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Introduction
Sous-vide or “under vacuum” cooking is a method of 

cooking food inside the heat-stable vacuumed pouches 
under the controlled temperature and time conditions 
[1]. Unlike sous-vide cooking, convection cooking in-
volves using a conventional oven with a heating element 
to raise the temperature to a preset level, and hot air cir-
culates within the oven’s cavity. Convection cooking uses 
higher temperature settings than sous vide cooking. This 
is caused by the fact that air does not conduct heat as well 
as water does. Because of the longer cooking time at a 
higher temperature, the food may be over-cooked on the 
outside and undercooked in the center. Sous-vide cook-
ing has been endorsed worldwide for meat cooking, pos-
sibly for its simplicity and potential in enhancing meat 
tenderness [2,3,4] and for its ability to improve the senso-
ry characteristics in a range of meat varieties, particularly 
firm meat cuts, due to the uniform thermal dispersion 
during the vacuumed cooking process [5,6]. Moreover, 
the growing consumer awareness towards healthy and 
quality food products has changed the consumers’ prefer-
ences for high quality, freshly preserved food, with mini-
mum volume of additives, and with the lowest degree of 
food processing [7]. Various studies have been carried 

throughout the recent few years for better understanding 
of the effect of sous-vide cooking on meat quality char-
acteristics such as physical, and biochemical properties 
[8,6,9,10,11]. However, meat texture remains the most im-
portant parameter of consumptive quality of meat [12]. 
The recommended sous-vide cooking temperature-time 
combinations vary for different types of meat, for exam-
ple, a temperature-time combination around 58–63 °C for 
10–48 hours is recommended for beef, pork and lamb [13]. 
Camel meat is another type of red meat, and it is known 
to have similar characteristics as beef [14], in fact, it has 
nutritive advantage over beef or lamb due to its low pro-
portion of intramuscular fat, low cholesterol content, and 
high iron content [15]. Very insufficient research is avail-
able about the use of novel processing techniques such as 
sous-vide which can improve the consumer acceptability 
of camel meat. Camel meat is tougher than almost all oth-
er types of red meat [14] and hence, may require differ-
ent sous-vide cooking temperature-time combinations. It 
has been widely noted that consumers are ready to pay 
more for meat with high-quality characteristics that sat-
isfy their eating aspirations on a continuous basis [16,17]. 
Meat palatability and quality characteristics, particularly 
the mechanical characteristics (shear force, penetration 
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force, and texture) are affected by a complex series of pro-
cessing parameters such as processing temperature and 
time [18]. Structural changes of meat tissue occur dur-
ing the various thermal processes. Accordingly, the meat 
proteins denaturize [19] and cause structural changes (fi-
ber shrinkage, aggregation, solubilisation of collagen and 
connective tissues, formation of sarcoplasmic and myo-
fibril gel) [20]. Hence, the mechanical characteristics of 
meat are altered [21]. The tenderness of meat is inversely 
proportional to shear force [20]. Previous studies on sous-
vide cooking were mainly focused on beef [22,23,24], 
goat [25], and chicken meat [26]. However, fewer stud-
ies investigate the effects of sous-vide cooking on camel 
meat quality, particularly the mechanical characteristics. 
The selection of accurate sous-vide cooking temperatures 
and duration of exposure is fundamental and may greatly 
improve the tenderness and overall qualities of the tough 
camel meat. This study is aimed at evaluating the com-
bined effects of different temperature-time modes on the 
mechanical characteristics of sous-vide and conventional 
oven-cooked camel meat.

Objects and methods

Preparation of meat samples
Camel meat samples (shoulder cutlets muscle: Latis-

simus dorsi) were prepared from healthy male camels 
between 6/7 months old, obtained from a company spe-
cialized in selling fresh camel meat (Umm Al Hammam 
Butchery —  Riyadh, KSA), the meat was delivered within 
24 hours after slaughter. Longissimus dorsi shoulder cut-
lets samples were prepared and shaped into similar sizes 
(8 × 6 × 1.3 cm chops) as described by Palka and Daun [27], 
and Dawood [21]. The prepared samples were then placed 
in plastic bags and stored in deep freeze at –20 °C for 72 
hours prior to processing.

