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A B S T R A C T   

This study investigated the effect of five different cooking methods (boiling, oven-roasting, grilling, pan-frying 
and microwave) on the topographical changes, fatty acids (FAs) profile, fat oxidation, physicochemical char-
acteristics, microbial quality, and sensory attributes of rabbit meat. Among the cooking methods, boiling and 
pan-frying exhibited significant higher protein, fat and total volatile base nitrogen contents. Additionally, boiling 
induced the lowest fat oxidation and FAs saturation values, while microwave cooking induced the highest values. 
Boiling and microwave cooking received the lowest appearance, color and flavor scores, while grilling- and 
microwave-cooking obtained the highest tenderness and juiciness scores, along with the lowest shear force 
values. This study is the first concerning the topographical structure of cooked rabbit meat using the scanning 
electron micrographs, which revealed minimal destructive changes in muscle fibers and connective tissue in pan- 
fried cooked samples and greatest destructive effect in grilling-cooked samples. Oven-roasting is the best cooking 
method since it achieved both the health benefits and consumer acceptability.   

1. Introduction 

Rabbit meat is generally a popular food commodity worldwide. Its 
consumption increased recently throughout many countries in Europe, 
the Middle East and some countries of North Africa especially Egypt 
(Cullere & Dalle Zotte, 2018). It represents an excellent healthy diet for 
human nutrition due to many reasons. Its meat is characterized by low 
levels of fat, cholesterol (almost free) and sodium content and rich in 
protein of high biological value and polyunsaturated fatty acids (PUFA). 
Additionally, it has a variety of both essential macro and micronutrients 
elements as minerals (potassium, phosphorus and selenium) and vita-
mins (B12) (Dalle Zotte & Szendrő, 2011; Pavelková, Tkáčová, 
Červienková, & Bučko, 2017; Rasinska, Czarniecka-Skubina, & Rut-
kowska, 2018). Moreover, rabbit meat is classified as a white meat type 
with a tender taste and could be used as an excellent replacer for chicken 
meat (Zoltan, Karoly, Marta, Istvan, & Laszlo, 2017). In this regard, 
rabbit meat is recommended to be included in the nutritional regimen of 
patients suffering from cardiovascular diseases, hypertension, as well as 
young children, old people and pregnant women, especially with the 

recent change of consumer lifestyle towards healthier foods (Dalle Zotte, 
2014). Hind legs and lions are among the different cuts of rabbit carcass 
that considered the most valuable cuts due to their high lean content; 
besides they are the most expensive and the most suitable cuts to judge 
the rabbit meat quality (Kowalska, Gugołek, & Bielanski, 2014; Rasinska 
et al., 2018). 

Thorough cooking of rabbit meat is an essential process to allow its 
consumption as it is usually not subjected for smoking, salting or aging 
as most of other species (Rasinska, Rutkowska, Czarniecka-Skubina, & 
Tambor, 2019). Furthermore, cooking helps in the production of 
pleasant characteristic taste, flavor and tenderness. It also decreases the 
microbial load, and therefore it prolongs the shelf-life of meat (Domi-
nguez, Gomez, Fonseca, & Lorenzo, 2014; Rasinska et al., 2019). In 
contrast, cooking decreases the nutritional value of meat by destructing 
some vitamins and minerals, lowering moisture content, denaturing 
muscle proteins and changing the structure of myofibrillar and con-
nective tissue. Additionally, cooking promotes lipid oxidation especially 
for PUFA fat type, which is very high in rabbit meat (Lopes, Alfaia, 
Partidário, Lemos, & Prates, 2015). These cooking changes vary greatly 
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according to the method of heat treatment including the cooking envi-
ronment (dry or moist), cooking temperature and cooking time 
(Combes, Lepetit, Darche, & Lebas, 2004). Moreover, age, sex, nutrition 
and species control the final quality of rabbit meat including its proxi-
mate chemical analysis (Peiretti, 2012). 

Although most of the previous researches focused on studying the 
effect of cooking methods on the muscular structure of different species 
as beef, pig and chicken (Ángel-Rendón et al., 2020; Kaur, Maudens, 
Haisman, Boland, & Singh, 2014; Qi et al., 2018), as well as on the rabbit 
meat quality (Rasinska et al., 2019), to the best of our knowledge, no 
previous study revealed the effect of different cooking methods on the 
ultrastructure changes of rabbit meat. Consequently, it is an exciting 
point to visualize the impact of different cooking methods on muscle 
fibers and connective tissue, especially with the unique characters of 
rabbit meat, which helps us better understand protein denaturation and 
digestibility. It is also essential to study and quantify the formed lipid 
oxidation indicators upon applying different cooking methods of rabbit 
meat that may give us an indication to explore which method of heat 
treatment is healthier or harmful to human when applied. Therefore, the 
current study was conducted to clarify the effect of different cooking 
methods such as boiling, oven-roasting, grilling, pan-frying and micro-
wave cooking on the topographical changes, fatty acids profile, physi-
cochemical properties, sensory characteristics and bacterial quality of 
rabbit meat. 

2. Materials and methods 

2.1. The experimental design and meat sampling 

Five different cooking methods (boiling, oven-roasting, grilling, pan- 
frying and microwave) were carried out in three independent occasions 
at different times (3 samples were tested in each occasion) to investigate 
their effect on the topographical changes, fatty acids profile, fat oxida-
tion, physicochemical characteristics, microbial quality and sensory 
attributes of rabbit meat. A total of seventy five chilled rabbit carcasses 
(18 weeks old, white Baladi males, carcass weight 1550 ± 50 g) were 
collected from a local processor within 24 h post-mortem. All carcasses 
were aseptically transferred inside a mobile refrigeration truck directly 
to the Laboratory of Food Hygiene Department, Faculty of Veterinary 
Medicine, Cairo University, Egypt. To perform five different cooking 
methods, the 75 rabbit samples were divided into five groups (15 car-
casses each). For each carcass, hind legs were separated, diced into 
chunks with uniform size (25 ± 2 mm in both length and width, and 15 
± 2 mm in height) then exposed to different cooking methods. The 1st, 
2nd, 3rd, 4th, and 5th groups were cooked by boiling, oven-roasting, 
grilling, pan-frying, and microwave cooking, respectively. 

