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ABSTRACT

INTRODUCTION: Mediterranean diet features gastronomic heritage that includes rabbit dishes. Some food composition tables present
scant information regarding the yield and edible parts of rabbit meat.

OBJECTIVES: This study seeks to investigate how various cooking techniques impact the cooking loss and edible weight of different
cuts of rabbit meat.

METHODOLOGY: Six male rabbits were slaughtered and the carcasses were dissected: hind leg, ribs, belly, saddle loin, saddle hindquarter
and front leg were analysed in duplicated (n=12). Cooking methods included boiling, oven-roasting, and frying until the internal temperature
reached 75°C. Post-cooking, samples were cooled, deboned, and weighed to determine edible weight percentage and cooking loss.
RESULTS: Frying method was the quickest (from 4.8 to 13.6 minutes), while boiling method was the slowest (from 26.9 to 33.9 minutes).
After cooking, the average edible weight was higher in saddle hindquarter (86.7; SD 12.4 g) and saddle loin (52.7; SD 10.1 g) and lower
in hind leg (17.8; SD 2.8 g) and belly (13.5; SD 4.6 g). The boiling method presented lower cooking losses (28.2; SD 6.4%) and higher
edible weight (51.7; SD 7.6%), and frying the higher cooking loss (36.0; SD 10.0%) and lower edible weight (47.0; SD 8.3%).
CONCLUSIONS: Boiling demonstrated superior performance despite longer cooking times, while frying showed the least favourable
outcomes. This study offers valuable insights for gastrotechnics and culinary management.
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RESUMO

INTRODUGAO: A dieta mediterranica apresenta um patrimaénio gastronémico que inclui pratos de coelho. Algumas tabelas de composigéo
de alimentos apresentam informagao escassa em relagéo ao rendimento e partes comestiveis da carne de coelho.

OBJETIVOS: Este estudo procurou investigar como diferentes métodos de confegao culinaria afetam o rendimento e o peso edivel de
diferentes pecas de carne de coelho. Metodologia: Seis coelhos machos foram abatidos e as carcagas dissecadas: perna traseira,
costelas, barriga, lombo, coxa e pa foram analisadas em duplicado (n=12). Os métodos de confecao realizados foram cozer, assar no
forno e fritura até atingir temperatura interna atingir 75°C. Apds a confegéo, as amostras foram arrefecidas a temperatura ambiente
até 30 minutos, desossadas e em seguida pesadas para célculo da percentagem de peso edivel e rendimento.

RESULTADOS: O método de fritura foi o mais rapido (4,8 a 13,6 minutos) e o método de fervura foi 0 mais demorado (26,9 a 33,9
minutos). Apds a confecao, o peso edivel médio foi maior na coxa (86,7; DP 12,4 g) e no lombo (52,7; DP 10,1 g) € menor na perna
traseira (17,8; DP 2,8 g) e barriga (13,5; DP 4,6 g). O método de cozer apresenta menores perdas (28,2; DP 6,4%) e maior peso edivel
(51,7, DP 7,6%), e a fritura apresenta maiores perdas (36,0; DP 10,0%) e menor peso edivel (47,0; DP 8,3%).

CONCLUSOES: O método cozer demonstrou desempenho superior apesar dos tempos de confegdo serem mais longos, enquanto
que o0 método fritura apresentou resultados menos favoraveis. Este estudo fornece informagdes valiosas para a gastrotecnia e a
gestao na restauracao.

PALAVRAS-CHAVE
Dados alimentares, Servico de alimentagao, Peso dos alimentos, Carne de coelho, Mudancga de peso, Fator de rendimento

INTRODUCTION
The Mediterranean dietary pattern describes the traditional

chronic degenerative diseases (2) due to its high fibre and
polyphenols content and specific lipid profile (3). Since
its early characterization a large number of indexes have
been proposed to quantify and assess its adherence
by individuals or populations (4). Many of these indexes
includes a low intake of lean meat, including rabbit meat on

dietary habits found in the olive-growing regions along
the Mediterranean coastline in the late 1950s and early
1960s (1), and has consistently been shown to provide
a degree of protection against cardiovascular and major

38

EFFECT OF THREE COOKING METHODS ON COOKING LOSS AND EDIBLE WEIGHT OF RABBIT MEAT
ACTA PORTUGUESA DE NUTRICAO 39 (2024) 38-43 | LICENGA: cc-by-nc | http://dx.doi.org/10.21011/apn.2024.3907
ASSOCIAGAO PORTUGUESA DE NUTRIGAO® | WWW.ACTAPORTUGUESADENUTRICAO.PT | ACTAPORTUGUESADENUTRICAO@APN.ORG.PT


https://orcid.org/0000-0002-6113-1456
https://orcid.org/0000-0002-0684-5472
https://orcid.org/0000-0002-3341-861X
https://orcid.org/0009-0006-1253-5653
https://orcid.org/0000-0002-0774-5764
https://orcid.org/0000-0003-3052-6989

a weekly basis. The Mediterranean region has been always characterised
by its gastronomic heritage in rabbit dishes, which frequently features in
celebratory dishes and local specialities (5).