Cooking methods
Two different cooking methods were used in this study: 

sous-vide and conventional oven cooking. Before cook-
ing, the prepared samples were thawed for 24 hours in 
the refrigerator at 3 °C [19]. For the sous-vide cooking the 
thawed samples were placed in sous-vide cooking pouch-
es, (20.3×15.2 cm and 85 µm thickness) obtained from the 
company Sous-vide Supreme, Broomfield  —  USA, and 
vacuum sealed by a vacuum device as described by Bald-
win et al [5]. The samples were then placed in a thermo-
static circulating water bath (GFL Water bath, Model1083, 
Germany) at different temperatures (70, 80, 90, 100 °C) 
and time duration (30, 60, 90, 120, 150 and 180 minutes) 
combinations as described by Garcia-Segovia et al [23]. 
For the conventional oven cooking, a forced convection 
oven (Drying oven Binder, Model E240. Germany) was 
heated up to 100 °C, the thawed samples were then placed 
inside and cooked at the temperatures-time combinations 
defined above. For analysis accuracy, three replicates were 
cooked for each treatment mode [23].

Mechanical characteristics analysis
The influence of cooking on the meat texture profile, 

shear force, and penetration force was determined using a 
TA HDi Texture Analyzer, HD3128. Cooked meat samples 
were cut into 1 cm3 chunks [27]. The direction of cutting 
was parallel to that of the fiber.

Texture profile analysis
The texture profile components (hardness, gumminess 

and chewiness) were analyzed by using a circular piston 
with diameter of 75 mm. The apparatus was set to have a 
depth penetration of 10 mm pressing and a piston speed 
was set at 1.5 mm/second, and the time between two test 
operations was set to 10 seconds.

Shear and Penetration tests
The test procedure followed the method described 

in ASAE Standards (2000), specifically in ASAE S368.4 
DEC99 [28]. The samples were compressed with 'V' shaped 
craft knife (Craft knife HD/Bs) down to 75% of their origi-
nal height at distance of 22 mm down, and a column speed 
of 1.5 mm/s. The curves of dependence of shear force, and 
the penetration force vs time were generated.

Statistical analysis
The study was arranged in a complete random design 

(CRD) with a 3-way factorial design of 2 × 4 × 6. The statis-
tical analysis of the data was performed using ANOVA in 
GLM (SPSS Software for Windows, version 27.0. software 
program provided by IBM Corp 2020).

The data were analyzed using ANOVA in GLM (SPSS 
Software for Windows, Version 27.0. Armonk, NY, USA: 
IBM Corp 2020). The data were assessed under normal 
distribution, and the mean values were used to represent 
the results. If any significant differences were observed at 
p ≤ 0.05, a post hoc analysis was conducted using the least 
significant difference (LSD) method.

Results and discussion

Effects of cooking methods on the mechanical  
properties of camel meat
The mechanical qualities of camel meat are the key 

factors that influence consumer satisfaction. Thus, the ef-
fect of cooking methods and different temperature-time 
combinations on the mechanical properties of camel meat 
are investigated. These properties include texture profile 
(hardness, chewing and gumminess), shear force, and pen-
etration force. The results (Table 1) show that the mechani-
cal characteristics were significantly (p ≤ 0.05) influenced 
by the cooking methods at all tested temperature-time 
combinations.

Textural profile analysis (TPA)
The TPA statistics analysis (Table 1) shows that the hard-

ness, chewiness, and gumminess were significant (p ≤ 0.05) 
affected by the cooking time and by the effect of its inter-
action with temperature of this cooking method. Only 
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the hardness and chewiness were significantly (p ≤ 0.05) 
 affected by the cooking temperature.