2.2. Heat treatments 

Rabbit meat samples were exposed to different heat treatments as 
follow: the 1st group was cooked by boiling in a stainless steel pot at 100 
◦C for 30 min. The 2nd group was placed on a metal rack and roasted in 
preheated oven convection roasting (Heraeus, D-63450 Hanau, Ger-
many) at 150 ◦C for 20 min. The 3rd group was placed between 2 
heating plates of an electric grill (Akel, AB 635, Turkey) preheated to 
150 ◦C to be grilled on each side, with flipping over every 3 min until 
complete cooking for about 20 min. The 4th group was cooked in Teflon- 
coated electric pan-frying (Sogo, Sarte-10,037, Spain) with a plate sur-
face temperature of 150 ◦C, the samples were fried and turned into the 
other side every 3 min until complete cooking (within 20 min). The 5th 
group was cooked by heating radiation using a microwave (Samsung- 
Smart Sensor, ME 9114 W-S, Egypt) at 1000 W for 5 min. 

All heat treatments were completed when the core temperature of all 
rabbit meat samples reached 75 ◦C, which is a generally recommended 
safe temperature for rabbit meat. The core temperature of the rabbit 
meat samples were monitored with previously calibrated hand-held 

thermometer (Hanna HI 985091–1, USA). After heat processing, all 
samples were subjected to the different examinations. 

2.3. Examinations 

2.3.1. Physicochemical examination 

2.3.1.1. Proximate compositional analysis. Moisture, protein, fat and ash 
contents (g/100 g) of cooked rabbit meat samples were determined 
according to the method of AOAC (2000). For determination of moisture 
contents, 3 g of sample were dried at 100 ◦C until a constant weight is 
obtained. Protein content was determined according to the Kjeldahl 
method of analysis. For conversion of nitrogen into crude protein, a 
factor 6.25 was used. Fat content was determined using Soxhlet appa-
ratus, while ash content was determined using Muffle Furnace at 500 ◦C 
for 5 h. 

2.3.1.2. Measurement of deterioration criteria. For measuring pH value, 
five grams of cooked rabbit meat samples were homogenized with 20 mL 
distilled water for 10 s. The pH value was measured using a previously 
calibrated pH meter (Lovibond Senso Direct) by two buffers (pH 7.0 and 
4.0) with a probe type electrode (Senso Direct Type 330). The total 
volatile base nitrogen (TVBN, mg/100 g sample) was measured using a 
macro-Kjeldahl distillation according to the method of Kearsley, EL- 
Khatib, and Gunu (1983). Moreover, thiobarbituric acid (TBA) value 
was measured using the method outlined by Du and Ahn (2002) and 
expressed as milligrams of malonaldehyde (MDA) per kilogram of 
sample. 

2.3.1.3. Measurement of free fatty acid content (FFAs% as oleic acid) and 
acid number (AN: mg NaOH/g). FFAs of cooked rabbit meat samples 
were determined according to the standard method introduced by AOCS 
(1997). Fifteen grams from cooked rabbit meat samples were homoge-
nized in a solvent (120 mL) of chloroform-methanol (1:1 V/V). After 24 
h, 48 mL of water was added, and oil was collected. The extracted oil in 
the presence of phenolphthalein (1%) was titrated by sodium hydroxide 
(0.1 N). FFAs (% as oleic acid) and AN (mg NaOH/g) were calculated 
using the following equations: 

FFA (%) =
mL of alkali x N x 28.2

W  

where: 

N = Normality of NaOH solution; W = Weight of oil (g) 
Acid number (mg NaOH/g) = 1.99 × FFAs (%) 

2.3.1.4. Color evaluation. The color of cooked rabbit meat samples was 
measured from their surfaces according to the method recommended by 
Shin et al. (2008) using a Chroma Meter (Konica Minolta, model CR 410, 
Japan) calibrated with a white plate and light trap supplied by the 
manufacturer, and programed to use a D65 Commission Internationale 
de l’Eclairage (CIE) standard illuminant, 10◦ observer with an illumi-
nating/viewing aperture size of 11 mm, and a bloom time of 30 min. The 
average value of three readings was recorded for each sample and 
expressed as CIE lightness (L*), redness (a*), and yellowness (b*). 

2.3.1.5. Measurement of shear force (SF). Shear force value of cooked 
rabbit meat samples was measured using a Warner–Bratzler shear force 
device attached to an Instron Universal Testing Machine (Model 2519 
105; Instron Corp., Canton, MA, USA) as described by Shackelford, 
Wheeler, and Koohmaraie (2004). 

2.3.1.6. Measurement of cooking loss. Cooked rabbit meat samples were 
cooled down to the room temperature and the percentage of cooking loss 
was recorded. Cooking loss was calculated as the percent of the 
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difference between raw weight (Wr) and cooked weight (Wc) of the 
samples relative to the weight of raw samples (Wr) (Woloszyn et al., 
2020). 

Cooking loss% =
Wr − Wc

Wr
X100  

2.3.2. Fatty acids profile analysis 
The total lipid fractions from each cooked rabbit meat samples were 

extracted in duplicates using chloroform-methanol mixture. The 
extraction efficiency was 88.7%. An amount of the extracted lipids (0.1 
g) was saponified with 100 μl KOH (2 M) followed by addition of 3 mL n- 
hexane. The mixture was vigorously shaken for 1 min then centrifuged 
in an ultracentrifuge (Jouan, MR 18–12, USA) at 3000 rpm for 5 min. 
The resultant fatty acid methyl esters (FAME) were separated and 
analyzed by an automated Gas-Liquid Chromatography (Agilent 6890) 
equipped with DB23, 60 m × 0.32 mm × 0.25 μm capillary column 
(Agilent Technologies Inc., CA, USA). A standard was also chromato-
graphed to confirm the sample identity and free fatty acid percentages 
were calculated from the obtained peaks (ISO, 2017). Lipid Nutritional 
Quality Indices (LNQI) were evaluated from the composition data of 
fatty acids. The atherogenic index (AI) and thrombogenic index (TI) 
were calculated according to Ulbricht and Southgate (1991) while, the 
nutritive value index (NVI) was calculated according to Chen et al. 
(2016). 

AI = (C12:0 + (4 × C14:0) + C16:0)/ (ΣMUFA + Σn-6 + Σn-3) 
TI = (C14:0 + C16:0 + C18:0)/ [(0.5 × ΣMUFA) + (0.5 × Σn- 6) + (3 
× Σn-3) + (Σn-3/Σn-6)] 
NVI = (C 18:0 + C18:1)/C 16:0 

2.3.3. Bacteriological examination 
Double sets of inoculated Standard Plate Count Agar plates (Oxoid 

CM 463) were incubated at 32 ◦C for 48 h for enumeration of aerobic 
plate counts (Swanson, Busta, Peterson, & Johnson, 1992) and at 7 ◦C 
for 7 days for enumeration of psychrotrophic bacteria (Cousin, Jay, & 
Vasavada, 1992). Enterobacteriaceae bacterial counts were enumerated 
after incubation of the inoculated Violet Red Bile Glucose Agar (Oxoid 
CM 1082) at 37 ◦C for 24 h (ISO, 1979). 