The nutritional value of meat has an increasing importance among factors
determining consumer acceptability. Rabbit meat is appreciated for its
nutritional characteristics. From this point of view, rabbit meat has a low
energy value (117 kcal/100g (6)) and is a good source of high energy
protein (20.39/100g (6)), constituted by essential amino acids. In addition
to its low caloric, the total fat content is also low (4g9/100g (6)), namely
the amount of saturated fatty acids (1.3 g/100g (6)) and cholesterol (48
mg/100g (6)), and is, therefore, considered a lean meat. This composition
of fatty acids is due to the animal's diet and the fact that it does not
perform biohydrogenation in the rumen, influencing the saturation of
fatty acids. Rabbit meat is also known for its high content of B vitamins
(B2, B3, B12) and minerals, such as iron (heme iron), phosphorus, zinc,
copper, and magnesium. It is important to note that sodium levels in
rabbit meat are low (7). Despite this, the information available on the
chemical composition of rabbit meat is very variable, especially with
regard to fat content which varies depending on the part of the carcass
studied. Generally, with increasing age and weight of the animals, the
protein and fat content increases and the water content decreases (8).
Some factors as sex, age and nutrition have impact on quality of rabbit
meat including its final nutritional composition (9-13).

Cooking of rabbit meat is an essential process to allow its consumption
and helps in the production of pleasant characteristic taste, flavour and
tenderness, and increases its food safety (14, 15). On the other hand,
cooking decreases some vitamins and minerals content of the meat,
denaturing muscle proteins and changing the structure of myofibrillar
and connective tissue, and promotes lipid oxidation (16). These cooking
changes vary greatly according to the method of heat treatment including
the cooking environment (dry or moist), cooking temperature and
cooking time (17).

Although most of the previous researches focused on studying the effect
of cooking methods on the muscular structure and cooking losses (17,
18), very few studies have concentrated on the impact of three most
popular cooking methods (boiling, frying and oven-roasting) in different
pieces of rabbit meat. These data are of the utmost importance for
scientific applications, gastrotechnics, culinary management, dietetics
purposes and actualizations of food tables composition (19).

In 2018, the top 5 export destinations of rabbit meat were Germany,
Belgium, Italy, Portugal and France and major exporters are China, Spain,
Hungary, France and ltaly (20). The importance of Mediterranean diet
and gastronomic culture could be an important driver on rabbit meat
trade (Portugal, Spain and Italy). Despite its longstanding culinary value,
an overall decline in the consumption of rabbit meat is discernible, and
the plausible reasons is related to meat’s organoleptic characteristics, its
appeal to emotions (animal perceived cuteness) and lack of consumption
habit (21-24).

It is of great significance to study the cooking loss and edible qualities
of rabbit meat to encourage an increasing number of chefs, food
service industry and consumers to understand and consume rabbit
meat. Therefore, the current study was conducted to clarify the effect
of different cooking methods such as boiling, oven-roasting and frying
on the cooking loss and edible weight of rabbit meat.

METHODOLOGY

Slaughter of Rabbits

At slaughter age, 6 rabbits males (live weight variation 1892 to 4445g),
were slaughtered by sudden cervical dislocation, without fasting,
which is the method accepted by Portuguese law on animal welfare

in experimental research (25). The animals were slaughtered under
veterinary supervision at the experimental abattoir of the university
and did not undergo transport. After the slaughter, the skin, external
genital organs, stomach, and small and large intestines were removed.
Carcasses containing the thoracic viscera (thymus, lungs, heart, and
oesophagus), liver, kidneys, and head were suspended from the
calcaneus tendon for 60 min in a ventilated area and then cooled at 3°C
for 24 h. At this time, after removal of the liver, head, kidneys, thoracic
viscera and dissectible fat, the carcasses obtained were dissected
according methodology proposed by Blasco et al. (26) (Figure 1).

Figure 1

Rabbit carcass reconstituted with the different parts

- head

- neck

- front leg

- ribs

- belly

- saddle loin

- saddle hindquarter
- hind leg
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Through a longitudinal section through the
middle area of the spine, the left and right
parts were separated.