The TPA results for the sous-vide cooked camel meat 
(Figures 1A, 1C and 1E) show an apparent decreasing of 
meat hardness, chewiness, and gumminess. This is pos-
sibly due to using water in this method, which has a high 
thermal conductivity coefficient, and results into rapid 
heat distribution that causes changes in the composition 
of protein fibers [29]. Extending the temperature-time 
combination causes collagen gelatinization, which cre-
ates the paths through which the dissolved muscle fat 
can get released and displaced, potentially acting as a 
moisture sealer during cooking [20,29,30]. Accordingly, 
the highly fat-lined meat structure shrinks less during 
cooking and remains juicier [31]. Furthermore, meat 
with a substantial amount of connective tissue will be-
come tender if cooked for extended periods in moist-
heat cooking [20,27].

In contrast, the conventional oven cooking method 
TPA results (Figures 1B, 1D and 1F) shows an increase in 
hardness, chewiness, and gumminess. This is possibly ex-
plained by the changes in the myofibrillar proteins and 
connective tissue during the conventional cooking [32]. 
Initially, when being conventionally heated, meat proteins 
denature, resulting in texture hardening, possibly due to 
changes in the tertiary structure and increased collagen 
fiber concentration in cross sections [33]. According to 
Hostetler and Landmann [34] the myosin denatures and 
coagulates during cooking, causing shrinkage of the myo-
filaments, tightening of the myofilaments microstructure 
and shortening of sarcomeres [35].

Shear force and penetration force
The results (Table 1) show the values for the shear force 

and penetration force for the sous-vide and conventional 
oven-cooked camel meat. The shear force and penetration 
force were significantly (p ≤ 0.05) affected by the cooking 

5 
 

Cooking method  < .001  < .001  0.04  < .001  0.01 
Cooking temperature < .001  < .001  0.03  NS  0.03 
Cooking time    < .001  NS  0.01  < .001  0.04 
a, b c, d, e, f Means within the same column with different superscripts are significantly different. SEM, standard error 
mean; p-value, probability level (considered significant when p ≤ 0.05); NS, not significantly different. 

       The TPA results for the sous-vide cooked camel meat (Figures 1A, 1C and 1E) show an 
apparent decreasing of meat hardness, chewiness, and gumminess. This is possibly due to using 
water in this method, which has a high thermal conductivity coefficient, and results into rapid heat 
distribution that causes changes in the composition of protein fibers [29]. Extending the 
temperature-time combination causes collagen gelatinization, which creates the paths through 
which the dissolved muscle fat can get released and displaced, potentially acting as a moisture 
sealer during cooking [20,29,30]. Accordingly, the highly fat-lined meat structure shrinks less 
during cooking and remains juicier [31]. Furthermore, meat with a substantial amount of 
connective tissue will become tender if cooked for extended periods in moist-heat cooking [20,27]. 

 
Figure 1. Effect of the cooking method (sous-vide and conventional oven) on the camel meat hardness (A and B), 

chewiness (C and D) and gumminess (E and F)
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methods, cooking time and by the cooking temperature. 
However, the sous-vide cooked meat was less resistant to 
the shear force than conventional oven cooked meat (Fig-
ures 2A and 2B). This can be related to the constant tem-
perature during the sous-vide cooking by means of water 
bath, which allows the breakdown of the perimysium the 
tissue that supports the surrounding of the fiber bundle 
within the muscle. As the meat tissues break down, the 
meat becomes more tender and the shear force required to 
cut the meat is reduced [17].

Unlike the shear force, constant increase in penetra-
tion force was observed in regards to the conventional 
oven cooked meat (Figure 2D). In contrast, the penetra-
tion force decreased constantly along with the increas-
ing temperature-time values combinations, the similar 
results were obtained in the preceding studies where 
sous-vide cooked meat (Figure 2C) showed lower pen-
etration force values [36,37]. The penetration force ap-
pears to be very sensitive to changes in connective tis-
sue caused by the dry heat during the conventional oven 
cooking [37], and hence, increasing the meat toughness, 
and subsequently increasing the penetration force [38]. 
Our results agree with Bouton et al. [39] work on the me-
chanical properties of cooked meat samples. In addition, 
Lorenzo et al. [40] reported on the dependence between 
the penetration force values and thermal losses caused 
during conventional oven cooking, where samples with 
high thermal loss demonstrated the highest penetration 
force values.