2.3.4. Sensory analysis 
Sensory analysis of cooked rabbit meat samples that subjected to 

different heat treatments was performed according to the guidelines 
recommended by AMSA (1995). From the staff members of the 
Department of Food Hygiene and Control, Faculty of Veterinary Medi-
cine, Cairo University, Egypt, twenty five experienced panelists were 
selected on the basis of their previous experience in consuming rabbit 
meat. Three sessions were held every evaluation occasion during 3 
different days (3 × 3 = 9 sessions in total). Each panelist assessed the 
cooked rabbit meat samples in a randomized order and asked to give a 
numerical value between 1 (denotes extremely unacceptable) and 9 
(denotes extremely acceptable) for the following criteria: appearance, 
color, flavor, tenderness and juiciness. At the end of evaluation of the 
given samples, each panelist was asked to give a score for overall- 
acceptability. Between each sample drinking water was provided to 
cleanse the panelists palates. 

2.3.5. Topographical structure of cooked rabbit meat using scanning 
electron microscope 

Cooked rabbit meat samples were cut into 2 × 2 × 3 mm pieces, fixed 
immediately in phosphate buffered glutaraldehyde (2.5%) at 4 ◦C for 2 
h, rinsed with phosphate buffer saline (0.1 M) and then dehydrated in 
ethanol 50–100%. Samples were dried using CO2 critical point drier 
(Sandri-PV-3D) for 15 min, followed by gold coating in a vacuum 
evaporator (Jeol JFC 1100 E). Finally all samples were examined under 
the scanning electron microscope (Jeol JSM 5300) to recognize the 

effect of different heat treatments on the topographical structure of 
cooked rabbit meat samples (Ketnawa & Rawdkuen, 2011). 

2.4. Statistical analysis 

Statistical data analysis for all measurements of the three indepen-
dent experimental occasions was carried out using SPSS statistics 27.0 
for windows and expressed as mean ± SE. The differences between 
means of the proximate composition analysis, deterioration criteria, 
shear force, color (L*, a* and b*), cooking loss, fatty acids profile, mi-
crobial quality, among different treatments were determined using one 
way analysis of variance (ANOVA). Data of the sensory evaluation were 
subjected to the statistical analysis to make comparison among the 
different cooking methods by applying the Generalized Linear Mixed 
Models (GLMM) to test the variances in sensory attributes among the 
different cooking methods. In each GLMM, the explanatory variables 
were the panelists and the sessions (random effect), besides the cooking 
methods (fixed effect). Multiple comparisons of the means for all pa-
rameters tested were completed using Post Hoc (least square difference 
test, LSD) procedure to demonstrate differences among cooking 
methods. Differences were considered significant at the P < 0.05 level. 

3. Results and discussion 

3.1. Effect of different methods of cooking on the physicochemical 
characteristics of rabbit meat 

Cooking of rabbit meat samples by boiling and pan-frying resulted in 
a significant (P < 0.05) lower moisture content, along with significant 
(P < 0.05) higher protein and fat contents in comparison with the other 
cooking methods. Cooking of rabbit meat samples by grilling and mi-
crowave, however, caused a significant (P < 0.05) higher moisture 
content, besides significant (P < 0.05) lower protein and fat contents 
(Table 1). These findings are in agreement with that of Rasinska et al. 
(2019), who observed a significant (P < 0.05) higher fat content of 
rabbit hind legs cooked by boiling as compared with oven-roasting 
(5.91 g% vs. 4.83 g%, respectively). Moreover, Choi et al. (2016) 
found that cooking of chicken meat by boiling and oven produced sig-
nificant (P < 0.05) lower moisture content, along with a significant (P <
0.05) higher protein content as compared with microwave- and grill- 
cooking. On the contrary to our findings, Zhang, Wang, Wang, and 
Zhang (2014) reported that cooking of rabbit meat by pan-frying 
significantly (P < 0.05) decreased the moisture and protein content as 
compared with boiling. 

Our results revealed that boiling and microwave cooking of rabbit 
meat samples resulted in a significant (P < 0.05) higher pH values when 
compared with that measured for other cooking methods (Table 1). 
Nonetheless, Dal Bosco, Castellini, and Bernardini (2001) observed non- 
significant (P > 0.05) difference in pH values among fried, boiled and 
roasted rabbit longissimus dorsi although they noticed a slightly lower pH 
value of roasted samples and they attributed such decrease to the shorter 
cooking time taken during roasting. In general, cooking process 
increased pH values of meat and this may be due to the modifications of 
the electric charge of acid groups, separation of peptide chains and 
production of new alkaline compounds (Dal Bosco et al., 2001). 

Total volatile basic nitrogen (TVBN) is considered as a clear indicator 
for incipient protein deterioration due to accumulated ammonia, amine 
and trimethylamine (Lan, Shang, Song, & Dong, 2016). Samples cooked 
by boiling and pan-frying, in the present study, exhibited significant (P 
< 0.05) higher TVBN values when compared with other cooking 
methods (Table 1). Such higher TVBN values observed may be attributed 
to the higher protein contents in these samples as compared to the other 
cooking methods, nonetheless the TVBN value of all rabbit meat samples 
cooked by the different cooking methods were within the acceptable 
limit (15–20 mg/100 g) described by the Egyptian Standard (E.S. 
"Egyptian Standard" No.1651, 2005) for chilled rabbit meat irrespective 
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of the effect of cooking methods on these samples. 
To obtain a comprehensive judgment about the effect of cooking 

methods on fat oxidation parameters (FOPs) in rabbit meat, three 
different measurements were used including, thiobarbituric acid (TBA), 
free fatty acids (FFAs), and acid number (AN). FFAs are considered as a 
good indicator for fat lipolysis either due to the contained lipase en-
zymes and/or microbial lipases or oxidation effect during heat treatment 
(Soriano, Cruz, Gómez, Mariscal, & Ruiz, 2006). 

Microwave cooking of rabbit thigh samples, in the present study, 
exhibited the highest (P < 0.05) levels of TBA, FFAs, and AN when 
compared with other cooking methods (Table 1). The highest TBA value 
of microwave-cooked rabbit meat samples may be due to production of 
singlet oxygen by microwave energy, which reacts faster than normal 
oxygen in initiating lipid oxidation (Rawls & Van Saten, 1970). These 
findings were also confirmed by Dominguez et al. (2014), who observed 
higher TBA value of foal steaks meat cooked by microwave as compared 
with roasting, grilling and pan-frying. Conversely, rabbit meat samples 
cooked by boiling, in this study, exhibited the lowest (P < 0.05) TBA, 
FFAs, and AN values among the different cooking methods. The results 
obtained were in harmony with those of Matics et al. (2017) and 
Rasinska et al. (2019), who noticed that TBA values of rabbit hind legs 
cooked by boiling were significantly (P < 0.05) lower than the corre-
sponding levels in samples cooked by oven-roasting. In addition, Juárez 
et al. (2010) found that grilling increased TBA of buffalo meat while 
pan-frying had no effect. 