Sample Preparation

Given the gastronomic value, six different pieces obtained in duplicate
of each animal (Figure 2), were immediately transported to the kitchen
laboratory to be stored at refrigeration (5 °C) before cooking (within 24 h).

Figure 2

Rabbit meat samples prepared with different cooking methods

- ribs

- hind leg

- belly

- saddle loin

- saddle hindquarter
- front leg
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Cooking Treatments Design

Cooking methods were performed according to some previous
descriptions with minor modification: boiling in water, oven-roasting and
frying, 12 samples each (15, 16, 18). Boiled: the samples were dipped
in boiling water (90 °C) in cooking assistant (iVario 2-XS, Rational®), and
heated until the internal temperature 75 °C was reached. Oven-roasted:
the samples were placed in a heatproof dish and cooked at 180 °C
in a preheated oven with air circulation (iCombi, Rational®) with the
program to finish cooking when the food's internal temperature reaches
75 °C (core probe inserted in larger piece). Frying: deep frying was
carried out in a cooking assistant (iVario 2-XS, Rational®) by using 100%
vegetable cooking oil (with refined vegetable oils) at 180 °C. The final
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temperature of boiling and frying treatment was determined by inserting
needle thermocouple (HI-151 Checktemp® 4, Hanna Instruments) into
the approximate geometric center of each piece cooked. The time of
cooking was registered with a chronometer.

Determination of Cooking Loss and Edible Weight

After cooking, the samples were cooled at room temperature for 30 min
and then the percentage of cooking loss was recorded. Cooking loss
was calculated as the percent of the difference between raw weight
(Wr) and cooked weight (Wc) of the samples relative to the weight of
raw samples (Wr) (27):

Cooking loss (%)= (Raw meat weight (g)-Cooked meat weight (g))

(Raw meat weight (g))x100

After the measurement of cooked weight (Kesper Digital Kitchen Scales
5 kg, Germany), the samples were deboned and the edible weight was
calculated as percentage:

Edible weight
Edible weight (%)= (Ediible weight (g))

(Raw meat weight (g))x100

Yield factor was also calculated for different cooking methods:

Vield factor— (Cooked meat weight (g))

(Raw meat weight (9) )

DATA ANALYSIS

Statistical data descriptive analysis for all measurements of the three
independent experimental cooking treatments was carried out using
IBM SPSS Statistics 20.0 (IBM Corporation, Somers, NY, USA) and
expressed as mean and standard deviation. Kolmogorov Smirnov test
was used to test the normality of variables, and the Kruskal-Wallis H and
ANOVA tests were used to test differences between cooking methods.
Differences were considered significant at p < 0.05.

RESULTS

Regarding the cooking time of rabbit meat pieces (Table 1), the frying
method is the fastest (from 4.8 minutes to 13.6 minutes, according to the
pieces) and the boiling method is the longest (from mean 26.9 minutes
to 33.9 minutes). After cooking, the mean edible weight was higher in
saddle hindquarter (86.7+12.4 g) and saddle loin (52.7+10.1 g) and
lower in hind leg (17.8+2.8 g) and belly (13.5+4.6 g).

The cooking performance was different according to the total rabbit
meat pieces (Table 2) and for some individual pieces (Table 3). The
boiling method present lower cooking losses than the other methods
and higher edible weight than frying method.

The piece that presented the highest cooking loss (%) was the belly

Table 1

Table 2

Cooking loss (%) and edible weight (%) of all pieces of rabbit meat
exposed to different methods of cooking (n=72)

Crude weight (g) 72 82.1+45.4 79.2+43.9 83.7+46.7 0.842

Cooking loss (%) 72 28.2+6.42 33.1x12.0° 36.0+10.0°  <0.001*
Edible weight (%) 72 51.7+7.6%° 49.8+9.5% 47.0+8.3° 0.011*
Yield factor 72 0.7+0.12 0.7+0.12 0.6+0.12 <0.001*

Values expressed as meanzstandard deviation

Kruskal-Wallis H test

*significant differences p<0.05

b Different superscript letters indicate a significant difference among different methods of cooking

(in oven-roasting and frying methods cooking loss was higher than
50%) and the ones that presented the lowest cooking loss were the
saddle hindquarter and the front leg (Table 3). The cooking loss (%)
was significantly higher in the frying method to hind legs (32.7+5.1%;
p=0.003), saddle hindquarters (29.7+4.7%; p=0.001), ribs (40.1+£5.0%;
p<0.001), saddle loin (33.1+3.6%; p=0.004) and in the oven-roasting
method for belly (53.3+11.5%; p<0.001). Thus, in general, the boiling
method is the one that presented the best cooking performance in the
different pieces of rabbit meat, presents significantly higher edible weight
(%) after cooking for saddle hindquarters (71.4+7.1%; p<0.001), ribs
(47.0+7.0%; p=0.030) and belly (61.9+4.8%; p<0.001).

