, which can affect their texture. On the 
other hand, this method is simpler and less time-consuming. The cooking time itself is 
similar in the two methods.  

The experiment revealed that the texture of Blanc de Termonde rabbit meat varied 
depending on the heat treatment. The effect of sex on the meat texture of this breed of 
rabbit was shown only for hardness. The most common method of heat treatment of 
rabbit meat given in the literature is boiling. Therefore the use of this method of heat 
treatment to test meat texture seems justified.

REFERENCES

1. ARIÑO B., HERNÁNDEZ P., BLASCO A., 2006 – Comparison of texture and biochemical 
characteristics of three rabbit lines selected for litter size or growth rate. Meat Science 73, 
687-692.

2. BARABASZ B., BIENIEK J., 2003 – Króliki. Towarowa produkcja mięsna. PWRiL, 
Warszawa.

3. BIELAŃSKI P., 2004 – Wpływ rasy i systemów utrzymania na cechy produkcyjne brojlerów 
króliczych. Roczniki Naukowe Zootechniki 18, 5-86.

4. COMBES S., LEPETIT J., DARCGE B., LEBAS F., 2003 – Effect of cooking temperature 
and cooking time on Warner-Bratzler tenderness measurement and collagen content in rabbit 
meat. Meat Science 66, 91-96.

5. COMBES S., POSTOLLEC G., CAUQUIL L., GIDENNE T., 2010 – Influence of cage or pen 
housing on carcass traits and meat quality of rabbit. Animal 4, 2, 295-302.

6. DAL BOSCO A., CASTELLANI C., BERNARDINI M., 2001 – Nutritional quality of rabbit 
meat as affected by cooking procedure and dietary vitamin E. Journal of Food Science 66, 
7, 1047-1051.



31

Analysis of the texture of rabbit meat subjected to different means of heat treatment

7. DALLE ZOTTE A., 2002 – Perception of rabbit meat quality and major factors influencing 
the rabbit carcass and meat quality. Livestock Production Science 75, 11-32.

8. DALLE ZOTTE A., SZENDRŐ Z., 2011 – The role of rabbit meat as functional food. Meat 
Science 88, 319-331.

9. GIL M., RAMÍREZ J.A., PLA M., ARIÑO B., HERNÁNDEZ P., PASCUAL M., BLASCO 
A., GUERRERO L., HAJÓS G., SZERDAHELYI E., OLIVER M.A., 2006 – Effect of se-
lection for growth rate on the ageing of myofibrilis, meat texture properties and the muscle 
proteolytic potential of m. longissimus in rabbits. Meat Science 72, 121-129.

10. GONDRET F., JUIN H., MOUROT J., BONNEAU M., 1998 – Effect of age at slaughter on 
chemical trails and sensory quality of longissimus lumborum muscle in the rabbit. Meat Scie-
nce 48, 1, 181-187.

11. KOWALSKA D., GUGOŁEK A., BIELAŃSKI P., 2014 – Zależności między otłuszczeniem 
tuszki a zawartością tłuszczu śródmięśniowego, profilem kwasów tłuszczowych i kruchością 
mięsa królików. Żywność. Nauka. Technologia. Jakość 2, 93, 58-72.

12. LOVE B.E., GOODWIN T., 1974 – Effects of cooking methods and browning temperatures 
on yields of poultry parts. Poultry Science 53, 1391-1398.

13. MAJ D., BIENIEK J., BEKAS Z., 2012 – Wpływ wieku i płci królików na wskaźniki jakości 
ich mięsa. Żywność. Nauka. Technologia. Jakość 1, 80, 142-153.

14. MIGDAŁ Ł., BARABASZ B., NIEDBAŁA P., ŁAPIŃSKI S., PUSTKOWIAK H., 
ŽIVKOWIĆ B., MIGDAŁ W., 2013 – A comparison of selected biochemical characteristics 
of meat from nutrias (Myocastor coypus Mol.) and rabbits (Oryctolagus cuninulus). Annals 
of Animal Science 13, 2, 387-400.

15. MOELLER S.J., MILLER R.K., EDWARDS K.K., ZERBY H.N., LOGAN K.E., ALDREDGE 
T.L., STAHL C.A., BOGGESS M., BOX-STEFFENSMEIER J.M.,2010 – Consumer percep-– Consumer percep- Consumer percep-
tions of pork eating quality as affected by pork quality attributes and end-point cooked tem-
perature. Meat Science 84, 14-22.

16. OBUZ E., DIKEMAN M.E., GROBBEL J.P., STEPHENS J.W., LOUGHIN T.M., 2004 – 
Beef longissimus lumborum, biceps femoris and deep pectoralis Warner-Bratzler shear force 
is affected differently by endpoint temperature, cooking method, and USDA quality grade. 
Meat Science 68, 243-248.

17. ORTIZ HERNÁNDEZ J.A., RUBIO LOZANO M.S., 2001 – Effect of breed and sex on rabbit 
carcass yield and meat quality. World Rabbit Science 9, 2, 51-56.

18. PANEA B., SAÑUDO C., OLLETA J.L., CIVIT D., 2008 – Effect of ageing method, ageing 
period, cooking method and sample thickness on beef textural characteristics. Spanish Jour-
nal of Agricultural Research 6, 1, 25-32.

19. PASCUAL M., PLA M., 2008 – Changes in collagen, texture and sensory properties of meat 
when selecting rabbits for growth rate. Meat Science 78, 375-380.

20. PRESTAT C., JENSEN J., MCKEITH F.K., BREWER M.S., 2002 – Cooking method and 
endpoint temperature effects on sensory and color characteristics of pumped pork loin chops. 
Meat Science 60, 395-400.

21. PYZ-ŁUKASIK R., SZKUCIK K., 2009 – Jakość zdrowotna mięsa królików. Medycyna 
Weterynaryjna 65, 10, 665-669.



32

K. Kozioł et al.

22. RUIZ DE HUIDOBRO F., MIGUEL E., ONEGA E., 2005 – A comparison between two 
methods (Warner-Bratzler and texture profile analysis) for testing either raw meat or cooked 
meat. Meat Science 69, 527-536. 

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