Despite the limit of TBA for raw meat should be below 0.9 mg MDA/ 
kg according to the Egyptian Standard (E.S. "Egyptian Standard" 
No.1651, 2005), the mean levels of TBA values in the present study 
exceeded 2.0 mg MDA/kg in all rabbit meat samples prepared by the five 
methods of cooking (Table 1). The effect of heat generated during 
cooking, cooking time, temperature, as well as cooking condition might 
promote the oxidative reactions. Moreover, cooking process caused 
protein denaturation, loss of antioxidant enzyme activity, disruption of 
cell membranes, release of prooxidant metal ions, breakdown of lipo-
protein complex and liberation of lipid fraction, which become more 
susceptible to oxidative attacks by prooxidant compounds (Erickson, 
2007). High TBA values (more than 2 mg MDA /kg) of cooked rabbit 
meat samples were also recorded in previous studies conducted by Dalle 
Zotte (2014) and Matics et al. (2017). 

During the present study attempts had been done to devise objective 
physical and chemical methods for assessment of the eating quality traits 
in contrast to the subjective assessments of the panelists. Therefore, the 
instrumental color evaluation was used to measure the degree of color 

variation. Data of color evaluation clearly revealed significant (P < 0.05) 
higher L* (63.69, 68.11) and significant (P < 0.05) lower a* (2.65, 1.96) 
as well as b* (13.85, 12.05) values in boiled- and microwave-cooked 
samples, respectively. Meanwhile, significant (P < 0.05) lower L* 
(53.36), along with significant (P < 0.05) higher a* (8.16) and b* 
(18.21) values were recorded in oven-roasted samples. Moreover, 
grilling and pan-frying had a moderate effect on color values except for 
b*, which was significantly (P < 0.05) higher in pan-fried cooked sam-
ples in comparison with the other cooking methods (Table 1). 

Our findings were in harmony with that of Zhang et al. (2014), who 
noticed that boiling of rabbit hind legs significantly (P < 0.05) increase 
L* and significantly (P < 0.05) decrease a* and b* values as compared 
with samples cooked by pan-frying. Likewise, Dal Bosco et al. (2001) 
obtained higher L* values for boiled rabbit longissimus dorsi than that of 
oven-roasted and pan-fried cooked ones, but generally their values were 
higher than the results obtained in this study, which probably due to the 
use of different rabbit cuts in both studies. On the other hand, Wong, 
Cheng, and Wang (2012) attributed the higher a* value of pan-fried 
cooked meat to the Maillard reaction happened during frying. Gener-
ally, the elevation of lightness in cooked rabbit meat may be due to the 
loss of water content as a result of cooking technique, which allows 
muscle fibers to open and scatter the light (Dal Bosco et al., 2001). 
Moreover, the variations in yellowness and redness among the different 
cooking methods could be owed to the variation in the degree of 
myoglobin denaturation induced by the cooking technique (Cabanes- 
Roiron, Ouhayoun, & Gilbert, 1994). 

Shear force (SF) is a predominant determinant of meat tenderness. It 
is evident from this study that cooking of rabbit meat samples by boiling 
and pan-frying provoked the most significant (P < 0.05) higher shear 
force values, and on the contrary, grilling and microwave cooking 
methods induced the most significant (P < 0.05) lowest values (Table 1). 
In this context, Dal Bosco et al. (2001) reported a significant (P < 0.05) 
higher SF value of 49.43 N in pan-fried cooked rabbit longissimus dorsi as 
compared with boiled and roasted samples, which expressed 35.40 N 
and 45.60 N, respectively. 

The mean of the cooking loss percentage (CL%) of rabbit meat 
samples ranged from 31.52% in grilling-cooked samples to 36.98% in 
samples cooked by boiling (Table 1). Our result indicated that rabbit 
meat samples cooked by boiling and pan-frying exhibited the most sig-
nificant (P < 0.05) cooking loss%, whereas, grilling- and microwave- 
cooked samples induced the significant (P < 0.05) lowest loss 
(Table 1). A significant (P < 0.05) higher CL% (36.49%) of pan-fried 
cooked rabbit longissimus dorsi as compared with boiled (31.05%) and 

Table 1 
Physicochemical parameters and microbial counts (mean ± SE) of rabbit meat exposed to different methods of cooking.  

Analysis Parameters Boiling Oven-roasting Grilling Pan-frying Microwave 

Compositional analysis Moisture (g/100 g) 61.14a ± 0.08 65.40b ± 0.21 66.55c ± 0.07 61.40a ± 0.21 66.78c ± 0.56 
Protein (g/100 g) 32.43c ± 0.06 29.35b ± 0.13 28.55a ± 0.13 32.79c ± 0.27 28.03a ± 0.25 
Fat (g/100 g) 4.97e ± 0.09 3.70c ± 0.04 3.24b ± 0.03 4.70d ± 0.04 3.05a ± 0.02 
Ash (g/100 g) 1.45a,b ± 0.07 1.53a,b ± 0.13 1.64b ± 0.03 1.09a ± 0.07 2.12c ± 0.35 

Chemical analysis pH 6.35c ± 0.01 6.12a ± 0.07 6.15a,b ± 0.05 6.11a ± 0.03 6.28b,c ± 0.01 
TVBN (mg/100 g) 11.20b ± 0.16 10.08a ± 0.16 9.66a ± 0.08 11.76b ± 0.48 9.52a ± 0.32 
TBA (mg/kg) 2.03a ± 0.01 2.28a,b ± 0.18 2.51b,c ± 0.04 2.29a,b ± 0.04 2.65c ± 0.02 
FFA (%) 0.12a ± 0.00 0.16b ± 0.01 0.20c ± 0.01 0.16b ± 0.01 0.24d ± 0.01 
AN (mg NaOH/g) 0.24a ± 0.00 0.32b ± 0.01 0.40c ± 0.01 0.32b ± 0.01 0.48d ± 0.01 