DISCUSSION OF THE RESULTS

The study concludes that cooking loss, edible weight, and yield
factor are influenced by the piece of rabbit meat and the cooking
process. Meat and meat-based products must be cooked before being
eaten, because this procedure is necessary for destroying foodborne
pathogens, assuring microbial safety and achieving meat quality.
Cooking also has an important effect on the nutritional properties and
become meat more digestible (28). Consumer motivations for meat
consumption were good taste, usual habit and the perception of meat
as a healthy and satiable food (29), and nowadays consumers are
increasingly awareness for qualitative attributes of meat such as food
safety, country of origin, organic production, environmental impact
and animal welfare (30). Cooking process consumes large amount of
energy and releases greenhouse gas emissions (31), and innovative
methods like microwave cooking can reduce the energy requirement
compared to traditional cooking methods.

In our study, boiling seems to be the cooking method with best
performance (lower cooking loss (%) and higher edible weight (%))
in the majority of pieces of rabbit meat, however, is the method that
consumes more time to cook.

Boiling can be less efficient than other cooking methods since it uses
large amount of water to cook small amount of meat product and
the large heat is loss to the environment (32), these limitations can
be outdated if pressure cooker was used, diminished the time and

Sample characteristics

Hind leg 36 41.0£6.0 17.8+2.8 32.7+7.5 16.4+1.8 7.8+1.9
Saddle hindquarter 36 156.5+£24.4 86.7+12.4 33.9+5.8 16.4+1.8 18.6+2.7
Front leg 36 71.8+7.9 35.2+4.7 32.3+7.1 16.4+1.8 6.3+2.1
Ribs 36 98.4+£14.8 41.1£9.3 30.6+6.6 16.4+1.8 7.4+2.0
Saddle loin 36 96.5+17.1 52.7+10.1 31.946.7 16.4+1.8 10.2+1.8
Belly 36 25.8+5.8 13.5+4.6 26.9+6.1 16.4+1.8 4.8+1.4

Values expressed as meanz+standard deviation
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Table 3

Cooking loss (%) and edible weight (g and %) of pieces of rabbit meat exposed to different methods of cooking (n=12 for each cooking method)

Hind leg crude weight (g) 40.8+4.3
Hind leg cooking loss (%) 12 25.4+3.9%
Hind leg edible weight (g) 18.3x1.4
Hind leg edible weight (%) 45.3+4 1
Saddle hindquarter crude weight (g) 157.1+23.5
Saddle hindquarter cooking loss (%) 24.9+4.0°
Saddle hindquarter edible weight (g) 12 83.6+11.2
Saddle hindquarter edible weight (%) 71.4£7.12
Front leg crude weight (g) 72.1+8.3
Front leg cooking loss (%) 12 23.5+3.5
Front leg edible weight (g) 35.9+4.9
Front leg edible weight (%) 50.1+6.6
Ribs crude weight (g) 101.4£15.0
Ribs cooking loss (%) 12 27.7£4.6 b
Ribs edible weight (g) 47.4+8.32
Ribs edible weight (%) 47.0+7.0%
Saddle loin crude weight (g) 94.9+17.1
Saddle loin cooking loss (%) 31.3+6.92
Saddle loin edible weight (g) 1 49.5+9.3
Saddle loin edible weight (%) 52.3+5.0°
Belly crude weight (g) 26.3+5.5
Belly cooking loss (%) 36.7+4.6%
Belly edible weight (g) 1 16.4+4.42
Belly edible weight (%) 61.9+4.8%

Values expressed as meanz+standard deviation

Kruskal-Wallis H test

*significant differences p<0.05

ab Different superscript letters indicate a significant difference among different methods of cooking

water necessary to cook (33). Boiling is also seen as healthy cooking
method, because is a fat-free cooking method (34), typically used in
Mediterranean cuisine (35).