6 
 

Figure 1. Effect of the cooking method (sous-vide and conventional oven) on the camel meat 
hardness (A and B), chewiness (C and D) and gumminess (E and F) 

       In contrast, the conventional oven cooking method TPA results (Figures 1B, 1D and 1F) 
shows an increase in hardness, chewiness, and gumminess. This is possibly explained by the 
changes in the myofibrillar proteins and connective tissue during the conventional cooking [32]. 
Initially, when being conventionally heated, meat proteins denature, resulting in texture hardening, 
possibly due to changes in the tertiary structure and increased collagen fiber concentration in cross 
sections [33]. According to Hostetler and Landmann [34] the myosin denatures and coagulates 
during cooking, causing shrinkage of the myofilaments, tightening of the myofilaments 
microstructure and shortening of sarcomeres [35]. 

Shear force and penetration force 
       The results (Table 1) show the values for the shear force and penetration force for the sous-
vide and conventional oven-cooked camel meat. The shear force and penetration force were 
significantly (p ≤ 0.05) affected by the cooking methods, cooking time and by the cooking 
temperature. However, the sous-vide cooked meat was less resistant to the shear force than 
conventional oven cooked meat (Figures 2A and 2B). This can be related to the constant 
temperature during the sous-vide cooking by means of water bath, which allows the breakdown of 
the perimysium the tissue that supports the surrounding of the fiber bundle within the muscle. As 
the meat tissues break down, the meat becomes more tender and the shear force required to cut the 
meat is reduced [17]. 

 
Figure 2. Effect of sous-vide and conventional oven cooking on camel meat shear force (A & B) 
and penetration force (C and D) 
Figure 2. Effect of sous-vide and conventional oven cooking on camel meat shear force (A & B) and penetration force (C and D)

Table 1. Influence of the cooking method on the mechanical 
properties of camel meat
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Cooking method:
Sous vide 36.36b 1.38a 11.88a 4.18a 6.07a

Electric oven 45.35a 1.14b 6.57b 3.12b 4.51b

Cooking temperature (°C):
70 49.14a 1.30a 8.92b 3.41 6.17a

80 41.97b 1.28a 9.26a 3.71 5.54b

90 40.77b 1.24b 9.49a 3.79 3.79c

100 31.53c 1,21b 8.89b 3.68 5.63b

Cooking time (min):
30 49.14a 1.17 8.97b 3.50c 4.93b

60 45.20b 1.19 8.12c 3.19bc 4.78b

90 43.15c 1.20 9.07b 3.29c 4.90b

120 40.01d 1.26 9.53b 3.60b 5.58a

150 37.09e 1.31 9.31b 4.19a 5.83a

180 30.52f 1.42 10.38a 4.05a 5.71a

SEM 1.82 0.08 0.87 0.42 0.58
Main effects P-values

Cooking method < .001 < .001 0.04 < .001 0.01
Cooking temperature < .001 < .001 0.03 NS 0.03

Cooking time  < .001 NS 0.01 < .001 0.04
a, b c, d, e, f Means within the same column with different superscripts are sig-
nificantly different. SEM, standard error mean; p-value, probability level 
(considered significant when p ≤ 0.05); NS, not significantly different.
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Conclusion
In conclusion, both cooking temperature and cooking 

time appears to significantly impact the mechanical prop-
erties of sous vide and conventionally cooked camel meat. 
The obtained results showed that increasing the sous vide 
cooking temperature-time values combination decreased 
the TPA values (hardness, gumminess chewiness), pene-
tration force and shear force. It is opposite to conventional 
oven cooking, where all tested parameters increased, except 

for the shear force which decreased. In addition, the meat 
cooked using the sous vide method exhibited lower shear 
force compared to that of the conventional oven. This can 
be attributed to the uniform cooking temperature, which 
rapidly breaks down the perimysium tissue supporting the 
fiber bundles within the muscle, resulting in more tender 
and juicy meat with a natural flavor profile that may lack 
the depth of flavor that comes from exposure to high dry 
heat provided by the conventional oven cooking.
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