Color evaluation L* 63.69c ± 0.27 53.36a ± 0.66 58.55b ± 0.06 59.86b ± 0.01 68.11d ± 0.53 
a* 2.65a ± 0.10 8.16c ± 0.69 4.39b ± 0.16 4.17b ± 0.22 1.96a ± 0.08 
b* 13.85b ± 0.08 18.21d ± 0.16 16.08c ± 0.42 18.54d ± 0.18 12.05a ± 0.20 

Shear force SF (N) 64.04d ± 0.13 55.89c ± 0.17 43.73b ± 0.21 74.92e ± 0.34 40.11a ± 0.22 
Cooking loss CL (%) 36.98c ± 0.29 33.90b ± 0.46 31.52a ± 0.29 36.52c ± 0.29 31.59a ± 0.30 
Microbial count (Log10 CFU/g) APC 1.43b ± 0.01 2.80c ± 0.18 3.23d ± 0.04 2.58c ± 0.16 < 2.0a ± 0.0 

Psychrotrophs < 2.0a ± 0.0 < 2.0a ± 0.0 1.33b ± 0.67 < 2.0a ± 0.0 < 2.00a ± 0.0 
Enterobacteriaceae < 2.0a ± 0.00 < 2.0a ± 0.0 < 2.0a ± 0.00 < 2.0a ± 0.00 < 2.0a ± 0.0 

TVBN: total volatile base nitrogen (mg%); TBA: thiobarbituric acid (mg malonaldehyde /kg); FFA: free fatty acid % as oleic acid; AN: Acid number (mg NaOH/g); L*: 
lightness; a*: redness; b*: yellowness; SF: shear force (N); CL: cooking loss (%). 
a–eMeans with different superscripts within the same row for each parameter are significantly (P < 0.05) different. 
Values represent the means ± SE of 9 samples (3 samples × 3 occasions). 
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roasted (30.22%) samples was also recorded by Dal Bosco et al. (2001). 
Moreover, Rasinska et al. (2019) obtained a significant (P < 0.05) higher 
CL% for oven-roasted rabbit hind leg samples in comparison with boiled 
samples (32.28% vs 30.66%). 

The higher SF value and CL% of pan-fried cooked samples could be a 
consequence of surface crust formation and higher dehydration of these 
samples (Woloszyn et al., 2020) or due to the formation of heterocyclic 
aromatic amines in pan-fried cooked meat, which are difficult to be 
hydrolyzed (Zhang et al., 2014). However, the higher SF value and CL% 
of boiled samples and the lower SF value and CL% of microwave-cooked 
samples among the other cooking methods were attributed to the higher 
cooking time (30 min) of boiling and the lower cooking time (5 min) of 
microwave as compared to other cooking methods (20 min) in order to 
attain a core temperature of 75 ◦C. These findings were also confirmed 
by Obuz, Dikeman, Grobbel, Stephens, and Loughin (2004), who 
observed high CL% and SF value of boiled beef steak due to longer 
cooking time consumed during boiling. In addition, Silva et al. (2018) 
referred the lower SF value of microwave-cooked samples to the rapid 
increase of heat, which causes not only disruption of myofibrillar 
structural but also granulation of the muscle fiber and collagen protein 
with a consequent increase of the muscle tenderness. The thermal 
shrinkage of the connective tissues and the increased myofibrillar 
toughening/hardening due to increasing cooking time has been also 
reported in chicken meat (Chumngoen, Chen, Chen, & Tan, 2016). 

3.2. Microbiological quality of cooked rabbit meat 

Aerobic plate counts (APC) of boiled, oven-roasted, grilled, pan- 
fried, and microwave-cooked rabbit meat samples were 1.43, 2.80, 
3.23, 2.58 and >2.00 Log10 CFU/g, respectively; while, psychrotrophic 
and Enterobacteriaceae counts were under the detectable limit (>2.00 
Log10 CFU/g) for all samples cooked by the different cooking methods 

except in grilled samples, which exhibited a mean psychrotrophic count 
of 1.33 Log10 CFU/g (Table 1). The present results indicated that the 
lowest bacterial counts were recorded in microwave- and boiled-cooked 
samples, while the highest bacterial counts were recorded in grilling- 
cooked samples. Accordingly, the results highlighted that using of mi-
crowave for cooking of rabbit meat is a quick method (only 5 min), 
easily applicable, provides an appropriate level of security and could 
achieve the microbiological safety objectives for the consumers in 
contrast to the use of grill cooking. 

Similar to our findings, Okoh, Adelani, and Salau (2019) reported a 
significant (P < 0.05) lower bacterial count in beef cooked by boiling 
than that cooked by broiling or roasting. On the other hand, GÖK, Uzun, 
Tomar, Çağlar, and Çağlar (2019) observed significant (P < 0.05) lower 
APC and coliform counts, together with a significant (P < 0.05) higher 
psychrotrophic count in oven-cooked beef as compared with sous-vide 
cooked samples. Interestingly, the three microbial categories investi-
gated in the present study were under the detectable limit (< 2 log10 
CFU/g) in microwave-cooked rabbit meat samples, and this may be due 
to the potent lethal effect of the microwave on the growth of microor-
ganisms (Mansouri, 2012). 

3.3. Fatty acids profile of cooked rabbit meat 

The different cooking methods, applied in the present study, showed 
a variable effect on fatty acid contents as well as the saturation levels of 
rabbit meat. Cooking of rabbit meat samples by boiling resulted in a 
significant (P < 0.05) higher monounsaturated fatty acids (MUFAs), 
polyunsaturated fatty acids (PUFAs), total unsaturated fatty acids 
(UFAs) and PUFAs/SFAs, along with a significant (P < 0.05) lower total 
saturated fatty acids (SFAs) when compared with the other cooking 
methods (Table 2). Conversely, grilling and microwave cooking induced 
a significant (P < 0.05) higher SFAs, besides a significant (P < 0.05) 

Table 2 
Fatty acids profile of rabbit meat (g/100 g FA) subjected to different cooking methods.   