Cooking loss in boiling found in the present study (average loss was
28.3%) was lower than the value found by Abdel-Naem et. al (36.98%)
(18) and by Combes et al. (reached a maximum of 30.8%) (17), however
after 120 min of cooking. In fact, some authors reported higher losses of
weight in wet cooking than in dry cooking, because during wet cooking
losses occur by evaporation and also by exudation and diffusion (36).
During boiling, cooking losses can be induced by temperature and/
or by reduced pressure, that causes myofibrillar proteins to shrink, a
process that starts at 40 °C and becomes more intense with increased
temperatures, consequently decreases the interfibrillar volume, which
in turn leads to a reduction in the myofibril's ability to hold water. In
other hand, temperatures between 56 °C and 62 °C, a contraction of
the perimysial connective tissue causes compression of the muscle
fibre bundles, which in turn encourages water to be released (36).
The increasing of cooking time has been also reported to increase
the shrinkage of the connective tissues and the increased myofibrillar
hardening (37).

In the present study, values of cooking loss in oven-roasting (33.1%)
and frying (36.0%) were similar to data found in the study by Abdel-
Naeem et al. (18), showing an average loss of 33.9% in oven-roasting
and an average loss of 36.5% in frying.

41.5+5.8 40.8+5.8 0.823
31.4+6.1° 32.7£5.1° 0.003*
17.8+3.7 17.2+3.0 0.277
42.6+5.0 42.4.0+5.0 0.237
152.0+26.1 160.5+£24.9 0.630
21.8+3.1° 29.7+4.7% 0.001*
92.5+14.3 84.1£10.3 0.236
61.1+2.7° 52.7+3.7° <0.001*
70.0£7.0 73.3+8.6 0.696
28.9+6.4 27.6+6.6 0.070
33.8+4.1 35.8+5.1 0.403
48.6+5.9 49.4+8.0 0.481
92.3+16.5 101.4+11.8 0.230
36.1+6.32 40.1£5.9% <0.001*
38.3+6.5° 37.6+10.0° 0.013*
41.9+6.120 37.2+8.9° 0.030*
94.3+19.2 100.4£15.8 0.642
27.2+2.8° 33.1£3.6% 0.004*
55.3+12.1 53.4+8.4 0.509
58.6+3.2% 53.415.0° 0.005*
25.4+6.7 25.8+5.4 0.912
53.3+11.5° 52.7+6.3° <0.001*
12.0+4.9° 12.0+2.9° 0.031*
46.0+10.2° 46.7+5.4° <0.001*

Oven cooking can provoke meat surface dehydration and higher
cooking loss, which can be attenuated by using forced air convection
method coupled with steam injection in the oven chamber (31). Frying
method uses fat or oil as the heat transfer medium, in direct contact
with the food, which promotes a number of chemical changes, such
as moisture loss, oil uptake, crust formation, gelatinization of starch,
aromatization, protein denaturation and colour change via maillard
reactions, hydrolysis or oxidation, and oil polymerization (31). In frying
cooking loss is provoked by dehydration of meat that can be partially
replaced by oil.

Saddle hindquarter was the piece of rabbit with higher edible weight
and belly and hind leg with lower edible weight. The surface area per
unit volume can have impact on cooking loss values, since thicker cuts
have higher losses (38).

Rabbit meat cooking loss and yield factor data are absent or incomplete
in many national food composition databases, and it are important to
allow the calculation of nutrient retention of cooked foods without food
chemical analysis and the calculation of nutritional composition of a dish
(19). These data are also important for dietitians to help in the estimation
of edible weight of raw meat before its consumption (comparing to
recommended portion to eat) and for food service operators helping
in the management of catering units with economic impact.

From the present study, we can conclude that the value of cooking
loss, edible weight and yield factor depends on piece of rabbit meat

EFFECT OF THREE COOKING METHODS ON COOKING LOSS AND EDIBLE WEIGHT OF RABBIT MEAT
ACTA PORTUGUESA DE NUTRIGAO 39 (2024) 38-43 | LICENGA: cc-by-nc | http://dx.doi.org/10.21011/apn.2024.3907

4

ASSOCIAGAO PORTUGUESA DE NUTRICAO® | WWW.ACTAPORTUGUESADENUTRICAO.PT | ACTAPORTUGUESADENUTRICAO@APN.ORG.PT



and cooking process. In the future research can evaluate the impact of
these cooking methods on other physicochemical (tenderness, colour,
nutrients) and sensorial characteristics of meat.

CONCLUSIONS

In this study, boiling seems to be the cooking method with lower relative
cooking loss and higher relative edible weight in the majority of pieces
of rabbit meat, however, it is the method that consumes more time
to cook. While the frying seems to be the cooking method with the
worst performance. This study may provide valuable information on the
performance of different methods of cooking rabbit meat for consumers
and industrial practices.
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