Boiling Oven-roasting Grilling Pan-frying Microwave 

C8:0 0.00a ± 0.00 0.00a ± 0.00 0.00a ± 0.00 0.00a ± 0.00 0.07b ± 0.01 
C10:0 0.07a ± 0.01 0.05a ± 0.01 0.14b ± 0.01 0.48c ± 0.01 0.45c ± 0.01 
C12:0 0.13a ± 0.01 0.10a ± 0.00 0.21b ± 0.01 0.39c ± 0.01 0.38c ± 0.00 
C14:0 3.25c ± 0.01 3.15b ± 0.01 3.12a ± 0.01 3.39d ± 0.01 3.27c ± 0.01 
C15:0 0.66b ± 0.01 0.67b ± 0.01 0.82c ± 0.01 0.60a ± 0.00 0.62a ± 0.01 
C16:0 33.15a ± 0.03 34.74b ± 0.01 36.61e ± 0.01 35.13c ± 0.01 36.29d ± 0.01 
C17:0 0.95b ± 0.01 0.94b ± 0.01 1.12c ± 0.01 0.83a ± 0.01 0.83a ± 0.01 
C18:0 8.90d ± 0.05 8.70c ± 0.01 9.33e ± 0.01 8.30a ± 0.05 8.57b ± 0.01 
C20:0 0.17b ± 0.01 0.23d ± 0.01 0.18b,c ± 0.01 0.19c ± 0.01 0.15a ± 0.01 
C22:0 0.02a ± 0.00 0.07c ± 0.01 0.01a ± 0.00 0.06b,c ± 0.01 0.05b ± 0.01 
C24:0 0.43c ± 0.01 0.53e ± 0.01 0.47d ± 0.01 0.40b ± 0.00 0.29a ± 0.01 
SFAs 47.73a ± 0.1 49.18b ± 0.04 52.01e ± 0.03 49.77c ± 0.08 50.97d ± 0.05 
C14:1 0.17c ± 0.01 0.16b,c ± 0.01 0.12a ± 0.01 0.19d ± 0.01 0.15b ± 0.01 
C15:1 0.23a ± 0.01 0.21a ± 0.01 0.32b ± 0.01 0.23a ± 0.01 0.23a ± 0.01 
C16:1 2.48a ± 0.02 2.80c ± 0.01 2.55b ± 0.01 3.39d ± 0.01 3.54e ± 0.01 
C17:1 0.32b ± 0.01 0.34b ± 0.01 0.39c ± 0.01 0.07a ± 0.01 0.34b ± 0.01 
C18:1 25.87e ± 0.02 25.07d ± 0.01 23.50a ± 0.01 24.53c ± 0.01 24.07b ± 0.01 
C20:1 0.44c ± 0.01 0.57e ± 0.01 0.38a ± 0.01 0.47d ± 0.01 0.42b ± 0.01 
MUFAs 29.51c ± 0.04 29.15c ± 0.03 27.26a ± 0.02 28.88b ± 0.03 28.75b ± 0.02 
C18:2 n-6 19.30d ± 0.05 18.62c ± 0.01 18.47b ± 0.01 18.55b,c ± 0.01 17.39a ± 0.01 
C18:3 n-3 1.95c ± 0.01 1.50a ± 0.01 1.83b ± 0.01 1.93c ± 0.01 1.84b ± 0.01 
PUFAs 21.25c ± 0.05 20.12b ± 0.01 20.30b ± 0.01 20.48b ± 0.01 19.23a ± 0.01 
UFAs 50.76c ± 0.01 49.27b ± 0.02 47.56a ± 0.03 49.36b ± 0.05 47.98a ± 0.03 
Unknown FAs 1.48d ± 0.01 1.52e ± 0.01 0.40a ± 0.01 0.87b ± 0.01 1.02c ± 0.01 
PUFAs/SFAs 0.45d ± 0.00 0.41c ± 0.00 0.39b ± 0.00 0.41c ± 0.00 0.38a ± 0.00 
n-6/n-3 9.90c ± 0.06 12.41e ± 0.04 10.09d ± 0.03 9.61b ± 0.03 9.45a ± 0.03 
n-3/n-6 0.10a ± 0.02 0.08a ± 0.01 0.10a ± 0.01 0.10a ± 0.02 0.11a ± 0.01 
AI 0.91a ± 0.01 0.96b ± 0.01 1.04c ± 0.02 0.99b ± 0.02 1.04c ± 0.02 
TI 1.49a ± 0.01 1.62b ± 0.02 1.72c ± 0.01 1.58b ± 0.01 1.68c ± 0.02 
NVI 1.05c ± 0.02 0.97b ± 0.03 0.90a ± 0.01 0.93a,b ± 0.02 0.90a ± 0.01 

SFAs: total saturated fatty acids; MUFAs: monounsaturated fatty acids; PUFAs: polyunsaturated fatty acids; UFAs: total unsaturated fatty acids; AI: Atherogenic index; 
TI: Thrombogenic index; NVI: Nutritive value index. 
a–eMeans with different superscripts within the same row for each parameter are significantly (P < 0.05) different. 
Values represent the means ± SE of 9 samples (3 samples × 3 occasions). Rows in bold represent summation of the different fatty acid categories. 
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lower UFAs and PUFAs/SFAs, meanwhile, cooking by oven-roasting or 
pan-frying showed a moderate fatty acids profile values (Table 2). 

In this study, the findings concerning the significant (P < 0.05) 
reduction of SFAs values in rabbit meat sample cooked by boiling as 
compared with grilling- and microwave-cooked samples may be due to 
the significant (P < 0.05) lower palmitic acid (C16:0) concentration in 
boiled samples than in grilling- and microwave-cooked samples, which 
is responsible for formation of SFAs. These results were in agreement 
with that of Dal Bosco et al. (2001), who indicated that boiled rabbit 
meat samples had a significant (P < 0.05) lower SFAs value as compared 
to the fried and roasted samples. It has been reported that MUFAs 
consisted mainly of oleic fatty acid (C18:1), while the PUFAs consisted 
mainly of linoleic (C18:2) fatty acid (Dal Bosco et al., 2001; Matics et al., 
2017; Rasinska et al., 2019). This explain the higher levels of MUFAs in 
boiled- and oven-cooked samples as well as the higher PUFAs levels in 
boiled-cooked samples, along with the lower PUFAs levels in the 
microwave-cooked samples (Table 2). Our results are comparable to 
those reported by Rasinska et al. (2019), who found that PUFAs and 
UFAs were higher in rabbit hind legs cooked by boiling as compared to 
oven-roasting, and they attributed such variation to the lower cooking 
temperature of boiling (100 ◦C) than that of oven (180 ◦C). 

Interestingly, trans-fatty acids (TFAs) were not detected in any of the 
all cooked rabbit meat samples even with using the five different 
cooking techniques in this study, which confirms the fact that these 
meats represents a healthier meal especially for people suffering from 
cardiovascular diseases. Such finding is in consistent with those reported 
previously in rabbit meat (Dal Bosco et al., 2001; Matics et al., 2017). 
Concerning the recommended dietary intakes from total fat and fatty 
acids for adults, WHO/FAO (2008) has set levels of 20–35% for total fat, 
not more than 10% for SFAs, not more than 1% for TFAs and 6–11% for 
PUFAs of which 2.5–9% n-6 PUFAs and 0.5–2% n-3 PUFAs. 

From the consumer point of view, Lipid Nutritional Quality Indices 
(LNQI) including PUFAs/SFAs, n-6/n-3, atherogenic index (AI), throm-
bogenic index (TI) and the nutritive value index (NVI) have been 
developed to assess the nutritional and health benefits of lipid fractions. 
PUFAs/SFAs ratio can be used to evaluate the dietary quality of the lipid 
fraction. In this context, the United Kingdom Department of Health 
recommended PUFAs/SFAs ratio of ≥0.4 for healthier diets (UK 
Department of Health and Social Security, 1984). Accordingly, all 
cooking methods, used herein, provided PUFAs/SFAs ratio within such 
recommended ratio (> 0.4) except grilling- and microwave-cooking, 
which yielded a slightly lower ratio of 0.39 and 0.38, respectively, 
due to their high SFAs content. On the other hand, the elevated PUFA/ 
SFA ratios (0.5–0.7) for boiled and oven-roasted rabbit meat were 
recorded previously (Dal Bosco et al., 2001; Matics et al., 2017; Rasinska 
et al., 2019). 

The n-6/n-3 ratio represents an important lipid quality index and it 
can help in the prevention and treatment of many diseases. Neverthe-
less, eating habits have dramatically changed through the years, and 
today the Western diets became poor in n-3 PUFAs and rich in n-6 
PUFAs, resulting in an unhealthy n-6:n-3 ratio of 17 to 20: 1 (Simo-
poulos, 2016), which seems much higher than the recommended ratio of 
2.5 to 8: 1 (WHO/FAO, 2003). A ratio of 10:1 has been recommended for 
n-6/n-3 to avoid the risks of cardiovascular diseases, obesity and chronic 
diseases (Simopoulos, 2016). All the n-6/n-3 ratios obtained in this 
study were almost within the recommended limit except that resulted 
from oven-cooked rabbit meat samples, which recorded a slight eleva-
tion of 12.4:1 as it contained the lowest n-3 (α-Linolenic fatty acid) 
percentage (Table 2). 

The atherogenic index (AI) and thrombogenic index (TI) are 
important tools that indicate a potential for stimulating platelets ag-
gregation and estimating the probability of food to develop coronary 
heart diseases. They also provide an indication about the nutritional 
quality of lipids, where low values of such indices showing healthier 
food with better nutritional quality of fatty acids and subsequently, 
greater potential for prevention of the coronary diseases (Weber, Bochi, 

Ribeiro, Victorio, & Emanuelli, 2008). Rabbit meat samples cooked by 
boiling induced significant (P < 0.05) lower AI and TI, and a significant 
(P < 0.05) higher NVI among different cooking methods. Nonetheless, 
grilling-and microwave-cooked samples resulted in significant (P <
0.05) higher AI and TI, along with a significant (P < 0.05) lower NVI 
(Table 2). In this context, boiling of rabbit meat would suggest a high 
cardio-protective effect, while grilling-and microwave-cooked samples 
would probably increase the incidence of developing coronary heart 
diseases. 

Interestingly, despite the longest time (30 min) consumed by boiling 
method among the other cooking methods, it provoked the most ad-
vantageous effect in keeping the stability of UFA. Conversely, despite 
the shorter time (5 min) of microwave cooking, it induced the most 
massive damage to UFA, especially the PUFA, and this could be attrib-
uted to the swift shoot of the heat generated, along with active oxygen 
(O) produced by the microwave energy that react faster in the initiation 
of lipid oxidation than the normal oxygen. 

3.4. Sensory attributes of cooked rabbit meat 

Appearance, color and flavor scores were significantly (P < 0.05) 
lower in boiling- and microwave-cooked samples when compared with 
oven-roasting-, pan-frying- and grilling-cooked samples (Table 3). 
Moreover, tenderness and juiciness scores were significantly (P < 0.05) 
lower in rabbit meat samples cooked by boiling and pan-frying when 
compared with the samples cooked by grilling, microwave or oven- 
roasting (Table 3). Therefore, rabbit meat samples cooked by oven 
and grilling received the significant (P < 0.05) highest overall- 
acceptability score followed by the samples cooked by pan-frying and 
by the microwave, while the lowest overall acceptability score was 
observed in samples cooked by boiling (Table 3). 

Cooking affects many eating quality attributes, such as appearance, 
color, flavor, tenderness and juiciness, through multiple physicochem-
ical changes. In this regard, the lowest overall-acceptability score of 
samples cooked by boiling could be attributed to the higher L* and lower 
a* and b*, which reflected in the appearance and color of these samples; 
in addition to the higher SF value, which makes these samples less 
tender, besides the higher CL% and lower moisture content, which 
produce less juice released upon chewing (Table 1). On the other hand, 
rabbit meat samples cooked by oven, grilling or pan-frying exhibited the 
higher appearance and color scores due to the lower L* and higher a* 
and b* values as compared with the samples cooked by boiling or by the 
microwave. Moreover, oven, grilling, and microwave cooking increased 
tenderness and juiciness scores of cooked samples due to their lower SF 
and CL%, along with their higher moisture content in comparison with 

Table 3 
Sensory analysis of rabbit meat exposed to different cooking methods.  

Sensory 
characteristics 

Boiling Oven- 
roasting 

Grilling Pan- 
frying 

Microwave 

Appearance 6.32a ±

0.33 
8.88c ±

0.05 
7.85b ±

0.20 
8.92c ±

0.11 
6.12a ±

0.27 
Color 6.43a ±

0.31 
8.91c ±

0.12 
7.83b ±

0.22 
8.79c ±

0.13 
5.78a ±

0.27 
Flavor 5.86a ±

0.17 
8.79b ±

0.14 
8.75b ±

0.08 
8.69b ±

0.17 
5.86a ±

0.25 
Tenderness 6.85b ±

0.09 
7.75c ±

0.19 
8.65d ±

0.15 
6.21a ±

0.25 
8.55d ±

0.21 
Juiciness 6.25a ±

0.24 
7.85b ±

0.27 
8.79c ±

0.13 
6.25a ±

0.19 
8.69c ±

0.12 
Overall- 

acceptability 
6.32a ±

0.19 
8.66d ±

0.18 
8.58d ±

0.17 
7.85c ±

0.22 
7.25b ±

0.15 

a–dMeans with different superscripts within the same row for each parameter are 
significantly (P < 0.05) different. 
A nine-hedonic scale was applied, where 1: indicates extremely unacceptable, 
and 9: indicates extremely acceptable. 
Values represent the means ± SE of 9 samples (3 samples × 3 occasions). 
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the samples cooked by boiling or pan-frying (Table 1). In this regard, 
Huff-Lonergan and Lonergan (2005) indicated that the loss of moisture 
during cooking is of concern because it affects the final appearance and 
juiciness of meat due to the denaturation of myofibrillar proteins by 
heat. 

Similar to our findings, Choi et al. (2016) obtained higher color, 
flavor and overall-acceptability for grilling-cooked chicken sticks, along 
with higher tenderness, juiciness and overall-acceptability of micro-
wave- and oven-cooked samples in comparison with the boiled samples. 
Likewise, GÖK et al. (2019) observed significant (P < 0.05) higher color, 
flavor, taste, juiciness and overall-acceptability scores for oven-cooked 
beef meat when compared with sous-vide cooked samples. 

Based on the results obtained of sensory attributes and instrumental 
evaluation of tenderness and color, the consumers preferred both oven- 
and grilling-cooked samples, which added yellowish red color to the 
surface of the rabbit meat cut, along with the higher tenderness and 
juiciness, and therefore, became more attractive than the plain white 
color obtained through boiling and microwave cooking methods. From 

the health aspect point of view, however, it is recommended to use oven- 
cooking of rabbit meat rather than grilling due to the observed higher 
bacterial counts (Table 1), SFAs, AI index and TI index (Table 2), besides 
the lower UFA, PUFA/SFA ratio and NVI index (Table 2) of grilling- 
cooked samples. 

3.5. Topographical structure of cooked rabbit meat 

Heating had significant effects on meat histological structure; the 
texture of heated meat depends on the gel network formed by the melted 
collagen, besides denatured and aggregated myofibrillar proteins and 
sarcoplasmic proteins (Wattanachant, Benjakul, & Ledward, 2005). To 
the best of our knowledge, this study is the first concerning the effect of 
different cooking methods on the topographical structure of rabbit meat. 
Scanning electron micrographs of rabbit meat cooked by boiling 
revealed few, slight and shallow breaks along the muscle fibers (Fig. 1 
[I]: A, B, and C), while the connective tissue elements appeared as a 
network (Fig. 1[I]: D), coagulated (Fig. 1[I]: E) and homogenous mass 

Fig. 1. Scanning electron micrographs of rabbit meat cooked by boiling (I) and oven-roasting (II). Muscle fiber with magnification ×350 (A), ×500 (B) and ×1000 
(C); Connective tissue with magnification ×350 (D), ×500 (E) and ×1000 (F). 
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(Fig. 1[I]: F). Oven-cooked samples, however, showed more structural 
changes including cleavage along the muscle fibers (Fig. 1 [II]: A and B), 
together with an increase in the intermyofiber spaces (Fig. 1[II]: C), and 
coagulation of the connective tissues (Fig. 1. [II]: D, E, and F). 

Topographical structure of grilling-cooked samples revealed an 
extensive degradation in both muscle fibers and connective tissues. The 
most significant changes were in the form of multiple fragmentations of 
muscle fibers (Fig. 2 [I]: A, B, and C), besides granulation and complete 
coagulation of the connective tissues (Fig. 2 [I]: D, E, and F). Scanning 
electron micrographs of pan-fried cooked samples, in contrast, indicated 
that, such samples still keeping their structural integrity with minor 
alterations, which manifested by shallow cracks appeared in the indi-
vidual myofibril (Fig. 2 [II]: A, B, and C), while the dense connective 
tissue sheet completely covered the structure beneath and the fibrous 
connective tissue elements were not subjected to any destructive 
changes (Fig. 2 [II]: D, E, and F). 

The topographical structure of microwave-cooked samples showed 
multiple cracks (Fig. 3: A) and sever fragmentation in muscle fiber 

(Fig. 3: B) with wavy appearance (Fig. 3: C), besides granulation (Fig. 3: 
D), coagulation (Fig. 3: E) and loss of fibrous connective tissue structures 
(Fig. 3: F). It is important to emphasize that cooking of rabbit meat 
samples by grilling induced the most pronounced destructive effect on 
the muscle fibers and connective tissues, followed by microwave cook-
ing, oven cooking and boiling, while the least significant changes had 
been observed in pan-frying cooked samples. The changes in the struc-
tural integrity of both muscle fiber and connective tissue elements of 
cooked rabbit meat samples resulted in an increase in meat tenderness, a 
matter which substantiated the data of sensory analysis in correlation to 
the measures of shear force. 

Studies about the effect of different cooking methods on the changes 
of muscle fibers and connective tissues of meat are somewhat contro-
versial. Similar to our findings, Yarmand and Homayouni (2011) 
observed that microwave heating of goat semimembranosus muscle 
caused more physical damage to the connective tissue and the myofibril 
elements as compared to roasting technique, and they attributed such 
effect to the heat distribution in microwave heating, which is 

Fig. 2. Scanning electron micrographs of rabbit meat cooked by grilling (I) and pan-frying (II). Muscle fiber with magnification ×350 (A), ×500 (B) and ×1000 (C); 
Connective tissue with magnification ×350 (D), ×500 (E) and ×1000 (F). 
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responsible for surface damage and separation of muscle fiber, along 
with denaturation of collagen. On the contrary, Nikmaram, Yarmand, 
Emamjomeh, and Darehabi (2011) noticed that cooking of veal long-
issimus dorsi with microwave resulted in disintegration of muscle fibers 
with less denaturation of connective tissue as compared to roasting, and 
they attributed that to the short heating time during microwave cooking. 
Likewise, Chang et al. (2010) observed lesser changes in the micro-
structure of beef semitendinosus muscle heated by microwave than that 
of water bath-heated samples at the same internal core temperature. In 
another study, Abdel-Naeem, (2013) found that cooking of buffalo and 
camel semitendinosus muscle by oven induced much destructive effect on 
muscle fibers and connective tissues followed by boiling and lastly mi-
crowave cooking. 

4. Conclusions 

Oven-roasting of rabbit meat is the most recommended cooking 
method since it induced a great consumer acceptability, together with a 
reasonable fatty acids profiling, fat oxidation parameters, bacterial 
quality and maintenance of rabbit meat nutritive value. Boiling, how-
ever, revealed the best nutritional health indictors among all cooking 
methods used but unfortunately, many consumers didn’t accept its plain 
sensorial characters. Grilling- and microwave-cooked rabbit meat sam-
ples were the most tender and juicy due to their low shearing force and 
cooking loss values, nevertheless, they had the highest fat oxidation and 
saturation level. The topographical structure of cooked rabbit meat 
showed that the minimal destructive changes in muscle fibers and 
connective tissues were recorded in pan-fried cooked samples. This 
study could provide valuable information about the possible different 
cooking methods of rabbit meats for consumers and industrial practice. 
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